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Abstract

Background: Virtual radiography provides students with an opportunity to practise their clinical skills in patient
positioning and evaluating radiographic images. The purpose of this pilot study was to introduce Projection VR™, a
software radiography simulation program, into a student chiropractic program and evaluate its potential application
as a teaching and learning tool.

Methods: Undergraduate chiropractic students, enrolled in a radiographic course (unit within the chiropractic
program), were invited to attend a scheduled laboratory where they were introduced to, and undertook
purposefully designed activities using the radiography simulation. At the end of this activity, students were asked to
complete an online survey (see Virtual Radiography Survey) to describe their experiences of the educational value
of the software program. Descriptive statistics were used to evaluate outcomes. Content analysis was performed for
free-text comments provided by respondents with key themes provided by the predetermined quantitative
categories of the questionnaire.

Results: Responses were received from 44 out of the 47 students who attended the scheduled laboratory
(response rate 92%). Overall students were positive about this simulation identifying that it was easy to use (95%)
and that they could control the equipment as needed (95%). The main reported benefits included students being
enabled to repeat tasks until they were satisfied with the results (98%) and being able to quickly assess images and
determine if changes needed to be made (98%). Participants reported improvement in their understanding of the
effect of exposure factors on patient radiation dose (93%) as well as their technical image evaluation (84%) and
problem-solving skills (80%).

Conclusions: The results of this study suggest that virtual radiography is a valuable complementary resource in
providing chiropractic students with radiographic knowledge and skills.

Keywords: Chiropractors, Radiography, Simulation

Background

The World Federation of Chiropractic defines chiroprac-
tic as a health profession concerned with the diagnosis,
treatment and prevention of mechanical disorders of the
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musculoskeletal system and the effects of these disorders
on the function of the nervous system andAQ3 general
health [1]. Radiography has been integrated into chiro-
practic teaching programs since 1910 when B.J. Palmer
purchased an x-ray unit for the Palmer School of Chiro-
practic in Davenport, Iowa [2]. It has been used as a diag-
nostic tool in the biomechanical evaluation of the spine and
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pelvis and to help identify contraindications to manual
therapy.

It continues to be taught as a core course in all chiro-
practic programs in Australia and most chiropractic pro-
grams throughout the world [3-5].

Maintaining the quality of imaging whilst minimis-
ing the radiation dose to patients is a priority which
is highlighted by the Australian Radiation Protection
and Nuclear Safety Agency [6] and one which is
emphasised in clinical radiographic training and radi-
ology courses (MEDS2144 Introduction to Diagnostic
Imaging, MEDS2143 Advanced Diagnostic Imaging
and REHA2203 Chiropractic 6 Theory) at RMIT Uni-
versity [7].

The opportunity to participate in simulated radiog-
raphy complements rigorous training in the theoretical
and clinical aspects of plain film diagnostic imaging. At
the time of this pilot study, radiography was a subject in
year four of the five-year chiropractic program. This was
undertaken prior to the students performing supervised
radiography in the teaching clinics in which students
treat members of the public under the supervision of
qualified chiropractors. Supervised radiography may be
performed by the students as part of that experience.
Students graduating from the chiropractic course are eli-
gible to apply for a limited x-ray (Use) licence and so it
is important that students have a sound understanding
of the radiographic principles and practice that are re-
lated to the scope of practice of their limited x-ray
licence.

In recent years, computer-based simulation radiog-
raphy has been introduced in undergraduate radiog-
raphy programs with promising results [8, 9].
However, its usefulness in achieving clinical learning

outcomes in pre-clinical undergraduate chiropractic
programs has not been previously piloted and
evaluated.

This pilot study aimed to introduce a software radi-
ography simulation tool called Projection VR™ into a
chiropractic, pre-clinical undergraduate setting and
gather student feedback about its application as a
clinical learning tool and strategy. According to the
literature, no other chiropractic institution or training
program has implemented simulated radiography in
their curriculum. Since completing this pilot study;
however, literature has been published on the use of
other virtual radiography software [10, 11]. The Pro-
jection VR TM software has been well described by
Shanahan [9].

Methods
The Human Research Ethics Committee of the Royal
Melbourne Institute of Technology (RMIT) University
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(BSEHAPP 06-15) approved the project, including its
design and recruitment methods.

Research design

This descriptive study used an observational pilot to
evaluate the impact of the software. In this pilot study,
students had their first introduction to the Project VR
TM software. As this was an initial implementation, we
sought to obtain student quantitative and qualitative
feedback as part of the evaluation process.

Participants

Chiropractic students in the second semester of year
four of the program in 2016 were recruited as part of
their traditional practical sessions in radiography. In-
formed consent was obtained in the first test item of an
online survey (see Virtual Radiography Survey), with re-
spondents able to exit at this point if they so preferred.
Of a total of 113 students enrolled in the subject, only
the first 20 in each of five groups were given the oppor-
tunity to participate. We used a convenience self-
selection method to recruit the participants, forty four
students voluntarily responded to the survey questions.
Students involved in this pilot study had already spent
11 weeks of a 12-week semester with the radiography
tutor.

Procedure

Participating chiropractic students were scheduled to at-
tend one laboratory session which used the computer-
based virtual radiography simulation software Projection
VR™. Projection VR™ simulation in this university setting
could be adequately delivered via Windows 8 or 7 (64 or
32 bit) with a graphics processor of at least DirectX and
Shader Model 3.0 or 4.0 hardware support and 512
megabytes or more of dedicated video RAM. The stand-
ard computer laboratory equipment at the university
met or exceeded these requirements.

A worksheet on simulated radiography of the lumbar
spine was developed for chiropractic students using Pro-
jection VR™. The lumbar spine was chosen as it repre-
sents one of the most common areas that chiropractors
request radiography for. In a research paper by Metaxas
(2018), the seven most common areas to be x-rayed in-
cluded the lumbar spine and pelvis. No training was
conducted prior to using the simulated radiography sys-
tem as students learned to use the technology while they
undertook the activity under the guidance of an experi-
enced lecturer in radiography [12]. The detailed
worksheet allowed the students to use the technology as
they undertook the laboratory activity. Each student
used the simulation individually.

There were three key areas of focus for this activity.
Firstly, for each student to simulate patient positioning
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and technical set up in preparation for taking the Anter-
jor to Posterior lumbopelvic image and to generate an
AP lumbopelvic (APLP) image (Fig. 1). Secondly, having
produced an unrotated APLP, students were then asked
to rotate their patient so that the patient’s right posterior
side was closer to the image receptor (Fig. 2). Before
generating the image, students were asked what distin-
guishing anatomical features they expected to see on the
image (Fig. 2). This strategy was used to support active
and engage critical thinking as students consciously
paused and reflected before they undertook their next
action [13]. Thirdly, the effect of exposure factor selec-
tion on the digital image as well as patient dose was in-
vestigated. This was tested using two methods, namely
application of the 15% rule and the effect of decreasing
and increasing milliamp seconds (mAs) on digital im-
ages. Increasing kilovolt peak (kVp) with a concomitant
decrease in mAs is expressed as the 15% kVp rule. The
15% rule states that a 15% increase in kVp is the equiva-
lent of doubling the exposure received at the image re-
ceptor [14, 15]. To maintain exposure at the image
receptor, the mAs is halved. The increase in kVp, when
applying the 15% rule, is variable and dependent on the
original kVp. For example, at 60 kVp, the calculated
change in kVp would be 9 kVp whereas at 80 kVp, the
required change would be 12 kVp. Studies examining
application of the 15% kVp rule have demonstrated a
considerable reduction in patient dose (22—60%) without
adversely affecting image quality [16, 17]. This is an im-
portant finding as increasing kVp reduces subject con-
trast and could therefore potentially negatively impact
image quality [14, 15]. Before generating the image ac-
quired using the 15% rule, students were asked what
change if any they may expect to see on the image
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(Fig. 3) and what impact, if any, applying the 15% rule
would have on patient dose. Technical data available in
Projection VR™ relating to radiation dose for the two im-
ages generated is provided in Fig. 4. Entrance surface
dose (ESD) measurements were compared for the two
exposure techniques. The final aspect of selection of ex-
posure factors on digital images was undertaken by ask-
ing students what difference they would expect to see on
the radiographic image and on patient dose if they were
to half or double the mAs. Generated images are pro-
vided in Fig. 5.

Throughout the session, students were asked to pre-
dict the outcome of each change in patient position or
exposure factors before they generated and saw images
or technical data. This method was used to encourage
students to think critically in applying their decision-
making skills in a clinical setting and has been found to
reinforce learning by other authors [13, 18, 19] .

Data analysis

The survey data were entered into SPSS 21.0° and de-
scriptive statistics were used for analysis. Analysis of sur-
vey data was descriptive only as this research involved
an exploratory snap-shot process - that is, the survey
was only administered once [20] .

Results
Responses were received from 44 out of 47 participants
in the practical sessions. The sex and age characteristics
of the responding students are presented in Table 1.

The majority of students were female (68%) (M =14, F =
30). All age groups were represented in this sample and in-
cluded both high school leavers and mature aged students.
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Technology

Given that Projection VR™ involves computer-based simu-
lation, participants were asked about their confidence in
using this technology as part of their learning strategy.
Eighty-two% (n = 36) of responding participants described
themselves as confident or moderately confident in the use
of computer technology. Only 18% (eight students) re-
ported that they had previous experience using computer-

based simulation. Students’ experiences of ease of use of
Projection VR™ are summarised in Table 2.

Qualitative feedback of students’ experiences of using
projection VR™

Content analysis was performed for free-text com-
ments provided by respondents with key themes pro-
vided by the predetermined quantitative categories of
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Fig. 3 Images generated using Projection VR™ with 15% rule applied. Image on right 81 kVp, 40 mAs and image on left 93 kVp, 20 mAs
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Care Filter: Off (0.00 mm Cu) Care Filter: Off (0.00 mm Cu)
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Coll: 22cm x 28cm (@ 100cm) Coll: 22cm x 28cm (@ 100cm)
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Scatter Rej. Grid: Bucky 12:1 Scatter Rej. Grid: Bucky 12:1
Scatter Fraction: 0.39 Scatter Fraction: 0.37

DAP: 158.01 cGy cm2 DAP: 250.40 cGy cm2
Incident Dose: 1.617 mGy Incident Dose: 2.553 mGy
ESD: 2.313 mGy ESD: 3.588 mGy

Sys Dose(ROI): 6.24 uGy Sys Dose(ROI): 6.69 uGy

Sys Dose(CR): 4.17 uGy Sys Dose(CR): 4.17 uGy

Sys Dose: 5.42 uGy Sys Dose: 5.61 uGy
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Agfa IgM: 2.43 Agfa IgM: 2.37

Kodak P: 1925 Kodak P: 1869

Fuji S: 323 Fuji S: 312

Fuji L: 1.38 Fuji L: 1.49

Fig. 4 Technical data display available when using Projection VR™ allowing for comparison of Entrance Surface Dose (ESD) with 15% rule applied.
Image on right 81 kVp, 40 mAs and image on left 93 kVp, 20 mAs

the questionnaire. Four themes emerged: ease of use Ease of use of the simulation

of the simulation, learning using the simulation, limi-  Students were positive regarding ease of use of the
tations of the simulation, and recommendations for simulation software and their ability to control the
future implementation. equipment during the learning activity. Some
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students commented that the simulation could be
improved by making it easier to use, with one stu-
dent specifying “some of the keys made it hard to
set up accurately”.

Learning using the simulation

Students generally considered Projection VR™ as a
worthwhile educational tool that quickly generated
radiographic images and enabled them to refine the
process until they were confident in its application.
Student comments described benefits of using the
simulation including “Easy and quick visualisation of
an x-ray image”, “It was a good simulation to be able
to see what were actually imaging” and “you can
visualise anything you want to, at whatever angle you
want to. Very helpful especially for visual learners like
myself”.

Students also reported that using the program encour-
aged them to think more about radiographic technique
and it facilitated their problem-solving skills. Student
comments included “made me think about what I was
doing”, “helped me to think wisely on how the image
should be produced” and “enabled me to produce im-
ages and see where I needed to correct myself to get a
better image”.

In addition, students identified that the simulation
activity enhanced their understanding of technical fac-
tor selection and radiation dose. For example, stu-
dents stated that using the simulation “helped me to
understand the exposure”, “helped me understand the
technical side, not just positioning” and it “gave us
extra information on patient dose and levels of
radiation”.

Students also described the use of this simulation pro-
gram as enhancing their learning opportunities. Their
comments included “it combines the theory and prac-
tical context taught during Chiropractic Theory 6 whilst

introducing a new way of expanding our skills and
knowledge through technology” and “regular practice
sessions with the computers would be great to assist the
physical learning”. Students also recognised that this
simulation provided a safe learning environment as it
did not require the use of radiation “being able to redo
and correct any mistakes without worry”.

Limitations of the simulation

Students did report limitations of the simulation includ-
ing that, as movement of x-ray tube was controlled by
computer keys, “some buttons are difficult to find” and
“some of the keys made it hard to set up accurately”. It
was also noted that as you are unable to palpate the vir-
tual patient “more bony landmarks on patient” were
needed.

Recommendations for future implementation

Students in this study identified that remote access to
this simulation would be a beneficial change, for ex-
ample, ‘simulation of practicals into computers makes
practice easier and more accessible’, ‘make it readily
available to practise at home’ and ‘use of it at home via
RMIT website, lists of views required for exam so we
can practice’.

Discussion

The aim of this study was to explore chiropractic stu-
dents’ experiences of the Projection VR™ to assist in de-
veloping their radiographic skills and confidence in a
laboratory setting. This study suggested that the simula-
tion did improve students’ learning experience.

The Projection VR™ was previously incorporated into
the Medical Imaging program in the School of Health
and Biomedical Sciences (SHBS) at RMIT University
with most technical complications being resolved by the
time the simulation program was trialled with
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Table 1 Demographic characteristics of participants (n = 44)
Number (%)

Characteristic

Sex Female 30 (68)
Male 14 (32)

Age (years) 18-21 22 (50)
22-25 11 (25)
26-29 409
30 + 7 (16)

chiropractic students. In general, the program supported
students’ skill development and enhanced confidence
levels.

Another potential application of this program is re-
mote access by students. The advantages of such access
include the flexible delivery of learning and teaching,
overcoming geographical barriers in terms of travel as
well as students being able to acquire skills and know-
ledge at their own pace [21].

Given that there is variety in the reported levels of
confidence, computer skills and abilities among students,
the option of their being able to progress through simu-
lation activities at their own pace is likely to facilitate
the learning experience.

Confidence and skill development

In general, the introduction of Projection VR™ in-
creased students’ confidence in patient positioning
procedures and their ability to evaluate radiographic
images. It has been reported that enhancing students’
clinical radiographic skills as they make the transition
from their pre-clinical undergraduate education to
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clinical practice may help to alleviate the stress asso-
ciated with this transition [22].

Having acquired the skills to confidently set up
radiographic procedures and evaluate images, students
have reported being able to better focus their energies
on refining their communication and patient-
interaction skills [23].

Students also described that participating in the
Projection VR™ simulation positively influenced their
ability to problem solve. These findings are consist-
ent with other published reports that highlight the
value of students critically reflecting on their per-
ceived strengths and weaknesses as a step to solving
future clinical challenges and contributing to a range
of other important clinical and professional stan-
dards [24, 25].

Ninety-three percent of students identified that the
simulation activity enhanced their understanding of the
effect of changing radiographic exposure factors on pa-
tient dose. Chiropractors who perform radiography have
a responsibility to select exposure parameters which
minimise patient dose when producing clinically diag-
nostic images. Key x-ray parameters that a chiropractor
controls and can manipulate for radiographic examina-
tions include tube voltage (kVp), tube current and time
(mAs) and source to image distance (SID). As SID is
traditionally fixed at 150 cm for chiropractic planar im-
aging [26], student chiropractors should develop a good
understanding of 15% rule as a radiation dose reduction
strategy. Projection VR™ simulation does provide similar
percent dose reduction measurements to direct dosim-
etry measurements when assessing application of the
15% rule [27]. Projection VR™ is a useful educational tool

Table 2 Students’ experiences of ease of use of Projection VR™ (n = 44)

Question

Strongly Agree Neither agree Dis- Strongly Total

agree nor disagree  agree disagree  Number

I could control the equipment as | needed when using Projection VR™ 15 27 2 0 0 44
I liked using Projection VR™ 17 22 4 1 0 44
Projection VR™ is easy to use 8 34 2 0 0 44
Technical problems made using Projection VR™ difficult 4 6 11 14 9 44
The Projection VR™ laboratory activity sheet was easy to follow 7 29 7 1 0 44
Using Projection VR™

Encouraged me to think more about radiographic procedures 17 22 3 2 0 44

Had a positive effect on my ability to set up a radiographic examination 15 17 8 3 1 44

Allowed me to quickly see images and understand if changes needed to be 25 18 1 0 0 44

made

Had a positive effect on my ability to evaluate radiographic images 17 20 7 0 0 44

Helped me learn as | was able to repeat activities until | was satisfied with the 21 22 1 0 0 44

results

Encouraged me to solve problems 12 23 8 1 0 44
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to support student learning focussed on exposure pa-
rameters and dose reduction technique in planar radiog-
raphy. Potential applications of the simulation program
within the chiropractic curriculum may include:

a) assist in providing a blended learning approach to
teaching radiographic positioning that includes the
theoretical basis of radiography in chiropractic
practice, face-to-face practicals and virtual radiog-
raphy to complement and reinforce these more
traditional approaches to teaching and learning;

b) help students to better understand how positioning
influences radiation exposure (including factors
such as skin dose and absorbed dose);

c) provide a cost-effective and efficient mechanism to
‘practice’ positioning;

d) assist in demonstrating how positioning influences
radiographic anatomy;

e) currently, none of the four chiropractic programs in
Australia incorporate virtual radiography in their
curricula and the preliminary findings of this study
demonstrate the potential to incorporate virtual
chiropractic radiography into their curricula as part
of an effective blended learning approach to
learning and teaching.

More broadly, Projection VR TM may be a valuable
adjunct to health professionals who with suitable radio-
graphic training may operate diagnostic x-ray equip-
ment, as an example, due to large geographic distances,
radiographic services in remote areas in Australia are
often provided by appropriately trained remote x-ray op-
erators who include nurses, general practitioners and
physiotherapists [28]. Remote access to this simulation
supported by purposefully designed learning activities
may enhance knowledge and skill development for re-
mote x-ray operators in areas relevant to their radio-
graphic scope of practice.

Study limitations

This study explored the students’ experiences of virtual
radiography in the undergraduate pre-clinical radiog-
raphy course as part of a university chiropractic
program.

Due to the small sample size associated with this pilot
study, caution should be adopted in interpreting and
generalising the results. It is recommended that the
study be repeated with an increased sample size to im-
prove the generalisability of the findings. In addition,
this study focussed on the lumbar spine, an area of
current radiographic scope of practice for chiropractors.
It is recommended that future research extend the areas
of radiographic practice utilised with this simulation. It

Page 8 of 9

is also recommended that future research be extended
to include the views of educators.

Previous authors have noted that student performance
may be influenced by a variety of factors [8, 23] and this
interplay of factors may confound the ability to inde-
pendently evaluate the role of specific potential enablers
such as simulated teaching. This is particularly true
when an innovative teaching tool or strategy is intro-
duced into a new learning environment [23].

Future research could examine student usage patterns
of innovative teaching programs such as simulated radi-
ography providing valuable information on how to best
achieve flexibly-delivered clinical education programs
such as this.

Conclusion

The Projection VR™ software was adapted for use in an
undergraduate  university chiropractic radiography
program.

The introduction of this software was associated with
multiple benefits including an increase in skills and con-
fidence in students’ ability to effectively prepare their pa-
tients for radiographic positioning and quality imaging
while minimising their exposure to irradiation dose.

The software also promoted their problem-solving
skills in preparation for their transition to professional
practice.

The results of this pilot study are promising and sug-
gest that more extensive testing of the impact of simu-
lated radiography with larger sample sizes and involving
a number of chiropractic institutions be considered for
further investigation.
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