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ABSTRACT 

 EVALUATING THE KNOWELDGE, ATTITUDES, AND BEHAVIOURS TOWARD 
RADIATION SAFETY IN THE VETERINARY FIELD AND THE POTENTIAL IMPACT OF 

THE VETERINARY CURRICULUM ON MODIFYING CURRENT PRACTICES 

 

Monica L. Jensen 
University of Guelph, 2019

Co-Advisors: 
Dr. Joanne Hewson 

Dr. Heather Chalmers 

Radiographs are a commonly used diagnostic tool in veterinary medicine that require radiation in 

their acquisition. Veterinary patients require some form of restraint (i.e. manual and/or chemical) to 

ensure the patient remains in an appropriate position for a diagnostic study. If manual restraint is 

employed, veterinary staff may be exposed to radiation, which is known to have detrimental effects to 

human health at high doses. It is also recognized that most veterinary students obtain experience in 

veterinary practices and may also be involved in making radiographs prior to veterinary school. 

The objectives of this study were to 1) describe the current methods used, knowledge level, and 

attitudes toward radiation safety held by veterinary staff in Ontario, and 2) to describe the experiences 

obtained, knowledge level, and attitudes regarding radiation safety held by the veterinary students at the 

Ontario Veterinary College (OVC) at various timepoints.  

 The study was performed in three sections. First, a questionnaire was offered to all veterinary 

staff working in veterinary clinics in Ontario. Second, a first-year veterinary class was surveyed before 

and after a one-hour radiation safety training lecture in their first year. Finally, a third-year veterinary 

class was surveyed in the final semester of their third year, after their 8-week 



externship rotation in their fourth year, and after their 2-week Diagnostic Imaging (DI) rotation in their 

fourth year.  

 Questionnaire responses from all three groups indicated that manual restraint was the most 

commonly used restraint method, that lead gloves and lead glasses were infrequently worn items of 

personal protective equipment, radiation safety training was rarely administered, and dosimeter use was 

lacking in general practice. Lecture-based radiation safety training was shown to improve some cognitive 

skills and impact attitudes toward feelings of safety when working with radiation in the first-year student 

population. Clinical training received during the fourth-year DI rotation was shown to improve attitudes 

toward radiation safety and feeling protected when making radiographs. The content of radiation safety 

training at the OVC is lacking in some areas, such as where to stand when a radiograph is made. 
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1 Introduction and literature review 

1.1 General introduction 

The use of ionizing radiation for the diagnosis and treatment of a variety of conditions is ubiquitous 
in veterinary medicine.1-6 Radiographs, computed tomography, fluoroscopy, and nuclear medicine are the 
principal modalities that use ionizing radiation in veterinary medicine. Among these, radiography is the 
most commonly used and universally available modality, with most general practices and specialty 
referral hospitals having in-house radiography units.1   

Obtaining diagnostic quality radiographs requires proper technique and patient co-operation for 
optimal positioning, since the patient is required to remain still for a short period of time. While this may 
be easily achieved in human patients, who can usually be directed to remain in one position, the need to 
keep animal patients still complicates the acquisition of such diagnostic images in veterinary medicine. 
Methods of patient restraint that are commonly available to veterinarians include sedation or anesthesia, 
positioning and restraint devices including troughs and tape, and manual restraint, in which a staff 
member holds the animal for the period of radiographic exposure.7-10 For many veterinary professionals, 
the practice of manually restraining a patient for a radiograph while remaining in the room has become 
commonplace.1-5, 10-12 Not only does this potentially add to the stress of the patient, it increases the 
exposure to ionizing radiation for those people who are restraining the patient.4, 5, 13, 14 When a veterinary 
staff member remains in the room while an exposure is made, they are at risk to both primary radiation 
(via the x-ray beam) and scatter radiation. Furthermore, particularly stressed or fractious patients may still 
move during the procedure, creating motion artifact or inadequate positioning that necessitates repeated 
images, thus further increasing the patient’s and handler’s radiation dose.  

1.2 X-ray interaction with matter 

X-rays are created using an x-ray tube that contains a tungsten and rhenium alloy anode, a 
cathode that is also made of a heat resistant tungsten filament, and a high voltage energy source.15, 16 By 
applying a high voltage, the tungsten filament is heated to extreme temperatures to allow electrons to be 
released by thermionic emission.16 Since the cathode is negatively charged, the negatively charged 
electrons are repelled to the positively charged anode where they interact with the tungsten target.16 At 
this target, the kinetic energy of the electrons is lost via excitation, ionization, and radiation.16 Excitation 
allows an electron from a lower energy valence to be moved to a higher energy state (i.e. moved to an 
orbital shell further from the nucleus).16 With ionization, the energy created is high enough that an 
electron is removed from an atom.16 While 1% of this energy creates useable x-rays, 99% of the energy is 
released as heat.16 Both of these cases involve a photon (characteristic radiation) being created by the 
vacant space being filled by another electron. When kinetic energy creates a photon directly from the 
energy of the charged particle, this is referred to as the bremsstrahlung process, or “braking” radiation 
(Figure 1).16 This form of radiation is the method by which most usable diagnostic x-rays are made.16 X-
ray photons are directed through the tube to the patient and a radiograph is made. The body part to be 
imaged attenuates the x-rays to variable degrees, depending on tissue composition and structure. The 
degree of attenuation creates contrast between tissues and is visualized as a radiograph through digital or 
film detectors. While passing through tissue on the way to the detector, incident photons can have four 
main interactions with matter.15 These include one form of absorption called the photoelectric effect, and 
two forms of scatter; Rayleigh and Compton, as well as pair production.15 The photoelectric effect and 
scatter both result in radiation exposure for the patient and veterinary staff due to their creation with low 
energy interactions, such as that seen in Diagnostic Imaging.15 Scatter radiation from the patient is the 
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primary mechanism that leads radiation exposure to those remaining in the room for diagnostic x-ray 
procedures.16 Pair production is of little clinical significance in Diagnostic Imaging due to its requirement 
for high energy interactions and will not be discussed further here. 

 

Figure 1.1: Bremsstralung radiation. Incident electrons interact with different components of the target atom, 
creating Bremsstralung x-rays with different energies. Diagram from the American Association of Physicists in 
Medicine/Radiological Society of North America (AAPM/RSNA) Physics Tutorial for Residents, McCollough C. H. 
(1997)16. 

 Photoelectric effect 

The photoelectric effect is one way in which an x-ray can be attenuated, and occurs when the 
incident photon interacts with a tightly bound electron near the nucleus.15 The electron is subsequently 
ejected with equal kinetic energy to the original photon, minus the binding energy of the electron (Figure 
2).15 This causes the atom to become ionized, with a more peripheral electron filling the inner vacancy, 
and so on to the valence shell.15 As the electrons move from a higher to lower energy state two structures 
may be created: a characteristic x-ray or an Auger electron.15 The significance of these two entities is that 
they are locally absorbed and contribute to local patient dose, but are also useful in that they can improve 
contrast resolution on a radiograph by amplifying tissue differences in attenuation.15 Since the 
photoelectric effect will increase with higher atomic numbers (Z), the absorption of x-rays in tissues with 
a high Z like bone is amplified relative to the soft tissues around it, enhancing tissue contrast.15 While the 
photoelectric effect occurs most commonly with lower energy photons interacting with tissues that have a 
high atomic number, Compton scatter (described below) occurs most commonly with high energy 
photons interacting with low atomic number tissues.15  
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Figure 1.2: The photoelectric effect. A 100keV photon interacts with an iodine atom. Initially, the photon interacts 
with an electron on the innermost valence shell, creating a photoelectron with an energy of 66 keV; that is, the 
difference in energies between the incident photon and the binding energy of the electron. As electrons move from 
the outside in to fill the vacancy, either characteristic x-rays or Auger electrons are produced with subsequently 
lower energies (Auger electrons not pictured here). Diagram from the AAPM/RSNA Physics Tutorial for Residents: 
X-ray interaction with matter. Bushberg (1998)15. 

 Rayleigh scatter 

Rayleigh scatter occurs infrequently (<5% of the time) when a low energy (15-30keV) incident 
photon excites the entire atom that it comes into contact with.15 There is no ionization, and the photon is 
scattered at a certain angle without losing energy (Figure 3).15 

 

Figure 1.3: Rayleigh scatter. In this case, an incident photon interacts with an atom and creates a scattered photon 
with the same energy. Diagram from the AAPM/RSNA Physics Tutorial for Residents: X-ray interaction with 
matter. Bushberg. (1998)15. 
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 Compton Scatter 

Compton scatter is far more common and occurs when the higher energy incident photon interacts 
with valence electrons that have a lower binding energy.15 Subsequently, the electron is ejected and the 
photon is scattered at a different angle, wavelength, and energy (Figure 4). 15 These scattered photons 
have the potential to undergo another interaction and/or contribute to film blackening due to their 
relatively low energy loss during the Compton interaction.15 This is important to note, as these scattered 
photons can lead to loss of radiographic contrast (because the attenuation is not dependent on Z) and 
increased radiation dose to those remaining in the room while an exposure is made.15   

1.3 Impact of ionizing radiation on human health 

Whether it is caused by direct exposure to ionizing radiation by the primary beam or through 
scatter radiation, injury to the human body by radiation can be classified as occurring through stochastic 
or deterministic effects.17 Stochastic effects are dose independent, meaning any radiation exposure is 
capable of bringing about a mutation that could lead to subsequent disease.17 Deterministic effects are 
dose dependent, meaning that their effects are seen past a certain threshold dose of radiation.17 While 
deterministic effects are seen after high doses of radiation to the human body, such as that seen in atomic 
bomb survivors, those receiving radiation therapy, and those working with uranium18, stochastic effects 
are a concern in the context of chronic exposure to lower doses of radiation such as used in diagnostic 
imaging.17, 18 

Regardless of the dose of radiation, disease is brought about primarily by the impact radiation has 
on DNA. Possible disease processes that can be induced by radiation include increasing the risk of cancer, 
embryonic and fetal damage, and the formation of cataracts.2, 5, 6, 8, 9, 18-24 In fact, the National Council on 
Radiation Protection (NCRP) estimates 5 fatal cancers per 1 million people would be expected following 
a single 10 mSv (0.01 Sv) dose of radiation.17 On a smaller scale, a study by Ashmore and colleagues 
(1998) described that the excess relative risk for all cancers was 3% per 10 mSv of ionizing radiation 
exposure for males, 1.5% per 10mSv for females, and 3% per 10 mSv for both sexes combined.18  

In human cells, the most radiosensitive area is the nucleus. When ionizing radiation enters the 
cell, it has the potential to induce radiolysis of water within the cell, creating free radicals that interact 
with DNA. This can lead to cellular injury ranging from lethal damage in which there is reproductive 
death to the cell, sublethal damage in which the cDNA damage only induces death if more radiation is 
applied, and potentially lethal damage, which implies that the dose is high enough that it could have led to 
death but the surrounding environment was altered such that the damage could be repaired6.  

 Radiation exposure in veterinary medicine 

Minimizing radiation exposure through best practices, and tracking radiation exposure to ensure 
that chronic low-level exposure is not occurring, are key to mitigating risk when working with radiation 
in diagnostic imaging. Of concern is the ability to track this chronic low-level exposure reliably. An 
important point brought to light by the Ashmore study18 was that dosimeters currently used in Canada 
have a lower threshold of radiation detection of 0.2 mSv. This means that chronic, low level exposures 
<0.2 mSv could be underestimated; a fact that becomes even more important when considering that 
46.7% of radiation workers had a dosimeter reading of 0 mSv.18 This study emphasizes that we may not 
be appropriately monitoring for this aspect of chronic exposure to radiation, and thus, cannot fully 
understand the risk that it poses to humans. Radiation-induced carcinogenesis is grossly and 
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histopathologically similar to cancers that occur naturally, meaning causality cannot be proven.6 
Furthermore, additional, confounding factors related to lifestyle choices such as sun-tanning cannot be 
separated from occupational exposures to radiation. This means that it is impossible to determine which 
individuals that developed cancer were predisposed by occupational radiation exposure versus those who 
would have developed it by non-occupational exposure.  

Historically, the effects of radiation were poorly understood and the use of radiation protection 
devices was lacking. In the early 1900s, many radiologists were performing radiographic and fluoroscopic 
procedures without any degree of protective gear, which led to noticeable health effects. For example, an 
evaluation of mortality in British radiologists in 1958 stated that the average lifespan of radiologists was 5 
years less than the general population, with the most frequent causes of death listed being skin cancer, 
pancreatic cancer, and leukemia, especially if those radiologists entered the field before 1921.25 In the 
same study, performing radiological procedures that use radionuclides was associated with increased risk 
of cancers such as squamous cell carcinoma of the skin and female breast cancer, and circulatory disease 
such as myocardial infarction, especially if these procedures were performed before 1980.26 While 
another report from 1945-1958 examining the influence of occupational exposure to radiation on 
mortality rates of radiologists in the United States aged 35-49 years did not find an excess of mortality 
among radiologists compared to the general population, there was an increased risk of mortality from 
cancer, cardiovascular, and renal disease associated with increased radiation exposure in this study.20 

When radiation first began to be used for diagnostic purposes in the field of veterinary medicine, 
exposures to radiation had additional visible side effects beyond lethality. In 1970, O’Riordan (1970) 
surveyed 41 veterinarians and 71% had evidence of chronic skin damage that ranged from minimal-to-
severe flattening of the fingertips. At the time of the study, 20% of veterinary clinics did not have 
protective lead aprons or gloves.27 Wood et al (1974) reported a prior survey of 12 veterinary clinics in 
1960 and found that 28% of respondents did not use any form of personal protective equipment (PPE) and 
that 11% had evidence of radiation dermatitis. In this same study by Wood et al, the authors reported that 
hand-holding of x-ray cassettes posed the highest radiation exposure levels to staff and that, even when a 
hand was within a lead glove, it was susceptible to radiation doses and should never be in the primary 
beam.28 This is of particular interest as many veterinary and human radiologists were reported to be hand-
holding fluoroscopic machines themselves into the 1960s29, and a report from this time period (1957) by 
Sullivan et al reported radiation doses to veterinarians practicing in New Jersey to be up to 300 mrem (3 
mSv) within a one week period.3 

Between the years of 1966-1977, a questionnaire-based study was performed on veterinarians in 
the United States, of which 99% of respondents were men. Among all veterinary specialties, there was a 
reported increased risk of hematopoietic and lymphatic cancers and a self-reported lax use of PPE. The 
trends of this report showed that the risks of these cancers were highest when diagnostic imaging was in 
its infancy and when PPE was not used.21 When evaluating the obituaries of 1551 white male 
veterinarians and comparing them with the general population, Blair et al (1980) reported that the 
veterinary profession was at an increased risk for cancers such as leukemia, Hodgkin’s disease, and skin 
and brain cancers.29  

The increased understanding of the risks of radiation exposure and quantifiable effects seen in the 
human and veterinary fields following chronic exposures to variable radiation doses has led to legislation 
regarding the safe use of radiation, as well as radiation protection devices. 
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1.4 Legislation and radiation protection 

 Legislation 

The International Commission on Radiological Protection (ICRP) is an independent organization 
that serves to provide guidelines and recommendations for radiation protection. Using the guidelines from 
this organization, governments can create their own legislation regarding radiation safety at both a federal 
and provincial level. 

At the federal level in Canada, Health Canada has assembled a list of safety codes titled Radiation 
Protection in Veterinary Medicine: Regulation 28 (1991).30 This document includes a list of safety codes 
for procedures, equipment usage, and the installation of various radiation-producing units, and is a useful 
guide to what is and is not considered safe. The regulation and enforcement of radiation safety in 
veterinary medicine is legislated at the provincial level, as detailed in Ontario by Regulation 861 of the 
Ontario Health and Safety Act (1990). This regulation is designed to standardize an acceptable radiation 
dose for an individual per year, ensure adequate radiation safety knowledge and proper equipment 
operation, and promote the safe and accountable use of ionizing radiation.31 Also at the provincial level, 
the College of Veterinarians of Ontario releases minimum practice standards around the use of radiation 
that are required in order for a facility to be accredited by the College. For example, all veterinary 
hospitals must have an x-ray unit and must provide staff with appropriate PPE.32 However, the degree of 
compliance with these policies and knowledge of their use on a day-to-day basis (e.g. the use of each item 
of PPE) is lacking.  

Principles that promote the safe use of radiation are stressed at all levels of legislation right down 
to standard operating procedures within each facility. These principles are based on a model of keeping 
exposure to radiation “As Low As Reasonably Achievable” (ALARA) through the concepts of time of 
exposure, distance, and shielding.33 These principles specify that time around a radiation source should be 
limited, distance between a person and a source of radiation should be maximized, and if a person must be 
near a radiation source, they should shield themselves using an appropriate barrier (such as lead).33 It is 
open to interpretation whether the practice of manually restraining animals for veterinary radiology 
procedures is therefore in violation of the ALARA principles.  

 Radiation protection 

When using ionizing radiation, PPE to improve shielding can include lead aprons, collars, and 
gloves, and leaded glasses. Mobile lead shielding walls can also be placed between a person and an x-ray 
source, or the person can leave the room while an exposure is made. The efficiency of such shielding 
devices has been tested with standard 0.5 mm lead (or lead equivalent) gloves being shown to reduce 
scatter radiation by 93-100%.10 It is also recommended that lead glasses be considered if a staff member 
decides to remain in the room during any radiographic exposures, as recent changes have been made to 
the equivalent dose limits for the eye (now 20 mSv/year, previously 150 mSv/year).10 Still other reports 
have demonstrated that wearing lead aprons and gloves has the capacity to significantly reduce the 
exposure of personnel to ionizing radiation.17 

Some ability to limit radiation dose to those in the x-ray room is present at the level of the x-ray 
machine. Collimators are devices that narrow the x-ray beam as it leaves the tube. Collimation is used to 
create images that have better contrast resolution, even if the entire patient can fit on a single cassette or 
detector. However, the use of collimation is also important for radiation safety as there is two-times 
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higher scatter radiation created when radiographs are made of the whole body rather than using 
collimation.34 

There has been very little research performed on the effects of manual restraint on the stress 
experienced by an animal undergoing radiographs, with most information on the stress of patients being 
anecdotal or presumed. However, a study performed on 30 dogs evaluated physiologic parameters of 
stress including non-invasive blood pressure monitoring, rectal temperature, and pulse rate.35 These 
parameters were measured while the animals were at home and were then compared with the values after 
arriving at the veterinary clinic.  In all patients, the recorded values for these parameters were 
significantly higher after arriving at the veterinary clinic prior to having any procedures performed.35 
While this study did not account for the possible stress of transportation to the clinic, it is an objective 
assessment of the stress response of animals that occurs in the veterinary setting.  The findings may be 
loosely extrapolated to procedures performed in veterinary clinics, such as being manually restrained for 
radiographs.  Another study measured the level of cortisol in cats undergoing cystometry, a procedure in 
which a catheter is placed into the urinary bladder to measure the pressure of the patient’s urinary bladder 
while filling with saline in cats that received no sedation, sedation, or general anesthesia. Cortisol levels 
were significantly lower in cats undergoing the procedure with sedation or general anesthesia when 
compared with those who were unsedated.36 These findings indicate the benefits to the patient of using 
sedation to mitigate stress during veterinary procedures, and may be extrapolated to the use of sedation 
for radiographs. Another benefit to using sedation is that staff are able to position the patient using 
devices such as tape, sandbags, or troughs, and leave the x-ray suite while a radiograph is made. This 
would nearly eliminate radiation dose to the staff and comply with all principles of radiation safety 
including time, distance, and shielding.  

1.5 Current radiation safety practices and challenges in veterinary medicine 

Information on current practices around radiation safety in veterinary practice in general is limited; 
however, there are a few reports that detail the practices of veterinarians in specific regions, such as that 
in central Ohio, or in specific industry sectors (such as equine medicine).1, 3, 12, 13, 18, 37, 38 

In 29 Ohio small animal veterinary practices, it was reported that, although lead gowns and gloves 
were routinely available in all sampled practices, gloves were very rarely worn.6 Furthermore, only seven 
of the sampled practices had ever performed leak tests on their protective equipment. Radiation safety 
training was infrequently performed, and sharing of dosimetry badges was reported in three practices. 
While collimators, technique charts, and intensifying screens (screens that can be used to amplify the 
effect of the x-rays while using a lower dose of radiation) were available in most practices, only two 
practices had lead-lined walls within the radiography suite.1 

In an Australian study of female veterinarians, 56% of respondents reported manually restraining 
small animal patients while an x-ray exposure was made.2 Furthermore, 78% of respondents had never 
completed a radiation safety course, and only 68% reported wearing dosimeters or similar devices.2 Since, 
in most cases, these practitioners reported being in the room with the patient while radiographs were 
taken, a higher proportion of individuals wearing PPE would be expected.2 However, outside of knowing 
that lead aprons and gloves were the most commonly used PPE, the number of individuals who used PPE 
was not examined in this study. While the sample size was small for this study (86 respondents), the 
sample population was representative of multiple regions within Australia. This study was therefore also 
beneficial in that it allowed evaluation of jurisdictions where radiation safety legislations varied, and 
explored the practices of veterinarians that may have attended different veterinary schools. 
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Several studies have evaluated the possible occupational exposure risks to various hazards in 
veterinary medicine, including radiation27, 39, inhaled anesthetic gases8, 38, 40, and pesticides8, 38, 40, among 
others. In one study, questionnaires were sent to female veterinarians practicing in California. Eighty-two 
percent of respondents reported that they had potential exposure to ionizing radiation. Of these, 57% 
made radiographs fewer than 5 times per week, whereas 21% took 5-9 radiographs per week, and 22% 
took greater than 10 radiographs per week. Forty-one percent of respondents who made radiographs did 
not wear dosimeters, and 76% manually restrained animals for radiographs.12 

Another study by Hall and colleagues reported the results of a Canadian national surveillance 
project where 7,013 veterinarians and veterinary technicians in Canada were monitored via dosimetry.41 
Interestingly, this study reported a broad range of use of monitoring devices, with 12-94% of 
veterinarians and 9-80% of technicians using dosimeters. Very few (3.3-8.2% of veterinarians and 2.4-
7.2% of technicians) had doses over 0.1 mSv and no one had a measured dose >20 mSv. However, in 
another study in which veterinarians in Western Canada (excluding British Columbia) were asked to self-
report the doses that they thought they had received (versus measured by dosimetry), 15/549 (2.7%) 
respondents stated that they had received doses >20 mSv per year.8 All of the respondents who reported 
these high doses also reported manually restraining patients, as did 94% of respondents who reported 
lower doses of radiation, and 39% of respondents reported that they had accidentally exposed themselves 
to radiation.8 Given that the study by Hall et al. did not find any dosimetry readings >20 mSv across 
Canada and yet several respondents in a subset of this population (Western Canada) reported receiving 
doses at least this high, this could indicate that the monitoring program used by Hall et al may not have 
captured all exposed workers.  

When imaging small animal patients with portable digital radiographic equipment in Brazil, Canato 
et al (2014) evaluated the dose to veterinarians and their assistants by placing thermoluminescent 
dosimeters at the level of the hands, thorax, gonads, and eyes while they performed 65 radiographic 
procedures. At this facility, veterinarians routinely held the x-ray tube themselves while the assistants 
(veterinary staff member or client) held the patient. The findings of this study indicated that the assistants 
who remained in the room while making radiographs received a dose of radiation that was up to 6 times 
greater than the veterinarian’s dose.4 While veterinarians did not receive any radiation dose to their hands 
over one year, some assistants received an effective dose of up to 22.48 mSv +/- 0.84 to their right hand. 
At the level of the body, veterinarians received yearly doses of 0.59 mSv +/- 0.22, while some assistants 
received up to 11.5 mSv +/- 1.1.4 Another study performed by Dixon (1968) evaluated the dosimetry 
reports for veterinarians and their staff in Victoria, Australia while routinely making radiographs. They 
reported that veterinarians received doses of 0.183 mrem (0.00183 mSv) per radiograph they made. This 
jumped to 1.4 mrem (0.014 mSv) per exposure if they manually restrained the patient. To combat this, 
they began rotating the staff involved in making radiographs, following which the doses to each person 
subsequently decreased by one-quarter to one-third despite a reported increase in their caseload. When 
monitoring dose levels at different areas on the body, the dose to the hands was up to 150 times that at the 
body.5 Due to their findings, Dixon (1968) recommended anesthetizing or sedating the patient so that staff 
members can leave the room while an exposure is made.  

While these studies pertain to radiation use and safety in general practices, a recent study evaluated 
the use of PPE in a radiography room at a veterinary teaching hospital.10 In this report, the authors set out 
to determine if the use of PPE varied depending on when the radiographs were made (in hours vs. out of 
hours) and if self-reported use of PPE differed from actual use. To do so, they placed motion-triggered 
cameras in the radiography suite and visually monitored the use of PPE and radiation, then asked staff to 
fill out a questionnaire. Overall, lead gloves were not consistently worn, and were 36 times less likely to 
be worn correctly out of hours.10 Interestingly, the use of lead gloves was also overestimated when staff 
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were asked to self-report their use of these items.10 Despite the time of day, manual restraint of the patient 
was used for 91.8% of exposures, with this study supporting that the use of sedation or anesthesia could 
be a potential avenue through which to reduce the exposure of staff to radiation.10 

 Challenges to radiation safety procedures in equine practice 

Similar to reports in companion animal veterinary facilities, the findings of two studies performed 
in equine practices in Australia and the United States indicated that most equine practitioners did not wear 
gowns and gloves when performing radiographs, despite the fact that the majority of them used handheld, 
portable units.17, 37 The primary reason that PPE was not worn was reported to be due to inconvenience 
and discomfort.17 A study performed at Virginia Polytechnic Institute indicated that there was a 
significant amount of leakage of radiation from the x-ray tube itself, and that hand-holding of these 
machines exposes the unprotected extremities to increased and unnecessary radiation in addition to the 
scatter produced from the patient.17 Similar information was reported from Australia, where it was also 
reported that many equine practitioners were holding cassettes themselves, or enlisting assistants to hold 
the cassette for them.9, 37 

In equine medicine, many unique factors have an additional impact on radiation safety practices 
compared to small animal practices. For example, there is usually at least one person holding the 
head/halter to restrain the horse, one person holding the area of interest (e.g. specific limb), and one 
person holding the x-ray tube. Personnel involved may extend beyond veterinary team members to also 
include clients, equine handlers, and barn staff to assist in making radiographs. These additional 
personnel represent an important population, as they may not be monitored for their radiation dose.14  
Furthermore, most equine veterinarians travel to their clients, meaning that they must always bring their 
own personal protective and x-ray equipment. Many people report that protective equipment is bulky and 
movement-limiting, and may choose not to wear it at all.17 Furthermore, most radiographs are performed 
in a field or barn setting in which there are no radiation shielding barriers in place to stand behind for 
those involved in making radiographs. All of these factors create a unique situation for equine 
veterinarians in which radiation safety practices may be compromised as other situational factors get 
prioritized.  

This lack of use of PPE is especially concerning as many studies have shown that the exposure to 
people involved in making radiographs in equine medicine is not negligible.2,13,14 For efficiency and ease 
of use, many large animal veterinarians and staff will hold the x-ray tube and detectors themselves while 
exposures are made, despite the NCRP recommendation that an x-ray tube should be supported by a 
portable stand or tripod when practical. This is noteworthy, since tube leakage (the amount of radiation 
that “leaks” from the tube during x-ray exposures) occurs from the top, bottom, and cathode end of the 
tube.14 Additionally, most of the detectable scattered photons are directed backwards toward the incident 
beam, precisely where the person making the radiographs and helper may be standing. Hupe et al (2008) 
wanted to determine the radiation dose to those helping make radiographs by holding the area of interest 
or detector while radiographs of the hind end and spine of equine patients were made. When monitoring 
the individuals in this study, those standing at the head of the horse while the hind end of the body was 
imaged had a negligible radiation dose, while those holding the patient for imaging of the spine or stifle 
received doses up to 1.7 uSv. These instances refer to specific situations in which a single equine body 
part is imaged. However, pre-purchase exams are frequently performed in horses, in which upwards of 
15-32 radiographs are routinely performed per horse in screening for orthopedic lesions that might impact 
future performance.14, 17 Therefore, it is estimated that the total radiation dose to a person assisting in a 
pre-purchase examination would be 13 uSv per examination. While these values are quite low on an 
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individual, one-time basis, one must consider that veterinary staff would be participating in numerous 
studies like this every day. In situations such as that reported by Tyson et al (2011), up to 5000 horses 
may require pre-purchase exams at a time, meaning 160,000 radiographs could be made by some 
individuals in a single week. Moreover, Hupe et al (2008) did not evaluate the dose to handlers when 
imaging the cranial aspect of the body including the forelimbs and head, which is relevant when 
considering that Ackerman et al (1988) described the equine shoulder as the anatomical area that creates 
the highest scatter radiation dose to those assisting in making radiographs. In fact, when imaging the 
cranial aspect of the equine body, those personnel involved in extending the limb, standing near (or 
holding) the tube, and holding the halter are at the highest risk for radiation exposure.13 To the author’s 
knowledge, there are no studies evaluating the dose to handlers and staff when using hand-held 
fluoroscopy to image equine joints, which is also frequently performed in practice. 

 Risks to female veterinarians 

Many veterinarians graduating from veterinary schools are female, and as of 2016, 56% of all 
registered veterinarians in Canada were female.42 The demographics of the veterinary profession are 
anticipated to increasingly shift toward the female gender, with 82% of veterinary students in the current 
graduating class of our institution being female.43 This represents an important population that requires 
special considerations when it comes to occupational exposures of radiation, most notably during 
pregnancy. The human embryo and fetus are far more susceptible to radiation injury than adults.40 The 
NCRP in the United States mandates that the maximum cumulative permissible dose equivalent to a fetus 
is 500 mrem (0.005 Sv). When Moritz et al evaluated the dosimetry reports of pregnant veterinary staff, 
they discovered that some women received up to 22.3 mrem/month (0.223 mSv/month), which is 
considerable given that this will be additive over a 9-month period.44 It is important to note that these 
dosimeters were worn on the outside of the lead at the level of the abdomen, and therefore may not 
represent the dose to the fetus. On a more abstract basis, 64% of female veterinarians reported that they 
had been exposed to radiation in some capacity during pregnancy.22 The most susceptible period of time 
to induce fetal death is 8-10 days after conception, with later exposure instead predisposing to genetic 
mutations and defects leading to mental retardation, anaplastic anemia, and abnormal organ 
development.40 The risk of leukemia developing in a child is present regardless of the age of the embryo 
or fetus at the time of radiation exposure.40 

Several studies have evaluated the effects on pregnancy amongst veterinarians that received 
occupational radiation exposure, including a study by Schenker et al (1990) that evaluated adverse 
reproductive outcomes in female veterinarians. In this report, the authors compared female graduates 
from veterinary school and those from law school. There was no significant difference in spontaneous 
abortion rates among the two groups unless veterinarians were involved in greater than five radiographic 
studies per week, in which case there was a marginally increased risk for spontaneous abortion. Among 
veterinarians, there was also an increased risk for birth defects when compared to lawyers; however, this 
was based on a small population who self-reported the information without verification from the 
respondents medical records.23 Similarly, Shirangi et al (2009) evaluated the presence of birth defects in 
children born to female veterinarians and found that there was an increased risk of birth defects if mothers 
had made greater than 10 radiographs per week.24 This is corroborated by another study by the same 
author, in which 2800 female veterinarians responded to a questionnaire. In this study, veterinarians 
performing more than 5 radiographic studies per week had a statistically significant elevated risk of 
spontaneous abortion compared to those who did less than 5.45 However, in a prospective study of 95 
pregnant veterinarians exposed to x-rays, Shuhaiber et al (2002) demonstrated that despite radiation 
exposure, these veterinarians had a similar rate of adverse reproductive effects, spontaneous abortion, and 
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preterm deliveries compared to women of the general population.7 In this study, manual restraint was the 
most frequent restraint method used, and while all pregnant women wore lead gowns and lead collars, 
lead gloves were inconsistently used. However, this report also stated that most pregnant veterinarians 
stopped making radiographs altogether, and the number of women making >10 radiographs per week was 
drastically reduced.7  

1.6 Radiation safety practices prior to admission into a veterinary program 

When considering the aforementioned common practices regarding radiation safety in veterinary 
medicine, it is important to recognize that most veterinary students have worked in a veterinary clinic 
prior to or during veterinary school. A study performed on first and second year veterinary students at the 
University of California, Davis, revealed a much higher than expected experience level with radiology for 
the level of veterinary training in the program to that point, with only 6% of the surveyed population 
indicating that they had never assisted with radiographs prior to admission.8 As such, diagnostic imaging 
protocols observed in the private practice setting may impact the radiation safety practices and 
understanding carried forward as these students progress through their veterinary training. While most 
students (97%) reported that radiation-shielding materials (e.g. lead gloves, aprons) were used in facilities 
where they gained their previous experience, 97% of the respondents reported that patients were manually 
restrained for radiographs in these practices.8 Furthermore, 69% of students reported that they had hand-
held the cassette while making radiographs of large animal patients. This study was limited in that it 
represented a specific geographic location, which may lead to reporting certain radiation safety practices 
based on current state/federal laws that are not in place elsewhere. Furthermore, larger veterinary clinics 
are often the facilities that take veterinary students, thus potentially skewing the results to reflect their 
practices, neglecting the experiences of a veterinary student in a small, rural practice.8  Even still, it is 
important to recognize what previous experiences with radiation that incoming veterinary students may 
have had, as well as what previous biases they may have developed while gaining their required 
veterinary experience prior to admission into the veterinary program. This understanding can help guide 
the content of radiation safety training within the veterinary curriculum.   

1.7 Current practices in the field of human dentistry 

Examination of the literature about radiation safety practices in other professions with similar 
radiation use as the veterinary profession was performed. This included dentists since radiographic 
examination of the oral cavity is the second most common radiographic study performed in the United 
States.46 Several studies of dentists have been performed using a questionnaire to evaluate their attitudes 
and current practices at various locations around the world including Korea, the United States, Sweden, 
and Turkey.19, 46-49 Specific questions regarding the judicious use of the ALARA principle were asked 
including the use of shielding material, the use of rectangular collimators, and a short film speed. The 
results of these studies varied widely.  Interestingly, many dentists in Korea and Turkey did not provide 
lead gowns to their patients, with only 20% and 8.7% of dentists providing them respectively.19, 49 This 
was in contrast to the studies performed in the United States, where the majority of dentists (80%) 
reported the use of lead aprons in all examinations.48 Rectangular collimation can reduce the radiation 
dose by nearly 60%46; however, this was only used by 38% of dentists in Turkey49, 5% of dentists in 
Michigan46, and 14.6% of Korean dentists.19 Most dentists around the world continue to use a slower film 
speed (if analog film is used), despite growing evidence that this increases radiation exposure to the 
patient and operator.46, 47, 49 Furthermore, 40% of dentists in Korea and 17% of those in Michigan admitted 
holding the film device themselves during intraoral radiography.19, 46 The demographics of the dentists 
surveyed was reported in the studies in Michigan, Korea, and Turkey. All studies reported that the older 
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the dentist, the less likely they were to comply with ALARA principles.19, 46, 49  Almost all studies 
advocated for the use of continuing education following graduation from dental school.19, 46-49 

1.8 Evaluating the effectiveness of radiation safety training in other fields 

A study of radiation oncology nurses working at a cancer treatment center in New York was 
performed to evaluate the effectiveness of radiation safety training.13 The study demonstrated that there 
was a significant improvement in the nurses’ knowledge following radiation safety training sessions, as 
determined by Pre- and Post-training questionnaires.50 However, the study did not evaluate which specific 
aspects of the training sessions (i.e. lecture vs. educational video vs. hands-on training) were the most 
effective. Understanding which teaching approaches are most effective may help guide the development 
of further training sessions to maximize their impact. 

Similarly, cardiologists, who use fluoroscopy to guide procedures, were surveyed to determine 
their attitudes, opinions, and current practices with respect to radiation safety. Emphasis was focused on 
determining the differences in these factors between practitioners who had undergone radiation safety 
training and those who had not.51 Those participants who had undergone radiation safety training were 
more concerned about radiation dosages and were more likely to adhere to ALARA guidelines than 
participants who did not receive such training. While the survey was provided to 5432 cardiologists 
worldwide, half of all respondents were located in North America, which may have skewed the results of 
the survey.51 

1.9 Rationale, objectives, and hypotheses 

 Rationale 

Evaluating the effectiveness of radiation safety training is crucial to determine where 
improvements can be made that promote safe practices, reduce exposure to radiation, and reduce 
morbidity. The few studies available in the human medical literature demonstrate that radiation safety 
programs can positively impact attitudes toward radiation safety and cognitive knowledge of those who 
use ionizing radiation frequently.50 In veterinary medicine, there are no studies evaluating the knowledge 
students have upon entering veterinary school, despite evidence that they have gained significant 
experience working with radiation prior to entry, nor are there studies regarding the effectiveness of any 
radiation safety training that students receive in the veterinary medicine curriculum. Similarly, there have 
not been any comprehensive studies evaluating the current practices of veterinarians and their staff as 
reported by practitioners in Ontario. Many clinics employ students who are enrolled in or applying to 
veterinary school, and therefore, may have an impact on the opinions and skills that students develop 
prior to admission. Understanding radiation safety practices in veterinary clinics in Ontario and the 
knowledge held by veterinary students at the time of entry into the program is needed in order to 
determine what changes may be indicated in order to improve radiation safety practices and training of 
our student veterinarians. At the OVC, veterinary students are taught about radiation safety in a one-hour 
lecture in their first year, which is reinforced during their Diagnostic Imaging (DI) rotation in their fourth 
year. During their DI rotation, students must complete an online refresher module followed by an online 
quiz that must be completed within the first three days of their rotation.  The effectiveness of these 
radiation safety training methods on student attitudes and knowledge has not previously been evaluated. 
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 Objectives and hypotheses 

Objective 1: To understand the knowledge base, attitudes, and current practices applied toward radiation 
safety by practicing veterinarians and veterinary staff in Ontario.  
Hypothesis 1: Many practices do not employ the basic as low as reasonably achievable (ALARA) 
principles of time, distance, and shielding (including the use of appropriate collimation or personal 
protective equipment) and continue to employ manual restraint of patients to obtain radiographs. 
 
Objective 2: To understand the experiences veterinary students have prior to admission to veterinary 
school, as well as the knowledge and attitudes towards radiation safety held by these first-year veterinary 
students at the Ontario Veterinary College (OVC), and determine if these factors change following a one-
hour radiation safety lecture.  
Hypothesis 2: Most veterinary students will have experience making radiographs in general practices 
prior to admission to veterinary school, and their experiences will include high frequency of the use of 
manual restraint and a lack of radiation safety training. A single, one-hour lecture will have a significant 
impact on student knowledge but not on student attitudes. 
 
Objective 3: To understand the experiences third-year veterinary students have prior to and during 
veterinary school, as well as the knowledge and attitudes towards radiation safety held by these students 
at the Ontario Veterinary College (OVC), and determine if these factors change following their 8-week 
externship rotation (which is spent in a mixed-animal practice of their choosing) between their third and 
fourth years or following their 2-week Diagnostic Imaging rotation at the OVC.  
Hypothesis 3: Most veterinary students will have experience making radiographs in general practices 
prior to admission to veterinary school. Both their experiences prior to and during veterinary school, and 
during their externships will include high frequency of the use of manual restraint and a lack of radiation 
safety training. The 2-week DI rotation will have a significant impact on student knowledge but not on 
student attitudes, which are suspected to be primarily impacted by the increased time spent in general 
practices. 
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2 Evaluating radiation safety knowledge, attitudes, and behaviours 
amongst veterinary staff working in Ontario 

2.1 Introduction 

The use of ionizing radiation in the form of x-rays is frequent in the veterinary workplace and most 
commonly involves performing radiographs to diagnose various disease processes.  In many jurisdictions, 
access to x-ray equipment is considered core to a licensed veterinary facility. For example, in the province 
of Ontario, the College of Veterinarians of Ontario (CVO) mandates that a clinic must have a diagnostic 
x-ray machine, and makes clinical recommendations regarding applications such as performing dental 
radiographs prior to any dentistry procedure.1, 2 Despite the frequency of using radiography in veterinary 
medicine, codes of practice pertaining to the safe use of x-rays in the workplace are inconsistent at the 
individual practice level. For example, the CVO states that appropriate personal protective equipment 
(PPE) such as lead aprons, gloves, and thyroid collars, as well as monitoring devices such as dosimeters, 
should be available to staff.1 However, with the exception of dosimeters, guidelines for when each item of 
PPE should be worn are not specified.1 Comparatively, a specific document titled “Codes, Rules, and 
Regulations” in New York State stipulates that manual restraint of patients should only be considered in 
extreme situations when clinically necessary.3 In addition to the issues raised by inconsistent or 
incomplete regulations, enforcement and monitoring of the use of safe practices are also limited in most 
jurisdictions and may be impacted by personnel availability, training, cost, clinical policy, and applicable 
laws. 

Obtaining diagnostic quality radiographs requires both proper radiographic technique and 
appropriate patient positioning.  Appropriate positioning may be obtained by using non-manual methods 
of restraint such as sedation or anesthesia, as well as positioning devices such as troughs, sandbags, and 
tape.4, 5 Alternatively, or in conjunction with positioning devices, some may choose to position patients 
using manual restraint, whereby employees physically hold the patient for the duration of the imaging, 
leading to increased x-ray exposure to the handler.6-11 Practicing veterinarians and their staff are at risk of 
chronic, low-dose radiation exposure through the process of manually restraining patients while obtaining 
radiographs on a regular basis.4, 8-17 In California, 82% of female veterinarians working in small animal 
practice reported potential exposure to ionizing radiation and 76% stated that they manually restrained a 
patient during x-ray exposure at least 1-4 times per month18. Exposure risks are exacerbated by the 
improper use of PPE and/or the lack of use of dosimeters to monitor individual exposure.4, 8-17 With 
inadequate technique or suboptimal positioning, additional radiographs may be needed, further increasing 
x-ray exposure for individuals in the practice.3-8 It has been well documented that exposure of the human 
body to ionizing radiation increases the frequency of genetic mutations within cells.4, 8-17 This can lead to 
increases in the risk of cancer, embryonic and fetal damage, the formation of cataracts, and a shortened 
lifespan.4, 8-17 

For those people remaining in the room for the duration of an x-ray exposure, recommended PPE 
includes lead gowns, lead gloves, thyroid collars, and leaded glasses, with most of these items having 
0.25-0.5 mm lead or equivalent protection.5, 19 The use of these forms of protection in veterinary settings 
has been investigated through survey-based studies across the United States, Western Canada, and 
Australia, with results indicating infrequent use, sharing of dosimetry badges, and suboptimal radiation 
safety training.5, 16, 17, 20, 21 To the authors’ knowledge, radiation safety practices in Ontario have not been 
published.   
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The objectives of this study were to survey veterinarians and veterinary technicians in Ontario to 
evaluate the radiation safety practices they employ. The study findings will help to understand the scope 
of radiation safety practices in veterinary clinics in Ontario, with a view to determine if managing 
occupational x-ray exposure requires further attention in our jurisdiction. Based on results from other 
investigations5, 16, 17, 20, our hypotheses were that most clinics would employ manual (rather than chemical) 
restraint and would not use principles of radiation safety, including distance and shielding. 

2.2 Materials and Methods 

This observational study employed a cross-sectional survey design and online questionnaire 
(Qualtrics® 2015). The study methodology was reviewed and approved by the University of Guelph 
Research Ethics Board (REB 17-01-003) and informed written consent was obtained from all participants. 
Inclusion criteria to participate in the study were being a licensed, practicing veterinarian or veterinary 
technician, or veterinary support staff, working in clinical veterinary practice (any type of animal species) 
in Ontario. Participants were also required to have the ability to both read and understand English. 

The survey was distributed in five ways.  A brief paragraph about the research study and a web-
based link to the survey was included for four months in the Ontario Veterinary Medical Association’s (a 
provincial, non-mandatory veterinary association that requires a paid membership) monthly electronic 
publication.  The survey link was also included in an email to all members of the Ontario Association of 
Veterinary Technicians (OAVT), an organization responsible for the licensure, recognition, and support 
of over 3700 registered veterinary technicians in Ontario.22 The survey link was also available on the 
OAVT website.  Representatives from our research team also attended regional veterinary and veterinary 
technician meetings and distributed post-cards with survey links provided in print and through scanning 
of a Quick Response (QR) code.  The study was also posted on our institutional webpage with access to 
the questionnaire through a direct, web-based link. Lastly, paper copies of the questionnaire were 
available upon request by contacting one of the authors (MJ).  The questionnaire was open and available 
from January to September 2017. 

The questionnaire contained 35 questions for all respondents (Table 2.1) and an additional section 
containing 18 questions for respondents involved in large animal practice. Questions pertained to 
respondents’ knowledge, attitudes, and behaviours toward radiation safety. These questions were created 
with reference to other studies evaluating radiation safety training and procedures in human medicine 
(Dauer et al, 2006), veterinary studies evaluating current practices regarding radiation safety (Sullivan et 
al 1957, Dixon 1968, Moritz et al 1989, Morgan 1991, Ackerman et al 1998, Phillips et al 2000, Tyson et 
al 2011, Epp and Waldner 2012, Hall et al 2013, Canato et al 2014), and other areas of interest to the 
research team. Question types included multiple choice questions (several of which included the option of 
selecting all that apply), Likert-style questions, sliding scales, and open text boxes.  For the purpose of 
data analysis, respondents were grouped into either Small Animal (including avian, exotics and other 
small animals) or Large Animal (including equine, food, and mixed animal practice) designations. Some 
questions were not answered by respondents, but partial questionnaires were included in analyses where 
possible; sample sizes therefore vary, as noted.  

Respondents were offered several incentives for participation including random draws for cash 
prizes (two $250 and one $100 Visaä gift card) and continuing education (CE) vouchers ($1000 toward a 
CE course of their choosing). Entry into the draws for these prizes was obtained through a separate, 
voluntary, unlinked questionnaire that the respondents were automatically directed to upon completing 
the questionnaire. 
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Statistical analysis included descriptive statistics to summarize the data (e.g. means, medians, 
proportions). All statistical analysis was performed using SASâ software (SAS Institute Inc 2013. 
SAS/STAT® 9.4. Cary, NC:SAS Institute Inc). 

2.3 Results 

 Responses for questions common to both small animal and large animal practice 
respondents 

2.3.1.1 Demographics 

A total of 396 individuals that met the inclusion criteria responded to the questionnaire (Table 
2.1). Of these 396 respondents, 92.4% were currently practicing in the province of Ontario. Respondents 
were licensed veterinarians (103/396, 26.3%), licensed/registered veterinary technicians (252/396, 
63.6%), or veterinary clinic staff without a formal designation (25/396, 6.3%). The remaining 15 out of 
396 (3.8%) respondents identified as “other”, and when invited to clarify, identified themselves as 
assistants, veterinary technician students, and office managers. Of those who identified as veterinarians, 
53/103 (51.5%) were practice owners, 36/103 (35%) were associate veterinarians, 11/103 (10.7%) were 
locum or self-employed, and 3/103 (2.9%) identified as “other” (reporting that they were educators or 
directors). The majority of respondents (90%) worked in small animal practice; 10% were in large animal 
(including mixed practice). Most respondents (95%) were female, and the average age of respondents was 
31 years (range: 18-66). Seventy percent of respondents graduated after the year 2000 (range: 1960-2016) 
and had been in practice for an average of 9.3 years (range: 0-38). No respondents requested a paper copy 
of the questionnaire.  

2.3.1.2 Radiation use, training, and safety 

The questions and responses regarding radiation, radiation safety practices, and radiation safety 
training are outlined in Table 2.2. The most radiographs taken per week were taken of small animals, 
followed by large animals, and lastly, avian/exotic patients. The majority of respondents (278/378, 
73.5%) reported that they did not receive radiation safety training in their place of work. Of the 26.5% 
(100/378) of respondents that did receive radiation safety training in their place of work, 27/100 (27%) 
had received multiple forms of training. Of those who had received training, 35% received an in-person 
training at a conference or continuing education (CE) event, 43% received in-person training at their place 
of work, 41% received online training, and 19% of respondents received radiation safety training in 
unspecified “other” ways. 

Many respondents (83%; 300/361) reported that they were in the room all or most of the time 
when a radiograph was being made, while 10% were rarely or never in the room, and 7% were in the 
room some of the time. When making a radiograph, most respondents (85%; 306/358) that remained in 
the room reported that they “always” or “most of the time” collimated their views. However, almost 85% 
of those same respondents reported that they included the entire thorax and abdomen in their radiographic 
studies at least some of the time, suggesting a lack of collimation was occurring some of the time (Table 
2.2).  

Ninety-eight percent (97/99) of all respondents reported that they had been given a personal 
dosimeter in their clinic. Frequency of individual use of dosimeters is outlined in Table 2.2.  The use of 
PPE varied depending on PPE type. Lead gowns and collars were the most frequently used items, with 
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lead gloves and lead glasses being worn less frequently (Table 2.2).  The frequency of testing the integrity 
of led equipment is reported in Table 2.2. Fifty-two point four percent (186/344) tested at a frequency that 
met or exceeded the recommended frequency of at least once per year, with the remaining respondents 
reporting less than once per year, never, and unsure.  

Retakes of radiographs were reported with variable frequency, ranging from 0-100% of the time, 
with an average of 40% of the time. The most frequent reasons reported (n=360) for requiring retakes 
were patient movement during exposure (63.3%), inappropriate patient positioning (60.8%), poor 
exposure (43%), and poor collimation (7.2%) (multiple response options were allowed). Veterinarians 
were the people responsible for determining if retakes needed to be taken 82.8% (298/360) of the time.  

2.3.1.3 Attitudes toward radiation safety 

Questions and responses regarding attitudes are detailed in Table 2.3. Most respondents strongly 
(74%; 273/369) or somewhat (21%; 78/369) agreed that they understood the risks that x-rays posed to 
their health. When asked if they agreed that their health was protected by the safety practices currently 
used in their clinics (n=371), 30.2% strongly agreed and 42.9% somewhat agreed; however, 5.9% neither 
agreed nor disagreed, 14% somewhat disagreed and 7% strongly disagreed. When respondents were 
asked the extent to which they agreed that manually restraining patients was necessary to obtain 
diagnostic radiographs (n=371), 11.3% strongly and 35.9% somewhat agreed, 14% did not agree or 
disagree, 20% somewhat and 18% strongly disagreed. Many respondents (81.2%, 289/356) “felt safe” 
obtaining radiographs, and most individuals strongly or somewhat agreed (86.4%, 319/369) that they felt 
comfortable discussing radiation safety during pregnancy with their employer. When asked if respondents 
understood their rights when it came to radiation safety during pregnancy, most respondents 86.5% 
(321/371) somewhat or strongly agreed, 6.5% (24/371) neither agreed nor disagreed, and only 7% 
(26/371) somewhat or strongly disagreed.  

2.3.1.4 Radiation safety knowledge 

Questions regarding the knowledge of respondents’ around radiation use and safety are presented in 
Table 2.4. Ninety-one percent of respondents (n=313) correctly identified 18 years as the youngest 
permitted age for an individual in order to assist with making radiographs. A broader range of responses 
was received when asked which regulatory body is responsible for radiation safety in Ontario, with only 
29% correctly choosing the Ministry of Labour. 

 Responses specific to large animal practice participants 

Radiation safety knowledge and practice was specifically investigated for respondents that identified 
as working in a Large Animal practice. Only 22/396 (5.6%) participants reported working solely with 
large animal patients.  

2.3.2.1 Radiation use and safety by large animal practice participants 

All 22 individuals in Large Animal practice had some form of PPE. Most (10/22; 45.5%) had a 
lead gown, thyroid collar, lead gloves, and a dosimeter, with an additional 4/22 (18.2%) also having lead 
glasses. The remaining 8/22 (36.4%) respondents had some combination (but lacking one to three) of 
either a lead gown, thyroid collar, lead gloves, or a dosimeter. 
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The proportion of large animal respondents (n=14) who strongly agreed, somewhat agreed, 
neither agreed nor disagreed, somewhat disagreed and strongly disagreed with the statement “It is 
necessary to hand hold the x-ray tube while making radiographs” was 28.6%, 21.4%, 14.3%, 28.6%, and 
7.1%. Nearly half of responding large animal practitioners (n=15) strongly (26.7%) or somewhat (20%) 
agreed that hand holding of the patient was necessary while making an x-ray, while 33% disagreed (20% 
somewhat and 13.3% strongly); 20% neither agreed nor disagreed with this statement. Finally, 66.7% 
(4/6) of large animal practitioners strongly agreed that it is necessary to hand hold the x-ray plate while 
making x-rays, 16.7% (1/6) strongly disagreed, and 16.7% (1/6) were neutral. 

When asked how often a person holds the x-ray cassette without the use of a cassette holder 
(n=20), 35% responded all of the time, 20% responded most of the time, 10% responded some of the 
time, 20% responded rarely, and 3/20 responded never. Sixty percent of respondents (12/20) reported that 
they used a non-employee to restrain the patient at least some of the time with 40% (8/20) responding 
rarely or never. Over two-thirds (68.4%, 13/19) of respondents who always gave PPE to those remaining 
in the room while making radiographs, 5.3% (1/19) did most of the time, 5.3% (1/19) did some of the 
time, 5.3% (1/19) did rarely, and 15.7 (3/19) never did. 

For large animal practitioners, radiographs were reported to be made while in public spaces such 
as barns at least some of the time by 75% (15/20) of respondents, with 25% (5/20) responding rarely or 
never. When asked how often two or more people were assisting while making a radiographic exposure, 
68.4% of respondents stated that this occurred at least some of the time, with 31.5% (6/19) pf respondents 
stating rarely or never.  

Retakes of radiographs were reported with variable frequency by large animal practitioners 
(n=18), ranging from 0-60% of the time, with an average of 22.4%. Reasons for retakes (n=18) included a 
combination of patient movement during exposure (83.3%), inappropriate patient position (55.6%), poor 
exposure (33.3%), and poor collimation (5.6%). Much of the time, (88.3%, 15/18), the veterinarian was 
responsible for determining that a retake was necessary, with technicians making this decision 5.6% 
(1/18) of the time, and the client making this decision 11.1% (2/18) of the time.  Most large animal 
practitioners (89.5%, 17/19) described using collimation at least some of the time when making 
radiographs, with 10.5% (2/19) stating rarely or never. 

2.3.2.2 Attitudes toward radiation safety by large animal practice participants 

When asked where the responsibility for the safety of other veterinary team members lay when 
they are assisting in making radiographs, many large animal respondents (57.9%; 11/19) felt the 
responsibility was placed equally on the other veterinary staff member and themselves, while 31.6% 
(13/19) felt the responsibility was entirely their own, and 10.5% (2/19) were unsure. However, when 
asked who was responsible for the safety of non-veterinary helpers (i.e. animal owners) while making 
radiographs, 68.4% (13/19) responded that the responsibility lay entirely on themselves as veterinary 
employees.  On respondent (5.3%, 1/19) stated that the responsibility was that of the non-employee, 5.3% 
(1/19) felt the responsibility was shared between themselves and the non-employee, and 21% (4/19) were 
unsure. 

Seventy-nine percent (15/19) of large animal practitioners reported feeling safe when making 
radiographs, while 21% (4/19) reported they did not feel safe in this activity.  
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2.4 Discussion 

 Demographics 

Most respondents were in their third decade of life, identified as female, had graduated from their 
respective schooling within the last 20 years, and worked in a small animal practice. This is similar to 
reports of demographics of Canadian veterinarians in which 58% identified as female and 58.9% 
practiced small animal medicine23. 

 Radiation training, use, and safety 

The lack of radiation safety training reported in our study is in line with previous reports such as 
that from Ohio, where 34% of respondents reported receiving radiation safety in any capacity, and 
Australia where only 22% had received radiation safety training.20, 24 

This reported low rate of radiation safety training was reflected in the procedural practices that 
respondents reported being used when making radiographs. For example, many respondents remained in 
the room while an x-ray exposure was made and frequently manually restrained the patient. We did not 
ask specifics on the set-up of the respondents’ x-ray room; if there is no barrier to stand behind or no way 
to push the x-ray button remotely, there may be no choice but to remain in the room for an exposure. 
Another safe practice when using radiation is collimation, which can be used to decrease the amount of x-
rays used for an exposure and increases the distance that scattered radiation would need to travel to reach 
an employee that remains within the x-ray room.25 While 85% of respondents reported using collimation, 
85% of respondents also reported routinely including both the thorax and abdomen in a single study of a 
patient, suggesting a lack of collimation. These paradoxical responses are most likely due to not providing 
a definition of what collimation truly is in the questionnaire, since by definition a collimated study would 
indicate that only a single area of interest is imaged at one time. Including multiple large areas such as the 
thorax and abdomen in a single study not only increases the amount of scattered radiation to those 
remaining in the room, but also reduces the diagnostic quality of a study by decreasing contrast 
resolution.25 

While most respondents were given personal dosimeter, the use of these dosimeters varied with 
many respondents reporting that they wore them infrequently or not at all. This is similar to multiple 
previous reports18,20,24 who identified that only 55%, 68%, 59%, and 33% of respondents reported wearing 
dosimeters or similar devices (respectively)20, and that sharing of dosimetry badges was frequently 
reported.24  Dosimeters are a non-invasive method of monitoring individual radiation exposure, and 
should be frequently monitored to ensure that the dose to an individual working with radiation does not 
exceed the maximum yearly limit.26 Donning a dosimeter requires very little time and effort, and the 
small size and light weight of currently used dosimeters ensures they do not impede activities. As such, 
their lack of use despite availability in practice could be due to the perceived lack of importance of 
radiation monitoring, although we did not specifically ask for respondents’ reasoning here. 

Use of other PPE also varied. While lead aprons and lead thyroid collars were worn most 
frequently, the use of lead gloves and glasses were infrequent, which is similar to that reported by other 
studies.18, 20, 27 This may be due to the inherent bulkiness of lead gloves in the face of needing to hold 
relatively small limbs on the patient, and the presumed lack of availability of lead glasses in general 
practice. The suboptimal use of lead PPE reported in this study is in agreement with prior literature. For 
example, in the study of 29 Ohio practices, it was reported that lead gowns and gloves were available in 
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all sampled practices, but that gloves were very rarely worn24. Similarly, the findings of two studies 
performed in equine practices in the United States and Australia indicated that most equine practitioners 
do not wear gowns and gloves when performing radiographs and that the majority of these practices use 
portable units.20, 28 A study performed at Virginia Polytechnic Institute indicated that wearing lead aprons 
and gloves has the capacity to significantly reduce the exposure of personnel to ionizing radiation; 
however, the same study also reported that many practitioners do not wear this gear due to inconvenience 
and discomfort.28 If veterinary practices are unwilling or unable to employ hands-free techniques while 
making radiographs, a minimum requirement for appropriate and complete PPE to be worn (including 
dosimeters) is crucial to ensuring staff safety. 

Lead equipment was not routinely leak tested, with only 52% of respondents reporting that their 
equipment was tested once or more per year. Lead equipment is crucial to the safety of staff who are 
manually restraining patients for radiographs, as PPE containing 0.25-0.5 mm lead or lead equivalent 
results in absorption of 90-95% of scattered radiation.29 Leak testing of lead is an important adjunct 
procedure in ensuring the safety of staff making radiographs, since chronic folding and improper storage 
of lead equipment can lead to loss of integrity (cracking or holes) of the lead over time.29 

Respondents reported commonly needing to re-take radiographs (an average of 1/3 of the time), 
with the most common reasons for requiring retakes being patient movement during the exposure and 
poor patient positioning. Veterinarians were the party responsible for determining that a retake was 
needed most of the time. Increased numbers of retakes mean increased time involved per radiographic 
study (with reduced efficiency of the veterinarian and potential cost to the clinic) and increased 
radiographic exposure to those involved in radiograph acquisition. When further considering that a large 
proportion of radiographic studies require multiple views to fully assess an area on a routine basis, 
controlling the need for further views required (i.e. retakes) due to patient specific factors (such as patient 
movement during the study) is important. This may include oral or intravenous methods of sedation, and 
positioning devices such as troughs, tape, and sandbags. When a patient is sedated and appropriately 
positioned, staff members can briefly leave the room while the exposure is made to further reduce 
unnecessary exposure to radiation. Yet the use of sedation and positioning devices were uncommon in our 
study. Potential reasons for this could include increased cost to the owner to administer sedation, potential 
risk to the pet by giving sedation, or concern for adding time and effort to a radiographic study.5 These 
concerns may be addressed by building the cost of sedation directly into the fee for a radiographic study, 
and by thoroughly explaining the risks and benefits of using sedation in pets during radiographic studies 
to the owner. While an argument can be made that manually restraining a patient while a radiograph is 
made is faster, patients may resist restraint and move while exposures are made. In these cases, a sedated, 
compliant patient restrained in a positioning device would likely allow a radiograph to be made in a 
similar amount or less time than that taken to restrain an anxious patient for additional views. 

 Attitudes toward radiation safety 

The responses pertaining to respondents’ attitudes toward radiation were mixed. Approximately 
50% of respondents felt that manual restraint of patients was necessary in order to obtain diagnostic 
radiographs. Furthermore, most respondents indicated that they felt safe obtaining radiographs, reported 
that they understood their rights in regard to radiation use during pregnancy (although a definition of 
which rights they were referring to was not specified in the questionnaire), and felt comfortable talking to 
their employer about these rights during pregnancy. This indicates that, despite the overwhelming 
majority of people remaining in the room while an x-ray exposure is made, these staff members feel safe 
doing so. Nevertheless, there were many written comments regarding radiation safety in practice that 
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were negative, stating that individuals are “concerned about the amount of radiation I am exposed to in 
my profession” and that they “wish there was a better way” (data not shown). It should be born in mind 
that those respondents who felt positively about radiation safety were potentially less likely to write 
additional comments, while those who were worried about radiation exposure would be more likely to 
take the time to detail their concern.  

It is also possible that there is a lack of understanding of the risks or not knowing about viable 
alternatives to the use of manual restraint. Furthermore, most respondents indicated that the responsibility 
for the safety of other veterinary team members should be shared between themselves and the individual 
involved, indicating that respondents felt all individuals should take some responsibility for their safety. If 
all staff members are to assume some responsibility for their own safety, this indicates the importance of 
training all staff members in safe practices to ensure they act as advocates for themselves and others.  

Many respondents did not expect laypeople such as pet owners involved in the radiographic 
procedure to be responsible for their own radiation safety, which most likely reflected the perspective that 
these people are not trained in the use of radiation equipment and would not have knowledge of the 
potential risks or how to minimize them. However, a small population felt that laypeople should assume 
this responsibility, or at least share it. This indicates that most respondents recognized that veterinary staff 
should be the experts in radiation safety for the protection of staff and the public, but that this may not 
always be the case. Ensuring that veterinary staff take all appropriate measures to protect those who are 
assisting them may be an important avenue in which improvements in radiation safety education can be 
made. 

 Radiation safety knowledge 

Most individuals correctly identified 18 as the youngest legal age at which a person may be 
involved in making radiographs; however, many were incorrect about which regulatory body is 
responsible for radiation safety in Ontario. This is most likely due to multi-organizational involvement in 
the development and relative enforcement of radiation safety principles. In Ontario, the Ministry of 
Labour is responsible for all matters concerning exposure to radiation, including occupational exposures 
and the monitoring of individual radiation exposure through dosimetry records. The CVO is a regulatory 
body that draws the information from the provincial and federal levels and applies it to veterinary 
medicine, creating minimum standards for the different types of veterinary clinics.1 In order for clinics to 
be accredited facilities by the CVO, they must uphold these standards including those pertaining to 
radiation safety. By understanding the regulatory bodies responsible for the development and enforcement 
of safe radiation practices, individuals will know where to find guidelines and regulations on which they 
can base their protocols for how to use radiation, as well as who to go to for resources and assistance. 

 Radiation use and safety in large animal practice 

Several aspects of the data differed based on responses from those in large animal practice 
compared with those from small animal respondents, and reflect the unique nature of ambulatory practice. 
Many large animal respondents stated that they had some combination of lead gowns, gloves, collars, and 
glasses available to them and felt that holding the x-ray plate, tube, and patient were necessary in 
obtaining diagnostic quality radiographs. This was corroborated by the fact that only a small amount of 
respondents stated that x-ray plate holders were used in their practices. X-ray holders are devices that grip 
the x-ray plate, with a long pole attached to allow staff members to stand at an increased distance from the 
x-ray tube and scattered radiation when making radiographs.20 The use of these devices would decrease 
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staff exposure to radiation, but they have been perceived to be bulky and inefficient, with many 
practitioners choosing to hand-hold cassettes.20  

Retakes of radiographs performed with slightly less frequency in large animal patients than in 
small animal patients, which may be due to the ability to perform many radiographic views of large 
animal patients in a neutral, standing position rather than in lateral recumbency with legs flexed/extended. 
Similar to that observed in the small animal practice data, veterinarians were the primary decision makers 
in determining the need for retake radiographs. Collimation was also performed with greater frequency in 
large animal patients, which could be due to the physical size of the patient and inability to fit all anatomy 
on one plate. 

It is important to note that when those in the large animal field were asked if they felt safe 
obtaining radiographs of their patients, we did not specify if they felt safe in regard to radiation exposure 
or the potential risk in working with large animal patients. It is possible that individuals felt safe with 
potential radiation exposure, but did not feel safe restraining or physically being near large animals, or 
vice versa. This was not investigated further in this study, and may have skewed the responses to this 
question. 

In large animal practices in this study, it was common for non-veterinary staff to be involved in 
the acquisition of radiographs. This may include clients, barn staff, or students, and was reported to occur 
with some frequency in 60% of responses in our study. Most concerning, it was reported that often more 
than two people were present while exposures were made in public spaces, and these people were not 
always given PPE while helping make radiographs. While one may assume that these people are unlikely 
to obtain a high radiation dose and are not frequently involved in making radiographs, the knowledge that 
radiation-induced effects are stochastic28 should urge veterinary staff to provide PPE to all individuals in 
the vicinity of the x-ray beam. The risk of cancer from exposure to ionizing radiation is reported to be 3% 
increase in risk per 10 mSv (Ashmore et al., 1998), or 5% risk of fatal cancer per 1 Sv of radiation 
exposure by the ICRP.31 Several authors have examined the scope of occupational exposure to x-rays in 
veterinary professionals. For example, Moritz et al. reported a whole body exposure rate to female small 
animal veterinarians of 22.8 mrems (0.288 mSv) over a 3-month period in several clinics in the 
Midwestern states, while Ackerman et al. described an 8-month cumulative exposure rate to those 
working in equine practice of 47 mrems (0.47 mSv) for those holding the horse, cassette, and/or tube 
during radiographic procedures.27, 31 Yet another examination of exposure to those making radiographs of 
equine patients describes that a single, whole body, pre-purchase exam exposes those working with the 
horse to <13 uSv (0.013 mSv)32, if the individual does not wear PPE. This reported dose is low, however, 
if the same staff members are involved in multiple prepurchase examinations then the cumulative 
exposures could become significant. While the National Dose Registry of Canada estimates that 8.2% of 
veterinarians and 7.2% of veterinary technicians have exposure rates of 0.1 mSv-20 mSv (with none 
having exposure rates higher than this upper limit), they also estimate that only 37% of veterinary 
workers were truly monitored using dosimetry.14 

Limitations of this study may include social desirability and extreme response bias, which may 
have cast responses in a more favourable light. Although a paper copy of the questionnaire was available 
on request, all respondents completed the questionnaire online and much of the recruitment strategy used 
online methods. As such, it is possible that some remote clinics or those who use analog systems did not 
have access to the questionnaire. Finally, the respondents to the “large animal only” questions were quite 
limited relative to the remainder of the study population. Further studies focusing on the large animal 
only, and in particular the equine sector, would be useful to further investigate this population. 
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2.5 Conclusion 

Current practices regarding the use of radiation and radiation safety in Ontario were highly 
variable. As hypothesized, many practices did not use principles such as time, distance, and shielding, and 
personnel continued to remain in the room, employing manual restraint, while radiographs were made. 
Furthermore, many respondents did not receive formal radiation safety training, and more still did not 
know which regulatory body is responsible for radiation safety in the workplace. Development of 
radiation safety protocols at a clinic level, based on the recommendations of the Ministry of Labour and 
CVO, would provide veterinary employees with the knowledge and impetus to make a radiation safety a 
priority in their practice. 
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Table 2.1: Demographic questions within the survey of radiation safety knowledge, attitudes, and behaviours amongst veterinary staff working in 
Ontario (January-September, 2017), with response options for each question and responses. Response rate per question was variable, therefore the 
denominator is given for each. 

Question Response options Responses 

 

 

Which designation best 
describes you? 

Licensed veterinarian 104/396 (26.3%) 

Licensed/registered veterinary technician 252/396 (63.6%) 

Veterinary clinic staff, no formal 
designation 

25/396 (6.3%) 

Other, please specify 15/396 (3.8%) 

If veterinarian is selected, 
please choose the most 
appropriate designation to 
describe your current 
status 

Small animal veterinarian- general 
practice 

88/104 (84.6%) 

Small animal veterinarian- 
referral/specialty/emergency 

6/104 (5.8%) 

Equine veterinarian- general 
practice/ambulatory 

4/104 
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Equine veterinarian- referral/specialty 
center 

0/104 

Mixed animal veterinarian 3/104 (2.9%) 

Laboratory animal medicine 0/104 (0%) 

Food animal veterinarian 1/104 (1%) 

Other, please specify 2/104 (1.9%) 

If veterinarian is selected, 
which of the following 
best describes your role? 

Practice owner 53/103 (51.5%) 

Associate veterinarian 36/103 (34.9%) 

Locum/self-employed non-practice owner 11/103 (10.7%) 

Other, please specify 3/103 (2.9%) 

Where did you complete 
your veterinary training? 

Ontario 329/356 (92.4%) 

Other Canadian province 18/356 (5.1%) 
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United States of America 3/356 (0.8%) 

Other, please specify 6/356 (1.7%) 

In what year did you 
graduate from your 
veterinary program? 

1960-69 1970-79 1980-89 1990-99 2000-09 2010-16 

2/352 (0.6%) 4/352 
(1.1%) 

31/352 
(8.8%) 

58/352 
(16.5%) 

125/352 
(35.5%) 

132/352 
(37.5%) 

What is your age? <20 21-30 31-40 41-50 51-60 61-70 

9/390 (2.3%) 143/390 
(36.7%) 

124/390 
(31.8%) 

61/390 
(15.6%) 

44/390 
(11.3%) 

9/390 
(2.3%) 

What is your gender? Female 368/387 (95.1%) 

Male 19/387 (4.9%) 

How long have you been 
working in your current 
practice? 

0-10 years 11-20 years 21-30 years 31-40 years 

277/387 (71.5%) 74/387 (19.1%) 30/387 (7.8%) 6/387 (1.6%) 
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Table 2.2: Radiation use questions within the survey of veterrinary staff working in Ontario (January-September, 2017), with response options for 
each question and responses. Response rate per question was variable, therefore the denominator is given for each. 

Question Options Responses 

 

How many radiographs are taken 
at your practice in a 7-day period, 
on average? 

 

Large animal 0-10 11-20 21-30 31-40 41-50 >60 

104/108 
(96.3%) 

1/108 
(0.9%) 

0/108 
(0%) 

1/108 
(0.9%) 

1/108 
(0.9%) 

1/108 
(0.9%) 

Small animal† 0-10 11-20 21-30 31-40 41-50 >60 

209/335 
(62.4%) 

56/335 

(16.7%) 

29/335 
(8.6%) 

10/335 
(3.0%) 

8/335 
(2.4%) 

23/335 
(6.9%) 

Avian/exotic 0-10 11-20 21-30 31-40 41-50 >60 

107/108 

(99.1%) 

1/108 

(0.9%) 

0/108 
(0%) 

0/108 
(0%) 

0/108 
(0%) 

0/108 
(0%) 

How often are you personally 
involved in making radiographs? 

Always 54/378 (14%) 

Most of the time 94/378 (24%) 
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About half of the time 108/378 (28%) 

Sometimes 111/378 (29%) 

Never 11/378 (3%) 

Have you received radiation 
safety training other than that 
received during your veterinary 
training (i.e. veterinary/veterinary 
technician/undergraduate school)? 

Yes 100/378 (26.5%) 

No 278/378 (73.5%) 

 

What type of training did you 
receive? Select all that apply. 

Online training 41/100 (41%) 

In person session 
provided at current 
practice by a veterinary 
team member 

43/100 (43%) 

In person session 
attended at CE meeting 
or equivalent 

34/100 (34%) 

Other, please specify 19/100 (19%) 
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Do you have a dosimeter? 

Yes, personal 97/99 (98%) 

Yes, shared 1/99 (1%) 

No dosimeter has been 
issued 

1/99 (1%) 

Unsure 0/99 (0%) 

 

How often do you wear your 
dosimeter? 

Always 87/98 (88.8%) 

Most of the time 7/98 (7.1%) 

About half of the time 2/98 (2%) 

Sometimes 2/98 (2%) 

Never 0/98 (0%) 

What items are available in your 
practice when making radiographs 
of small animal patients? Select 
all that apply. 

Lead gown 356/362 (98.3%) 

Lead collar/thyroid 
collar 

358/362 (98.9%) 
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Lead gloves 348/362 (96.1%) 

Lead glasses 69/362 (19.1%) 

Dosimeter 355/362 (98.1%) 

Sandbags 187/362 (51.7%) 

Tape/Velcro 277/362 (76.5%) 

Patient positioners 
(troughs) 

253/362 (69.9%) 

Other, please specify 12/362 (3.3%) 

At your current practice, how 
frequently do you or your staff 
wear these items when making 
radiographs, in percentage of 
time? 

Lead gown 0-20% 21-40% 41-60% 61-80% 81-100% 

7/366 (1.9%) 2/366 
(0.5%) 

4/366 
(1.1%) 

5/366 
(1.4%) 

348/366 
(95.1%) 

Lead collar (thyroid 
collar) 

0-20% 21-40% 41-60% 61-80% 81-100% 

10/364 (2.7%) 1/364 
(0.3%) 

8/364 
(2.2%) 

6/364 
(1.6%) 

339/364 
(93.1%) 
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Lead gloves 0-20% 21-40% 41-60% 61-80% 81-100% 

95/343 (27.7%) 49/343 
(14.3%) 

65/343 
(19%) 

40/343 
(11.7%) 

94/343 
(27.3%) 

Lead glasses 0-20% 21-40% 41-60% 61-80% 81-100% 

165/199 (82.9%) 1/199 
(0.5%) 

7/199 
(3.5%) 

4/199 
(2.0%) 

22/199 
(11.1%) 

 

Which items are the least likely to 
be worn when making 
radiographs? Select all that apply. 

Lead gown 3/370 (0.8%) 

Lead collar (thyroid 
collar) 

2/370 (0.5%) 

Lead gloves 190/370 (51.4%) 

Lead glasses 332/370 (89.7%) 

I wear all of these 
devices at all times 
while in the x-ray area 
during a radiograph 

15/370 (4.1%) 
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I am not in the x-ray 
area while radiographs 
are made 

35/370 (9.5%) 

How often do you remain in the 
room holding small animals while 
an x-ray exposure is made? 

All of the time 180/361 (49.9%) 

Most of the time 120/361 (33.2%) 

Some of the time 26/361 (7.2%) 

Rarely 26/361 (7.2%) 

Never 9/361 (2.5%) 

When making radiographs of a 
small animal patient, how often 
do you include the entire thorax 
and abdomen of the dog or cat 
(for diagnostic purposes, 
convenience, etc.), 
simultaneously? 

All of the time 29/362 (8%) 

Most of the time 125/362 (34.5%) 

Some of the time 157/362 (43.4%) 

Rarely 46/362 (12.7%) 

Never 5/362 (1.4%) 
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How often do you need to 
perform retakes in small animal 
patients? For the purposes of this 
question, consider a retake to be 
different from performing 
additional views for diagnostic 
purposes. 

Percent of time 0-20% 21-40% 41-60% 61-80% 81-100% 

181/359 
(50.4%) 

110/359 
(30.6%) 

45/359 
(12.5%) 

21/359 
(5.9%) 

2/359 
(0.6%) 

What is the most common reason 
for repeating radiographic studies 
(retakes) in your small animal 
practice? Select all that apply. 

Poor exposure 155/360 (43%) 

Poor collimation 26/360 (7.2%) 

Inappropriate patient 
positioning 

219/360 (60.8%) 

Patient movement 
during exposure 

228/360 (63.3%) 

Other, please specify 18/360 (16%) 

Who is most often determining 
the need for the repeat 
radiographic views (retakes) in 
small animal patients? 

Technician 58/360 (16.1%) 

Veterinarian 298/360 (82.8%) 

Client 1/360 (0.3%) 
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Other, please specify 3/360 (0.8%) 

How often do you collimate prior 
to making a radiographs of a 
small animal patient 

All of the time 195/358 (54.5%) 

Most of the time 111/358 (31%) 

Some of the time 38/358 (10.6%) 

Rarely 11/358 (3.1%) 

Never 3/358 (0.8%) 

How frequently is the integrity of 
your lead equipment evaluated for 
leaks? 

More than once per year 52/355 (14.7%) 

Once per year 134/355 (37.8%) 

Less than once per year 69/355 (19.4%) 

Never 32/355 (9%) 

Unsure 68/355 (19.1%) 

†17/352 (4.9%) of responders reported >40,000 radiographs made per week and were excluded from analysis as statistical outliers.  
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Table 2.3: Attitudes toward radiation safety: questions in the survey of veterinary staff working in Ontario (January-September, 2017), with 
response options for each question and responses. Response rate per question was variable; therefore, the denominator is given for each. 

Rank your agreement with the 
following statements 

Options Response 

I understand the risks that x-rays pose to 
my health 

Strongly agree 273/369 (74%) 

Somewhat agree 78/369 (21.1%) 

Neither agree nor disagree 7/369 (1.9%) 

Somewhat disagree 7/369 (1.9%) 

Strongly disagree 4/369 (1.1%) 

I am comfortable that my health is 
protected by the safety practices that I 
currently use when taking x-rays 

Strongly agree 112/371 (30.2%) 

Somewhat agree 159/371 (42.9%) 

Neither agree nor disagree 22/371 (5.9%) 

Somewhat disagree 53/371 (14.3%) 
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Strongly disagree 25/371 (6.7%) 

Hand-holding patients during 
radiographs is necessary 

Strongly agree 42/371 (11.3%) 

Somewhat agree 133/371 (35.9%) 

Neither agree nor disagree 52/371 (14%) 

Somewhat disagree 75/371 (20.2%) 

Strongly disagree 69/371 (18.6%) 

I am comfortable discussing radiation 
safety during pregnancy with my 
employer 

Strongly agree 284/369 (77%) 

Somewhat agree 35/369 (9.5%) 

Neither agree nor disagree 30/369 (8.1%) 

Somewhat disagree 12/369 (3.2%) 

Strongly disagree 8/369 (2.2%) 
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I understand my rights with regard to 
radiation safety during pregnancy 

Strongly agree 279/371 (75.2%) 

Somewhat agree 42/371 (11.3%) 

Neither agree nor disagree 24/371 (6.5%) 

Somewhat disagree 19/371 (5.1%) 

Strongly disagree 7/371 (1.9%) 

Do you feel safe obtaining radiographs 
at your small animal practice? 

Yes 289/356 (81.2%) 

No 67/356 (18.8%) 
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Table 2.4: Knowledge regarding radiation safety: questions within the survey of veterinary staff working in Ontario (January-September, 2017), 
with response options for each question and responses. Response rate per question was variable, therefore the denominator is given for each. 

Question Options Responses 

What is the youngest legal age in which 
employees are allowed to assist with 
radiographs in Ontario? 

16 20/313 (6.4%) 

18 

(*correct response) 

284/313 (90.7%) 

20 7/313 (2.2%) 

22 2/313 (0.6%) 

Unsure 0/313 (0%) 

Which body is responsible for radiation 
safety in Ontario? 

College of Veterinarians of 
Ontario 

5/364 (1.4%) 

Ontario Veterinary Medical 
Association 

0/364 (0%) 

Ontario Veterinary College 2/364 (0.6%) 
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Ministry of Health 211/364 (58%) 

Ministry of Labour 

(*correct response) 

105/364 (28.9%) 

Unsure 41/364 (11.3%) 

Which of the following people do you 
consider to be most responsible for 
radiation safety in your practice? 

Each individual team member 175/364 (48.1%) 

Practice owner 113/364 (31%) 

Veterinarian on duty 15/364 (4.1%) 

Person making the radiographs 50/364 (13.7%) 

Nobody 5/364 (1.4%) 

Unsure 6/364 (1.7%) 

Who is legally permitted to operate an x-ray 
machine, including selecting machine 

Anybody employed by a 
licensed veterinarian 

31/363 (8.5%) 
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settings and pressing the exposure button, 
in the province of Ontario? Anybody employed in a licensed 

veterinary practice 
33/363 (9.1%) 

People who are trained in the 
use of a licensed x-ray unit 

144/363 (39.7%) 

Only DVM and RVT or 
equivalent 

65/363 (17.9%) 

Unsure 90/363 (24.8%) 

 

Table 2.5: Large animal specific questions within the survey of veterinary staff working in Ontario (January-September, 2017). These questions 
were delivered to only those respondents that identified as working in either equine, mixed, or food animal practice. Responses from all Large 
Animal (equine, mixed or food animal) practitioners were combined for the purposes of this table. Response rate per question was variable, 
therefore the denominator is given for each. 

Rank your agreement with the following 
statements 

Options Response 

What items are available in your practice for 
use by staff when making radiographs of 
large animal patients? Select all that apply. 

Lead gown 17/22 (77.3%) 

Thyroid collar 16/22 (72.7%) 



 

 

45 

 

Lead gloves 16/22 (72.7%) 

Lead glasses 5/22 (22.7%) 

Dosimeter 16/22 (72.7%) 

It is necessary to hand hold the plate while 
making radiographs of equine patients. 

Strongly agree 4/6 (66.7%) 

Somewhat agree 0/6 (0%) 

Neither agree nor disagree 1/6 (16.7%) 

Somewhat disagree 0/6 (0%) 

Strongly disagree 1/6 (16.7%) 

It is necessary to hand hold the x-ray tube 
while making radiographs of equine patients. 

Strongly agree 4/14 (28.6%) 

Somewhat agree 3/14 (21.4%) 

Neither agree nor disagree 2/14 (14.3%) 
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Somewhat disagree 4/14 (28.6%) 

Strongly disagree 1/14 (7.1%) 

It is necessary to hand hold the patient while 
making radiographs of equine patients. 

Strongly agree 4/15 (26.7%) 

Somewhat agree 3/15 (20%) 

Neither agree nor disagree 3/15 (20%) 

Somewhat disagree 3/15 (20%) 

Strongly disagree 2/15 (13.3%) 

Who is responsible for holding the x-ray tube 
(without the use of a stand) while making a 
radiograph of a large animal patient? 

Veterinary technician 4/19 (21%) 

Other support staff (on-site) 1/19 (5.3%) 

Other support staff (veterinary) 5/19 (26.3%) 

Owner 0/19 (0%) 
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Myself, specify role  9/19 (47.4%) 

How often does a person hold the x-ray 
cassette without the use of a holder while 
making a radiograph of a large animal 
patient? 

All of the time 7/20 (35%) 

Most of the time 4/20 (20%) 

Some of the time 2/20 (10%) 

Rarely 4/20 (20%) 

Never 3/20 (15%) 

How often do you perform radiographs with 
a non-employee providing restraint of the 
horse? 

All of the time 3/20 (15%) 

Most of the time 2/20 (10%) 

Some of the time 7/20 (35%) 

Rarely 4/20 (20%) 

Never 4/20 (20%) 
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How often do you provide lead protective 
equipment to a non-employee who is 
assisting you with performing radiographs of 
a large animal patient? 

All of the time 13/19 (68.4%) 

Most of the time 1/19 (5.3%) 

Some of the time 1/19 (5.3%) 

Rarely 1/19 (5.3%) 

Never 3/19 (15.7%) 

With regard to other veterinary team 
members assisting you in making 
radiographs of large animal patients, to what 
extent is their safety your responsibility? 

Completely my responsibility 6/19 (31.6%) 

Equally my responsibility and the 
responsibility of the employee 

11/19 (57.9%) 

Completely the responsibility of 
the employee 

0/19 (0%) 

Unsure 2/19 (10.5%) 

Completely my responsibility 13/19 (68.4%) 
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With regard to non-employees assisting you 
in making radiographs of large animal 
patients, to what extent is their safety your 
responsibility? 

Equally my responsibility and the 
responsibility of the non-
employee 

1/19 (5.3%) 

Completely the responsibility of 
the non-employee 

1/19 (5.3%) 

Unsure 4/19 (21%) 

How often do you perform radiographs on 
large animal patients in public spaces such as 
barns? 

All of the time 7/20 (35%) 

Most of the time 6/20 (30%) 

Some of the time 2/20 (10%) 

Rarely 1/20 (5%) 

Never 4/20 (20%) 

How often do you perform radiographs on 
large animal patients with two or more other 
people present during the x-ray exposure (for 

All of the time 2/19 (10.5%) 

Most of the time 5/19 (26.3%) 
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example one person holding the halter and 
the second flexing the joint)? Some of the time 6/19 (31.6%) 

Rarely 3/19 (15.8%) 

Never 3/19 (15.8%) 

How often do you need to perform retakes of 
large animal patients? 

0-20% 10/18 (55.6%) 

21-40% 5/18 (27.8%) 

41-60% 2/18 (11%) 

61-80% 1/18 (5.6%) 

81-100% 0/18 (0%) 

What is the most common reason for 
repeating radiographic studies (retakes) in 
your large animal practice? Select all that 
apply. 

Poor exposure 6/18 (33.3%) 

Poor collimation 1/18 (5.6%) 

Inappropriate patient positioning 10/18 (55.6%) 
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Patient movement during 
exposure 

15/18 (83.3%) 

Other, please specify 1/18 (5.6%) 

Who is most often determining the need for 
the repeat radiographic views (retakes) of 
large animal patients? 

Technician 1/18 (5.6%) 

Veterinarian 15/18 (83.3%) 

Client 2/18 (11.1%) 

How often do you collimate prior to making 
a radiograph of a large animal patient? 

All of the time 5/19 (26.3%) 

Most of the time 6/19 (31.6%) 

Some of the time 6/19 (31.6%) 

Rarely 0/19 (0%) 

Never 2/19 (10.5%) 

Yes 15/19 (79%) 
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Do you feel safe obtaining radiographs at 
your large animal practice? 

 

No 4/19 (21%) 
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3 Evaluating the impact of lecture-based training on the 
knowledge, attitudes, and behaviours toward radiation safety 
amongst first-year veterinary students 

3.1 Introduction 

The use of radiation for the diagnosis and treatment of various conditions through radiography, 
computed tomography, nuclear scintigraphy, and interventional radiology procedures is widespread in 
veterinary medicine.1-8 Among the imaging modalities, radiography is the most commonly used and 
universally available, with most general veterinary practices and specialty referral hospitals in North 
America having in-house radiography units.9, 10 

When acquiring radiographs in general practice, patients must remain still and in an appropriate 
position while the exposure is made.11 To ensure this process occurs and a diagnostic radiograph is made, 
the patient may be sedated, manually restrained, positioned using manual restraint devices such as tape 
and troughs, or any combination of these.11 Manual restraint and staff remaining in the x-ray room have 
become commonplace for some practices, which leads to radiation exposure of staff members.12 Ionizing 
radiation has been proven to have detrimental health effects by inducing mutations within cells, and can 
lead to cancer, embryonic and fetal damage, cataract formation, and shortened lifespan.1, 13-15 The 
exposure to radiation is exacerbated by the lack of or improper use of personal protective equipment 
(PPE) and is poorly monitored by the inconsistent use of monitoring tools such as dosimeters.5, 9, 16 

Due to the need for clinical veterinary experience prior to admittance to veterinary school, many 
prospective veterinary students have been involved in the acquisition of radiographs in general practice.17 
This experience may be an avenue for developing preconceived bias and attitudes toward radiation safety 
practices. For example, a study performed with first- and second-year veterinary students at the 
University of California, Davis revealed a much higher than expected experience level with radiology, 
with 94% of the surveyed population indicating that they had assisted with making radiographs prior to 
admission to veterinary school.17 While most students (97%) reported that radiation-shielding materials 
were used (e.g. lead gloves, aprons), 97% of students also reported that most animals were manually 
restrained.17 It is important to recognize what previous experiences and possible biases incoming 
veterinary students may have had prior to entering their program, in order to guide and tailor the content 
of radiation safety lectures to optimize outcomes for students.   

Radiation safety training is likely variable across veterinary school curricula. Students at our 
institution have a one-hour radiation safety-training lecture in their first year, followed by an online, 1-
hour long, instructional module with an associated mandatory quiz prior to their clinical radiology 
rotation in final year. It is recognized that extra-curricular or external training experiences may also 
contribute to veterinary student radiation safety training throughout the program to some degree. A large-
scale survey to evaluate the progression of veterinary student radiation safety knowledge at various time 
points in the curriculum has not been performed. Hence, the objectives of our study were to determine 
what experiences students have upon entering veterinary school, what knowledge they possess and how 
these factors change following a radiation safety lecture, and how their attitudes evolve before and after 
this lecture. Our hypotheses were twofold: first, that in the first year of their veterinary degree, students 
will have limited knowledge about radiation safety and will be biased toward radiation methods used in 
general practice. Second, a single lecture in their first year will not have a significant impact on radiation 
safety knowledge, skills, or attitudes. 
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3.2 Materials and Methods 

 Participants 

All 122 students from a single first-year veterinary class at the Ontario Veterinary College in 
Ontario, Canada, were invited to participate in this observational, cross-sectional study.  

 Radiation safety lecture 

A one-hour, lecture-based training session was provided to the first-year veterinary student class 
at our institution. This training lecture was taught by a board-certified radiologist (HC), and covered the 
basic principles of time, distance, and shielding, as well as radiation protection and monitoring devices.  

 Survey 

A web-based survey platform was used for this research (Qualtrics® 2015) from September 2016 
to October 2016. Approval from our institution’s research ethics review board was obtained prior to 
questionnaire distribution (16JN006). All participants provided written informed consent prior to starting 
the questionnaire.  

Two similar questionnaires were created and were administered at two time points: approximately 
one month before (Pre-lecture) and immediately after (Post-lecture) their first-year radiation safety 
lecture. The Pre-lecture questionnaire contained 30 questions and the Post-lecture questionnaire contained 
15 questions, the majority of which were repeated from the Pre-lecture questionnaire in order to evaluate 
change in responses following the safety training. Only the questions regarding the knowledge and 
attitudes of the students were repeated, as the experiences were not anticipated to change in the one-
month period between the two questionnaires. Question formats included 5-point Likert scales, multiple-
choice, yes/no, and open-text (Table 3.1). The questionnaires were composed of three distinct blocks of 
questions, aimed at understanding the students’ prior experiences with (a) radiation, as well as their (b) 
knowledge and (c) attitudes toward radiation safety (Table 3.1).  

Questionnaire distribution was performed in the following ways. Just prior to the radiation safety 
lecture, students were invited to attend a short lunch talk in which they were provided lunch and given 
background information on the nature of the project. A survey link was distributed via e-mail and the 
students were invited to complete the Pre-lecture questionnaire during their lunch hour. A reminder e-
mail was sent one-week after this initial meeting. This same procedure was repeated with the Post-lecture 
questionnaire immediately following the radiation safety lecture. 

Participation was voluntary and responses were anonymized. No identifiable information was 
included in the questionnaires in order to protect confidentiality and decrease socially desirable 
responding, however, students were asked to self-create and provide their own unique, un-identifiable 
username in order to link the two questionnaires. 

Students were offered cash incentives for participation on an individual basis (chance to win a 
$250 Mastercard® gift card selected by lottery), and on a group basis by offering $1000 for the class fund 
that was conditional on achieving a 70% class participation target for each of the two questionnaires.  
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 Statistical analysis 

Weighted kappa tests were performed on the questions that were repeated in both the Pre-lecture 
and Post-lecture questionnaires, in order to determine if there was significant agreement in responses to 
each question relating to knowledge and attitudes following radiation safety training. Values of p<0.05 
were considered significant, and indicated that responses were in significant agreement Pre-lecture and 
Post-lecture questionnaires. Hence, comparisons that had low Kappa values and p>0.05 indicated a 
notable change in responses between the Pre-lecture and Post-lecture questionnaires. These tests were 
interpreted in conjunction with the kappa value (range -1 to +1). The remainder of the data was evaluated 
using descriptive statistics (proportions). All statistical analysis was performed using SASâ software 
(SAS Institute Inc 2013. SAS/STAT® 9.4. Cary, NC:SAS Institute Inc). 

3.3 Results 

 Sample population 

A total of 109 out of 122 students completed the Pre-lecture questionnaire and 104 out of 122 
completed the Post-lecture questionnaire, creating response percentages of 89% and 85%, respectively. 
Students were asked to link their questionnaires using a self-created unique, individual username. Only 32 
respondents provided the same username for both questionnaires, so summary statistics and trends in 
responses were performed on the group as a whole, rather than at an individual level. No questions were 
mandatory, hence, sample sizes vary by question, as noted. 

All students reported that they had engaged in work experiences at a veterinary clinic prior to 
admission into veterinary school. Ninety-four percent of respondents (99/105) reported that they had 
worked in a small animal general practice, 19% (20/105) worked in a specialty general practice, and 51% 
(54/105) reported having experience in mixed animal or equine only practices; 30% (32/105) indicated 
that they did not have any large animal experience.  

 Pre-lecture questionnaire 

3.3.2.1 Experiences with radiographs 

Approximately 79% (83/105) of respondents were involved in making radiographs in some 
capacity during their veterinary experience. When asked if they had received radiation safety training at 
the practice in which they gained experience, 71% (75/105) responded no. Of the 28% of students that did 
receive radiation safety training, 85% (23/27) reported an in-person training session was provided, which 
was usually (63% of the time) performed by a registered veterinary technician (Table 3.1). Other training 
providers included a combination of veterinarians, animal care attendants, and hospital administrators and 
that the training was given using written handouts (4/27), online modules (5/27), or quizzes (1/27). The 
content of what students were reportedly taught is presented in Figure 1, with few students reported being 
told the purpose of a dosimeter and very few students reported being told their maximum yearly dose of 
radiation. 
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Figure 3.1: Survey of Ontario Veterinary College first year veterinary students (n=122) regarding their 
past experience with radiation safety prior to entering veterinary school. For those respondents that 
indicated they had received prior radiation safety training (n=27), student responses on the Pre-lecture 
questionnaire to the question: “Which of the following describes the instructions you received regarding 
radiation safety?” prior to entering veterinary school are displayed here. 

Most students (89%; 87/98) reported that manual restraint was used at least half of the time, and 
60% of students reported they were directly involved in manually restraining the animals at least half of 
the time that radiographs were made in their workplace (Table 3.1). Many students reported that sedation 
(79% of respondents) and other aids such as sandbags (88% of respondents), tape/other adhesives (79% of 
respondents), and positioning devices like troughs (79% of respondents) were used infrequently (<50% of 
the time) (Table 3.1).  

Out of all forms of personal protective equipment (lead gowns, thyroid collars, gloves, and lead 
glasses), lead gowns and lead thyroid collars were the most frequently worn items, being worn “every 
time a radiograph was made” by 91% and 85% of respondents, respectively. Lead gloves were worn 
“every time a radiograph was made” by only 35% of respondents. 

While 47% (49/105) of respondents indicated that they were provided with a dosimeter, 33% of 
respondents (35/105) were not supplied with a dosimeter at their place of employment and the remainder 
indicated being “unsure” (Table 3.1). Of those that were administered a dosimeter, 16% (17/105) reported 
that the dosimeter was shared among multiple people, and almost half (48%) wore their dosimeter every 
time they made a radiograph, whereas 26% never wore it (Table 3.1). 

3.3.2.2 Attitudes 

Pre-lecture, 95% (100/105) of students reported that radiation safety was “extremely” or “very 
important”, and just over half (55%; 54/99) indicated that they felt “extremely” or “very” safe performing 
tasks that involved radiation. When asked if they felt that their radiation safety training prior to veterinary 
school had been useful, 79% (42/53) responded that it had been at least moderately useful. However, it is 
notable that 52 respondents did not answer this question (50.4% response rate). Eighty-four percent of 
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students (81/96) at least somewhat agreed that they had been adequately protected from x-ray exposure 
while working in practice (Table 3.2). 

While most students indicated in the Pre-lecture questionnaire that they felt wearing lead gowns 
and thyroid collars was “extremely important” (97% and 93% respectively), the utility of a dosimeter, 
lead gloves, and lead glasses were only reported as “extremely important” by 67%, 50%, and 15% of 
respondents respectively. 

3.3.2.3 Knowledge  

When asked about the purpose of a dosimeter, 80% correctly indicated that it was a device that 
monitored personal exposure to radiation, and 30% of those respondents also stated that the device 
monitored environmental x-ray exposure. A few students (11%) incorrectly stated that a dosimeter’s 
purpose was to protect an individual from scattered radiation. Of those students who responded to a 
question as to where a dosimeter should be worn (n=105), correct responses were given by 57% who 
answered “above the lead gown, at the neck”; 8% of respondents stated that a dosimeter could also be 
worn “below the lead, any location”, and 34% of respondents indicated being “unsure” (Table 3.2). 

When determining what factors were important in deciding if a patient would be given sedation 
or would be manually restrained for a radiograph to be made, respondents stated that “patient 
temperament” (73%; 75/103) and “patient health and stability” (80%; 82/103), were “extremely 
important” factors. “How busy the clinic is” was considered less critical, with scores of “slightly 
important” or “not important at all” in 63% (64/101) of cases. The “owner’s financial situation” was 
similarly scored as only “moderately” or “slightly” important when deciding whether or not to use 
sedation by 83% (86/104) of respondents (Table 3.2). 

When asked to select all possible safe places to stand while an x-ray exposure is made, 75% 
(76/101) of respondents stated “standing next to the patient, as long as appropriate PPE is worn”, 77% 
(78/101) responded “behind a barrier”, and 92% (93/101) responded “outside of the room in which the 
exposure is being taken”. When all students were asked if holding the x-ray tube for the duration of the 
exposure of an equine patient was justified, many were unsure (72.1%; 75/105 of the responses), 9.6% 
(10/104) said no, and only 18% (19/104) responded yes (Table 3.2). 

 Compared responses to the Pre-lecture and Post-lecture questionnaires regarding 
attitudes toward radiation safety and knowledge regarding radiation safety  

Paired data from the questions specific to the attitudes and knowledge of students are presented in 
Table 3.2. A lack of statistically significant agreement was noted in reported feelings of safety when 
performing tasks that involve radiation was observed on the Post-training questionnaire regarding 
reported feelings of safety when performing tasks that involve radiation (p=0.78, K 0.035), with most 
responding that they felt only “very safe” or “moderately safe” following the radiation safety lecture 
rather than “extremely safe” prior to the lecture. A similar lack in agreement (p=0.41, K -0.05) was seen 
when asked how useful their radiation safety training had been before and after their radiation safety 
lecture, with 13% of respondents stating that they felt their pre-veterinary school radiation safety training 
had been “extremely useful” on the Pre-lecture questionnaire, 66% of respondents felt that their radiation 
safety training was “extremely useful” on the Post-lecture questionnaire. Many respondents changed their 
answers between the Pre- and Post-lecture questionnaires when asked where a dosimeter should be worn, 
with 36/105 (34.3%) stating that they were “unsure” and 60/105 (57.1%) correctly stating “above the lead 
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gown, at the neck” on the Pre-lecture questionnaire. In contrast, no respondents stated that they were 
“unsure” and 96% of respondents stated the correct location to wear a dosimeter on the Post-lecture 
questionnaire. There was also a change in responses when asked if it was justified to hold the x-ray tube 
and cassette during the x-ray exposure of a horse, with very low agreement in responses (p=0.12, K 0.07) 
before and after radiation safety training. While 72% of respondents were “unsure” if this was justified 
and 10% responded “no” prior to the lecture training, only 17% were unsure after the lecture and 62% of 
respondents stated “no”.   

Responses to questions regarding the importance of various items of PPE were in significant 
agreement (i.e. no change Pre- and Post-lecture) (Table 3.2). However, trends in responses were noted in 
regards to the use of dosimeters, lead gloves, and lead glasses, with more students selecting “strongly 
agree” to the questions relating to PPE being important to wear on the Post-training questionnaire (Table 
3.2). 

Responses agreed (p<0.05) for the remainder of the questions asked Pre- and Post-lecture on 
radiation safety training, indicating no change had resulted from the lecture-based training intervention 
for those questions. 

3.4 Discussion 

 Experiences with radiographs 

As expected, an overwhelming majority of veterinary students had obtained veterinary experience 
prior to admittance into veterinary school, similar to that reported previously.17  Notably, most of the 
students in our study did not receive radiation safety training when they were involved in making 
radiographs at that time, which could be an avenue for poor radiation safety knowledge and developing 
preconceived bias towards the use of radiation before entering their veterinary training. This is 
particularly relevant since most students reported that manual restraint was the most frequent restraint 
used and that they themselves were involved in the manual restraint of patients more than half of the time. 
If students see this in their experience prior to veterinary school, it is possible that they may consider this 
to be acceptable practice despite what they learn in a lecture-based radiation safety training context. 
Despite the possible impact of this experiential learning, lecture-based radiation safety training in the first 
year of our program was significantly associated with positive learning outcomes, including learning the 
appropriate location for a dosimeter, as well as deeming it inappropriate to hold the x-ray tube and 
cassette while making an x-ray exposure of a horse. This indicates that at least some radiation safety 
knowledge can be gained using lecture-based training.  

Lead gowns and thyroid collars were the most frequently worn pieces of PPE, which is likely 
attributed to their ubiquity in practices and perceived areas of the body that are most likely to be exposed 
to radiation while manually restraining a patient for radiographs. Gloves, which would be used to protect 
the hands from scatter radiation while manually restraining a patient, were worn 100% by only 45% of 
respondents while holding a patient. This could be due to a perceived lower degree of importance of these 
items, or the bulkiness and relative inflexibility of gloves when trying to restrain a moving or particularly 
small patient. The lack of usage of lead gloves is unsurprising, and has been reported by other authors.5, 8, 

9, 11, 16, 18, 19 

Dosimeters were infrequently assigned on a personal basis in the present study, and even when 
they were administered, they were worn infrequently. This is similar to reports in other studies.5, 7, 20, 21 
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Given that most students seemed to understand the purpose of a dosimeter, it may be that not wearing a 
dosimeter was due to a lack of understanding of the risk of radiation exposure while an x-ray is made, or 
due to other staff members failing to wear their dosimeters and veterinary students following their 
example. However, the reason behind not wearing an available dosimeter was not investigated in this 
study and thus, can only be hypothesized. 

Formal radiation safety training was lacking in the students’ experiences prior to veterinary 
school, which is in line with other reports.5, 9 Despite this, many students were still involved in making 
radiographs and were at risk for inadvertent radiation exposure if they were not appropriately trained. If 
radiation safety training was received, many students reported that veterinary technicians led this training 
in practice. As such, it would be useful to evaluate the veterinary technician curriculum for the presence 
and efficacy of radiation safety training. Furthermore, this training was usually provided as an in-person 
training session as well as being shown how to use the lead PPE. Less emphasis was placed on objective 
training such as the facts around the risks of radiation to human health, the purpose of dosimeters, and the 
maximum yearly dose of radiation a person should obtain, which may indicate areas that we can focus on 
in our curriculum. 

 Attitudes 

While radiation safety training was infrequently administered to pre-veterinary students in 
practice prior to admittance to veterinary school, it was reported to be at least moderately useful by those 
who did receive it in general practice. However, the responses were in very low agreement when 
compared with the Post-lecture questionnaire in which the vast majority of students reported that their 
lecture-based training was “extremely” useful. This demonstrates that while radiation safety training is 
amenable to both clinical and classroom environments, first-year students may find more formal and/or 
structured training methods such as lectures to be more useful. It may be particularly important for 
thorough, lecture-based training to be given early in their veterinary education in order to introduce a 
foundation on which further skills and attitudes can be built. 

Despite the reported lack of radiation safety training, most students reported that radiation safety 
as a whole was “extremely” or “very” important to them. Furthermore, most felt that they had been 
adequately protected from radiation in practice before the radiation safety training lecture both before and 
after the radiation safety training lecture, with a moderate agreement in responses Pre- and Post-training. 
The significant agreement in the responses before and after training suggest that, despite the varied 
experiences they had in practice, respondents felt that they had not been exposed to significant risk. 
However, students were less likely to feel “extremely safe” performing tasks that involve radiation on the 
Post-lecture questionnaire with a low agreement in responses on the Pre and Post-lecture questionnaires. 
This could be due to students learning about and understanding the risks of radiation during the lecture, 
rather than in practice where radiation safety training was reportedly lacking. Responses to the questions 
relating to the importance of lead gowns and thyroid collars were in significant agreement Pre and Post-
lecture, which is thought to be due to these items being the most frequently worn items of PPE in 
practice.8, 9, 18 Overall, students placed more importance on lead gowns and thyroid collars than lead 
gloves or lead glasses, however, there was a trend in responses with more importance being placed on 
dosimeters, lead gloves, and lead glasses following the radiation safety lecture. Although there was still 
significant agreement between time points, the use of various forms of PPE was introduced and 
emphasized during the training lecture.  
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Students were more likely to say “no” when asked if it was justified to hold the x-ray tube while 
making radiographs of equine patients on the Post-training questionnaire. This implies that it is an area in 
which a positive impact was made during the radiation safety training lecture. 

 Knowledge 

Student knowledge regarding the purpose of, and the appropriate location to wear, a dosimeter 
dramatically improved following their radiation safety lecture. There was a very low agreement in 
responses Pre and Post-lecture when asked where a dosimeter should be worn, with almost double the 
respondents choosing the correct answer and no respondents being unsure following training. Responses 
agreed Pre- and Post-lecture when asked what the purpose of a dosimeter is with most students selecting 
the correct and answer regardless of time point. This indicates that lecture-based training regarding the 
concept of correct use of these devices is important in the veterinary curriculum to build on the 
foundation of knowledge the students already possess. 

Both before and after the first-year radiation safety lecture, students felt that patient temperament 
and the health/stability of the patient were the most important factors when deciding to use manual 
restraint or sedation for positioning. This is most likely due to the prior experiences that students have had 
in which they have sedated animals that are stressed, fractious, or unwilling to lie still for radiographs, 
and could indicate that older patients or those that are considered to be unhealthy are less likely to be 
administered sedation. While many considerations exist for why sedation may or may not be 
administered, the judicious use of sedatives may serve as an adjunct to other positioning devices, allowing 
veterinary staff to leave the room for the short period of time in which an exposure is made.  

A consensus on the safest place to stand while an x-ray exposure is made was not identified at 
either time point, and was not significantly different before or after the first-year radiation safety lecture. 
Since, in the author’s opinion, the paradigm of radiation safety is shifting towards having staff leave the 
room for the duration of x-ray exposure, this is an area that could be further addressed and emphasized in 
the veterinary curriculum. 

How we teach the students radiation safety may be just as important as the content we teach them. 
A study evaluating the effectiveness of certain types of training regarding radiation safety on cognitive 
test scores of oncology nurses by Dauer et al., used a multifactorial approach to teaching.22 This included 
a combination of interactive modules, in service training, improving signage, a short video presentation, 
and didactic training, and was proven to show a significant improvement in cognitive test scores.22 Areas 
of further research could focus on various methods of teaching and the impact of these teaching methods 
on student cognition. Since only a few questions were provided on student knowledge, a future study may 
be directed entirely at student cognition before and after the lecture, using objective questions to ensure 
their test scores improved following the radiation safety lecture.  

The inherent bias of questionnaire-based research is a major limitation to this study. While every 
effort was made to ensure that this data was not identifiable in any way and students were assured that 
their responses would not be analyzed until after their grades were entered for the year, it is possible that 
some students may have responded as though their previous behavior might influence grading within the 
program. Furthermore, many students may have misremembered what actually occurred when they were 
in practice. This study also lacked comparison of lecture-based teaching with other teaching methods. 
This would be a crucial next step in understanding radiation safety training for veterinary students, since 
our results demonstrate that some aspects of radiation safety were either not taught or not taught 
effectively, and that these areas of radiation safety training may benefit from experiential or clinic-based 
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teaching methods. Finally, the inability to pair the data from both questionnaires means that while we 
were able to evaluate trends in questionnaire responses, we were not able to completely evaluate the 
direction of change. 

3.5 Conclusion 

All students had obtained experience in veterinary clinics prior to admission to veterinary school, 
and most students made radiographs in this time period despite a lack of formal radiation safety training 
in practice. Lecture-based training was demonstrated to be an effective way to teach concepts that 
enhance student knowledge on topics such as dosimeter use in general, and the importance and the safe 
use of x-ray equipment in equine practice specifically. Student attitudes were also impacted by lecture-
based training, in particular regard to feelings of safety when performing tasks that involve radiation. 
Student knowledge was not significantly different before and after the radiation safety training lecture. 
While several topics were taught or positively reinforced during lecture-based radiation safety training, 
other areas show deficits in our curriculum that could be addressed, such as safe locations to stand while a 
radiograph is made and the importance of lead gloves.  
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Table 3.1: Ontario Veterinary College first-year student responses to questions regarding experiences with radiation safety that they obtained in 
veterinary practices prior to admission to veterinary school. Responses were obtained prior to their one-hour radiation safety training lecture. 

Question Response Options Responses 

As a pre-veterinary 
student, did you 
work/volunteer/perfor
m duties in a 
veterinary clinic? 

Yes 
No 

105/105 (100%) 
0/105 (0%) 

Which of the 
following best 
describes your small 
animal experience? 
Please select all that 
apply. 

Small animal general practice 
Mixed animal general practice 

Specialty/referral hospital- small animal 
Specialty referral- academic 

Other, please specify 
I do not have any small animal experience 

89/105 (84.8%) 
13/105 (12.4%) 
19/105 (18.1%) 
1/105 (0.95%) 
0/105 (0%) 
1/105 (0.95%) 
 

Which of the 
following best 
describes your large 
animal experience? 
Please select all that 
apply. 

Mixed animal general practice 
Equine only practice 

Specialty referral- equine 
Specialty referral- academic 

Other, please specify1 
I do not have any large animal experience 

36/105 (34.3%) 
28/105 (26.7%) 
8/105 (7.6%) 
3/105 (2.9%) 
20/105 (19.0%) 
32/105 (30.5%) 

                                            

1 Volunteer experience (n=4), dairy/beef cattle experience (n=6), horseback riding center (n=2), undergraduate course (n=3), swine (n=1), non-veterinary jobs 
(n=3), no answer (n=1) 
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Did you receive formal 
radiation safety 
training at the practice 
in which you have 
spent the most time? 

Yes 
No 

Unsure 
Other 

23/104 (22.1%) 
75/104 (72.1%) 
6/104 (5.8%) 
0/104 (0%) 

Which of the 
following best 
describes the time that 
the radiation safety 
training occurred? 
(Only displayed if 
respondents reported 
receiving radiation 
safety training in the 
previous question) 

Immediately prior to my first time using x-rays 
At the time I was hired 

Multiple times when I was using x-rays 
I never received radiation safety training 

Other2 

13/30 (43.3%) 
8/30 (26.7%) 
5/30 (16.7%) 
3/30 (10%) 
1/30 (3.3%) 

Which of the 
following best 
describes who 
administered your 
radiation safety 
training? Please select 
all that apply. 

(Only displayed if 
respondents reported 

Veterinarian 
Veterinary technician 
Animal care attendant 
Hospital administrator 

Other3 

11/27 (40.7%) 
17/27 (63%) 
1/27 (3.7%) 
7/27 (25.9%) 
1/27 (3.7%) 

                                            

2 One week prior to using radiographs (n=1) 
3 Veterinary intern (n=1) 
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receiving radiation 
safety training in the 
previous question) 

Please indicate which 
method best describes 
how your radiation 
safety training was 
administered. Please 
select all that apply. 

(Only displayed if 
respondents reported 
receiving radiation 
safety training in the 
previous question) 

In-person training session 
Written handout 

Online module 
Written/verbal quizzes 

Other4 

23/27 (85.2%) 
4/27 (14.8%) 
5/27 (18.5%) 
1/27 (3.7%) 
1/27 (3.7%) 

Which of the 
following describes 
the instructions you 
received within this 
practice? Please select 
all that apply. 

(Only displayed if 
respondents reported 
receiving radiation 

I was told to use lead protective equipment 
I was shown how to use lead protective equipment 

The potential risks of radiation were explained to me 
I was told my maximum yearly dose of radiation 
The purpose of a dosimeter was explained to me 

No instructions were given 
Other 

 

26/27 (96.3%) 
24/27 (88.9%) 
19/27 (70.4%) 
8/27 (29.6%) 
16/27 (59.3%) 
0/27 (0%) 
0/27 (0%) 
 

 

                                            

4 No answer (n=1) 
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safety training in the 
previous question) 

Which of the 
following best 
describes how you 
have used x-rays in 
practice during your 
work/volunteer 
experience before 
attending veterinary 
school? 

I have been involved in performing x-rays with 
supervision from another staff member 

I have been involved in performing x-rays independently 
I have been involved in performing x-rays independently 

and with supervision 
Not at all 

 

 

66/105 (62.8%) 
 
2/105 (1.9%) 
15/105 (14.3%) 
 
22/105 (21%) 

On average, how often 
were you involved in 
taking radiographs? 

Never (0 times per week) 
Infrequently (1-2 times per week) 
Sometimes (3-5 times per week) 
Very often (>5 times per week) 

 

19/105 (18.1%) 
57/105 (54.3%) 
15/105 (14.3%) 
10/105 (9.5%) 
 

Which of the 
following patient 
restraint methods were 
used while obtaining 
x-rays, in percentage 
of time? Please 
indicate how 
frequently each 
method was used, to 
the best of your 
knowledge. 

 
 

Manual restraint 
 

Sedation 
 

Sandbags or other 
weighted devices 

Tape or other adhesive 
devices 

Positioning devices 
(troughs) 

0-20% 21-40% 41-60% 61-80% 81-
100% 

4/98 
(4.1%) 
41/94 
(43.6%) 
32/42 
(76.2%) 
23/38 
(60.5%) 
30/71 
(42.3%) 

6/98 
(6.1%) 
19/94 
(20.2%) 
2/42 
(4.8%) 
4/38 
(10.5%) 
12/71 
(16.9%) 

10/98 
(10.2%) 
18/94 
(19.1%) 
4/42 
(9.5%) 
4/38 
(10.5%) 
10/71 
(14.1%) 

13/98 
(13.3%) 
10/94 
(10.6%) 
1/42 
(2.4%) 
3/38 
(7.9%) 
9/71 
(12.7%) 

65/98 
(66.3%) 
6/94 
(6.4%) 
3/42 
(7.1%) 
4/38 
(10.5%) 
10/71 
(14.1) 

 
 

0-20% 21-40% 41-60% 61-80% 81-
100% 
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To the best of your 
recollection, how 
frequently (i.e. what 
percentage of time) did 
you wear each mode 
of personal protective 
equipment during x-
ray exposure? 

Lead apron 
 

Thyroid collar 
 

Lead gloves 
 

Lead glasses 
 

3/94 
(3.2%) 
4/88 
(4.5%) 
23/68 
(33.8%) 
19/19 
(100%) 

1/94 
(1.1%) 
0/88 
(0%) 
4/68 
(5.9%) 
0/19 
(0%) 

0/94 
(0%) 
3/88 
(3.4%) 
6/68 
(8.8%) 
0/19 
(0%) 

1/94 
(1.1%) 
2/88 
(2.3%) 
4/68 
(5.9%) 
0/19 
(0%) 

89/94 
(94.7%) 
79/88 
(89.8%) 
31/68 
(45.6%) 
0/19 
(0%) 

Did you have a 
personal or shared 
dosimeter or x-ray 
badge? 

Yes, personal 
Yes, shared 

Yes, but unsure if 
personal/shared 

No dosimeter was 
issued 

I do not know what a 
dosimeter is 

32/100 (32%) 
17/100 (17%) 
0/100 (0%) 
 
 
35/100 (35%) 
 
16/100 (16%) 
 

How frequently did 
you wear your 
dosimeter or x-ray 
badge? (Only 
displayed if 
respondents answered 
“yes” to having a 
dosimeter) 

Every time 
Most of the time 
Half of the time 

Sometimes 
Never 

34/70 (48.6%) 
12/70 (17.1%) 
3/70 (4.3%) 
3/70 (4.3%) 
18/70 (25.7%) 

Considering all shifts 
that you worked in a 
month, how often were 

During all shifts 
During most shifts          
During some shifts 

         During rare shifts  
Never 

6/105 (5.7%)                                                        
21/105 (20%) 
37/105 (35.2%) 
21/105 (20%)                                                        
20/105 (19%) 
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you involved in taking 
radiographs? 

Considering all the 
times you were 
involved in taking 
radiographs, how often 
were you involved in 
each of the following 
duties: 

 
 

 
Pressing the x-ray 

exposure button 
 

Manually restraining 
the animal during 

exposure 
Holding equipment 

 
 

Positioning prior to 
exposure and leaving 

the room 
Developing films 

(manual) 
 

Developing films 
(automated) 

 
Measuring the patient 

 
 

Setting exposure 
settings on machine 

 
Interpreting findings 

Every 
time 

Most of 
the time 

About 
half of 
the time 

Someti
mes 

Never 

3/104 
(2.9%) 
 
34/102 
(33.3%) 
 
5/103 
(4.9%) 
 
13/104 
(12.5%) 
 
5/102 
(4.9%) 
 
3/102 
(2.9%) 
 
3/103 
(2.9%) 
 
5/103 
(4.9%) 
 
5/103 
(4.9%) 

11/104 
(10.6%) 
 
21/102 
(20.6%) 
 
12/103 
(11.7) 
 
17/104 
(16.3%) 
 
11/102 
(10.8%) 
 
15/102 
(14.7%) 
 
2/103 
(1.9%) 
 
8/103 
(7.8%) 
 
15/103 
(14.6%) 

14/104 
(13.5%) 
 
7/102 
(6.9%) 
 
4/103 
(3.9%) 
 
12/104 
(11.5%) 
 
2/102 
(1.9%) 
 
6/102 
(5.9%) 
 
3/103 
(2.9%) 
 
3/103 
(2.9%) 
 
11/103 
(10.7%) 

27/104 
(26%) 
 
11/102 
(10.8%) 
 
16/103 
(15.5%) 
 
29/104 
(27.9%) 
 
6/102 
(5.9%) 
 
7/102 
(6.9%) 
 
25/103 
(24.3%) 
 
20/103 
(19.4%) 
 
42/103 
(40.8%) 

49/104 
(47.1%) 
 
29/102 
(28.4%) 
 
66/103 
(64.1%) 
 
33/104 
(31.7%) 
 
78/102 
(76.5%) 
 
71/102 
(69.6) 
 
62/103 
(60.2) 
 
67/103 
(65%) 
 
30/103 
(29.1%) 
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Table 3.2: Ontario Veterinary College first-year veterinary student responses to questions examining their attitudes and knowledge regarding 
radiation safety before and after a one-hour radiation safety training lecture performed in their first year. Responses to each question were 
compared using simple and weighted Kappa statistical analysis. 

Question Response Options Pre-lecture (109 
respondents) 

Post-lecture (104 
respondents) 

P-value 

Kappa value 

How important is 
radiation safety to 
you? 

Extremely important   

Very important  

Moderately important 

Slightly important   

Not at all important   

53/105 (50.5%) 

47/105 (44.8%) 

4/105 (3.8%) 

1/105 (0.95%) 

0/105 (0%) 

61/103 (59.2%) 

38/103 (36.9%) 

3/103 (2.9%) 

1/103 (0.97% 

0/103 (0%) 

p<0.0001 

K 0.56 

How safe do you 
feel performing 
tasks that involve 
radiation? 

Extremely safe 

Very safe  

Moderately safe 

Slightly safe   

Not at all safe   

16/99 (16.2%) 

38/99 (38.4%) 

35/99 (35.3%) 

10/99 (10.1%) 

0/99 (0%) 

1/102 (0.98%) 

40/102 (39.2%) 

57/102 (55.9%) 

4/102 (3.9%) 

0/102 (0%) 

p=0.781 

K 0.035 



 

 

72 

 

How useful do you 
feel your radiation 
safety training has 
been? 

Extremely useful  

Very useful 

Moderately useful 

Slightly useful  

Not at all useful  

7/53 (13.2%) 

13/53 (24.5%) 

22/53 (41.5%) 

9/53 (17%) 

2/53 (3.8%) 

69/104 (66.3%) 

33/104 (31.7%) 

2/104 (1.9%) 

0/104 (0%) 

0/104 (0%) 

p=0.411 

K -0.05 

Rank agreement: I 
have been 
adequately 
protected from x-
ray exposure while 
working in practice 

Strongly agree 

Somewhat agree 

Neither agree nor disagree 

Somewhat disagree  

Strongly disagree 

25/96 (26%) 

56/96 (58.3%) 

6/96 (6.3%) 

6/96 (6.3%) 

3/96 (3.1%) 

15/104 (14.4%) 

42/104 (40.4%) 

14/104 (13.5%) 

27/104 (26%) 

6/104 (5.8%) 

p<0.0001 

K 0.49 

Rank agreement: it 
is important to 
wear the following 
items of PPE: 

 

Lead gown 

Strongly agree 

Somewhat agree 

Neither agree nor disagree 

Somewhat disagree 

Strongly disagree 

 

102/105 
(97.1%) 

1/105 (0.95%) 

2/105 (1.9%) 

0/105 (0%) 

 

102/104 (98.1%) 

1/104 (0.96%) 

0/104 (0%) 

0/104 (0%) 

1/104 (0.96%) 

p=0.0145 

K 0.76 
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0/105 (0%) 

Thyroid collar 

Strongly agree 

Somewhat agree 

Neither agree nor disagree 

Somewhat disagree  

Strongly disagree 

 

98/105 (93.3%) 

3/105 (2.9%) 

4/105 (3.8%) 

0/105 (0%) 

0/105 (0%) 

 

97/104 (93.3%) 

5/104 (4.8%) 

0/104 (0%) 

0/104 (0%) 

2/104 (1.9%) 

p=0.0005 

K 0.62 

Dosimeter 

Strongly agree 

Somewhat agree 

Neither agree nor disagree 

Somewhat disagree  

Strongly disagree 

 

70/105 (66.7%) 

17/105 (16.2%) 

16/105 (15.2%) 

1/105 (0.95%) 

1/105 (0.95%) 

 

89/104 (85.6%) 

10/104 (9.6%) 

3/104 (2.9%) 

0/104 (0%) 

2/104 (1.9%) 

p=0.0026 

K 0.32 

Lead gloves 

Strongly agree 

Somewhat agree 

 

51/105 (48.6%) 

28/105 (26.7%) 

 

80/104 (76.9%) 

19/104 (18.3%) 

p=0.0001 

K 0.40 
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Neither agree nor disagree 

Somewhat disagree  

Strongly disagree 

19/105 (18.1%) 

6/105 (5.7%) 

1/105 (0.95%) 

3/104 (2.9%) 

0/104 (0%) 

2/104 (1.9%) 

Lead glasses 

Strongly agree 

Somewhat agree 

Neither agree nor disagree 

Somewhat disagree  

Strongly disagree 

 

16/105 (15.2%) 

24/105 (22.9%) 

55/105 (52.4%) 

7/105 (6.6%) 

3/105 (2.9%) 

 

52/104 (50%) 

36/104 (34.6%) 

13/104 (12.5%) 

1/104 (0.96%) 

2/104 (1.9%) 

p=0.0010 

K 0.19 

Which of the 
following 
statements describe 
why you may use a 
dosimeter when 
making x-rays? 
(Select all that 
apply) 

Radiation protection 

Personal radiation monitoring* 

Environmental radiation 
monitoring 

Dosimeters are unnecessary 

Unsure 

12/105 (11.4%) 

88/105 (83.8%) 

31/105 (29.5%) 

1/105 (0.95%) 

18/105 (17.1%) 

11/104 (10.6%) 

100/104 (96.2) 

13/104 (12.5%) 

0/104 (0%) 

0/104 (0%) 

p=0.0237 

 

K 0.48 

Above lead gown at neck* 

Below lead gown, any location 

60/105 (57.1%) 

4/105 (3.8%) 

100/104 (96.2%) 

2/104 (1.9%) 

p=0.532 
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Where should a 
dosimeter be 
worn? 

Both 1 and 2 

Both are incorrect 

Unsure 

4/105 (3.8%) 

1/105 (0.95%) 

36/105 (34.3%) 

1/104 (0.96%) 

1/104 (0.96%) 

0/104 (0%) 

K 0.084 

How important are 
the following 
factors when 
deciding between 
manual restraint or 
chemical sedation 
for making 
radiographs? 

Patient temperament 

Extremely important  

Very important 

Moderately important 

Slightly important  

Not at all important 

 

75/103 (72.8%) 

25/103 (24.3%) 

3/103 (2.9%) 

0/103 (0%) 

0/103 (0%) 

 

58/104 (55.8%) 

37/104 (35.6%) 

6/104 (5.8%) 

1/104 (0.96) 

2/104 (1.9%) 

p=0.0468 

 

K 0.21 

How busy the clinic is 

Extremely important  

Very important 

Moderately important 

Slightly important  

Not at all important 

 

5/101 (45%) 

11/101 (10.9%) 

21/101 (20.8%) 

25/101 (24.8%) 

39/101 (38.6%) 

 

3/104 (2.9%) 

12/104 (11.5%) 

41/104 (39.4%) 

30/104 (28.8%) 

18/104 (17.3%) 

p=0.0020 

K 0.17 

Health of the patient   p=0.0048 
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Extremely important  

Very important 

Moderately important 

Slightly important  

Not at all important 

82/104 (78.8%) 

18/104 (17.3%) 

3/104 (2.9%) 

1/104 (0.96%) 

0/104 (0%) 

71/103 (68.9%) 

31/103 (30.1%) 

1/103 (0.97%) 

0/103 (0%) 

0/103 (0%) 

K 0.35 

Owner’s financial situation 

Extremely important  

Very important 

Moderately important 

Slightly important  

Not at all important 

 

10/104 (9.6%) 

43/104 (41.3%) 

43/104 (41.3%) 

8/104 (7.7%) 

0/104 (0%) 

 

6/104 (5.8%) 

43/104 (41.3%) 

36/104 (34.6%) 

15/104 (14.4%) 

4/104 (3.8%) 

p=0.0002 

K 0.41 

Do you think it is 
justified to hold the 
x-ray tube and 
cassette during the 
x-ray exposure of a 
horse? 

Yes 19/104 (18.3%) 7/103 (6.8%) p=0.12 

No 10/104 (9.6%) 64/103 (62.1%) 

Unsure 75/104 (72.1%) 18/103 (17.5%) K 0.07 

Sometimes, please explain 0/104 (0%) 14/103 (13.6%) 
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Which of the 
following is/are a 
safe place to stand 
when a radiograph 
is being taken? 

Select all that 
apply. 

Next to the patient as long as 
PPE is worn 

76/101 (75.2%) 58/103 (56.3%) p=0.0376 

K 0.43 

Outside of room in which the 
exposure is being taken 

 

83/101 (82.2%) 94/103 (91.3%) p=0.0211 

K 0.55 

Behind a barrier (drywall, glass, 
shield, other) 

 

78/101 (77.2%) 86/103 (83.5%) p=0.0010 

K 0.56 

* Indicate correct responses
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4 Evaluating the evolution of experiences, attitudes, and knowledge 
about radiation safety amongst third-year veterinary students  

4.1 Introduction 

In both human and veterinary medicine, radiation in the form of x-rays and gamma rays is used 
frequently to create diagnostic images in order to diagnose a variety of disease conditions.  Using x-rays, 
radiographic, fluoroscopic and computed tomographic images are created and interpreted by health 
professionals. Immobilization of the patient for the duration of exposure is key to obtaining quality 
images. While human patients can be asked to lie still or hold their breath, veterinary patients require 
much more intervention to obtain these images. For example, many computed tomography studies are 
performed while a veterinary patient is anesthetized to allow veterinary personnel to safely leave the room 
and facilitate apnea during the study, if needed. However, using general anesthesia is not feasible for all 
routine radiographic studies and would preclude the use of dynamic imaging (such as tracheal 
fluoroscopy). As such, veterinary employees at times remain in the room in order to facilitate positioning 
and technique while an exposure is made. This leads to increased radiation exposure amongst staff, which 
may include veterinarians, veterinary technicians, animal care attendants, or veterinary students. To 
reduce radiation exposure, the concept of ALARA (“as low as reasonably achievable”) can be employed 
using time (i.e. reducing exposure times to radiation), distance (i.e. increasing the distance from the 
radiation source), and shielding (i.e. lead equipment). However, to completely eliminate radiation 
exposure to personnel, staff ideally would sedate and/or restrain the patient using positioning devices to 
enable staff to leave the room. Incorporating radiation safety practices into routine diagnostic imaging 
procedures is essential to ensure that risk to all personnel is minimized. 

Veterinary students frequently become involved in tasks that use radiation throughout their 
training. For example, at the Ontario Veterinary College, University of Guelph, it has been demonstrated 
that all first year students from one class reported having worked in a veterinary clinic prior to admission 
to veterinary school, and 68.6% (72/105) first year students reported being involved in 1-5 radiographic 
studies per week (Chapter 2).  Diagnostic imaging is a competency prescribed within the curriculum of 
veterinary programs accredited by the AVMA/CVMA Council on Education.1 Both principles and 
practice are needed in order to master this competency. Practice may take the form of structured training 
within the curriculum, or during experiential learning at clinical practicums. It is important to ensure that 
methods used to deliver the diagnostic imaging curriculum are effective at training students to also 
recognize and incorporate radiation safety into their imaging practices.   

At the Ontario Veterinary College, radiation safety training is introduced within the veterinary 
curriculum in the first year of the program (one-hour radiation safety lecture) and is subsequently 
reinforced through clinical practice during a 2-week Diagnostic Imaging rotation in their final year of the 
veterinary program, in which they are actively involved in making radiographs on clinical patients every 
day.  Students are also required to review an online refresher module (roughly 3 hours) and pass a quiz on 
radiation safety (roughly 1 hour) within the first three days of their DI rotation. Assessing the 
effectiveness of these training methods in developing student competence in radiation safety is important 
to inform curriculum review. In addition to this internal training, all students must complete an 
experiential learning external placement (externship) between their third and fourth years of the 
veterinary program. This 8-week placement is completed at a mixed-animal general practice of their 
choosing, in which their time is shared between the large and small animal services of the practice. Since 
the students are shadowing veterinarians and their staff during this placement, it is reasonable to assume 
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they could be called upon to assist in making radiographs during their 8-week practicum.  This additional 
experience in radiation safety while working at external private practices may reinforce or contradict 
training within the formal veterinary curriculum. As such, understanding this aspect of student practice of 
radiation safety is also needed.  

The purpose of this study was to investigate the knowledge, attitudes, and behaviours toward 
radiation safety that veterinary students hold at different stages in their training, and how these attributes 
change as veterinary students progress through their curriculum. Effectiveness of a first-year didactic 
lecture on radiation safety was investigated and reported separately (Chapter 3). For the current study, we 
evaluated the evolution of student experiences, attitudes, and knowledge regarding radiation safety in 
their third year of veterinary school, immediately after their 8-week externship, and immediately after 
their DI rotation. We hypothesized that both the externship and DI rotation would positively impact 
student understanding of radiation safety, and that practice of radiation safety in the context of the 
externship placement would reinforce the principles of ALARA (time, distance and shielding) taught 
within the formal veterinary program curriculum.  

4.2 Materials and Methods 

 Study design 

The target population was all veterinary students in their third year of the Doctor of Veterinary 
Medicine program at the Ontario Veterinary College, University of Guelph. All 120 third-year students 
were invited to participate in this observational, cross-sectional study that used online questionnaires.  

 Questionnaire 

A web-based survey platform was used for this research (Qualtrics® 2015). Approval from our 
institution’s research ethics review board was obtained prior to initiating the study (REB 16-12-671), and 
all participants provided informed consent.  

Three similar questionnaires were created and distributed through the class e-mail listserv at three 
time points, with some questions being removed due to lack of relevance for a particular time point. The 
first questionnaire (28 questions) was delivered at the end of their third year of the veterinary program 
(Timepoint (T) 1) in order to establish a baseline understanding of their knowledge, attitudes, and 
behaviours regarding radiation safety, the second (27 questions) was delivered immediately after their 8-
week experiential learning external placement (externship) between their third and fourth years of the 
program (T2), and the third questionnaire (27 questions) was given immediately after their Diagnostic 
Imaging (DI) rotation in their fourth year of the veterinary program (T3). The questionnaires were 
composed of three specific blocks of questions that set out to determine: (1) the students’ experiences 
with radiation at each time point, (2) their knowledge about radiation safety, and (3) their attitudes 
regarding radiation and its safe use.  

Participation was voluntary and anonymized. Students were asked to provide their student 
identification numbers at the start of each questionnaire in order to link questionnaires and identify trends 
in their responses over time. The students were informed that their data would not be looked at until 
following the students’ graduation in order to reduce the risk of students responding in a manner that they 
would perceive to be socially desirable. A cash incentive awarded by random lottery draw was used to 
encourage individual participation. The student class as a whole was also offered a cash incentive if they 
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achieved a pre-determined participation target on all three questionnaires (70%), in order to further 
incentivize participation in the study.  

 Statistical analysis 

For all questionnaire items where responses were measured using a Likert-scale format and the 
items were repeated on all three questionnaires, weighted kappa tests were performed to determine if 
there was significant agreement in responses over time, with a statistically significant result indicating the 
results were in agreement at each time point (i.e. no change). These results were interpreted in 
conjunction with the kappa value (range -1 to +1). McNemar-Bowkers tests of symmetry were performed 
to evaluate for the presence of statistically significant proportional change between responses to questions 
asked in a multiple-choice format, with a statistically significant result indicating a change had occurred 
at each time point. Wilcoxon signed rank tests were used to determine if a change occurred in responses 
to questions that collected nominal data between questionnaires, with a significant result indicating a 
change had occurred at each time point. The remainder of the data was evaluated using descriptive 
statistics (i.e. proportions). Values of p<0.05 were considered statistically significant. Any respondents 
that completed the questionnaires but left some questions blank were still included in data analysis for 
those questions to which they had responded. All statistical analysis was performed using SASâ software 
(SAS Institute Inc 2013. SAS/STAT® 9.4. Cary, NC:SAS Institute Inc). 

4.3 Results 

 Study population 

Only 24 respondents provided the same student ID number for all three questionnaires, so linking 
the responses to each questionnaire was not performed. Instead, all data was evaluated using summary 
statistics and trends in responses on the group as a whole, rather than at an individual level. 

Timepoint 1 (T1) 

Seventy-eight out of a total of 120 (65%) third-year veterinary students completed the first 
questionnaire, and all of these respondents reported having worked in a veterinary practice at some point 
prior to questionnaire administration. Respondents were asked to indicate all types of previous practice 
experience, with the option to indicate multiple practice types. Results are presented in Table 4.1. All 78 
respondents reported having prior small animal practice experience, whereas 28/78 (35.9%) reported 
having no prior large animal practice experience. 

Timepoint 2 (T2) 

Fifty-seven out of 120 students (47.5%) completed the second questionnaire that was distributed 
between their third and fourth years, immediately following their externship experience. In order to 
understand the attributes of the various externship placements, respondents were asked to select all 
options that applied on a question regarding what species were seen by the student while at the externship 
practice. Results are presented in Table 4.1. When asked to select all types of large animal clinic they had 
completed their externship at, 51/57 (89.5%) responded that they had worked in a mixed animal hospital, 
4/57 (7%) had worked in an equine-focused practice, and 2/57 (3.5%) respondents stated they worked in 
both a mixed animal hospital and equine focused practice. 
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Timepoint 3 (T3) 

Sixty-seven of 120 students (55.8%) completed the final questionnaire, administered within one 
week following their DI rotation in the final year of their veterinary program. Of these respondents, 64/67 
(95.5%) stated that they had made radiographs of small animals while on the rotation, 41/67 (61.2%) 
made radiographs of equine patients, 15/67 (22.4%) were involved in radiographs involving all other 
large animals, and 17/67 (25.4%) made radiographs of avian/exotic cases. Two students (3%) reported 
being involved in a large animal nuclear scintigraphy case during their rotation. 

 Experiences, Attitudes, and Knowledge Over Time 

Experiences 

The provision of radiation safety training in private practice was generally lacking, with only 
23.1% (18/78 ) of students responding that they received radiation safety training in a veterinary clinic 
prior to veterinary school and 12.3% (7/57) of respondents receiving such training during their 
externships. This was significantly different (p=0.005-0.029) from radiation safety training received while 
on their final year DI rotation, in which 46/65 (70.8%) of respondents reported receiving radiation safety 
training. Since almost 30% of respondents stated that they did not receive radiation safety training on 
their DI rotation despite this being mandatory, it is likely that they did not perceive the radiation safety 
module and quiz to be formal training.  

While there was not a statistically significant difference between timepoints (p 0.36 and 0.38 
when comparing timepoints 1 and 2 with 3, respectively), more students (84.9%, 45/53) tended to report 
the purpose of a dosimeter being explained to them at T3 than at T1 (33.3%, 26/78) and T2 (45.5%, 5/11). 
Similarly, 54.7% (29/53) of respondents reported that they were told their maximum yearly doses of 
radiation at T3, compared to T1 (11.5%; 9/78, p=0.36) and T2 (18.2%; 2/11, p=0.38); however, this trend 
was not significantly significant. If students had received radiation safety training, many students 
responded that radiation safety instructions had been given “immediately prior to using x-rays” regardless 
of timepoint (21.8%; 17/78 on T1, 45.5%; 5/11 on T2, and 56.6%; 30/53 on T3), with a significant 
difference in responses between timepoints 1 and 3 (p<0.001). Veterinary technicians were most 
frequently reported to be the individuals administering radiation safety training, without a statistically 
significant difference (p=0.69-0.99) in responses at any time point. Veterinarians, animal care attendants, 
and hospital administrators were reported to administer radiation safety training at lower frequencies 
(Table 4.2).  

Students were variably involved in making radiographs at all timepoints, but their personal 
involvement in making radiographs was significantly different (p<0.001) between T1 and T3. Students 
more commonly made radiographs “with supervision” at T3 (40.3%, 25/62) than at T1, in which 12.8%  
(10/78) selected this option. However, students were more likely to state that they were “not at all” 
involved in making radiographs at T1, with 17.9% (14/78) choosing this option compared with 1.6% 
(1/62) at T3. Few students took radiographs fully independently at any time point. In contrast to low 
numbers of students that reported making radiographs very often (>5 times per week) in their prior 
experience or during the externship, nearly all students were involved in making radiographs “very often” 
(90%, 54/60) during their final year DI rotation (p<0.0001). 

Dosimeter usage was inquired about on the first and second questionnaires only, as students do 
not remain in the room during radiographic procedures on their DI rotation (Table 4.2). It is possible that 
a student may be in the room for a fluoroscopic procedure, in which case, a shared pocket dosimeter 
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would be provided and monitored. However, since the focus was on the use of dosimeters for 
radiographic procedures only in practice, this was not asked on the final questionnaire.  Thirty-three 
percent (26/78) and 12.5% (6/48) of respondents reported that they were given a dosimeter in practice on 
the first and second questionnaires, respectively. Of those that had a dosimeter, 47.9% (35/73) and 58.3% 
(28/48) “never” wore it compared with those who wore it “every time” (35.6%; 26/73 and 25.0%; 12/48) 
at T1 and T2, respectively. These responses did not change significantly over time (p=0.52). 

Experiences with making radiographs and the use of personal protective equipment (PPE) are 
summarized in Table 4.3. Notably, there was a significant difference at all timepoints when asked how 
often students were involved in manually restraining animals while an exposure was made, with 40.8% 
(31/76) and 72.9% (35/48) of respondents answered that they manually restrained patients “every time” or 
“most of the time” at T1 and T2, respectively (p=0.0084). In contrast, during their final year DI rotation, 
only 1.7% (1/60) answered that they manually restrained patients “every time” or “most of the time”, and 
71.6% (43/60) reporting that they “never” manually restrained a patient for a radiograph (T1-T3 p<0.001, 
T2-T3 p<0.001). Sedation while acquiring radiographs was infrequently used in general practice, with 
12.5% (8/65) (T1) and 10.5% (2/38) (T2) reporting that it was used “80-100% of the time”, whereas at 
T3, 45% (27/60) of students stated that sedation was used “80-100% of the time” (p<0.05). Similar 
results were reported for the use of positioning devices such as sandbags, tape, and troughs, with their use 
being limited in general practice, but used frequently on the DI rotation (Table 4.3). 

Regardless of time point, the most frequently worn items of PPE were lead gowns and thyroid 
collars. There was a statistically significant difference between timepoints 1 and 3, in which lead aprons 
were used “80-100% of the time” in practices by 86.5% (58/67) of students at T1 compared with 41.5% 
(22/53) of students at T3 (p<0.0001). Similar to T1, 97.9% (47/48) of students reported the use of lead 
gowns “80-100% of the time at T2 (p<0.0001 for T2 vs. T3). Thyroid collars were worn with similar high 
frequency, and with similar statistically significant differences between timepoints 1 and 3, and 2 and 3. 
Thyroid collars were reported to be used (“80-100% of the time”) by 76.2% (48/63) (T1), 89.4% (42/47) 
(T2), and 43.1% (22/51) (T3) respectively, on each questionnaire. The use of lead gloves and lead glasses 
was less frequent; however, statistical significance was also noted when students reported the use of lead 
gloves between T1 and T3 and T2 and T3. Lead gloves were worn “80-100% of the time” by respondents 
45.1% (23/51), 32.2% (10/31), and 20.9% (9/43) on questionnaires T1, T2, and T3. No significant 
differences were noted in the use of lead glasses (p=0.06-0.5) and they were worn <1% of the time by all 
respondents at all timepoints.  

Attitudes 

Most students reported that radiation safety was “extremely” or “very” important regardless of 
their stage of training in the program (T1=82.9% (63/76), T2=78.9% (45/57), T3=86.7% (52/60)), with a 
significant agreement in responses on each questionnaire (p=0.05, K 0.42-0.5). A lack of agreement 
(p=0.27-0.33, K 0.03-0.48) was noted between all timepoints when asked if they strongly agreed with the 
statement “I have been adequately protected from radiation while working in practice” (T1=15.5% 
(11/71), T2=28.6% (16/56), T3= 83.3 (50/60)). Similarly, when asked to rank their agreement with the 
statement “I feel safe performing tasks that involve radiation”, responses varied between all 
questionnaires (p=0.08-0.66, K 0.23-0.25) with16.4% (12/73) and 33.3% (19/57) of respondents 
“strongly” agreeing on the first and second questionnaires, and 70% (42/60) “strongly” agreeing with this 
statement on the third questionnaire. 

Student responses to the question regarding their perceived usefulness of radiation safety training 
in practice did not significantly agree on any of the questionnaires, with 51.7% (30/58) “strongly” 
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agreeing with this statement at T3, compared with 16.7% (10/60) and 13.2% (5/38) “strongly” agreeing at 
T1 and T2, respectively (p=0.08-0.5, K -0.04-0.33). Regardless of timepoint, most students “strongly” 
agreed that their radiation safety training at the Ontario Veterinary College was useful, with significant 
agreement at T1 and T2 (p<0.05, K 0.54), T1 and T3 (p<0.05, K 0.48), and near significant agreement 
(p=0.08, K 0.34) at T2 and T3. 

Regardless of the time point when surveyed, the two most important factors that students felt 
impacted the choice between manual restraint and chemical restraint were patient temperament and the 
health/stability of the patient, with at least 60% and 74% of respondents on all questionnaires feeling that 
these were “extremely important” factors, respectively. 

Significant differences in the responses to the importance of wearing most items of PPE and 
usefulness of radiation safety training both in practice and at our institution were not observed between 
timepoints. A lack of significant agreement (p=0.16 and 0.23, K 0.24 and 0.48, respectively) was noted 
between T2 and T3 and T1 and T3 when asked about the importance of wearing lead glasses, with more 
students (31.1%; 19/61) responding that that “strongly” agreed that these were useful items of PPE on T3 
compared with T1 (19.7%; 15/76) and T2 (14%; 8/57). Regardless of timepoint, students responded that 
lead gowns and thyroid collars were the most important items of PPE to them, with lead gloves and 
glasses being less important. Similarly, student responses to questions regarding the perceived usefulness 
of the radiation safety training they had received (if administered) did not differ at any time point, with 
significant (p=0.05, K 0.33-0.41) agreement between T1 and T2, and T1 and T3, and near significant 
agreement (p=0.06, K 0.31) between T2 and T3. Students were divided in their responses to the question 
“Do you think it is justified to hold the x-ray tube and cassette during the x-ray exposure of a horse?” on 
all questionnaires, without a significant difference in responses at any timepoint (Table 4.4). 

Knowledge 

Student responses to questions assessing radiation safety knowledge are summarized in Table 4.5; 
there were no significant differences in responses among questionnaires. When asked what the purpose of 
a dosimeter was, most students responded that it was a device used to measure personal radiation 
exposure regardless of the timepoint (100%; 76/76 (T1), 100%; 57/57 (T3), 96.1%; 60/61 (T3)). On T1 
and T2 a small population of students (14.6% (11/76) and 5.3% (3/57) respectively) reported that they 
were unsure where the dosimeter should be worn when making radiographs, however, no respondents 
were “unsure” after their DI rotation. In contrast, 77.6% (59/76), 87.7% (50/57), and 96.7% (59/61) of 
respondents on questionnaires T1, T2, and T3 respectively correctly identified that dosimeters should be 
worn above the lead, at the level of the neck, without a significant difference by timepoints. 

Students were asked where a safe location would be to stand while making radiographs, with the 
options being next to the patient as long as appropriate personal protective equipment is worn, outside of 
the room, or behind a shielded barrier. Despite the timepoint, student responses were similar for all 
options. While most agreed that staying “outside of the room” or “behind a barrier” while an exposure 
was made was safe (84-85% and 61-85% respectively on all questionnaires), 42-52% of respondents on 
all questionnaires stated that remaining in the room was safe as long as lead gown, gloves, and thyroid 
collars were worn. 
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4.4 Discussion 

Radiation safety training was lacking in general practice, which is consistent with other studies 
evaluating the use of radiation safety in general practices.2-7 In one study evaluating the use of radiation 
and radiation safety in central Ohio veterinary clinics, only 10/29 (34.5%) veterinary clinics reported 
administering radiation safety training in their practices.2 Another study performed in Australia in which 
practitioners were surveyed regarding radiation safety reported that 78% of responding practitioners had 
never received radiation safety training.3 This is also in line with a study in which staff of veterinary 
clinics in Ontario were surveyed regarding their radiation safety training and radiation use, where 73.4% 
of respondents did not receive radiation safety training (Chapter 2). Radiation safety training is a crucial 
step in ensuring that all team members approach tasks that involve radiation in a safe and unified way that 
reduces their radiation exposure. Radiation safety training allows staff to understand the risks of radiation 
exposure, as well as safe methods for acquiring radiographs. This training should be built on the 
fundamental framework of radiation safety and using the “As Low As Reasonably Achievable” (ALARA) 
principles of time, distance, and shielding.8 At our institution, students receive a radiation safety online 
module, online quiz, and verbal direction about safe radiation use from our technicians. They must 
complete this quiz in order to pass the rotation, ensuring they all read and understand the material. While 
many students reported that they felt this radiation safety training was useful, significant differences were 
not noted in responses to questions that tested radiation safety knowledge. This could indicate that a 
review of the concepts covered in our radiation safety training would be useful to ensure we are teaching 
and emphasizing the concepts that we consider to be key to produce a veterinarian that is a leader in 
radiation safety. 

There was a significant difference in responses when students were asked if they had been making 
radiographs independently, with supervision, or both. On the first questionnaire, significantly more 
students were involved in making radiographs both independently and with supervision. In contrast, more 
supervision was reported to have been provided during their externship and on their DI rotation in the 
final year of their program. Furthermore, students were more likely to report that they were not at all 
involved in making radiographs at T1 than T3. This indicates that, although they are less likely to be 
directly involved in making radiographs in practice, if they were making radiographs they were more 
likely to be unsupervised. With this in mind, early radiation safety training becomes even more important. 
If students are not learning safe techniques to make radiographs prior to their acquisition, they are at an 
increased risk for radiation exposure when they are unsupervised. For the most part, students were 
infrequently involved in making radiographs when in general practice, indicating that their dose of 
radiation is likely still quite low. However, their respective doses would be largely unknown as most 
students were not given a dosimeter, and those that were given one wore them infrequently. The reasons 
for this can only be surmised. It is possible that, if the students were not expected to make radiographs 
frequently, they were assumed to be at risk for very low dosages and were therefore not given a 
monitoring device. Furthermore, if students were given a dosimeter but never had radiation safety 
training, the importance of these devices would likely not be recognized. However, most students 
understood what a dosimeter was based on their responses in our study, despite their limited usage of 
these devices. This suggests that it is the lack of knowledge of the risk of radiation, rather than a lack of 
understanding of the purpose/importance of a dosimeter, that led to its low usage. Dosimeter use has been 
similarly reported to be low in veterinary medicine by Wiggins et al (1989) and Phillips et al (2000), who 
reported that 41% and 67% of surveyed veterinarians respectively did not wear a dosimeter while making 
radiographs.7, 9 
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Many students responded that they had manually restrained patients frequently while in general 
practice. Indeed, manual restraint is used commonly in general practice.2, 10, 11 This is thought to be due to 
the potential increased time in administering sedation, as well as the increased cost to the owner.11 
However, building the cost of sedation into the fee for a radiographic exam and discussing the risks of 
sedation against the stress to the patient would be useful methods to show the value of sedation, when 
necessary. Furthermore, sedation would allow staff to position the patient as necessary and leave the room 
while an exposure is made, eliminating their radiation dose.11 This is the preferred method at our 
institution, in which sedation is used as needed and staff always leave the room while an exposure is 
made. This is evidenced in the questionnaire responses in which there were significantly fewer students 
indicating that manual restraint was used while on their final year DI rotation, and significantly more 
students indicated that sedation was used. Since sedation is used frequently, this explains why 
significantly more students indicated the use of positioning devices such as troughs and tape while on 
their DI rotation. In contrast, these devices were infrequently used in general practice, likely due to most 
staff holding the patients themselves. 

In line with previous reports5, 10, 11, lead gowns and lead thyroid collars were the most frequently 
used personal protective items in all questionnaires, with gloves and glasses being worn less frequently. 
This is most likely due to lead gloves being inherently thick and bulky and thus can interfere with the grip 
necessary to hold a patient while manually restraining them. It is the authors’ opinion that most general 
practices do not have lead glasses, and that this is the probable cause for their limited use. Interestingly, 
students reported significantly less usage of PPE including lead gowns, thyroid collars, and lead gloves on 
their DI rotation. This is most likely due to our staff remaining outside of the room for radiographic 
exposures, eliminating the need for this equipment. As such, the students were highly unlikely to see them 
being used.  

Most students placed great importance on the concept of radiation safety at all time points 
surveyed. Students were more likely to feel safe performing tasks that involve radiation and to feel that 
they had been protected from radiation following their DI rotation than at any other time point, with a 
lack of agreement (indicating a change) in responses to these questions at T3 when compared with T1 and 
T2. This is most likely due to the techniques employed at our institution that allow us to leave the room 
during x-ray exposures, and the responses in our study indicate that students value these methods. By 
modeling and enforcing these radiation safety practices while students are on rotation in their final year, 
students are more likely to carry these concepts into practice and make positive changes in their work 
environment. When asked if they agreed that their radiation safety training in practice had been useful, 
student responses were interesting; just over half of students responding that they “strongly” agreed with 
this statement on T3, compared with less than 20% “strongly” agreeing with this statement on T1 and T2. 
An important consideration in interpreting these results is the potential for recall bias, as the duration of 
time between their DI rotation and their externship could be up to 11 months. 

Patient temperament and the health/stability of the patient were reported to be the most important 
factors that would go into the decision to give sedation to a patient for a radiograph, with the owner’s 
finances and the workload of the clinic being less important, without significant differences in responses 
at any time point. Patient temperament, and their ability to stay still, are understandably very important 
factors when deciding to administer sedation, as very calm patients that can be positioned with tape and 
troughs would not need chemical restraint. It is also understandable that the health and stability of the 
patient would determine whether it is warranted to administer sedation, as some sedation could be 
dangerous to them and a very sick or moribund patient could also be less likely to require chemical 
restraint. 
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Responses to questions enquiring about student knowledge of radiation safety principles did not 
significantly differ at any timepoint; however, only a few questions were asked with respect to 
knowledge. It is possible that more in depth, objective questions regarding radiation safety might have 
been able to identify time points in which knowledge is impacted by the experience. Future investigations 
of the impact that we are making on student knowledge during the DI rotation could include an objective 
test that evaluates students understanding before and after the students complete this 2-week rotation. 
This could include questions regarding current radiation safety laws, safe radiation practices, and impacts 
of ionizing radiation on human health. In this type of questionnaire, students appropriately pair their 
responses by ensuring providing their name or student identification number would be necessary to prove 
that the DI rotation was having a positive improvement on test scores. Since various types of radiation 
safety training occur during the DI rotation, it may also be interesting to evaluate what type of training 
(i.e. verbal instructions, online quizzes, or online modules) are the most enjoyable or have the most 
impact, similar to that done by Dauer et al.12  

Many students reported that remaining in the room while a radiographic exposure was made was 
safe, as long as appropriate PPE was worn at all time points. This implies that, despite seeing the radiation 
safety approaches used at our institution where there is almost never a person in the radiography room 
while an exposure is made, students still feel that this is acceptable. It is possible that the experiences 
acquired in a general practice setting are perceived to be more “genuine” to the students and override this 
training if students consider these practices to be more realistic than those seen in an academic 
environment. At our institution, we have radiology technicians whose job is solely dedicated to making 
radiographs and other diagnostic images, whereas most veterinary technicians and veterinarians in 
practice are acquiring radiographs in between a multitude of other tasks. As such, it may seem that the 
only way to make radiographs efficiently in practice is the way it has always been done before: with 
manual restraint. Encouraging students to integrate safe radiation techniques in their final year of 
veterinary training is crucial, since they will soon become the veterinarian, ordering radiographic studies 
and determining if sedation will be given. If the importance of radiation safety and the use of methods 
such as chemical restraint and positioning devices can be emphasized while still in training, they are more 
likely to take this knowledge into their clinical careers and impact the current practices in the veterinary 
field. 

Several limitations of this study should be noted. Students are inherently concerned about academic 
performance and, since four of the authors teach them in a classroom and clinical setting, this could have 
altered their responses towards those perceived to be more socially (and academically) desirable. Students 
were told that their data would not be analyzed until after their graduation in order to minimize the 
potential for this bias. There was also a discrepancy in the number of responses to each questionnaire, 
making it difficult to completely compare the sampled population over time. Methodology that is better 
able to link questionnaires over time whilst also maintaining student anonymity would be helpful. Lastly, 
a more in depth and comprehensive questionnaire regarding radiation safety knowledge would be useful 
to completely evaluate the effect we are having on the students during their final year diagnostic imaging 
rotation. 

4.5 Conclusion 

All students at our institution that participated in this study had worked in a veterinary clinic prior 
to or during veterinary school, and all had worked with radiation in these practices to some degree. 
Responses to the first and second questionnaires were largely similar, indicating a similar experience by 
veterinary students regardless of their position as a volunteer, staff member, or externship student, in that 
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radiation safety training was lacking in veterinary general practices and manual restraint was the primary 
method of restraint used by many clinics. Student knowledge of radiation safety was not significantly 
different at any time point. The most significant changes in student understanding and practice of 
radiation safety were noted after their final year DI rotation at our institution, and were in regard to the 
students reporting increased feelings of safety and protection while performing tasks that involved 
radiation. Modification of our radiation safety training program, with an emphasis on the risks of 
radiation exposure and alternative techniques for obtaining radiographs, could be useful to impact student 
attitudes at our institution with the goal of changing the culture of radiation safety in veterinary practice.  
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Table 4.1: Ontario Veterinary College veterinary student responses to questions regarding experiences with radiation safety over time on 
questionnaires delivered prior to their experiential learning external placement (externship; Timepoint (T) 1), following their externship (T2) and 
following their Diagnostic Imaging Rotation in their final year of the veterinary program (T3).  

Question Options Responses 

 

T1 T2 T3 

T1: Which of the following 
best describes your small 
animal experience? 

T2: Which of the following 
best describes the small 
animal experience obtained 
in your externship practice? 

Select all that apply. ‡ 

Small animal general practice 72/78 

(92.3%) 

23/57 

(40.4%) 

 

Mixed animal general practice 14/78 

(17.9%) 

23/57 

(40.4%) 

Specialty/referral hospital – 
small animal 

23/78 

(29.5%) 

11/57 

(19.3%) 

Specialty/referral- academic 5/78 

(6.4%) 

0/57 

(0%) 
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‡Only asked at the first two time points due to lack of relevance during their Diagnostic Imaging rotation. 

I do not have any small animal 
experience 

0/78 

(0%) 

0/57 

(0%) 

T1: Which of the following 
best describes your large 
animal experience?  

T2: Which of the following 
best describes the large 
animal experience obtained 
in your externship practice? 

Select all that apply. ‡ 

Mixed animal general practice 27/78 

(34.6%) 

53/57 

(93.0%) 

Equine only practice 12/78 

(15.4%) 

6/57 

(10.5%) 

Specialty/referral- equine 4/78 

(5.1%) 

1/57 

(1.8%) 

Specialty/referral- academic 4/78 

(5.1%) 

0/57 

(0%) 

I do not have any large animal 
experience 

28/78 

(35.9%) 

 

0/57 

(0%) 
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Table 4.2: Ontario Veterinary College veterinary student responses to questions regarding radiation safety training delivered in past work 
experiences prior to their externship (T1), during their externship (T2) and during their Diagnostic Imaging Rotation in their final year of the 
veterinary program (T3). Responses to each question were compared using McNemar-Bowker test of symmetry for statistical analysis. 

Question Options Responses 

 

P value 

T1 T2 T3 

Did you receive 
radiation safety 
training at this 
practice? 

Yes 18/78 

(23.1%) 

7/57 

(12.3%) 

46/65 

(70.8%) 

T1-T2:  

p=0.725 

T2-T3:  

p=0.029 

T1-T3: 

p=0.005 

No 51/78 

(65.4%) 

46/57 

(80.7) 

9/65 

(13.8%) 

Unsure 5/78 

(6.4%) 

1/57 

(1.8%) 

7/65 

(10.8%) 

Immediately 
before using x-rays 

17/78 

(21.8%) 

5/11 

(45.5%) 

30/53 

(56.6%) 

T1-T2:  

p=0.423 
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When did you receive 
this radiation safety 
training? 

 

When I was 
hired/started 

8/78 

(10.3%) 

3/11 

(27.3%) 

3/53 

(5.7%) 

T2-T3:  

p=0.392 

T1-T3: 

p<0.001 Multiple times 
while using x-rays 

6/78 

(7.7%) 

1/11 

(9.1%) 

14/53 

(26.4%) 

I never received 
training 

47/78 

(60.3%) 

2/11 

(18.2%) 

1/53 

(1.9%) 

Who administered this 
training? 

(Select all that apply) 

Veterinarian 16/78 

(20.5%) 

4/11 

(36.4%) 

10/53 

(18.9%) 

T1-T2:  

p=0.99 

T2-T3:  

p=0.99 

T1-T3: 

p=0.69 

Veterinary 
Technician 

36/78 

(46.2%) 

9/11 

(81.8%) 

48/53 

(90.6%) 

Animal care 
attendant 

4/78 

(5.1%) 

0/11 

(0%) 

1/53 

(1.9%) 

Hospital 
Administrator 

5/78 

(6.4%) 

0/11 

(0%) 

1/53 

(1.9%) 
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What instructions did 
you receive? 

(Select all that apply) 

Told to use lead 
equipment 

52/78 

(66.7%) 

10/11 

(90.9%) 

50/53 

(94.3%) 

T1-T2: 

p=0.672  

T2-T3: 

p=0.363 

T1-T3: 

p=0.382 

 

Shown to use lead 
equipment 

47/78 

(60.3%) 

6/11 

(54.5%) 

32/53  

(60.4%) 

The risks of 
radiation were 
explained 

19/78 

(24.4%) 

7/11 

(63.6%) 

31/53 

(58.5%) 

Told maximum 
yearly dose of 
radiation 

9/78 

(11.5%) 

2/11 

(18.2%) 

29/53 

(54.7%) 

Purpose of 
dosimeter was 
explained 

26/78 

(33.3%) 

5/11 

(45.5%) 

45/53 

(84.9%) 

No instructions 
were given 

11/78 

(14.1%) 

1/11 

(9.1%) 

1/53 

(1.9%) 

Which of the following 
best describes how you 

With supervision 
of a staff member 

10/78 

(12.8%) 

33/57 

(57.9%) 

25/62 

(40.3%) 

T1-T2: 

p=0.503 



 

 

95 

 

have used x-rays in this 
practice? Independently 1/78 

(1.3%) 

1/57 

(1.8%) 

1/62 

(1.6%) 

T2-T3: 

p=0.166 

T1-T3: 

p<0.001 

 

Both 
independently and 
with supervision 

53/78 

(67.9%) 

14/57 

(24.6%) 

35/62 

(56.5%) 

Not at all 14/78 

(17.9%) 

9/57 

(15.8%) 

1/62 

(1.6%) 

On average, how often 
were you involved in 
making radiographs? 

Never (0 times per 
week) 

12/78 

(15.4%) 

0/48 

(0%) 

0/48 

(0%) 

T1-T2: 

p=0.0438 

T2-T3: 

p=0.0002 

T1-T3: 

p<0.0001 

 

Infrequently (1-2 
times per week) 

37/78 

(47.4%) 

18/48 

(37.5%) 

3/60 

(5.0%) 

Sometimes (3-5 
times per week) 

11/78 

(14.1%) 

20/48 

(41.7%) 

3/60 

(5.0%) 

Very often (>5 
times per week) 

9/78 

(11.5%) 

10/48 

(20.8%) 

54/60 

(90.0%) 
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Did you have a 
dosimeter? ‡ 

Yes, personal 26/78 

(33.3%) 

6/48 

(12.5%) 

 T1-T2: 

p=0.523 

 
Yes, shared 12/78 

(15.4%) 

9/48 

(18.8%) 

Yes, unsure if 
personal/shared 

2/78 

(2.6%) 

1/48 

(2.1%) 

No dosimeter was 
issued 

28/78 

(35.9%) 

29/48 

(60.4%) 

I do not know what 
a dosimeter is 

2/78 

(2.6%) 

0/48 

(0%) 

How frequently did 
you wear your 
dosimeter? ‡ 

Every time 26/73 

(35.6%) 

12/48 

(25.0%) 

 T1-T2 

p=0.522 

Most of the time 9/73 

(12.3%) 

3/48 

(6.3%) 
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Half of the time 3/73 

(4.1%) 

1/48 

(2.1%) 

Sometimes 5/73 

(6.8%) 

4/48 

(8.3%) 

Never 35/73 

(47.9%) 

28/48 

(58.3%) 

How often did you 
manually restrain the 
animal during the 
exposure? 

Every time 13/76 

(17.1%) 

24/48 

(50%) 

0/60 

(0%) 

T1-T2: 

p=0.034 

T2-T3: 

p=0.021 

T1-T3: 

p=0.042 

 

Most of the time 18/76 

(23.7%) 

11/48 

(22.9%) 

1/60 

(1.7%) 

About half of the 
time 

4/76 

(5.3%) 

5/48 

(10.4%) 

0/60 

(0%) 

Sometimes 21/76 

(27.6%) 

6/48 

(12.5%) 

16/60 

(26.7%) 
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Never 20/76 

(26.3%) 

2/48 

(4.2%) 

43/60 

(71.7%) 

‡Only asked at the first two time points due to lack of relevance during their Diagnostic Imaging rotation. 

Table 4.3: Ontario Veterinary College veterinary student responses regarding experiences with personal protective equipment use in past work 
experiences prior to their externship (T1), during their externship (T2) and during their Diagnostic Imaging Rotation in their final year of the 
veterinary program (T3). Responses to each question were compared using Wilcoxon signed-rank statistical analysis. 

Question Response options Responses 

 

T1 T2 T3 P value 

Which of the 
following patient 
restraint methods 
were used while 
obtaining x-rays 
at this practice (in 
percentage of 
time)? 

Manual restraint 0-20% 10/73 

(13.7%) 

3/47 

(6.4%) 

30/32 

(93.8%) 

T1-T2: 

p=0.0084 

T2-T3: 

p<0.001 

T1-T3: 

p<0.001 

 

21-40% 7/73 

(9.6%) 

0/47 

(0%) 

2/32 

(6.2%) 

41-60% 5/73 

(6.8%) 

3/47 

(6.4%) 

0/32 

(0%) 
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61-80% 7/73 

(9.6%) 

9/47 

(19.1%) 

0/32 

(0%) 

81-100% 44/73 

(60.3%) 

32/47 

(68.1%) 

0/32 

(0%) 

Sedation 0-20% 25/64 

(39.1%) 

15/38 

(39.5%) 

2/60 

(3.4%) 

T1-T2: 

p=0.899 

T2-T3: 

p<0.0001 

T1-T3: 

p<0.0001 

 

21-40% 17/64 

(26.5%) 

5/38 

(13.2%) 

4/60 

(6.6%) 

41-60% 8/64 

(12.5%) 

6/38 

(15.8%) 

6/60 

(10%) 

61-80% 6/64 

(9.4%) 

10/38 

(26.3%) 

21/60 

(35%) 

81-100% 8/64 

(12.5%) 

2/38 

(5.2%) 

27/60 

(45%) 
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Sandbags or other 
weighted devices 

0-20% 13/41 

(31.8%) 

10/16 

(62.4%) 

0/59 

(0%) 

T1-T2: 

p=0.301 

T2-T3: 

p= 0.002 

T1-T3: 

p=0.041 

 

21-40% 6/41 

(14.6%) 

3/16 

(18.8%) 

2/59 

(3.4%) 

41-60% 6/41 

(14.6%) 

0/16 

(0%) 

0/59 

(0%) 

61-80% 6/41 

(14.6%) 

0/16 

(0%) 

2/59 

(3.4%) 

81-100% 10/41 

(24.4%) 

3/16 

(18.8%) 

55/59 

(93.2%) 

Tape or other adhesive 
devices 

0-20% 15/40 

(37.5%) 

11/17 

(64.6%) 

0/59 

(0%) 

T1-T2: 

p=0.0215 

T2-T3: 

p=0.0002 
21-40% 6/40 

(15%) 

2/17 

(11.8%) 

2/59 

(3.4%) 
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41-60% 6/40 

(15%) 

2/17 

(11.8%) 

0/59 

(0%) 

T1-T3: 

p<0.0001 

 

 61-80% 8/40 

(20%) 

0/17 

(0%) 

1/59 

(1.7%) 

81-100% 5/40 

(12.5%) 

2/17 

(11.8%) 

56/59 

(94.9%) 

Positioning devices 
(troughs)  

0-20% 15/50 

(30%) 

12/23 

(52.2%) 

2/59 

(3.4%) 

T1-T2: 

p=0.032 

T2-T3: 

p=0.001 

T1-T3: 

p<0.0001 

 

 

21-40% 8/50 

(16%) 

4/23 

(17.4%) 

4/59 

(6.8%) 

41-60% 13/50 

(26%) 

4/23 

(17.4%) 

15/59 

(25.4%) 

61-80% 7/50 

(14%) 

1/23 

(4.3%) 

17/59 

(28.8%) 
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81-100% 7/50 

(14%) 

2/23 

(8.7%) 

21/59 

(35.6%) 

To the best of 
your recollection, 
how frequently 
did you wear each 
mode of personal 
protective 
equipment during 
x-ray exposure at 
this practice (in 
percentage of 
time)? 

Lead gowns 0-20% 3/67 

(4.5%) 

1/48 

(2.1%) 

26/53 

(49.1%) 

T1-T2: 

p 0.187 

T2-T3: 

p<0.0001 

T1-T3: 

p<0.0001 

 

 

21-40% 1/67 

(1.5%) 

0/48 

(0%) 

1/53 

(1.9%) 

41-60% 1/67 

(1.5%) 

0/48 

(0%) 

4/53 

(7.5%) 

61-80% 4/67 

(6%) 

0/48 

(0%) 

0/53 

(0%) 

81-100% 58/67 

(86.5%) 

47/48 

(97.9%) 

22/53 

(41.5%) 

Thyroid collar 0-20% 6/63 

(9.5%) 

3/47 

(6.4%) 

24/51 

(47.2%) 

T1-T2: 

p=0.149 
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21-40% 0/63 

(0%) 

1/47 

(2.1%) 

1/51 

(1.9%) 

T2-T3: 

p<0.0001 

T1-T3: 

p<0.0001 

 

 

41-60% 5/63 

(7.9%) 

0/47 

(0%) 

4/51 

(7.8%) 

61-80% 4/63 

(6.4%) 

1/47 

(2.1%) 

0/51 

(0%) 

81-100% 48/63 

(76.2%) 

42/47 

(89.4%) 

22/51 

(43.1%) 

Lead gloves 0-20% 12/51 

(23.5%) 

10/31 

(32.3%) 

23/43 

(53.5%) 

T1-T2: 

p=0.641 

T2-T3: 

p=0.036 

T1-T3: 

p<0.0001 

 

21-40% 2/51 

(3.9%) 

3/31 

(9.7%) 

3/43 

(7%) 

41-60% 6/51 

(11.8%) 

5/31 

(16.1%) 

4/43 

(9.3%) 
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61-80% 8/51 

(15.7%) 

3/31 

(9.7%) 

4/43 

(9.3%) 

 

81-100% 23/51 

(45.1%) 

10/31 

(32.2%) 

9/43 

(20.9%) 

Lead glasses 0-20% 15/17 

(88.2%) 

9/9 

(100%) 

21/23 

(91.3%) 

T1-T2: 

p=0.500 

T2-T3: 

p=0.250 

T1-T3: 

p=0.063 

 

21-40% 0/17 

(0%) 

0/9 

(0%) 

0/23 

(0%) 

41-60% 1/17 

(5.9%) 

0/9 

(0%) 

0/23 

(0%) 

61-80% 0/17 

(0%) 

0/9 

(0%) 

0/23 

(0%) 

81-100% 1/17 

(5.9%) 

0/9 

(0%) 

2/23 

(8.7%) 



 

 

105 

 

 

Table 4.4: Ontario Veterinary College veterinary student responses to questions assessing attitudes towards radiation safety in past work 
experiences prior to their externship (T1), during their externship (T2) and during their Diagnostic Imaging Rotation in their final year of the 
veterinary program (T3). Responses to each question were compared using Kappa statistical analysis. K= Kappa value. 

Answer/rank your agreement 
with the following statements 

Options Responses 

 

P value 
and K 
value 

T1 T2 T3 

How important is radiation 
safety to you? 

Extremely important 31/76 

(40.8) 

20/57 

(35.1%) 

31/60 

(51.7%) 

T1-T2: 

p=0.011 

K 0.42 

T2-T3: 

p=0.027 

K0.42 

T1-T3: 

p=0.001 

K 0.50 

Very important 32/76 

(42.1%) 

25/57 

(43.8%) 

21/60 

(35.0%) 

Moderately important 11/76 

(14.5%) 

12/57 

(21.1%) 

8/60 

(13.3%) 

Slightly important 2/76 

(2.6%) 

0/57 

(0%) 

0/60 

(0%) 
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Not at all important 0/76 

(0%) 

0/57 

(0%) 

0/60 

(0%) 

 

I have been adequately 
protected from radiation while 
working in practice. 

Strongly agree 11/71 

(15.5%) 

16/56 

(28.6%) 

50/60 

(83.3%) 

T1-T2: 

p=0.27 

K 0.16 

T2-T3: 

p=0.48 

K -0.02 

T1-T3: 

p=0.33 

K 0.03 

 

Somewhat agree 30/71 

(42.2%) 

 26/56 

(46.4%) 

10/60 

(16.7%) 

Neither agree nor disagree 13/71 

(18.3%) 

7/56 

(12.5%) 

0/60 

(0%) 

Somewhat disagree 11/71 

(15.5%) 

7/56 

(12.5%) 

0/60 

(0%) 

Strongly disagree 6/71 

(8.5%) 

0/56 

(0%) 

0/60 

(0%) 

I feel safe performing tasks that 
involve radiation. 

Strongly agree 12/73 

(16.5%) 

19/57 

(33.3%) 

42/60 

(70%) 

T1-T2: 

p=0.1767 
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Somewhat agree 42/73 

(57.5%) 

26/57 

(45.6%) 

16/60 

(26.7%) 

K 0.23 

T2-T3: 

p=0.088 

K 0.25 

T1-T3: 

p=0.018 

K 0.24 

 

Neither agree nor disagree 6/73 

(8.2%) 

6/57 

(10.5%) 

0/60 

(0%) 

Somewhat disagree 9/73 

(12.3%) 

5/57 

(8.8%) 

2/60 

(3.3%) 

Strongly disagree 4/73 

(5.5%) 

1/57 

(1.8%) 

0/60 

(0%) 

I feel that the radiation safety 
training given in practice was 
useful. 

Strongly agree 10/60 

(16.7%) 

5/38 

(13.2%) 

30/58 

(51.7%) 

T1-T2: 

p=0.076 

K 0.33 

T2-T3: 

p=0.899 

K -0.04 

T1-T3: 

Somewhat agree 13/60 

(21.6%) 

16/38 

(42.1%) 

17/58 

(29.3%) 

Neither agree nor disagree 18/60 

(30%) 

10/38 

(26.3%) 

9/58 

(15.5%) 
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Somewhat disagree 12/60 

(20%) 

6/38 

(15.8%) 

2/58 

(3.5%) 

p=0.249 

K 0.15 

 

Strongly disagree 7/60 

(11.7%) 

1/38 

(2.6%) 

0/58 

(0%) 

I feel that the radiation safety 
training given at the OVC was 
useful 

Strongly agree 23/73 

(31.5%) 

22/55 

(40%) 

26/60 

(43.3%) 

T1-T2: 

p=0.001 

K 0.54 

T2-T3: 

p=0.084 

K 0.34 

T1-T3: 

p=0.0009 

K 0.48 

 

Somewhat agree 24/73 

(32.9%) 

19/55 

(34.5%) 

20/60 

(33.3%) 

Neither agree nor disagree 16/73 

(21.9%) 

11/55 

(20%) 

12/60 

(20%) 

Somewhat disagree 9/73 

(12.3%) 

3/55 

(5.5%) 

1/60 

(1.7%) 

Strongly disagree 1/73 

(1.4%) 

0/55 

(0%) 

1/60 

(1.7%) 
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Rank agreement: it is important 
to wear the following items of 
PPE: 

 

Lead gown  

Strongly agree 73/76 

(96.1%) 

56/57 

(98.2%) 

60/61 

(98.4%) 

T1-T2: 

p=0.001 

K 0.57 

T2-T3: 

p=0.002 

K 0.64 

T1-T3: 

p=0.002 

K 0.7 

 

Somewhat agree 2/76 

(2.6%) 

1/57 

(1.8%) 

1/61 

1.6%) 

Neither agree nor disagree 1/76 

(1.3%) 

0/57 

(0%) 

0/61 

(0%) 

Somewhat disagree 0/76 

(0%) 

0/57 

(0%) 

0/61 

(0%) 

Strongly disagree 0/76 

(0%) 

0/57 

(0%) 

0/61 

(0%) 

Thyroid collar  

Strongly agree  70/76 55/57 59/61 T1-T2: 
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(92.1%) (96.5%) (96.7%) p=0.010 

K -0.045 

T2-T3: 

p=0.001 

K 0.56 

T1-T3: 

p=0.005 

K 0.47 

 

Somewhat agree 4/76 

(5.3%) 

2/57 

(3.5%) 

2/61 

(3.3%) 

Neither agree nor disagree 2/76 

(2.6%) 

0/57 

(0%) 

0/61 

(0%) 

Somewhat disagree  0/76 

(0%) 

0/57 

(0%) 

0/61 

(0%) 

Strongly disagree  0/76 

(0%) 

0/57 

(0%) 

0/61 

(0%) 

Dosimeter  

Strongly agree 56/76 

(73.6%) 

41/57 

(71.9%) 

56/61 

(91.8%) 

T1-T2: 

p=0.0102 

K 0.42 

T2-T3: 
Somewhat agree 16/76 

(21.1%) 

12/57 

(21.1%) 

5/61 

(8.2%) 
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Neither agree nor disagree 4/76 

(5.3%) 

4/57 

(7%) 

0/61 

(0%) 

p=0.0246 

K 0.35 

T1-T3: 

p=0.0156 

K 0.32 

 

Somewhat disagree 0/76 

(0%) 

0/57 

(0%) 

0/61 

(0%) 

Strongly disagree 0/76 

(0%) 

0/57 

(0%) 

0/61 

(0%) 

Lead gloves  

Strongly agree 46/76 

(60.5%) 

22/57 

(38.6%) 

41/61 

(67.2%) 

T1-T2: 

p=0.0064 

K 0.38 

T2-T3: 

p=0.057 

K 0.34 

T1-T3: 

Somewhat agree  25/76 

(32.9%) 

26/57 

(45.6%) 

12/61 

(19.7%) 

Neither agree nor disagree 5/76 

(6.6%) 

8/57 

(14%) 

7/61 

(11.5%) 
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Somewhat disagree 0/76 

(0%) 

1/57 

(1.8%) 

1/61 

(1.6%) 

p=0.0123 

K 0.37 

 

Strongly disagree 0/76 

(0%) 

0/57 

(0%) 

0/61 

(0%) 

Lead glasses  

Strongly agree 15/76 

(19.7%) 

8/57 

(14%) 

19/61 

(31.2%) 

T1-T2: 

p=0.018 

K 0.38 

T2-T3: 

p=0.160 

K 0.24 

T1-T3: 

p=0.332 

K 0.48 

Somewhat agree 18/76 

(23.7%) 

15/57 

(26.4%) 

11/61 

(18%) 

Neither agree nor disagree 38/76 

(50%) 

30/57 

(52.6%) 

28/61 

(45.9%) 

Somewhat disagree 4/76 

(5.3%) 

4/57 

(7%) 

3/61 

(4.9%) 
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Strongly disagree 1/76 

(1.3%) 

0/57 

(0%) 

0/61 

(0%) 

 

How important are the 
following factors when 
deciding between manual 
restraint or chemical sedation 
for making radiographs? 

Patient temperament     

Extremely important  49/76 

(64.5%) 

42/57 

(73.7%) 

37/61 

(60.7%) 

T1-T2: 

p=0.027 

K 0.26 

T2-T3: 

p=0.305 

K 0.19 

T1-T3: 

p=0.761 

K -0.05 

 

Very important 19/76 

(25%) 

13/57 

(22.7%) 

15/61 

(24.6%) 

Moderately important 6/76 

(7.9%) 

1/57 

(1.8%) 

6/61 

(9.8%) 

Slightly important  2/76 

(2.6%) 

1/57 

(1.8%) 

3/61 

(4.9%) 

Not at all important 0/76 

(0%) 

0/57 

(0%) 

0/61 

(0%) 
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How busy the clinic is     

Extremely important 1/75 

(1.3%) 

0/57 

(0%) 

1/61 

(1.6%) 

T1-T2: 

p=0.0016 

K 0.46 

T2-T3: 

p=0.389 

K 0.1 

T1-T3: 

p=0.106 

K 0.26 

 

Very important 

 

3/75 

(4%) 

9/57 

(15.7%) 

5/61 

(8.2%) 

Moderately important 20/75 

(26.7%) 

24/57 

(42.1%) 

21/61 

(34.4%) 

Slightly important  

 

27/75 

(36%) 

12/57 

(21.1%) 

20/61 

32.8%) 

Not at all important 24/75 

(32%) 

12/57 

(21.1%) 

14/61 

(23%) 

Health of the patient     

Extremely important  56/76 46/57 53/61 T1-T2: 
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(73.6%) (80.7%) (86.9%) p=0.013 

K 0.42 

T2-T3: 

p=0.137 

K 0.29 

T1-T3: 

p=0.584 

K 0.11 

 

Very important 16/76 

(21.1%) 

9/57 

(15.8%) 

7/61 

(11.5%) 

Moderately important 4/76 

(5.3%) 

2/57 

(3.5%) 

0/61 

(0%) 

Slightly important 0/76 

(0%) 

0/57 

(0%) 

0/61 

(0%) 

Not at all important 0/76 

(0%) 

0/57 

(0%) 

1/61 

(1.6%) 

Owner’s financial situation     

Extremely important 5/76 

(6.6%) 

4/57 

(7%) 

0/61 

(0%) 

T1-T2: 

p=0.013 

K 0.37 

T2-T3: 
Very important 17/76 

(22.4%) 

14/57 

(24.5%) 

12/61 

(19.7%) 
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Moderately important 41/76 

(53.9%) 

27/57 

(47.4%) 

23/61 

(37.7%) 

p=0.377 

K 0.15 

T1-T3: 

p=0.422 

K 0.12 

 

Slightly important  11/76 

(14.5%) 

5/57 

(8.8%) 

23/61 

(37.7%) 

Not at all important 2/76 

(2.6%) 

7/57 

(12.3%) 

3/61 

(4.9%) 

Do you think it is justified to 
hold the x-ray tube and cassette 
during the x-ray exposure of a 
horse? 

Yes 14/76 

(18.4%) 

14/57 

(24.6%) 

21/61 

(34.4%) 

T1-T2: 

p=0.041 

K 0.33 

T2-T3: 

p=0.061 

K 0.31 

T1-T3: 

p=0.006 

K 0.41 

No 14/76 

(18.4%) 

8/57 

(14%) 

10/61 

(16.4%) 

Unsure 41/76 

(53.9%) 

28/57 

(49.1%) 

18/61 

(29.5%) 

Sometimes 7/76 

(9.3%) 

7/57 

(12.3%) 

12/61 

(19.7%) 
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Table 4.5: Ontario Veterinary College veterinary student responses regarding radiation safety knowledge obtained during past work experiences 
prior to their externship (T1), during their externship (T2) and during their Diagnostic Imaging Rotation in their final year of the veterinary 
program (T3). Responses to each question were compared using McNemar test of symmetry for statistical analysis. 

Question Response Options T1 T2 T3 P value 

Which of the following 
statements describe why 
you may use a dosimeter 
when making x-rays? 
(Select all that apply) 

Radiation protection 7/76 

(9.2%) 

1/57 

(1.8%) 

2/61 

(3.3%) 

T1-T2: 

p=0.808 

T2-T3: 

p=0.891 

T1-T3: 

p=0.931 

 

Personal radiation monitoring 

*correct response 

76/76 

(100%) 

57/57 

(100%) 

60/61 

(98.4%) 

Environmental radiation 
monitoring 

9/76 

(11.8%) 

9/57 

(15.8%) 

5/61 

(8.2%) 

Dosimeters are unnecessary 0/76 

(0%) 

0/57 

(0%) 

0/61 

(0%) 

Unsure 1/76 

(1.3%) 

0/57 

(0%) 

0/61 

(0%) 

Above lead gown at neck 59/76 50/57 59/61 T1-T2: 



 

 

118 

 

Where should a dosimeter 
be worn? 

*correct response (77.7%) (87.7%) (96.8%) p=0.78 

T2-T3: 

p= 0.99 

T1-T3: 

p=0.72 

 

Below lead gown, any location 0/76 

(0%) 

1/57 

(1.8%) 

0/61 

(0%) 

Both A and B 3/76 

(3.9%) 

2/57 

(3.4%) 

1/61 

(1.6%) 

Both are incorrect 3/76 

(3.9%) 

1/57 

(1.8%) 

1/61 

(1.6%) 

Unsure 11/76 

(14.5%) 

3/57 

(5.3%) 

0/61 

(0%) 

Which of the following 
is/are a safe place to stand 
when a radiograph is 
being taken? (Select all 
that apply) 

Next to the patient as long as 
PPE is worn 

35/73 

(47.9%) 

29/56 

(51.8%) 

26/61 

(42.6%) 

T1-T2: 

p=0.96 

T2-T3: 

p=0.999 
Outside of room in which the 
exposure is being taken 

62/73 

(84.9%) 

47/56 

(83.9%) 

51/61 

(83.6%) 
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Behind a barrier (drywall, 
glass, shield, other) 

45/73 

(61.6%) 

37/56 

(66.1%) 

52/61 

(85.2%) 

T1-T3: 

p=0.725 

 

 None of the above 0/73 

(0%) 

0/56 

(0%) 

0/61 

(0%) 

Unsure 0/73 

(0%) 

0/56 

(0%) 

0/61 

(0%) 
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5 Summary and conclusions 

5.1 General discussion 

The objectives of this thesis were to determine the state of radiation safety in general veterinary 
practices in Ontario, as well as what experiences veterinary students at the Ontario Veterinary College 
(OVC) had gained while working in these practices prior to admission into their veterinary program. 
Additional aims were to determine the knowledge level and attitudes toward radiation safety held by 
veterinary staff in Ontario at a single time point, and in veterinary students at the OVC across multiple 
time points in relation to curricular activities involving the use of radiation.  

Chapter 2 sought to determine what techniques veterinary staff in Ontario use while making 
radiographs, as well as their knowledge of and attitudes toward radiation safety through administration of 
a single, web-based questionnaire. Most respondents had not received any type of formal radiation safety 
training at their place of employment, regardless of clinical practice type. Manual restraint was by far the 
most common technique used to obtain radiographs in small animal veterinary practices. In large animal 
practice, it was common for two or more people to be in proximity to the x-ray beam while making 
radiographs of patients, with the helpers occasionally being non-veterinary staff such as owners. These 
helpers may be involved in holding the halter, flexing a joint, or holding the plate while an exposure is 
made. This is of note because many times, it was reported that personal protective equipment (PPE) was 
not always given to those helping make radiographs in the large animal field, which would lead to 
undocumented and unprotected exposure to x-rays to those involved. Another important avenue in which 
staff may receive higher doses of radiation is in the instance of retakes of radiographs, which were 
performed very frequently (1/3 of the time) in our population. Considering that most staff remain in the 
room for radiographic procedures and that many studies may require more than the prescribed number of 
radiographs to obtain a diagnostic study due to retakes, PPE and radiation dosage monitoring equipment 
becomes increasingly important. While lead gowns and thyroid collars were worn the most frequently, 
lead gloves were worn much less frequently. Furthermore, while most respondents had a dosimeter, but 
many of these individuals wore them infrequently or not at all. This is in line with other reports of 
radiation use in small animal 1-4 and large animal5-7 veterinary practices.  

A mixture of responses was found when asking respondents questions detailing their attitudes and 
opinions regarding radiation safety. Despite the frequent use of manual restraint while making 
radiographs, half of respondents reported thinking that it is necessary to do so in order to obtain 
diagnostic quality radiographs, and most respondents reported feeling safe manually restraining patients. 
Many respondents also stated that they felt protected from radiation and that they understood the risk 
involved.  

Only a few questions were aimed at understanding the degree of knowledge regarding radiation 
safety that is held by veterinary staff in Ontario. The area of knowledge that was the least well developed 
was knowing the regulatory body responsible for radiation safety in Ontario.  

The findings of Chapter 2 highlight the need for detailed and clinically applicable radiation safety 
training for veterinary staff in Ontario. Since veterinarians are the individuals that most frequently order 
these studies, ensuring that they learn about the risks of radiation exposure, maximum yearly radiation 
exposure doses, and most importantly, alternative methods for obtaining radiographs that allow staff to 
leave the room while an exposure is made are important areas of focus. However, since veterinary 
technicians were highly represented in this study and are commonly responsible for making radiographs, 
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as well as commonly being the individuals involved in delivering radiation safety to support staff, it is 
important to consider the veterinary technician curriculum and continuing education. By learning these 
concepts prior to starting clinical practice, it invites the development of safe protocols for using radiation. 
However, radiation safety should also be reinforced at the veterinary clinic level, ensuring that these 
techniques are maintained despite external factors like a busy schedule and owners concerns. This could 
include standardized, in-person radiation safety training, online modules, and/or increased signage. 
Methods to integrate the safe use of radiation into protocols for acquiring radiographs include ensuring all 
staff are educated in appropriate positioning techniques using tape, other adhesives, and devices such as 
troughs and sandbags, as many patients are amenable to positioning devices only, and do not require 
sedation. However, if sedation is required, building the cost of sedation directly into the cost of the 
radiograph series and discussing with owners the risks of sedation against the benefits of reduced stress to 
their pets and reduced radiation exposure to the staff are possible ways to approach the use of chemical 
restraint. 

Chapter 3 evaluated the experiences, attitudes, and knowledge of first year veterinary students at 
the Ontario Veterinary College (OVC) in the first month of their veterinary education, representing their 
experiences with radiation use in prior volunteer and work placements in veterinary practices prior to 
admission into the program. This chapter also evaluated how the attitudes and knowledge changed 
following a one-hour, lecture-based radiation safety training lecture in their first year of study. All 
students reported having worked in a veterinary clinic prior to admission to veterinary school, and the 
majority (79%) had been involved in making radiographs in some capacity. This is similar to that reported 
in another study8, where nearly all (92%) students had assisted in making radiographs while obtaining 
veterinary experience prior to admission to veterinary school. Despite many students making radiographs 
in some capacity, most respondents (72%) stated that they did not receive radiation safety training. When 
radiation safety training was administered, veterinary technicians were the most likely individuals to be 
administering it. Furthermore, most students reported the frequent use of manual restraint while 
radiographs were made, with 89% of students reporting manual restraint was used at least one half of the 
time. The use of PPE reported by students in this chapter was similar to that reported by veterinary 
personnel in Chapter 2, as well as that in other literature8, with lead gowns and thyroid collars being the 
most frequently worn items. Lead gloves and glasses were very infrequently worn, and less than half of 
students were given a dosimeter. Still fewer students wore the dosimeter, even if they had been given one. 
This was reflected in the student’s attitudes toward the importance of each of these items of PPE, with the 
equipment that was most important to them being lead gowns and thyroid collars, with less importance 
placed on dosimeters, lead gloves, and lead glasses. 

Both prior to, and after the one-hour lecture training, student reported agreeing that radiation 
safety was important to them, with most students feeling it was “extremely important”. Students reported 
lower feelings of safety when performing tasks that involved radiation following their radiation safety 
lecture, indicating that their opinions on the safety of the methods and techniques they had been using in 
practice had changed. More students reported that their radiation safety training at the Ontario Veterinary 
College (OVC) was extremely useful (66%), compared with 13% stating that their training was extremely 
useful in practice. Improvements were noted in student knowledge Post-training regarding the correct 
location to wear a dosimeter. Students were also more likely to say “no” than “unsure” on the Post-
training questionnaire when asked if it was justified to hold the x-ray tube and cassette while making 
radiographs of large animal patients. Areas in which no change in responses were noted before and after 
the safety lecture included the individual importance students placed on radiation safety as a whole, the 
purpose of a dosimeter, safe locations to stand while a radiograph is made, and the importance of wearing 
individual items of PPE (lead gowns, thyroid collars, gloves, and glasses). This could indicate that many 
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students already understood the basic principles of the use of PPE prior to formal, lecture-based radiation 
safety training. While the responses to the question regarding the purpose of a dosimeter did not change 
Pre- and Post-lecture training, most students answer this question correctly regardless of time point. With 
this in mind, discussing the risks to human health posed by remaining in the room with the patient would 
be a prudent area to focus on in the first-year radiation safety lecture at our institution. Since it is possible 
that students will make the decision or feel pressured to remain in the room in spite of this, it becomes 
equally important to discuss the importance of all types of PPE, with emphasis on lead gloves given their 
reported infrequent use. It is also recognized that as an employee or new graduate joining a veterinary 
clinic, it would be challenging to make changes to an established clinic’s protocols if they commonly use 
manual restraint. In these cases, the judicious a use of PPE becomes even more important until the culture 
can be changed and veterinary clinics adopt a more ‘hands-free’ approach to making radiographs. 

The aims of Chapter 4 were to investigate the experiences, knowledge, and attitudes of veterinary 
students after different time points in their curriculum across their final year of training. These students 
were evaluated in the final semester of their third year of veterinary school (Timepoint (T) 1), again after 
their eight-week externship course in the summer between third and fourth years (T2), and finally after 
their two-week Diagnostic Imaging (DI) rotation in their fourth year (T3). In essence, the first two 
questionnaires captured students after two different experiences in general practice, and the final 
questionnaire was representative of student experiences at the OVC. All questionnaires were performed 
using a web-based survey platform. 

Similar to that seen in the prior chapters of this thesis, radiation safety training was lacking at T1 
and T2 where students were obtaining experience in general practice. Radiation safety training is 
mandatory while on rotation at our institution, so it is unsurprising that radiation safety training was 
reported to be significantly higher on the third questionnaire (T3). At all timepoints, veterinary 
technicians were the most likely individuals to be administering radiation safety, if administered. 

Students were significantly more likely to be involved in making radiographs on their DI rotation, 
which was unsurprising since understanding how to position patients and obtain radiographs is a large 
part of the objective of this rotation. However, many students also made radiographs both with 
supervision and independently during T1 and T2, with many more students reporting frequent manual 
restraint of patients while doing so in general practice. Notably, 33% and 12.5% of students had a 
personal dosimeter at T1 and T2 respectively; however, 50-60% of these students never wore their 
dosimeter. The use of PPE such as lead gowns and thyroid collars was significantly higher in general 
practice than on their DI rotation, with sedation being used significantly more commonly on their DI 
rotation. These findings are attributed to students and staff leaving the room while radiographs are made 
in the DI department at the OVC. Lead gloves and glasses were used with low frequency at T1 and T2, 
which is consistent with Chapters 2 and 3, and several other reports of lead glove use.2, 4-7, 9, 10 The low use 
of lead gloves is hypothesized to be due to the inherent bulkiness of the gloves while trying to hold a 
patient in a certain position, particularly with small patients.2, 5 It is the authors opinion that lead glasses 
are infrequently available in general practices and therefore are infrequently used. 

Questions were asked regarding student attitudes toward radiation safety. Similar to that seen in 
Chapter 3, most students felt radiation safety was “extremely important” regardless of time point. 
Students were less likely to agree that they had been protected from radiation while in general practice, 
with many more students strongly agreeing that they had been protected in T3 following their DI rotation. 
Similarly, students felt more safe performing tasks that involve radiation following their DI rotation when 
compared with T1 and T2. This indicates that students feel safer when they have the opportunity to leave 
the room while an x-ray exposure is made, and, after using these techniques while on their DI rotation, 
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were more likely to feel that they had been protected from x-ray exposure. These techniques have been 
used for many years in our institution, so it is surprising that so many staff and students report the 
continued use of manual restraint in general practice. This may be due to the mindset of continuing to do 
things “the way they have always been done” in general practice and perceived difficulty in changing 
their current protocols for radiograph acquisition; however, the reasons behind this mindset were not 
examined in this thesis.  

Consensus in responses was not reached when students were asked if it was justified to hold the 
x-ray tube and cassette during the x-ray exposure of a horse, with students being divided at all time 
points. A similar lack of agreement in responses was noted when students were asked safe places to stand 
while making radiographs, with options including that they could stand next to the patient as long as 
appropriate PPE was worn, outside of the room, or behind a barrier within the room. This is most likely 
due to students being taught one concept in veterinary school (the use of sedation and positioning devices 
for the patient while staff leave the room) versus largely seeing the opposite approach (manual restraint of 
the patient by the staff) done in general practice. Until a consistent method of obtaining radiographs in 
general practices and academic settings is reached, this confusion in students will most likely persist. 
Acknowledging this discrepancy as part of formal radiation safety training would allow students to reflect 
on that difference and make more informed choices in their practices as they progress through their 
veterinary training and enter the field. 

5.2 Limitations 

The authors acknowledge several limitations to this research. In Chapter 2 involving the general 
practice personnel, the questionnaires were largely distributed using some form of computer technology 
such as online newsletters and e-mail. As such, people without access to a computer may have been 
excluded from this research. This being said, a paper version of the questionnaire was available but no 
respondents chose to use this format. Furthermore, if individuals did not go to the specific conferences in 
which the questionnaire was promoted or do not read online newsletters, they may never have heard about 
the study at all. This would have also excluded these individuals from responding to the questionnaire. 
Nonresponse bias due to missing data may have also occurred. This unwillingness to answer certain 
questions may be due to lack of experience or knowledge on a subject, length of the questionnaire, or a 
component of social desirability bias. In the latter instance, respondents may not have wanted to 
completely detail their experiences or knowledge for fear of how it reflects on them.  

 A limitation of the questionnaire sent to general practices was that it had a low population of 
respondents specific to the large animal and equine field. There are many factors that are unique to the 
field of large animal medicine, including the need to travel with all x-ray equipment and PPE, the need to 
make radiographs without the presence of a lead-lined x-ray room, and the potential lack of available staff 
to provide assistance, among others. Since only a very small number (n=20) of respondents answered 
questions specific to the large animal sector, extrapolation of these results may be limited.  

While the overall response percentages to each questionnaire were considered to be adequate, 
student responses to each questionnaire were variable. This factor is most important when considering 
questionnaires in which paired responses were used to evaluate trends in data over time, and was seen in 
the final study where the same population was asked to fill out a questionnaire three times. Students at our 
institution may have become fatigued by the need to fill out three different questionnaires, and a 
particular decline in response percentages was seen on the questionnaire filled out after their externship 
rotation. This rotation is performed in the summer, when many students are travelling and potentially 
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unlikely to check their e-mail. Variability in the number of individuals responding to questionnaires could 
have impacted the trends we reported, and should be considered as a limiting factor in this study. The 
ability to pair the data and evaluate the directionality would also have been a useful measure of 
questionnaire responses. Despite reassurance of data anonymization and withholding the questionnaires 
from the research team until students had graduated, missing responses to some questions may have also 
reflected students’ concerns for how a response might be viewed. This could have raised concern in 
students about the potential implications of their responses on their academic performance, given that the 
investigators are faculty and house officers at their school. 

Finally, a limitation is noted in the number of questions distributed to each section of interest (i.e. 
experiences vs. attitudes vs. knowledge). The area of student knowledge was evaluated using only a few 
(3-4) questions, making it difficult to obtain a comprehensive idea of student cognition and learning.  

Despite the presence of these limitations, this thesis described current radiation use and safety in 
general practices, and highlights ways in which we can help impact the knowledge and attitudes toward 
radiation safety held by veterinary students. 

5.3 Future directions 

 This research documents the current state of radiation use and safety in small animal clinics in 
Ontario. However, a specific, large-scale study of the same factors in large animal practices would be 
useful to determine if the trends seen in these practices is similar to that seen based on our small sample 
size. This is particularly important given the specific factors identified in our population of respondents 
who practice with large animal species, such as the perceived need to hold the patient, x-ray tube, and x-
ray plate, and the assistance of non-veterinary staff to make radiographs. Further investigation of this 
group could include the use of questionnaires with questions that are followed by focus groups, phone 
calls, and/or site visits to observe radiographs being made in clinical settings. This could help tease out 
reasons for why veterinary staff choose to make the decisions that they do in a real-life, clinical setting. 
Recruitment for this research could include advertisement through equine or large animal specific forums 
such as the Ontario Association of Equine Practitioners (OAEP) website and visiting their yearly meeting, 
as it is possible that few large animal practitioners were reached with our recruitment methods. 

Another approach to explore would be the use of focus groups for in-depth discussions with staff 
in both small and large animal practices. While we evaluated the current practices regarding radiation use 
in veterinary clinics through questionnaires, we did not delve into the reasons why certain methods such 
as manual restraint were so frequently used while sedation was used infrequently. These topics may be 
amenable to a small group discussion in which individual perspectives and challenges can be highlighted. 
By understanding the reasons behind the use of the techniques used most frequently in general practice 
we can understand how to resolve common challenges, better positioning the profession for implementing 
change. 

Areas of further research directed at the veterinary student population include a broader 
assessment of student knowledge with objective measurements of student cognition, as there were a 
limited number of questions regarding student knowledge on the current questionnaires. The effectiveness 
of alternative training methods, such as videos, online modules, and quizzes to enhance student learning 
could also be measured. Evaluating student knowledge of radiation safety through assessments repeated 
immediately before and after the radiation safety training milestones in their curriculum as a quality 
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control method to ensure we are not only teaching, but also enhancing student learning of, radiation safety 
concepts.  

5.4 Conclusion 

 In conclusion, radiation safety training lacking in general practices in Ontario, as reported by both 
veterinary staff and students who obtained experience in general practices throughout their education. 
Knowledge of provincial authorities and legislative control of radiation safety were generally lacking. 
Attitudes in general practice regarding the use of manual restraint were mixed, with many respondents 
feeling that this is necessary in order to obtain radiographs of both small and large animal patients. 
Manual restraint was by far the most common method used to obtain radiographs in general practices, and 
lead gowns and thyroid collars were the most frequently used items of PPE in general practice. In 
contrast, sedation with positioning devices were most frequently used on the DI rotation at the OVC, 
allowing personnel to leave the room while radiographs were made as a means to eliminate radiation 
exposure. Dosimeters were frequently administered to veterinary staff in general practices, however, were 
infrequently worn even when they were administered. Students were infrequently given a dosimeter in 
general practices, and similar to staff in veterinary practices, they were also unlikely to wear a dosimeter 
even if they had been given one.  

Student attitudes regarding feelings of safety when working with radiation were impacted by both 
lecture-based training and clinical training while on their DI rotation. While certain aspects of student 
knowledge (such as dosimeter use) were impacted by lecture-based training, other aspects of student 
knowledge (such as safe places to stand while a radiograph is made) were not impacted by lecture-based 
or clinical training. A review of the current content taught to veterinary students at the OVC should be 
considered to ensure that we are enforcing concepts that keep the dose of radiation to staff and students as 
low as reasonably achievable (ALARA). This is important at all stages of the veterinary curriculum with 
the goal of creating newly graduated veterinarians who are leaders in radiation safety. As these 
veterinarians take these skills, attitudes, and their knowledge into clinical practice, it is our hope that this 
will shift the current paradigm of radiation use in practice.  
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APPENDICES 
Appendix 1: Full questionnaire as administered to the general practice population, with the data being 
represented in Chapter 2 of this thesis. 

Q1 The goals of this questionnaire are to obtain information that will help us understand the knowledge, 
attitudes, and behaviours surrounding radiation safety of veterinary team members in Ontario.  By 
veterinary team members we are referring to veterinarians, veterinary technicians, kennel staff, reception 
staff, and any other people working within the clinic.     The survey will take approximately 20 minutes to 
complete.  This survey is completely anonymous (i.e. your identity is not linked with the results in any 
way).      When you complete the questionnaire, you may choose to enter your name and e-mail address 
for the opportunity to win one of three prizes:      
First prize: CE credit with Scil Vet Academy for a course of your choosing   
Second Prize: $250 Mastercard gift card   
Third Prize: $100 Mastercard gift card 
  
 Good luck! 

Q2 I have read and understand the informed consent document attached below: 
  
 Informed consent   
  

o Yes  (1)  

o No  (2)  

 

Skip To: End of Survey If Q2 = No 
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Q3 Which designation best describes you? 

o Licensed veterinarian (DVM/VMD/ VetMB or equivalent)  (1)  

o Licensed/registered veterinary technician (RVT/LVT/VN)  (2)  

o Veterinary clinic staff, no formal designation (for example kennel staff, co-op student, reception, 
etc.)  (3)  

o Other (please specify)  (4) ________________________________________________ 

Display This Question: 

If Q3 = Licensed veterinarian (DVM/VMD/ VetMB or equivalent) 
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Q4 Please choose the most appropriate designation below to describe your current status. 

o Small animal veterinarian- general practice  (1)  

o Small animal veterinarian- referral/specialty/emergency center  (2)  

o Equine veterinarian- general practice/ ambulatory  (3)  

o Equine veterinarian- referral/specialty center  (4)  

o Mixed animal veterinarian  (5)  

o Laboratory animal veterinarian  (6)  

o Food animal veterinarian  (7)  

o Other, please specify  (8) ________________________________________________ 

Display This Question: 

If Q3 = Licensed veterinarian (DVM/VMD/ VetMB or equivalent) 

Q5 Which of the following best describes your role? 

o Practice owner  (1)  

o Associate veterinarian (non-self-employed)  (2)  

o Locum or self-employed non-practice owner  (3)  

o Other, please specify  (4) ________________________________________________ 

Display This Question: 

If Q3 = Licensed veterinarian (DVM/VMD/ VetMB or equivalent) 

Or Q3 = Licensed/registered veterinary technician (RVT/LVT/VN) 

Q6 Where did you complete your veterinary training (DVM, RVT, etc.)? 
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o Ontario  (1)  

o Other Canadian province  (2)  

o United States of America  (3)  

o Other, please specify  (4) ________________________________________________ 

Display This Question: 

If Q3 = Licensed veterinarian (DVM/VMD/ VetMB or equivalent) 

Or Q3 = Licensed/registered veterinary technician (RVT/LVT/VN) 

 

Q7 In what year did you graduate from your post-secondary veterinary training program (DVM, RVT, 
etc.)? 

 1960 -
2016 

 

Year () 
 

 

Q8 What is your age? 

 18 24 30 37 43 49 55 61 68 74 80 
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Years of age () 
 

 

Q9 What is your gender? 

________________________________________________________________ 
 

 

Q10 How long have you been working in your current practice? 

 0 5 10 15 20 25 30 35 40 45 50 

 

Number of years () 
 

 

Q11 For the purpose of this survey, the term ‘taking radiographs’ is the same as ‘making x-rays’ and 
refers to using an x-ray machine to obtain images of a patient for diagnostic purposes.            The 
following questions relate to your experiences using x-rays to make radiographs for diagnostic purposes 
in your current veterinary practice.    When answering, please consider only events that occurred during 
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your work in your current veterinary practice.             If you currently work in multiple practices, in 
answering the survey questions, please consider the practice where you spend the most time.              

Q12 How many radiographs (total) are taken at your practice in a 7 day time period, on average? 

o Large animal  (1) ________________________________________________ 

o Small animal  (2) ________________________________________________ 

o Avian/exotic  (3) ________________________________________________ 

Q13 How often are you personally involved in taking radiographs of patients at your current practice?  

 Always (1) Most of the 
time (2) 

About half the 
time (3) Sometimes (4) Never (5) 

Frequency 
involved (1)  o  o  o  o  o  

 

Q14 Have you received radiation safety training other than that received during your veterinary training 
(i.e. veterinary/veterinary technician/undergraduate school)?  

o Yes  (1)  

o No  (2)  

Skip To: End of Block If Q14 = No 
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Q15 What type of training did you receive? Select all that apply. 

▢ Online training  (1)  

▢ In-person session provided at current practice by a veterinary team member  (2)  

▢ In-person session attended at CE meeting or equivalent  (3)  

▢ Other (please specify)  (4) ________________________________________________ 

Q53 Do you have a dosimeter? 

o Yes, personal  (1)  

o Yes, shared  (2)  

o No dosimeter has been issued  (3)  

o Unsure  (4)  

 

Skip To: End of Block If Q53 = No dosimeter has been issued 

Skip To: End of Block If Q53 = Unsure 
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Q54 How often do you wear your dosimeter? 

o Always  (1)  

o Most of the time  (2)  

o About half the time  (3)  

o Sometimes  (4)  

o Never  (5)  

Q17 At your current practice, how frequently do you or your staff wear these items when making 
radiographs in percentage of time?  

 0 10 20 30 40 50 60 70 80 90 100 

 

Lead gown () 
 

Lead collar (thyroid collar) () 
 

Lead gloves () 
 

Lead lined glasses () 
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Q18 Which item(s) are the most likely to NOT be worn when making radiographs? Select all that apply. 

▢ Lead gown  (1)  

▢ Lead collar (thyroid collar)  (2)  

▢ Lead gloves  (3)  

▢ Lead lined glasses  (4)  

▢ I wear all of these personal protective devices at all times while in the x-ray area during a 
radiograph  (5)  

▢ I am not in the x-ray area during a radiograph (i.e. you are not in the room with the 
patient while the exposure is taken)  (6)  

Q19 Please rank your agreement with the following statements: 
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 Strongly agree 
(1) 

Somewhat 
agree (2) 

Neither agree 
nor disagree 

(3) 

Somewhat 
disagree (4) 

Strongly 
disagree (5) 

I understand 
the risks that 

x-ray exposure 
pose to my 
health. (1)  

o  o  o  o  o  

I am 
comfortable 

that my health 
is protected by 

the safety 
practices that I 
currently use 

when taking x-
rays. (2)  

o  o  o  o  o  

Hand holding 
patients during 
radiographs is 
necessary. (3)  

o  o  o  o  o  

I am 
comfortable 
discussing 
radiation 

safety during 
pregnancy 
with my 

employer. (5)  

o  o  o  o  o  
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I understand 
my rights with 

regard to 
radiation 

safety during 
pregnancy. (6)  

o  o  o  o  o  

 

Q22 Please select the appropriate designation: 

o I work exclusively on large animals  (1)  

o I work exclusively on small animals (and/or exotics)  (2)  

o I work on both large and small animals (and/or exotics)  (3)  

o Other, please specify  (4) ________________________________________________ 

Skip To: End of Block If Q22 = I work exclusively on large animals 
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Q45 What items are available in your practice for use by the staff when making radiographs of small 
animal patients? Select all that apply.  

▢ Lead gown  (1)  

▢ Thyroid collar  (2)  

▢ Lead gloves  (3)  

▢ Lead lined glasses  (4)  

▢ Dosimeter  (5)  

▢ Sandbags  (6)  

▢ Tape/Velcro  (7)  

▢ Patient positioning devices such as troughs  (8)  

▢ Other, please specify  (9) ________________________________________________ 

Q23 How often do you remain in the room holding small animals while the X-ray exposure is taken? 

o All of the time  (1)  

o Most of the time  (2)  

o Some of the time  (3)  

o Rarely  (4)  
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o Never  (5)  

Q24 When making radiographs of a small patient, how often do you include the entire thorax and 
abdomen of the dog or cat (for diagnostic purposes, convenience, etc.) simultaneously?   

o All of the time  (1)  

o Most of the time  (2)  

o Some of the time  (3)  

o Rarely  (4)  

o Never  (5)  

Q25 How often do you need to perform re-takes in small animal patients?  For the purposes of this 
question, consider a retake to be different from performing additional different views for diagnostic 
purposes.    

 0 10 20 30 40 50 60 70 80 90 100 

 

Percent of time () 
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Q26 What is the most common reason for repeating radiographic studies (retakes) in your small animal 
patients? Select all that apply. 

▢ Poor exposure  (1)  

▢ Poor collimation  (2)  

▢ Inappropriate patient positioning  (3)  

▢ Patient movement during exposure  (4)  

▢ Other, please specify  (5) ________________________________________________ 

Q27 Who is most often determining the need for the repeat radiographic views (retakes) in small animal 
patients? 

o Technician  (1)  

o Veterinarian  (2)  

o Client  (3)  

o Self, please identify role  (4) ________________________________________________ 

o Other, please specify  (5) ________________________________________________ 

Q46 How often do you collimate prior to making a radiograph of a small animal patient? 

o All of the time  (1)  

o Most of the time  (2)  

o Some of the time  (3)  
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o Rarely  (4)  

o Never  (5)  

Q28 How frequently is the integrity of your lead equipment for small animal patients evaluated for leaks? 

o More than once per year  (1)  

o Once per year  (2)  

o Less than once per year  (3)  

o Never  (4)  

o Unsure  (5)  

Q29 Do you feel safe obtaining radiographs at your small animal practice?  

o Yes  (1)  

o No, please specify  (2) ________________________________________________ 

Display This Question: 

If Q22 = I work exclusively on large animals 

Or Q22 = I work on both large and small animals (and/or exotics) 

Q21 What items are available in your practice for use by the staff when making radiographs of large 
animal patients? Select all that apply.  

▢ Lead gown  (1)  

▢ Thyroid collar  (2)  

▢ Lead gloves  (3)  
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▢ Lead lined glasses  (4)  

▢ Dosimeter  (5)  

▢ Other, please specify  (6) ________________________________________________ 

Display This Question: 

If Q22 = I work exclusively on large animals 

Or Q22 = I work on both large and small animals (and/or exotics) 
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Q52 Please rank your agreement with these statements: 

 Strongly agree 
(8) 

Somewhat 
agree (9) 

Neither agree 
nor disagree 

(10) 

Somewhat 
disagree (11) 

Strongly 
disagree (12) 

1 (1)  o  o  o  o  o  

It is necessary 
to hand hold 

the plate while 
making 

radiographs of 
equine patients 

(2)  

o  o  o  o  o  

It is necessary 
to hand hold 

the x-ray tube 
while making 
radiographs of 
equine patients 

(3)  

o  o  o  o  o  

It is necessary 
to hand hold 
the patient 

while making 
radiographs of 
equine patients 

(4)  

o  o  o  o  o  
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Display This Question: 

If Q22 = I work exclusively on large animals 

Or Q22 = I work on both large and small animals (and/or exotics) 

Q30 Who is responsible for holding the x-ray tube (without the use of a stand) while making a radiograph 
of a large animal patient?  Please specify. 

o Myself (specify role)  (1) ________________________________________________ 

o Owner  (2)  

o Veterinary technician  (3)  

o Other support staff (veterinary)  (4)  

o Other support staff (on-site)  (5)  

Display This Question: 

If Q22 = I work exclusively on large animals 

Or Q22 = I work on both large and small animals (and/or exotics) 

Q31 How often does a person hold the x-ray cassette without the use of a holder (see image) while 
making a radiograph of a large animal patient? 
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 Source: https://sophorses.wordpress.com/2009/06/03/patience/roentgen-mit-fahrstativ-light/ 

o All of the time  (1)  

o Most of the time  (2)  

o Some of the time  (3)  

o Rarely  (4)  

o Never  (5)  

Display This Question: 

If Q22 = I work exclusively on large animals 

Or Q22 = I work on both large and small animals (and/or exotics) 
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Q32 How often do you perform radiographs with a non-employee providing restraint of the horse (for 
example, holding the halter or flexing a joint)? 

o All of the time  (1)  

o Most of the time  (2)  

o Some of the time  (3)  

o Rarely  (4)  

o Never  (5)  

Display This Question: 

If Q22 = I work exclusively on large animals 

Or Q22 = I work on both large and small animals (and/or exotics) 

Q33 How often do you provide lead protective equipment to a non-employee who is assisting you with 
performing radiographs of large animal patients (for example, an owner holding a horse's 
head/lead/halter during radiographs)? 

o All of the time  (1)  

o Most of the time  (2)  

o Some of the time  (3)  

o Rarely  (4)  

o Never  (5)  

Display This Question: 

If Q22 = I work exclusively on large animals 

Or Q22 = I work on both large and small animals (and/or exotics) 

Q34 With regard to other veterinary team members assisting you in making radiographs of large animal 
patients, to what extent is the safety of these employees your responsibility?   
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o Completely my responsibility  (1)  

o Equally my responsibility and the responsibility of the employee  (2)  

o Completely the responsibility of the employee  (3)  

o Unsure  (4)  

Display This Question: 

If Q22 = I work exclusively on large animals 

Or Q22 = I work on both large and small animals (and/or exotics) 

Q38 With regard to non-employees assisting you in making radiographs of large animal patients, to what 
extent is the safety of these non-employees your responsibility?   

o Completely my responsibility  (1)  

o Equally my responsibility and the responsibility of the non-employee  (2)  

o Completely the responsibility of the non-employee  (3)  

o Unsure  (4)  

Display This Question: 

If Q22 = I work exclusively on large animals 

Or Q22 = I work on both large and small animals (and/or exotics) 

Q35 How often do you perform radiographs on large animal patients in public spaces such as barns? 

o All of the time  (1)  

o Most of the time  (2)  

o Some of the time  (3)  

o Rarely  (4)  
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o Never  (5)  

Display This Question: 

If Q22 = I work exclusively on large animals 

Or Q22 = I work on both large and small animals (and/or exotics) 

 

Q36 How often do you perform radiographs of large animal patients with two or more other people 
present during the x-ray exposure (for example one person providing restraint of the head/halter and a 
second person flexing a joint). 

o All of the time  (1)  

o Most of the time  (2)  

o Some of the time  (3)  

o Rarely  (4)  

o Never  (5)  

Display This Question: 

If Q22 = I work exclusively on large animals 

Or Q22 = I work on both large and small animals (and/or exotics) 

Q39 How often do you need to perform re-takes of large animal patients?  For the purposes of this 
question, consider a retake to be different from performing additional different views for diagnostic 
purposes.    

 0 10 20 30 40 50 60 70 80 90 100 

 

Percent of time () 
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Display This Question: 

If Q22 = I work exclusively on large animals 

Or Q22 = I work on both large and small animals (and/or exotics) 
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Q37 What is the most likely reason for needing to re-take a radiograph of a large animal patient? Select 
all that apply. 

▢ Poor exposure  (1)  

▢ Poor collimation  (2)  

▢ Inappropriate patient positioning  (3)  

▢ Patient movement during exposure  (4)  

▢ Other, please specify  (5) ________________________________________________ 

Display This Question: 

If Q22 = I work exclusively on large animals 

Or Q22 = I work on both large and small animals (and/or exotics) 

Q47 Who is most often determining the need for the repeat radiographic views (retakes) of large animal 
patients? 

o Technician  (1)  

o Veterinarian  (2)  

o Client  (3)  

o Self, please identify role  (4) ________________________________________________ 

o Other, please specify  (5) ________________________________________________ 

Display This Question: 

If Q22 = I work exclusively on large animals 

Or Q22 = I work on both large and small animals (and/or exotics) 
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Q40 How often do you collimate prior to making a radiograph of large animal patients? 

o All of the time  (1)  

o Most of the time  (2)  

o Some of the time  (3)  

o Rarely  (4)  

o Never  (5)  

Display This Question: 

If Q22 = I work exclusively on large animals 

And Q22 = I work on both large and small animals (and/or exotics) 

Q48 How frequently is the integrity of your lead equipment used for large animal patients evaluated for 
leaks? 

o More than once per year  (1)  

o Once per year  (2)  

o Less than once per year  (3)  

o Never  (4)  

o Unsure  (5)  
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Display This Question: 

If Q22 = I work exclusively on large animals 

Or Q22 = I work on both large and small animals (and/or exotics) 

Q49 Do you feel safe obtaining radiographs at your large animal practice?  

o Yes  (1)  

o No, please specify  (2) ________________________________________________ 

Q41 What is the youngest legal age in which employees are allowed to assist with radiographs in 
Ontario? 

o 16  (1)  

o 18  (2)  

o 20  (3)  

o 22  (4)  

o Unsure  (5)  

Q42 Which body is responsible for radiation safety in Ontario? 

o College of Veterinarians of Ontario (CVO)  (1)  

o Ontario Veterinary Medical Association (OVMA)  (2)  

o Ontario Veterinary College (OVC)  (3)  

o Ministry of Health  (4)  

o Ministry of Labor  (5)  

o Unsure  (6)  
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Q43 Which of the following people do you consider to be most responsible for radiation safety in your 
practice? 

o Each individual team member  (1)  

o Practice owner  (2)  

o Veterinarian on duty  (3)  

o Person making the radiographs  (4)  

o Nobody  (5)  

o Unsure  (6)  

Q44 Who is legally permitted to operate an x-ray machine, including selecting machine settings and 
pressing the x-ray exposure button, in the province of Ontario? 

o Anybody employed by a licensed veterinarian  (1)  

o Anybody employed in a licensed veterinary practice  (2)  

o People who are trained in the use of a licensed x-ray unit  (3)  

o Only DVM and RVT or equivalent  (4)  

o Unsure  (5)  

Q50 Please feel free to provide any comments or concerns you have regarding radiation safety. 

________________________________________________________________ 

________________________________________________________________ 

 

Q51 If you would like to be entered into a raffle prize draw to win one of the following three prizes, 
please click the "next" button. If you do not wish to be entered in this draw, simply close your browser 
window. 
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First prize: CE credit with Scil Vet Academy for a course of your choosing 
Second Prize: $250 Mastercard gift card 
Third Prize: $100 Mastercard gift card 
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Appendix 2: Informed consent document for the questionnaire provided in Chapter 2. This document was provided 
as a hyperlink and all participants were required to confirm that they had read the document to proceed with the 
questionnaire. 

 

 

Dear participant, 

You are invited to take part in a research study looking at the current practices and attitudes toward 
radiation safety in Ontario general practices. Since there are no currently monitoring programs in place, 
this will help us determine areas of strength and weakness in the way veterinary staff use radiation. 

Am I eligible to participate? 

To be eligible to participate in this study, you must be employed in a veterinary clinic in Ontario and be 
involved in taking radiographs at this clinic. 

What will I be asked to do? 

You will have the opportunity to fill out one 20 minute questionnaire that will ask you about the way 
radiation is used in your practice. This is entirely online and can be done from any location. 

What are the potential benefits? 

The benefits of participating in this study include obtaining an accurate picture of radiation safety 
practices in general practices, as there are no current monitoring programs in place. Once this has been 
done, assessment of the current curriculum at the Ontario Veterinary College as it pertains to radiation 
safety will be performed and modified to reflect deficiencies or positive attributes of the current teaching 
methods. 

How long will this take me? 

This online questionnaire will take less than 20 minutes of your time and no personal information will be 
collected. 

What are the incentives for me to participate? 

There is no direct benefit to completing this questionnaire. If you consent to take part in this project, your 
name will be entered into a draw for three prizes. First prize will include CE credit with Scil Vet 
Academy for a course of your choosing for yourself and your staff. Second and third prizes are 
Mastercard gift cards worth $250 and $100 respectively (individual prizes). The odds of winning are 
approximately 1 in 1500. If you are selected to win the prize and do not collect your prize within 30 days 
of notification, another name will be randomly drawn and you will forfeit your prize. 
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What are the risks? 

There are no risks to participating in this study. 

Who is conducting this research? 

Dr. Heather Chalmers, DVM, PhD, DACVR  

• Principle investigator, researcher, instructor (Phase I, III, IV) 

Please note, you may contact Heather Chalmers at any time if you are interested in receiving a copy of the 
results of this study. 

Dr. Monica Jensen, DVM, DVSc Candidate 

• Co-investigator, researcher, instructor (Phase IV) 

Confidentiality and withdrawal from the study 

This questionnaire is entirely voluntary, and you may choose to withdraw from the study at any time. To 
do so, simple close your browser window during the questionnaire. Data from incomplete surveys will be 
discarded. You may choose to skip any question you would prefer not to answer. 

Please note, if at any point you would not like to complete the survey or withdraw before submission of 
the survey, simply close your browser window. Your results will not be included in the final data 
analysis. You may not withdraw after submission of your questionnaire as the data is not identifiable. 

At the end of the questionnaire, you will have the opportunity to enter your name and e-mail in a 
separate, unlinked questionnaire. This is identifiable information, however, will not be linked to your 
responses in any way. Furthermore, your research records will be stored in the following manner:  all 
information will be stored on an encrypted laptop that will remain locked in a secure office belonging to 
Heather Chalmers (Clinical Studies room 2112). Because data collection occurs over the internet, 
confidentiality cannot be guaranteed. All data involving names and e-mail addresses will be discarded 
once the winners of the prizes are drawn. The data you provide in the questionnaire will be kept for 5 
years, and may be used in future studies to answer similar research questions. 

 

Please note that the unidentifiable, aggregate data from this study will be posted on the Ontario 
Veterinary College website. No identifiable information will be included in this posting. 

Can I get this in writing? 

Please feel free to click here to print this page. 

This project has been reviewed by the Research Ethics Board for compliance with federal 
guidelines for research involving human participants 
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Heather Chalmers, Associate Professor, Department of Clinical Studies, Ontario Veterinary College, 
University of Guelph, heather.chalmers@uoguelph.ca 

Monica Jensen, DVSc student, Department of Clinical Studies, Ontario Veterinary College University of 
Guelph, jensenm@uoguelph.ca  

If you have questions regarding your rights and welfare as a research participant in this study, please 
contact: Director, Research Ethics; University of Guelph; reb@uoguelph.ca; (519) 824-4120 (ext. 
56606) 
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Appendix 3: Full questionnaires as administered to the first-year veterinary student population, with the 
data being represented in Chapter 3 of this thesis. 

Questionnaire 1: Pre-training 

Q1 Thank-you for agreeing to fill in this questionnaire.     The goals of this questionnaire are to obtain information 
that will help us understand the knowledge, attitude, and behaviours of veterinary students in Phase 1 of the DVM 
program before and after the radiation safety training lecture administered as part of the Phase 1 curriculum on 
October 31. Therefore, there will be two parts to this project that will involve this questionnaire (Part 1) and a 
second questionnaire (Part 2) that will be provided after the October 31 lecture. Each questionnaire will take 
approximately 20 minutes of your time.  The results of this survey are completely anonymous  (i.e. your identity 
is not known to researchers). In no way will your answers for this questionnaire impact your grade or class 
standing.      Note: For the purpose of this survey, taking radiographs is the same as what is commonly called taking 
X-rays. If you have worked in multiple veterinary clinics, this will increase the time taken to complete the survey 
(approximately 5 minutes per clinic you have worked at). 

Q3 I agree that by completing this questionnaire I have read and understand the Informed Consent attachment 
(found below) 
 Informed Consent 

o Yes  (1)  

o No  (2)  

Skip To: End of Survey If Q3 = No 

Q4    Please create your own unique, identifying username.      *For ease of recall, we suggest creating a username 
using the first two letters of your mother’s maiden name followed by the last four digits of your phone number. You 
do not have to use these guidelines; however, these instructions will be provided as prompts when you fill in your 
second survey, and may be useful if you cannot recall your username.      **You will be asked to re-enter this 
information when you fill out Part 2 of this study later this fall, so please do not lose this username. 

o Username  (1) ________________________________________________ 

Q5 Are you a Phase 1 student currently enrolled in the Doctor of Veterinary Medicine program at the Ontario 
Veterinary College? 

o Yes  (1)  

o No  (2)  

Skip To: End of Survey If Q5 = No 
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Q6 As a pre-veterinary student, did you work/volunteer/perform duties in a veterinary clinic?  

o Yes  (1)  

o No  (2)  

Skip To: End of Block If Q6 = No 
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Q7 Which of the following best describes your small animal experience? Please check all that apply. 

▢ Small animal general practice  (1)  

▢ Mixed animal general practice  (2)  

▢ Specialty/referral hospital – small animal  (3)  

▢ Specialty referral - academic  (4)  

▢ Other, please specify  (5) ________________________________________________ 

▢ I do not have any small animal experience  (6)  

 

Q8 Which of the following best describes best describes your large animal experience? Please check all that apply. 

▢ Mixed animal general practice  (1)  

▢ Equine only practice  (2)  

▢ Specialty referral – equine  (3)  

▢ Specialty referral - academic  (4)  

▢ Other, please specify  (5) ________________________________________________ 

▢ I do not have any large animal experience  (6)  
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Q9 For the purpose of these questions, please consider your responses based on the small (or large) animal practice 
that you have spent the most time in. 

Q10 Did you receive formal radiation safety training at this practice? For the purpose of these questions, radiation 
safety training does not include instruction on how to use the x-ray equipment. 

o Yes  (1)  

o No  (2)  

o Unsure  (3)  

o Other  (4) ________________________________________________ 

 

Skip To: End of Block If Q10 = No 

Q11 Which of the following best describes the time that the radiation safety training occurred? 

o Immediately prior to my first time using x-rays  (1)  

o At the time I was hired  (2)  

o Multiple times when I was using x-rays  (3)  

o I never received radiation safety training  (4)  

o Other  (5) ________________________________________________ 

Skip To: End of Block If Q11 = I never received radiation safety training 
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Q12 Which of the following best describes who administered your radiation safety training?  Please select all that 
apply. 

▢ Veterinarian  (1)  

▢ Veterinary technician  (2)  

▢ Animal care attendant  (3)  

▢ Hospital administrator  (4)  

▢ Other  (5) ________________________________________________ 

Q13 Please indicate which method best describes how your radiation safety training was administered. Please select 
all that apply. 

▢ In person training session  (1)  

▢ Written handout  (2)  

▢ Online module  (3)  

▢ Written/verbal quizzes  (4)  

▢ Other  (5) ________________________________________________ 

Q14 Which of the following describes the instructions you received within this small animal (or large animal) 
practice? Select all that apply. 

▢ I was told to use lead protective equipment  (1)  
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▢ I was shown how to use lead protective equipment  (2)  

▢ The potential health risks of radiation were explained to me  (3)  

▢ I was told my maximum yearly dose of radiation  (4)  

▢ The purpose of a dosimeter was explained to me  (5)  

▢ No instructions were given  (6)  

▢ Other  (7) ________________________________________________ 
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Q15 Which of the following best describes how you have used x-rays in this practice during your work/volunteer 
experience before attending veterinary school? 

o I have been involved in performing x-rays with supervision of another staff member  (1)  

o I have been involved in performing x-rays independently  (2)  

o I have been involved in performing x-rays both independently and with supervision  (3)  

o Not at all  (4)  

Q16 On average, how often were you involved in taking radiographs?  

o Never (0 times per week)  (1)  

o Infrequently (1-2 times per week)  (2)  

o Sometimes (3-5 times per week)  (3)  

o Very often (>5 times/week)  (4)  

o Other, please specify  (5) ________________________________________________ 

 

Q17 Which of the following patient restraint methods were used while obtaining x-rays, in percentage of time? 
Please indicate how frequently each method was used, to the best of your knowledge. 

 0 10 20 30 40 50 60 70 80 90 100 
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Manual restraint (holding the patient) () 
 

Sedation () 
 

Sandbags or other weighted devices () 
 

Tape or other adhesive devices (i.e. Velcro) () 
 

Positioning devices such as troughs () 
 

Other please specify () 
 

 

Q18 To the best of your recollection, how frequently (i.e. what percent of the time) did you wear each mode of 
personal protective equipment during x-ray exposure, in percentage of time?  

 0 10 20 30 40 50 60 70 80 90 100 
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Lead apron () 
 

Thyroid collar () 
 

Lead gloves () 
 

Lead glasses () 
 

Other, please specify () 
 

 

Q19 Did you have a personal or shared dosimeter or x-ray badge? Please see image for clarification.  
 

o Yes, personal  (1)  

o Yes, shared  (2)  

o Yes, but unsure if personal or shared  (3)  

o No dosimeter was issued  (4)  

o I do not know what a dosimeter is  (5)  

o Other  (6) ________________________________________________ 

 

Skip To: Q21 If Q19 = No dosimeter was issued 
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Q20 How frequently did you wear your dosimeter or x-ray badge?  

 Every time (1) Most of the 
time (2) 

Half of the time 
(3) Sometimes (4) Never (5) 

Please estimate 
the amount of 
time that you 

wore a 
dosimeter (1)  

o  o  o  o  o  

 

Q21 If you consider a typical shift that you worked at this practice, what proportion of radiographs taken during 
your shift were you involved in? For example, if five radiographs were taken and you were involved in one, you 
would choose 20%. 

 0 10 20 30 40 50 60 70 80 90 100 

 

Proportion of radiographs () 
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Q22 Considering all shifts that you worked  in a month, how often were you involved in taking radiographs? 

 During all shifts 
(1) 

During most 
shifts (2) 

During some 
shifts (3) 

During rare 
shifts (4) Never (5) 

How often were 
you involved in 

taking 
radiographs? (1)  

o  o  o  o  o  

Q23 Considering all shifts in a month, how often were you involved in interpreting these radiographs? This may 
include things such as discussing the findings with a veterinarian or looking at the radiographs independently. 

 During all shifts 
(1) 

During most 
shifts (2) 

During some 
shifts (3) 

During rare 
shifts (4) Never (5) 

How often were 
you involved in 

interpreting 
radiographs? 

(Q23_1)  

o  o  o  o  o  

Q24 Considering all the times you were involved in taking radiographs, how often were you involved in each of the 
following duties? 
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 Every time (1) Most of the 
time (2) 

About half the 
time (3) Sometimes (4) Never (5) 

Pressing the x-
ray exposure 

button (Q24_1)  
o  o  o  o  o  

Manually 
restraining the 
animal during 

exposure 
(Q24_2)  

o  o  o  o  o  

Holding 
equipment (X-
ray machine, 

cassettes, etc.) 
during x-ray 

exposure 
(Q24_3)  

o  o  o  o  o  

Positioning 
prior to 

exposure and 
leaving the 
room for 

exposure 4 
(Q24_4)  

o  o  o  o  o  

Developing 
films (manual) 

(Q24_5)  
o  o  o  o  o  

Developing 
films 

(automated) 
(Q24_6)  

o  o  o  o  o  
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Measuring the 
patient (Q24_7)  o  o  o  o  o  

Setting exposure 
settings on 
machine 
(Q24_8)  

o  o  o  o  o  

Interpreting 
findings 
(Q24_9)  

o  o  o  o  o  

Other, please 
describe 

(Q24_10)  
o  o  o  o  o  

Q25 The following questions are directed at learning your attitudes toward radiation safety. Please consider ALL of 
your prior experiences when answering these questions. 

Q26 Please respond to the following questions. 
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 Extremely 
important (1) 

Very 
important (2) 

Moderately 
important (3) 

Slightly 
important (4) 

Not at all 
important (5) 

Not 
applicable (6) 

How 
important is 

radiation 
safety to 

you? 
(Q26_1)  

o  o  o  o  o  o  

How safe do 
you feel 

performing 
tasks that 
involve 

radiation? 
(Q26_2)  

o  o  o  o  o  o  

How useful 
do you feel 

your 
radiation 

safety 
training was, 

if given? 
(Q26_3)  

o  o  o  o  o  o  
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Q27 Please rank your agreement with the following statement: 

 Strongly 
agree (1) 

Somewhat 
agree (2) 

Neither agree 
nor disagree 

(3) 

Somewhat 
disagree (4) 

Strongly 
disagree (5) 

Not 
applicable (6) 

I have been 
adequately 
protected 

from x-ray 
exposure 

while 
working in 
practice (1)  

o  o  o  o  o  o  

Q28 Please rank your agreement with the following statement for each item of personal protective equipment:  
    
It is important to me to wear the following personal protective equipment items. 

 Strongly agree 
(1) 

Somewhat agree 
(2) 

Neither agree 
nor disagree (3) 

Somewhat 
disagree (4) 

Strongly 
disagree (5) 

Lead gown 
(Q28_1)  o  o  o  o  o  

Thyroid 
guard/collar 

(Q28_2)  
o  o  o  o  o  

Dosimeter 
(Q28_3)  o  o  o  o  o  

Lead gloves 
(Q28_4)  o  o  o  o  o  

Lead glasses 
(Q28_5)  o  o  o  o  o  



 

 

174 

 

 

Q30 The following questions are directed at learning your knowledge regarding radiation safety. Please consider 
ALL of your prior experiences when answering these questions. 

Q31 Which of the following statements describes why you may use a dosimeter while taking x-rays? Please select 
all that apply. 

▢ To protect against scattered X-rays  (1)  

▢ To monitor personal radiation exposure  (2)  

▢ To monitor environmental x-ray exposure, for example an x-ray room  (3)  

▢ It is not necessary to wear a dosimeter while taking x-rays  (4)  

▢ Unsure  (5)  

Q32 Where should a dosimeter be worn? 

o Above the lead gown, at the neck  (1)  

o Below the lead gown, any location  (2)  

o A and B  (3)  

o Both are incorrect  (4)  

o Unsure  (5)  
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Q34 How important are the following factors to you when deciding between manual restraint or chemical sedation 
(or both) for making radiographs? 

 Extremely 
important (1) 

Very important 
(2) 

Moderately 
important (3) 

Slightly 
important (4) 

Not at all 
important (5) 

Patient 
temperament 

(Q34_1)  
o  o  o  o  o  

How busy the 
clinic is 
(Q34_2)  

o  o  o  o  o  

Health/stability 
of the patient 

(Q34_3)  
o  o  o  o  o  

Owner's 
financial 
situation 
(Q34_4)  

o  o  o  o  o  

Other (Q34_5)  o  o  o  o  o  
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Q35 Do you think it is justified to hold the X-ray tube and cassette during the X-ray exposure of a horse? 

o Yes  (1)  

o No  (2)  

o Unsure  (3)  

o Sometimes, please explain  (4) ________________________________________________ 

 

 

Q36 Which of the following is/are a safe place to stand when a radiograph is being taken? 

▢ Next to the patient, as long as lead gown, gloves, and thyroid collar are worn  (1)  

▢ Outside of the room in which the exposure is being taken  (2)  

▢ Behind a barrier (drywall, glass, shield, other)  (3)  

▢ None of the above  (4)  

▢ Unsure  (5)  

Q40 Do you have any additional comments, concerns, or experiences regarding radiation safety? Please describe 
below. 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 
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Q37 Thank-you for participating in this survey! If you would like to be entered into a draw for a $250 Mastercard 
Gift card, please click here:  
    
https://uoguelph.eu.qualtrics.com/SE/?SID=SV_0OszJ1eIQuv9QA5 

 

Questionnaire 2: Post-training 

Q2 Thank-you for agreeing to fill in this questionnaire.     The goals of this questionnaire are to obtain 
information that will help us understand the knowledge, attitude, and behaviours of veterinary students in 
Phase 1 of the DVM program following the radiation safety training lecture administered as part of the 
Phase 1 curriculum on October 31, and compare this with the results of the prior questionnaire 
administered earlier in September. This questionnaire will take approximately 10 minutes of your time.  
The results of this survey are completely anonymous  (i.e. your identity is not known to researchers). 
In no way will your answers for this questionnaire impact your grade or class standing.      Note: For 
the purpose of this survey, taking radiographs is the same as what is commonly called taking X-rays. 

Q4 I agree that by completing this questionnaire I have read and understand the Informed Consent 
attachment (found below) 
 Informed Consent 

o Yes  (1)  

o No  (2) 

Skip To: End of Survey If Q4 = No 

Q6    Please enter the username you created when completing your first questionnaire.      *Forgot your 
username? In your first questionnaire, we suggested creating a username using the first two letters of 
your mother’s maiden name followed by the last four digits of your phone number.    

o Username  (1) ________________________________________________ 

Q8 Are you a Phase 1 student currently enrolled in the Doctor of Veterinary Medicine program at the 
Ontario Veterinary College? 

o Yes  (1)  

o No  (2)  

Skip To: End of Survey If Q8 = No 
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Q6 The following questions are directed at learning your attitudes toward radiation safety. Please consider 
ALL of your prior experiences when answering these questions. 

Q8 Please respond to the following questions. 

 Extremely 
important (1) 

Very 
important (2) 

Moderately 
important (3) 

Slightly 
important (4) 

Not at all 
important (5) 

How 
important is 

radiation 
safety to you? 

(1)  

o  o  o  o  o  

 

Q18 Please respond to the following questions. 

 Extremely safe 
(1) Very safe (2) Moderately 

safe (3) 
Slightly safe 

(4) 
Not safe at all 

(5) 

How safe do 
you feel 

performing 
tasks that 
involve 

radiation? (1)  

o  o  o  o  o  
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Q19 Please respond to the following questions. 

 Extremely 
useful (1) 

Very useful 
(2) 

Moderately 
useful (3) 

Slightly useful 
(4) 

Not useful at 
all (5) 

How useful do 
you feel your 

radiation 
safety training 
lecture, given 
October 31, 

was? (1)  

o  o  o  o  o  

 

Q10 Please rank your agreement with the following statement: 

 Strongly agree 
(1) 

Somewhat 
agree (2) 

Neither agree 
nor disagree 

(3) 

Somewhat 
disagree (4) 

Strongly 
disagree (5) 

I have been 
adequately 

protected from 
x-ray exposure 
while working 
in practice (1)  

o  o  o  o  o  

 

Q12 Please rank your agreement with the following statement for each item of personal protective 
equipment:  
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It is important to me to wear the following personal protective equipment items. 

 Strongly agree 
(1) 

Somewhat 
agree (2) 

Neither agree 
nor disagree 

(3) 

Somewhat 
disagree (4) 

Strongly 
disagree (5) 

Lead gown (1)  o  o  o  o  o  

Thyroid 
guard/collar 

(2)  
o  o  o  o  o  

Dosimeter (3)  o  o  o  o  o  

Lead gloves 
(4)  o  o  o  o  o  

Lead glasses 
(5)  o  o  o  o  o  
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Q14 The following questions are directed at learning your knowledge regarding radiation safety. Please 
consider ALL of your prior experiences when answering these questions. 

Q16 Which of the following statements describes why you may use a dosimeter while taking x-rays? 
Please select all that apply. 

▢ To protect against scattered X-rays  (1)  

▢ To monitor personal radiation exposure  (2)  

▢ To monitor environmental x-ray exposure, for example an x-ray room  (3)  

▢ It is not necessary to wear a dosimeter while taking x-rays  (4)  

▢ Unsure  (5)  

 

Q18 Where should a dosimeter be worn? 

o Above the lead gown, at the neck  (1)  

o Below the lead gown, any location  (2)  

o A and B  (3)  

o Both are incorrect  (4)  

o Unsure  (5)  
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Q20 How important are the following factors to you when deciding between manual restraint or chemical 
sedation (or both) for making radiographs? 

 Extremely 
important (1) 

Very 
important (2) 

Moderately 
important (3) 

Slightly 
important (4) 

Not at all 
important (5) 

Patient 
temperament 

(1)  
o  o  o  o  o  

How busy the 
clinic is (2)  o  o  o  o  o  

Health/stability 
of the patient 

(3)  
o  o  o  o  o  

Owner's 
financial 

situation (4)  
o  o  o  o  o  

Other (5)  o  o  o  o  o  
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Q22 Do you think it is justified to hold the X-ray tube and cassette during the X-ray exposure of a horse? 

o Yes  (1)  

o No  (2)  

o Unsure  (3)  

o Sometimes, please explain  (4) ________________________________________________ 

 

Q24 Which of the following is/are a safe place to stand when a radiograph is being taken? 

▢ Next to the patient, as long as lead gown, gloves, and thyroid collar are worn  (1)  

▢ Outside of the room in which the exposure is being taken  (2)  

▢ Behind a barrier (drywall, glass, shield, other)  (3)  

▢ None of the above  (4)  

▢ Unsure  (5)  

Q26 Do you have any additional comments or concerns? Please describe below. 

________________________________________________________________ 

________________________________________________________________
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Appendix 4: Informed consent document for the questionnaire provided in Chapter 3. This document was provided 
as a hyperlink and all participants were required to confirm that they had read the document to proceed with the 
questionnaire. 
 

 

 

Dear participant, 

You are invited to take part in a research study looking at the past experiences and opinions of veterinary 
students regarding radiation safety, and how these factors change over time throughout the Doctor of 
Veterinary Medicine (DVM) program at the Ontario Veterinary College (OVC). The goal of this research 
project is to better understand how we can teach you, as students, and enhance your learning experience at 
the OVC. Phase 3 and Phase 4 students will also be surveyed. 

Am I eligible to participate? 

To be eligible to participate in this study, you must be an Ontario Veterinary College student enrolled in 
Phase 1 of the Doctor of Veterinary Medicine program. You do not need to have worked in a veterinary 
clinic to complete this survey. 

What will I be asked to do? 

You will have the opportunity to fill out two similar questionnaires; one before and one after a 1 hour 
radiation safety lecture, provided by Dr. Heather Chalmers (note, this is also the principal investigator) 
that is a standard aspect of the Phase 1 program. The length of time between surveys will depend on the 
lecture schedule, however the survey must be completed within the first semester. You will have 
approximately 2-3 weeks to fill out the first survey and up to 2-3 months to fill out the second survey. 
Your data is confidential and will be identifiable by you only by a username and password made at your 
discretion. Please do not choose a username and password that would identify you (i.e. avoid first name, 
initials, etc.). The data will not be evaluated until after your final grades are submitted and in no way will 
your responses affect your grade. 

 
For ease of recall, we suggest creating a user ID using the first two letters of your mother’s maiden name 
followed by the last four digits of your phone number. Your password may be created using the name of 
the street you live on followed immediately by your street number. You do not have to use these 
guidelines; however, these instructions will be provided as prompts when you fill in your second survey, 
and may be useful if you cannot recall your user ID and password. 
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What are the potential benefits? 

The benefits of participating in this study include improving the way DVM students are taught at the 
OVC to enhance learning, and by extension, potentially improve the radiation safety practices occurring 
in general practices in Ontario. 

How long will this take me? 

This online questionnaire will take less than 20 minutes of your time and no personal information will be 
collected. Please note, if you have worked in more than one practice, this will increase your time to 
complete the survey by 5 minutes per additional clinic. 

What are the incentives for me to participate? 

If you consent to take part in this project, your name will be entered into a draw for a Best Buy gift card 
worth approx. $250 (odds are approximately 1 in 120). Since the survey is paired, you will receive a 
ballot when you complete the first and second questionnaires, respectively (i.e. two ballots total). You 
may complete each survey one time only. The odds of winning will depend on the participation rate of 
each survey. If you win, you must agree to sign your name and/or initials to accept your prize. 
Additionally, if you achieve a 70% participation rate, your Phase will be awarded rate  $1000 toward their 
Phase fund to be used at their discretion. 

What are the risks? 

There are no risks to participating in this study, however Dr. Chalmers is the principle investigator in this 
study and will also be involved in teaching the radiation safety course mentioned previously. The conflict 
of interest in this case is eliminated by the responses being anonymous and she will not have access to 
any data prior to the end of the semester (i.e. once the Phase I grades are submitted). 

Who is conducting this research? 

Dr. Heather Chalmers, DVM, PhD, DACVR  

• Principle investigator, researcher, instructor (Phase I, III, IV) 

Please note, you may contact Heather Chalmers at any time if you are interested in receiving a copy of the 
results of this study. 

•  

Dr. Monica Jensen, DVM, DVSc Candidate 

• Co-investigator, researcher, instructor (Phase IV) 

Confidentiality and withdrawal from the study 

This questionnaire is entirely voluntary, and you may choose to withdraw from the study at any time 
without any detriment to your grade or class standing. To do so, simple close your browser window 
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during the questionnaire. Data from incomplete surveys will be discarded. You may choose to skip any 
question you would prefer not to answer. 

Please note, if at any point you would not like to complete the survey or withdraw before submission of 
the survey, simply close your browser window. Your results will not be included in the final data 
analysis. If you choose to withdraw from the study after you have submitted your questionnaires, you can 
still withdraw without penalty. However, you must provide your unique use ID code so that we can 
identify that data for removal. 

Your research records will be stored in the following manner:  all information will be stored on an 
encrypted laptop that will remain locked in a secure office belonging to Heather Chalmers (Clinical 
Studies room 2112). Please note that confidentiality cannot be guaranteed while data are in transit over 
the Internet. The data you provide will be kept for 5 years, and may be used in future studies to answer 
similar research questions. 

Can I get this in writing? 

Please feel free to click here to print this page. 

This project has been reviewed by the Research Ethics Board for compliance with federal 
guidelines for research involving human participants 

Heather Chalmers, Associate Professor, Department of Clinical Studies, Ontario Veterinary College, 
University of Guelph, heather.chalmers@uoguelph.ca 

Monica Jensen, DVSc student, Department of Clinical Studies, Ontario Veterinary College University of 
Guelph, jensenm@uoguelph.ca  

If you have questions regarding your rights and welfare as a research participant in this study, please 
contact: Director, Research Ethics; University of Guelph; reb@uoguelph.ca; (519) 824-4120 (ext. 
56606) 
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Appendix 5: Full questionnaires as administered to the third-year veterinary student population, with the 
data being represented in Chapter 4 of this thesis. 

Questionnaire 1: Questionnaire administered to third-year students in their final semester of their third 
year. 

Q1 The goals of this questionnaire are to obtain information that will help us understand the knowledge, 
attitude, and behaviours of veterinary students in Phase III of the DVM program at three different time 
points in your curriculum. Part 1 of the study will occur in your third year of training at the Ontario 
Veterinary College and prior to your externship experience. The second and third questionnaires will 
occur after your externship and after your radiology rotation in Phase IV, respectively. Each component 
will take approximately 20 minutes of your time.     At the beginning of each questionnaire, we will ask 
you to enter your own student number. The purpose of this information is to link the data from each 
questionnaire that you fill out and monitor trends in individual responses. We will not to link your name 
or any other information with your student number. Additionally, all information pertaining to student 
numbers will be kept on an encrypted laptop that is secured in a locked office. Furthermore, once your 
data has been linked following the completion of all questionnaires, you will be assigned a random 
number and all student numbers will be deleted.   In no way will your answers for this questionnaire 
impact your grade or class standing. Those assigning class grades (Dr. Chalmers) will have no 
access to the data until you have graduated.     For the purpose of this survey, taking radiographs is the 
same as taking X-rays.  

Q2 I agree that by completing this questionnaire I have read and understand the Informed Consent 
attachment:  
Informed Consent  

o Yes  (1)  

o No  (2)  

Q3 Please enter your student number. We will not use this student number to determine your identity. 
Instead, we will ask you to enter this easily recalled number each time you complete a questionnaire to 
pair the data between questionnaires. This will ensure we can link data individually. To ensure your 
anonymity, we will not analyze the data from any of your responses until after April, 2018 when you have 
graduated.  

________________________________________________________________ 
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Q4 Are you a Phase 3 Doctor of Veterinary Medicine student currently enrolled at the Ontario Veterinary 
College? 

o Yes  (1)  

o No  (2)  

Skip To: End of Survey If Q4 = No 

Q6 Have you worked/volunteered/performed duties in a veterinary clinic? For the purpose of this 
questionnaire, please do not include any experience on campus (such as the Primary Healthcare Center or 
Ontario Veterinary College Veterinary Teaching Hospital). 

o Yes  (1)  

o No  (2)  

Skip To: End of Block If Q6 = No 

Q8 Which of the following best describes your small animal experience? Please check all that apply. 

▢ Small animal general practice  (1)  

▢ Mixed animal general practice  (2)  

▢ Specialty/referral hospital – small animal  (3)  

▢ Specialty referral - academic  (4)  

▢ Other, please specify  (5) ________________________________________________ 

▢ I do not have any small animal experience  (6)  
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Q10 Which of the following best describes best describes your large animal experience? Please check all 
that apply. 

▢ Mixed animal general practice  (1)  

▢ Equine only practice  (2)  

▢ Specialty referral – equine  (3)  

▢ Specialty referral - academic  (4)  

▢ Other, please specify  (5) ________________________________________________ 

▢ I do not have any large animal experience  (6)  

 

Q12 For the purpose of these questions, please consider your responses based on the small (or large) 
animal practice that you have spent the most time in. 

Q14 Did you receive formal radiation safety training at this practice? For the purpose of these questions, 
radiation safety training does not include instruction on how to use the x-ray equipment. 

o Yes  (1)  

o No  (2)  

o Unsure  (3)  

o Other  (4) ________________________________________________ 
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Q16 Which of the following best describes the time that the radiation safety training occurred at this 
practice? 

o Immediately prior to my first time using x-rays  (1)  

o At the time I was hired  (2)  

o Multiple times when I was using x-rays  (3)  

o I never received radiation safety training  (4)  

o Other  (5) ________________________________________________ 

Q18 Which of the following best describes who administered your radiation safety training at this 
practice?  Please select all that apply. 

▢ Veterinarian  (1)  

▢ Veterinary technician  (2)  

▢ Animal care attendant  (3)  

▢ Hospital administrator  (4)  

▢ Other  (5) ________________________________________________ 
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Q20 Please indicate which method best describes how your radiation safety training was administered at 
this practice. Please select all that apply. 

▢ In person training session  (1)  

▢ Written handout  (2)  

▢ Online module  (3)  

▢ Written/verbal quizzes  (4)  

▢ Other  (5) ________________________________________________ 

Q22 Which of the following describes the instructions you received within this practice? Select all that 
apply. 

▢ I was told to use lead protective equipment  (1)  

▢ I was shown how to use lead protective equipment  (2)  

▢ The potential health risks of radiation were explained to me  (3)  

▢ I was told my maximum yearly dose of radiation  (4)  

▢ The purpose of a dosimeter was explained to me  (5)  

▢ No instructions were given  (6)  

▢ Other  (7) ________________________________________________ 
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Q24 Which of the following best describes how you have used x-rays in this practice? 

o I have been involved in performing x-rays with supervision of another staff member  (1)  

o I have been involved in performing x-rays independently  (2)  

o I have been involved in performing x-rays both independently and with supervision  (3)  

o Not at all  (4)  

Q26 On average, how often were you involved in taking radiographs at this practice?  

o Never (0 times per week)  (1)  

o Infrequently (1-2 times per week)  (2)  

o Sometimes (3-5 times per week)  (3)  

o Very often (>5 times/week)  (4)  

o Other, please specify  (5) ________________________________________________ 

Q28 Which of the following patient restraint methods were used while obtaining x-rays, in percentage of 
time at this practice? Please indicate how frequently each method was used, to the best of your 
knowledge. 

 0 10 20 30 40 50 60 70 80 90 100 
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Manual restraint (holding the patient) () 
 

Sedation () 
 

Sandbags or other weighted devices () 
 

Tape or other adhesive devices (i.e. Velcro) () 
 

Positioning devices such as troughs () 
 

Other please specify () 
 

 

Q30 To the best of your recollection, how frequently did you wear each mode of personal protective 
equipment during x-ray exposure at this practice, in percentage of time?  

 0 10 20 30 40 50 60 70 80 90 100 
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Lead apron () 
 

Thyroid collar () 
 

Lead gloves () 
 

Lead glasses () 
 

Other, please specify () 
 

 

Q32 Did you have a personal or shared dosimeter or x-ray badge at this practice? Please see image for 
clarification.  
 

o Yes, personal  (1)  

o Yes, shared  (2)  

o Yes, but unsure if personal or shared  (3)  

o No dosimeter was issued  (4)  

o I do not know what a dosimeter is  (5)  

o Other  (6) ________________________________________________ 
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Q34 How frequently did you wear your dosimeter or x-ray badge at this practice?  

 Every time (1) Most of the 
time (2) 

Half of the 
time (3) Sometimes (4) Never (5) 

Please 
estimate the 
amount of 

time that you 
wore a 

dosimeter (1)  

o  o  o  o  o  

 

Q36 If you consider a typical shift that you worked at this practice, what proportion of radiographs taken 
during your shift were you involved in? For example, if five radiographs were taken and you were 
involved in one, you would choose 20%. 

 0 10 20 30 40 50 60 70 80 90 100 

 

Proportion of radiographs () 
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Q38 Considering all shifts that you worked  in a month at this practice, how often were you involved in 
taking radiographs? 

 During all 
shifts (1) 

During most 
shifts (2) 

During some 
shifts (3) 

During rare 
shifts (4) Never (5) 

How often 
were you 

involved in 
taking 

radiographs? 
(1)  

o  o  o  o  o  

 

Q40 Considering all shifts in a month at this practice, how often were you involved in interpreting these 
radiographs? This may include things such as discussing the findings with a veterinarian or looking at the 
radiographs independently. 

 During all 
shifts (1) 

During most 
shifts (2) 

During some 
shifts (3) 

During rare 
shifts (4) Never (5) 

How often 
were you 

involved in 
interpreting 

radiographs? 
(Q23_1)  

o  o  o  o  o  
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Q42 Considering all the times you were involved in taking radiographs at this practice, how often were 
you involved in each of the following duties? 
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 Every time (1) Most of the 
time (2) 

About half the 
time (3) Sometimes (4) Never (5) 

Pressing the x-
ray exposure 

button (Q24_1)  
o  o  o  o  o  

Manually 
restraining the 
animal during 

exposure 
(Q24_2)  

o  o  o  o  o  

Holding 
equipment (X-
ray machine, 

cassettes, etc.) 
during x-ray 

exposure 
(Q24_3)  

o  o  o  o  o  

Positioning 
prior to 

exposure and 
leaving the 
room for 

exposure 4 
(Q24_4)  

o  o  o  o  o  

Developing 
films (manual) 

(Q24_5)  
o  o  o  o  o  

Developing 
films 

(automated) 
(Q24_6)  

o  o  o  o  o  
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Measuring the 
patient (Q24_7)  o  o  o  o  o  

Setting exposure 
settings on 
machine 
(Q24_8)  

o  o  o  o  o  

Interpreting 
findings 
(Q24_9)  

o  o  o  o  o  

Other, please 
describe 

(Q24_10)  
o  o  o  o  o  

 

Q78 The following questions are directed at learning your attitudes toward radiation safety. Please 
consider ALL of your prior experiences when answering these questions. 

 

Q80 Please respond to the following question. 

 
Extremely 
important 

(1) 

Very 
important 

(2) 

Moderately 
important 

(3) 

Slightly 
important 

(4) 

Not at all 
important 

(5) 

Not 
applicable 

(6) 

How 
important is 

radiation 
safety to 

you? 
(Q26_1)  

o  o  o  o  o  o  
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Q82 Please rank your agreement with the following statements: 

 Strongly 
agree (1) 

Somewhat 
agree (2) 

Neither 
agree nor 

disagree (3) 

Somewhat 
disagree (4) 

Strongly 
disagree (5) 

Not 
applicable 

(6) 

I have been 
adequately 
protected 

from x-ray 
exposure 

while 
working in 
practice (1)  

o  o  o  o  o  o  

I feel safe 
performing 
tasks that 
involve 

radiation in 
practice. (2)  

o  o  o  o  o  o  

I feel that 
my radiation 

safety 
training 
given in 

practice was 
useful. (3)  

o  o  o  o  o  o  

I feel that 
my radiation 

safety 
training 
given at 

OVC was 
useful. (4)  

o  o  o  o  o  o  
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Q84 Please rank your agreement with the following statement for each item of personal protective 
equipment:  
    
It is important to me to wear the following personal protective equipment items. 

 Strongly agree 
(1) 

Somewhat 
agree (2) 

Neither agree 
nor disagree 

(3) 

Somewhat 
disagree (4) 

Strongly 
disagree (5) 

Lead gown 
(Q28_1)  o  o  o  o  o  

Thyroid 
guard/collar 

(Q28_2)  
o  o  o  o  o  

Dosimeter 
(Q28_3)  o  o  o  o  o  

Lead gloves 
(Q28_4)  o  o  o  o  o  

Lead glasses 
(Q28_5)  o  o  o  o  o  

 

Q86 The following questions are directed at learning your knowledge regarding radiation safety. Please 
consider ALL of your prior experiences when answering these questions. 
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Q88 Which of the following statements describes why you may use a dosimeter while taking x-rays? 
Please select all that apply. 

▢ To protect against scattered X-rays  (1)  

▢ To monitor personal radiation exposure  (2)  

▢ To monitor environmental x-ray exposure, for example an x-ray room  (3)  

▢ It is not necessary to wear a dosimeter while taking x-rays  (4)  

▢ Unsure  (5)  

Q90 Where should a dosimeter be worn? 

o Above the lead gown, at the neck  (1)  

o Below the lead gown, any location  (2)  

o A and B  (3)  

o Both are incorrect  (4)  

o Unsure  (5)  
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Q92 How important are the following factors to you when deciding between manual restraint or chemical 
sedation (or both) for making radiographs? 

 Extremely 
important (1) 

Very 
important (2) 

Moderately 
important (3) 

Slightly 
important (4) 

Not at all 
important (5) 

Patient 
temperament 

(Q34_1)  
o  o  o  o  o  

How busy the 
clinic is 
(Q34_2)  

o  o  o  o  o  

Health/stability 
of the patient 

(Q34_3)  
o  o  o  o  o  

Owner's 
financial 
situation 
(Q34_4)  

o  o  o  o  o  

Other (Q34_5)  o  o  o  o  o  
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Q94 Do you think it is justified to hold the X-ray tube and cassette during the X-ray exposure of a horse? 

o Yes  (1)  

o No  (2)  

o Unsure  (3)  

o Sometimes, please explain  (4) ________________________________________________ 

Q96 Which of the following is/are a safe place to stand when a radiograph is being taken? 

▢ Next to the patient, as long as lead gown, gloves, and thyroid collar are worn  (1)  

▢ Outside of the room in which the exposure is being taken  (2)  

▢ Behind a barrier (drywall, glass, shield, other)  (3)  

▢ None of the above  (4)  

▢ Unsure  (5)  

Q98 Do you have any additional comments, concerns, or experiences regarding radiation safety? Please 
describe below. 

________________________________________________________________ 

________________________________________________________________ 

Q52 Please click on the "next" button to enter your name and e-mail address for a chance to win a $200 
Mastercard gift card. 
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Questionnaire 2: Questionnaire administered to third-year students immediately after their 8-week 
external externship rotation. 

Q5 The goals of this questionnaire are to obtain information that will help us understand the knowledge, 
attitude, and behaviours of veterinary students in Phase III and IV of the DVM program at three different 
time points in your curriculum. Part 1 of the study occurred in your third year of training at the Ontario 
Veterinary College and prior to your externship experience (February, 2017). This is the second 
questionnaire, which is interested in obtaining information from you after your externship. Part 3 will take 
place after your radiology rotation in Phase IV. Each component will take approximately 10-20 minutes 
of your time. At the beginning of each questionnaire, we will ask you to enter your own student number. 
The purpose of this information is to link the data from each questionnaire that you fill out and monitor 
trends in individual responses. We will not to link your name or any other information with your student 
number. Additionally, all information pertaining to student numbers will be kept on an encrypted laptop 
that is secured in a locked office. Furthermore, once your data has been linked following the completion 
of all questionnaires, you will be assigned a random number and all student numbers will be deleted.   In 
no way will your answers for this questionnaire impact your grade or class standing. Those 
assigning class grades (Dr. Chalmers) will have no access to the data until you have 
graduated.     For the purpose of this survey, taking radiographs is the same as taking X-rays.  

Q6 I agree that by completing this questionnaire I have read and understand the Informed Consent 
attachment:  
Informed Consent  

o Yes  (1)  

o No  (2)  

Skip To: End of Survey If Q6 = No 

Q7 Please enter your student number. We will not use this student number to determine your identity. 
Instead, we will ask you to enter this easily recalled number each time you complete a questionnaire to 
pair the data between questionnaires. This will ensure we can link data individually. To ensure your 
anonymity, we will not analyze the data from any of your responses until after April, 2018 when you have 
graduated.  

________________________________________________________________ 
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Q8 Are you a Phase 4 Doctor of Veterinary Medicine student currently enrolled at the Ontario Veterinary 
College? 

o Yes  (1)  

o No  (2)  

Skip To: End of Survey If Q8 = No 

Q9 Did you recently complete your 8 week externship at a veterinary clinic within the province of 
Ontario? 

o Yes  (1)  

o No  (2)  

o Other, please specify  (3) ________________________________________________ 
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Q10 Which of the following best describes the small animal experience obtained at your externship 
clinic? Please check all that apply. 

▢ Small animal general practice  (1)  

▢ Mixed animal general practice  (2)  

▢ Specialty/referral hospital – small animal  (3)  

▢ Specialty referral - academic  (4)  

▢ Other, please specify  (5) ________________________________________________ 

Q11 Which of the following best describes best describes your large animal experience obtained at your 
externship clinic? Please check all that apply. 

▢ Mixed animal general practice  (1)  

▢ Equine only practice  (2)  

▢ Specialty referral – equine  (3)  

▢ Specialty referral - academic  (4)  

▢ Other, please specify  (5) ________________________________________________ 
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Q12 For the purpose of these questions, please consider your responses based on your externship clinic 
experience only. 

Q13 Did you receive formal radiation safety training at this practice? For the purpose of these questions, 
radiation safety training does not include instruction on how to use the x-ray equipment. 

o Yes  (1)  

o No  (2)  

o Unsure  (3)  

o Other  (4) ________________________________________________ 

 

Skip To: End of Block If Q13 = No 

Q14 Which of the following best describes the time that the radiation safety training occurred at this 
practice? 

o Immediately prior to my first time using x-rays  (1)  

o At the time I was hired  (2)  

o Multiple times when I was using x-rays  (3)  

o I never received radiation safety training  (4)  

o Other  (5) ________________________________________________ 
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Q15 Which of the following best describes who administered your radiation safety training at this 
practice?  Please select all that apply. 

▢ Veterinarian  (1)  

▢ Veterinary technician  (2)  

▢ Animal care attendant  (3)  

▢ Hospital administrator  (4)  

 

Q16 Please indicate which method best describes how your radiation safety training was administered at 
this practice. Please select all that apply. 

▢ In person training session  (1)  

▢ Written handout  (2)  

▢ Online module  (3)  

▢ Written/verbal quizzes  (4)  

▢ Other  (5) ________________________________________________ 
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Q17 Which of the following describes the instructions you received within this practice? Select all that 
apply. 

▢ I was told to use lead protective equipment  (1)  

▢ I was shown how to use lead protective equipment  (2)  

▢ The potential health risks of radiation were explained to me  (3)  

▢ I was told my maximum yearly dose of radiation  (4)  

▢ The purpose of a dosimeter was explained to me  (5)  

▢ No instructions were given  (6)  

▢ Other  (7) ________________________________________________ 

Q18 Which of the following best describes how you have used x-rays in this practice? 

o I have been involved in performing x-rays with supervision of another staff member  (1)  

o I have been involved in performing x-rays independently  (2)  

o I have been involved in performing x-rays both independently and with supervision  (3)  

o Not at all  (4)  

Skip To: Q26 If Q18 = Not at all 
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Q19 On average, how often were you involved in taking radiographs at this practice?  

o Never (0 times per week)  (1)  

o Infrequently (1-2 times per week)  (2)  

o Sometimes (3-5 times per week)  (3)  

o Very often (>5 times/week)  (4)  

o Other, please specify  (5) ________________________________________________ 

Q20 Which of the following patient restraint methods were used while obtaining x-rays, in percentage of 
time at this practice? Please indicate how frequently each method was used, to the best of your 
knowledge. 

 0 10 20 30 40 50 60 70 80 90 100 
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Manual restraint (holding the patient) () 
 

Sedation () 
 

Sandbags or other weighted devices () 
 

Tape or other adhesive devices (i.e. Velcro) () 
 

Positioning devices such as troughs () 
 

Other please specify () 
 

 

Q21 To the best of your recollection, how frequently did you (or those making radiographs) wear each 
mode of personal protective equipment during x-ray exposure at this practice, in percentage of time? 
Please answer to the best of your knowledge. 

 0 10 20 30 40 50 60 70 80 90 100 
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Lead apron () 
 

Thyroid collar () 
 

Lead gloves () 
 

Lead glasses () 
 

Other, please specify () 
 

 

Q22 Did you have a personal or shared dosimeter or x-ray badge at this practice? Please see image for 
clarification.  

o Yes, personal  (1)  

o Yes, shared  (2)  

o Yes, but unsure if personal or shared  (3)  

o No dosimeter was issued  (4)  

o I do not know what a dosimeter is  (5)  

o Other  (6) ________________________________________________ 
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Q23 How frequently did you wear your dosimeter or x-ray badge at this practice?  

 Every time (1) Most of the 
time (2) 

Half of the 
time (3) Sometimes (4) Never (5) 

Please 
estimate the 
amount of 

time that you 
wore a 

dosimeter (1)  

o  o  o  o  o  

 

Q24 If you consider a typical shift that you worked at this practice, what proportion of radiographs taken 
during your shift were you involved in? For example, if five radiographs were taken and you were 
involved in one, you would choose 20%. 

 0 10 20 30 40 50 60 70 80 90 100 

 

Proportion of radiographs () 
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Q25 Considering all shifts that you worked  in a month at this practice, how often were you involved in 
taking radiographs? 

 During all 
shifts (1) 

During most 
shifts (2) 

During some 
shifts (3) 

During rare 
shifts (4) Never (5) 

How often 
were you 

involved in 
taking 

radiographs? 
(1)  

o  o  o  o  o  

Q27 Considering all the times you were involved in taking radiographs at this practice, how often were 
you involved in each of the following duties? 
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 Every time (1) Most of the 
time (2) 

About half the 
time (3) Sometimes (4) Never (5) 

Pressing the x-
ray exposure 

button 
(Q24_1)  

o  o  o  o  o  

Manually 
restraining the 
animal during 

exposure 
(Q24_2)  

o  o  o  o  o  

Holding 
equipment (X-
ray machine, 

cassettes, etc.) 
during x-ray 

exposure 
(Q24_3)  

o  o  o  o  o  

Positioning 
prior to 

exposure and 
leaving the 
room for 

exposure 4 
(Q24_4)  

o  o  o  o  o  

Developing 
films (manual) 

(Q24_5)  
o  o  o  o  o  
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Developing 
films 

(automated) 
(Q24_6)  

o  o  o  o  o  

Measuring the 
patient 

(Q24_7)  
o  o  o  o  o  

Setting 
exposure 

settings on 
machine 
(Q24_8)  

o  o  o  o  o  

Interpreting 
findings 
(Q24_9)  

o  o  o  o  o  

Other, please 
describe 

(Q24_10)  
o  o  o  o  o  
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Q26 Considering all shifts in a month at this practice, how often were you involved in 
interpreting radiographs? This may include things such as discussing the findings with a veterinarian or 
looking at the radiographs independently. 

 During all 
shifts (1) 

During most 
shifts (2) 

During some 
shifts (3) 

During rare 
shifts (4) Never (5) 

How often 
were you 

involved in 
interpreting 

radiographs? 
(Q23_1)  

o  o  o  o  o  

 

Q45 The following questions are directed at learning your attitudes toward radiation safety. Please 
consider your experiences at your externship practice when answering these questions. 

Q46 Please respond to the following question. 

 
Extremely 
important 

(1) 

Very 
important 

(2) 

Moderately 
important 

(3) 

Slightly 
important 

(4) 

Not at all 
important 

(5) 

Not 
applicable 

(6) 

How 
important is 

radiation 
safety to 

you? 
(Q26_1)  

o  o  o  o  o  o  
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Q47 Please rank your agreement with the following statements: 

 Strongly 
agree (1) 

Somewhat 
agree (2) 

Neither 
agree nor 

disagree (3) 

Somewhat 
disagree (4) 

Strongly 
disagree (5) 

Not 
applicable 

(6) 

I have been 
adequately 
protected 

from x-ray 
exposure 

while 
working in 
practice (1)  

o  o  o  o  o  o  

I feel safe 
performing 
tasks that 
involve 

radiation in 
practice. (2)  

o  o  o  o  o  o  

I feel that 
my radiation 

safety 
training 
given in 

practice was 
useful. (3)  

o  o  o  o  o  o  

I feel that 
my radiation 

safety 
training 
given at 

OVC was 
useful. (4)  

o  o  o  o  o  o  
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Q48 Please rank your agreement with the following statement for each item of personal protective 
equipment:  
It is important to me to wear the following personal protective equipment items. 

 Strongly agree 
(1) 

Somewhat 
agree (2) 

Neither agree 
nor disagree 

(3) 

Somewhat 
disagree (4) 

Strongly 
disagree (5) 

Lead gown 
(Q28_1)  o  o  o  o  o  

Thyroid 
guard/collar 

(Q28_2)  
o  o  o  o  o  

Dosimeter 
(Q28_3)  o  o  o  o  o  

Lead gloves 
(Q28_4)  o  o  o  o  o  

Lead glasses 
(Q28_5)  o  o  o  o  o  
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Q49 The following questions are directed at learning your knowledge regarding radiation safety. Please 
consider your experiences at your externship practice when answering these questions. 

Q50 Which of the following statements describes why you may use a dosimeter while taking x-rays? 
Please select all that apply. 

▢ To protect against scattered X-rays  (1)  

▢ To monitor personal radiation exposure  (2)  

▢ To monitor environmental x-ray exposure, for example an x-ray room  (3)  

▢ It is not necessary to wear a dosimeter while taking x-rays  (4)  

▢ Unsure  (5)  

Q51 Where should a dosimeter be worn? 

o Above the lead gown, at the neck  (1)  

o Below the lead gown, any location  (2)  

o A and B  (3)  

o Both are incorrect  (4)  

o Unsure  (5)  
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Q52 How important are the following factors to you when deciding between manual restraint or chemical 
sedation (or both) for making radiographs? 

 Extremely 
important (1) 

Very 
important (2) 

Moderately 
important (3) 

Slightly 
important (4) 

Not at all 
important (5) 

Patient 
temperament 

(Q34_1)  
o  o  o  o  o  

How busy the 
clinic is 
(Q34_2)  

o  o  o  o  o  

Health/stability 
of the patient 

(Q34_3)  
o  o  o  o  o  

Owner's 
financial 
situation 
(Q34_4)  

o  o  o  o  o  

Other (Q34_5)  o  o  o  o  o  
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Q53 Do you think it is justified to hold the X-ray tube and cassette during the X-ray exposure of a horse? 

o Yes  (1)  

o No  (2)  

o Unsure  (3)  

o Sometimes, please explain  (4) ________________________________________________ 

Q54 Which of the following is/are a safe place to stand when a radiograph is being taken? 

▢ Next to the patient, as long as lead gown, gloves, and thyroid collar are worn  (1)  

▢ Outside of the room in which the exposure is being taken  (2)  

▢ Behind a barrier (drywall, glass, shield, other)  (3)  

▢ None of the above  (4)  

▢ Unsure  (5)  

Q55 Do you have any additional comments, concerns, or experiences regarding radiation safety at your 
externship clinic? Please describe below. 

________________________________________________________________ 

________________________________________________________________ 

Q56 Please click on the "next" button to enter your name and e-mail address for a chance to win a $250 
Mastercard gift card. 
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Questionnaire 3: Questionnaire administered to fourth-year students immediately after their 2-week 
Diagnostic Imaging rotation. 

Q1 The goals of this questionnaire are to obtain information that will help us understand the knowledge, 
attitude, and behaviours of veterinary students in Phase III and IV of the DVM program at three different 
time points in your curriculum. Part 1 of the study occurred in your third year of training at the Ontario 
Veterinary College and prior to your externship experience (February, 2017). Part 2 involved similar 
questions performed after your respective externships this summer. This is the third questionnaire, which 
is interested in obtaining information after your radiology rotation in Phase IV. Each component will take 
approximately 10-20 minutes of your time.     At the beginning of each questionnaire, we will ask you to 
enter your own student number. The purpose of this information is to link the data from each 
questionnaire that you fill out and monitor trends in individual responses. We will not to link your name 
or any other information with your student number. Additionally, all information pertaining to student 
numbers will be kept on an encrypted laptop that is secured in a locked office. Furthermore, once your 
data has been linked following the completion of all questionnaires, you will be assigned a random 
number and all student numbers will be deleted.   In no way will your answers for this questionnaire 
impact your grade or class standing. Those assigning class grades (Dr. Chalmers) will have no 
access to the data until you have graduated.     For the purpose of this survey, taking radiographs is the 
same as taking X-rays.  

Q2 I agree that by completing this questionnaire I have read and understand the Informed Consent 
attachment:  
Informed Consent  

o Yes  (1)  

o No  (2)  

Skip To: End of Survey If Q2 = No 

Q3 Please enter your student number. We will not use this student number to determine your identity. 
Instead, we will ask you to enter this easily recalled number each time you complete a questionnaire to 
pair the data between questionnaires. This will ensure we can link data individually. To ensure your 
anonymity, we will not analyze the data from any of your responses until after April, 2018 when you have 
graduated.  

________________________________________________________________ 
 

 



 

 

225 

 

Q4 Are you a Phase 4 Doctor of Veterinary Medicine student currently enrolled at the Ontario Veterinary 
College? 

o Yes  (1)  

o No  (2)  

Skip To: End of Survey If Q4 = No 

Q5 Did you recently complete your 2 week Diagnostic Imaging rotation at the Ontario Veterinary 
College? 

o Yes  (1)  

o No  (2)  

o Other, please specify  (3) ________________________________________________ 
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Q6 Which of the following best describes the experiences obtained over the 2 week Diagnostic Imaging 
rotation? Please check all that apply. 

▢ Radiographs of small animal patients (dogs and cats)  (1)  

▢ Radiographs of exotic patients  (2)  

▢ Radiographs of equine patients  (3)  

▢ Radiographs of other large animals (cows, goats, pigs, etc.)  (4)  

▢ Other, please specify  (5) ________________________________________________ 

▢ I was involved in an equine nuclear medicine case  (6)  

▢ I was involved in a small animal nuclear medicine case  (7)  

Q8 For the purpose of these questions, please consider your responses based on your experience on the 
OVC Diagnostic Imaging Rotation only. 

Q9 Did you receive formal radiation safety training? For the purpose of these questions, radiation safety 
training does not include instruction on how to use the x-ray equipment. 

o Yes  (1)  

o No  (2)  

o Unsure  (3)  

o Other  (4) ________________________________________________ 

 

Skip To: End of Block If Q9 = No 
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Q10 Which of the following best describes the time that the radiation safety training occurred? 

o Immediately prior to my first time using x-rays  (1)  

o At the time I was hired  (2)  

o Multiple times when I was using x-rays  (3)  

o I never received radiation safety training  (4)  

o Other  (5) ________________________________________________ 

Q11 Which of the following best describes who administered your radiation safety training?  Please select 
all that apply. 

▢ Veterinarian  (1)  

▢ Veterinary technician  (2)  

▢ Animal care attendant  (3)  

▢ Hospital administrator  (4)  
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Q12 Please indicate which method best describes how your radiation safety training was administered. 
Please select all that apply. 

▢ In person training session  (1)  

▢ Written handout  (2)  

▢ Online module  (3)  

▢ Written/verbal quizzes  (4)  

▢ Other  (5) ________________________________________________ 

Q13 Which of the following describes the instructions you received? Select all that apply. 

▢ I was told to use lead protective equipment  (1)  

▢ I was shown how to use lead protective equipment  (2)  

▢ The potential health risks of radiation were explained to me  (3)  

▢ I was told my maximum yearly dose of radiation  (4)  

▢ The purpose of a dosimeter was explained to me  (5)  

▢ No instructions were given  (6)  

▢ Other  (7) ________________________________________________ 
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Q14 Which of the following best describes how you have used x-rays on rotation? 

o I have been involved in performing x-rays with supervision of another staff member  (1)  

o I have been involved in performing x-rays independently  (2)  

o I have been involved in performing x-rays both independently and with supervision  (3)  

o Not at all  (4)  

Skip To: Q23 If Q14 = Not at all 

Q15 On average, how often were you involved in taking radiographs on rotation?  

o Never (0 times per week)  (1)  

o Infrequently (1-2 times per week)  (2)  

o Sometimes (3-5 times per week)  (3)  

o Very often (>5 times/week)  (4)  

o Other, please specify  (5) ________________________________________________ 

Q16 Which of the following patient restraint methods were used while obtaining x-rays, in percentage of 
time on this rotation? Please indicate how frequently each method was used, to the best of your 
knowledge. 

 0 10 20 30 40 50 60 70 80 90 100 
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Manual restraint (holding the patient) () 
 

Sedation () 
 

Sandbags or other weighted devices () 
 

Tape or other adhesive devices (i.e. Velcro) () 
 

Positioning devices such as troughs () 
 

Other please specify () 
 

 

Q17 To the best of your recollection, how frequently did you (or those making radiographs) wear each 
mode of personal protective equipment during x-ray exposure on this rotation, in percentage of time? 
Please answer to the best of your knowledge. 

 0 10 20 30 40 50 60 70 80 90 100 
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Lead apron () 
 

Thyroid collar () 
 

Lead gloves () 
 

Lead glasses () 
 

Other, please specify () 
 

Q20 If you consider a typical day on rotation, what proportion of radiographs taken during the day were 
you involved in? For example, if five radiographs were taken and you were involved in one, you would 
choose 20%. 

 0 10 20 30 40 50 60 70 80 90 100 

 

Proportion of radiographs () 
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Q21 Considering all days on this rotation, how often were you involved in taking radiographs? 

 During all 
shifts (1) 

During most 
shifts (2) 

During some 
shifts (3) 

During rare 
shifts (4) Never (5) 

How often 
were you 

involved in 
taking 

radiographs? 
(1)  

o  o  o  o  o  
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Q22 Considering all the times you were involved in making radiographs on rotation, how often were you 
involved in each of the following duties? 
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 Every time (1) Most of the 
time (2) 

About half the 
time (3) Sometimes (4) Never (5) 

Pressing the x-
ray exposure 

button 
(Q24_1)  

o  o  o  o  o  

Manually 
restraining the 
animal during 

exposure 
(Q24_2)  

o  o  o  o  o  

Holding 
equipment (X-
ray machine, 

cassettes, etc.) 
during x-ray 

exposure 
(Q24_3)  

o  o  o  o  o  

Positioning 
prior to 

exposure and 
leaving the 
room for 

exposure 4 
(Q24_4)  

o  o  o  o  o  

Developing 
films (manual) 

(Q24_5)  
o  o  o  o  o  
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Developing 
films 

(automated) 
(Q24_6)  

o  o  o  o  o  

Measuring the 
patient 

(Q24_7)  
o  o  o  o  o  

Setting 
exposure 

settings on 
machine 
(Q24_8)  

o  o  o  o  o  

Interpreting 
findings 
(Q24_9)  

o  o  o  o  o  

Other, please 
describe 

(Q24_10)  
o  o  o  o  o  
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Q23 Considering all shifts in a month at this practice, how often were you involved in 
interpreting radiographs? This may include things such as discussing the findings with a veterinarian or 
looking at the radiographs independently. 

 During all 
shifts (1) 

During most 
shifts (2) 

During some 
shifts (3) 

During rare 
shifts (4) Never (5) 

How often 
were you 

involved in 
interpreting 

radiographs? 
(Q23_1)  

o  o  o  o  o  

 

Q24 The following questions are directed at learning your attitudes toward radiation safety. For the 
purpose of these questions, please consider your responses based on your experience on the OVC 
Diagnostic Imaging Rotation only. 

Q25 Please respond to the following question. 

 
Extremely 
important 

(1) 

Very 
important 

(2) 

Moderately 
important 

(3) 

Slightly 
important 

(4) 

Not at all 
important 

(5) 

Not 
applicable 

(6) 

How 
important is 

radiation 
safety to 

you? 
(Q26_1)  

o  o  o  o  o  o  
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Q26 Please rank your agreement with the following statements: 
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 Strongly 
agree (1) 

Somewhat 
agree (2) 

Neither 
agree nor 

disagree (3) 

Somewhat 
disagree (4) 

Strongly 
disagree (5) 

Not 
applicable 

(6) 

I have been 
adequately 
protected 

from x-ray 
exposure 
while on 

this rotation 
(1)  

o  o  o  o  o  o  

I feel safe 
performing 
tasks that 
involve 

radiation (2)  

o  o  o  o  o  o  

I feel that 
my radiation 

safety 
training 
given on 

rotation was 
useful. (3)  

o  o  o  o  o  o  

I feel that 
my radiation 

safety 
training 
given at 

OVC prior 
to my 4th 

year rotation 
(i.e. in 

Phase 1, 2, 
and 3) was 
useful (4)  

o  o  o  o  o  o  
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Q27 Please rank your agreement with the following statement for each item of personal protective 
equipment:  
    
It is important to me to wear the following personal protective equipment items. 

 Strongly agree 
(1) 

Somewhat 
agree (2) 

Neither agree 
nor disagree 

(3) 

Somewhat 
disagree (4) 

Strongly 
disagree (5) 

Lead gown 
(Q28_1)  o  o  o  o  o  

Thyroid 
guard/collar 

(Q28_2)  
o  o  o  o  o  

Dosimeter 
(Q28_3)  o  o  o  o  o  

Lead gloves 
(Q28_4)  o  o  o  o  o  

Lead glasses 
(Q28_5)  o  o  o  o  o  
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Q28 The following questions are directed at learning your knowledge regarding radiation safety. For the 
purpose of these questions, please consider your responses based on your experience on the OVC 
Diagnostic Imaging Rotation only. 

Q29 Which of the following statements describes why you may use a dosimeter while taking x-rays? 
Please select all that apply. 

▢ To protect against scattered X-rays  (1)  

▢ To monitor personal radiation exposure  (2)  

▢ To monitor environmental x-ray exposure, for example an x-ray room  (3)  

▢ It is not necessary to wear a dosimeter while taking x-rays  (4)  

▢ Unsure  (5)  

Q30 Where should a dosimeter be worn? 

o Above the lead gown, at the neck  (1)  

o Below the lead gown, any location  (2)  

o A and B  (3)  

o Both are incorrect  (4)  

o Unsure  (5)  
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Q31 How important are the following factors to you when deciding between manual restraint or chemical 
sedation (or both) for making radiographs? 

 Extremely 
important (1) 

Very 
important (2) 

Moderately 
important (3) 

Slightly 
important (4) 

Not at all 
important (5) 

Patient 
temperament 

(Q34_1)  
o  o  o  o  o  

How busy the 
clinic is 
(Q34_2)  

o  o  o  o  o  

Health/stability 
of the patient 

(Q34_3)  
o  o  o  o  o  

Owner's 
financial 
situation 
(Q34_4)  

o  o  o  o  o  

Other (Q34_5)  o  o  o  o  o  
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Q32 Do you think it is justified to hold the X-ray tube and cassette during the X-ray exposure of a horse? 

o Yes  (1)  

o No  (2)  

o Unsure  (3)  

o Sometimes, please explain  (4) ________________________________________________ 

Q33 Which of the following is/are a safe place to stand when a radiograph is being taken? 

▢ Next to the patient, as long as lead gown, gloves, and thyroid collar are worn  (1)  

▢ Outside of the room in which the exposure is being taken  (2)  

▢ Behind a barrier (drywall, glass, shield, other)  (3)  

▢ None of the above  (4)  

▢ Unsure  (5)  

Q34 Do you have any additional comments, concerns, or experiences regarding radiation safety on your 
Diagnostic Imaging Rotation? Please describe below. 

________________________________________________________________ 

Q35 Please click on the "next" button to enter your name and e-mail address for a chance to win a $250 
Mastercard gift card. 
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Appendix 6: Informed consent document for the questionnaire provided in Chapter 4. This document was provided 
as a hyperlink and all participants were required to confirm that they had read the document to proceed with the 
questionnaire. 

 

 

Dear participant, 

You are invited to take part in a research study looking at the past experiences and opinions of veterinary 
students regarding radiation safety, and how these factors change over time throughout the Doctor of 
Veterinary Medicine (DVM) program at the Ontario Veterinary College (OVC). The goal of this research 
project is to better understand how we can teach you, as students, and enhance your learning experience at 
the OVC. Phase I students have also been surveyed. 

Am I eligible to participate? 

To be eligible to participate in this study, you must be an Ontario Veterinary College student currently 
enrolled in Phase 3 of the Doctor of Veterinary Medicine program. You do not need to have worked in a 
veterinary clinic to complete this survey. 

What will I be asked to do? 

You will have the opportunity to fill out a total of 3 near-identical questionnaires; one before your 
externship, one after your externship but before your Phase IV radiology rotation, and one after your 4th 
year radiology rotation. The first will ask about your prior experiences, knowledge, and attitudes toward 
radiation safety, with the second and third only asking about your knowledge and attitudes to determine 
how they change over time. Please note, Heather Chalmers, a principal investigator, is also a radiologist 
who may instruct you during clinical rotations (i.e. your Phase IV year radiology rotation). The length of 
time between surveys will depend on your externship and fourth year schedule, however the first 
questionnaires must be completed prior to your externship and the second prior to your radiology rotation. 
Furthermore because of this schedule, you will have approximately 1 month to fill out the first 
questionnaire, and 1 month following your externship to fill out the second survey. Since the completion 
of the third questionnaire will depend on when in Phase IV you have your radiology rotation, you will 
have 1 month following the completion of this rotation to complete this questionnaire. Your data is 
confidential. Since we will have you complete three questionnaires and need to pair the data from each 
questionnaire, we ask that you enter your student number at the beginning of each questionnaire. This will 
only be used for the purpose of pairing the data and in no way will be used to identify you. Once the data 
has been paired following data collection, your student number will be permanently deleted. To ensure 
your anonymity, we will not analyze any of the data before you graduate in May 2018. The data will not 
be evaluated until after your final grades are submitted and in no way will your responses affect your 
grade. 
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Your student number was selected as the method to pair the data as it is easily recalled each time you 
complete a questionnaire and will not change or be forgotten between questionnaires. 

What are the potential benefits? 

The benefits of participating in this study include improving the way DVM students are taught at the 
OVC to enhance learning, and by extension, potentially improve the radiation safety practices occurring 
in general practices in Ontario. 

How long will this take me? 

This online questionnaire will take less than 20 minutes of your time and no personal information will be 
collected. Please note, if you have worked in more than one practice, this will increase your time to 
complete the survey by 5 minutes per additional clinic. 

What are the incentives for me to participate? 

If you consent to take part in this project, your name will be entered into a draw for a Visa gift card worth 
$250 (odds are approximately 1 in 120), with a prize available for every survey performed (i.e. three gift 
cards total). Since there are three surveys, you will receive a ballot to win this prize every time you 
complete a survey. If you win, you must agree to sign your name and/or initials to accept your prize. 
Additionally, if you achieve a 70% participation rate, your Phase will be awarded rate  $1000 toward their 
Phase fund to be used at their discretion. 

What are the risks? 

There are no risks to participating in this study, however Dr. Chalmers is the principle investigator in this 
study and may also be involved in teaching Phase IV students while on rotation (Dr. Chalmers is in the 
clinic 2 weeks of the month, that is, some students will not be taught by her directly). Similarly, Monica 
Jensen is present and occasionally instructs the students while Phase IV students are completing their 
Phase IV radiology rotation. The conflict of interest in this case is eliminated by avoiding access to any 
data prior to the end of the semester (i.e. once the Phase III/VI grades are submitted). 

Who is conducting this research? 

Dr. Heather Chalmers, DVM, PhD, DACVR  

• Principle investigator, researcher, instructor (Phase I, III, IV) 

Please note, you may contact Heather Chalmers at any time if you are interested in receiving a copy of the 
results of this study. 

Dr. Monica Jensen, DVM, DVSc Candidate 

• Co-investigator, researcher, instructor (Phase IV) 

Confidentiality and withdrawal from the study 
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This questionnaire is entirely voluntary, and you may choose to withdraw from the study at any time 
without any detriment to your grade or class standing. To do so, simple close your browser window 
during the questionnaire. Data from incomplete surveys will be discarded. You may choose to skip any 
question you would prefer not to answer. 

Please note, if at any point you would not like to complete the survey or withdraw before submission of 
the survey, simply close your browser window. Your results will not be included in the final data 
analysis. If you choose to withdraw from the study after you have submitted your questionnaires, you can 
still withdraw without penalty. However, you must provide your student number so that we can identify 
that data for removal. To do so, please contact Monica Jensen (jensenm@uoguelph.ca) with your student 
number and request to withdraw data. Please keep in mind that after the three questionnaires are linked, 
your student number will be stripped from the data and will no longer be identifiable. You may withdraw 
up until this point. 

Your research records will be stored in the following manner:  all information will be stored on an 
encrypted laptop that will remain locked in a secure office belonging to Heather Chalmers (Clinical 
Studies room 2112). Please note that confidentiality cannot be guaranteed while data are in transit over 
the Internet. The data you provide in the questionnaire (other than the student number which will be 
destroyed following pairing of data) will be kept for 5 years, and may be used in future studies to answer 
similar research questions. 

 

Please note that the unidentifiable, aggregate data from this study will be posted on the Ontario 
Veterinary College website. No identifiable information will be included in this posting. 

Can I get this in writing? 

Please feel free to click here to print this page. 

This project has been reviewed by the Research Ethics Board for compliance with federal 
guidelines for research involving human participants 

Heather Chalmers, Associate Professor, Department of Clinical Studies, Ontario Veterinary College, 
University of Guelph, heather.chalmers@uoguelph.ca 

Monica Jensen, DVSc student, Department of Clinical Studies, Ontario Veterinary College University of 
Guelph, jensenm@uoguelph.ca  

If you have questions regarding your rights and welfare as a research participant in this study, please 
contact: Director, Research Ethics; University of Guelph; reb@uoguelph.ca; (519) 824-4120 (ext. 
56606) 

 

 

 


