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he operating room (OR) is a fast-paced envi-

ronment that often can be stressful and daunt-

ing.' Proper and adequate education for all

members of the diverse OR team, including the
radiologic technologist, is essential in ensuring delivery
of excellent patient care.' Radiologic technologists’ role
in the surgical environment is multifaceted; they must
take precise and accurate images to help guide the sur-
gical team while using their knowledge of radiation
safety to minimize radiation exposure to staff and
patients.” The C-arm is used to take images during sur-
gical procedures, and its operation and management are
the responsibility of the radiologic technologist.

The C-arm can be used to take static radiographs
and perform live fluoroscopy. This functionality makes
it an invaluable tool in helping guide surgeons’ accu-
racy while keeping procedures minimally invasive.’
Although C-arms generate radiation that could endan-
ger patients and OR staff, particularly when used for
continuous fluoroscopy, the radiation exposure is lower
than that of a computed tomography (CT) scan.”* In
addition to potentially lower radiation doses compared
with CT, fluoroscopy offers the ability to continu-
ally reposition a patient and only expose the localized
regior afintrest e radinin 'O mighe g suprriir by
its 3-D imaging, but the C-arm is preferred because of
its reduction in radiation exposure and high quality 2-D
images.’ Sonography can be considered an even safer
option because it does not produce radiation; however,
sonography does not create the proper visualization
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needed to guide a surgeon safely through a proce-

dure.’ Therefore, C-arms have become accepted as the
preferred method for keeping procedures minimally
invasive and are used in orthopedic, pain management,
and interventional radiology procedures,® as well as vas-
cular, urological, and gastrointestinal cases.' Another
advantage of the C-arm is its varied ranges of motion, or
kinematics.’ C-arms have 6 ranges of motion, making
them highly flexible and functional in the confines of
the OR. C-arms can be moved in and out, up and down,
and left or right on their axis (wag), as well as rotated
over and under for lateral imaging and left and right for
oblique imaging.’

Being familiar with these C-arm operations and able
to perform them quickly and competently is key to the
radiologic technologist’s role in the OR." However, OR
radiography is known to be among the most intimidat-
ing and challenging rotations for students, as well as
for registered technologists, particularly because of
the lack of hands-on C-arm instruction before clinical
rotation through the OR."*** Current C-arm educa-
tion is mostly didactic or theoretical, with students
reading and studying C-arm operation but having no
hands-on experience before rotating through the oper-
aviggsmte 7 Mhinded ofalinen'siil dsvabprven’ iy
several consequences, including causing stress and lack
of confidence in the student,® which then affects their
competence.” Furthermore, inadequately trained tech-
nologists in the OR might generate additional radiation
exposure to the patient and the OR staff by needing to
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potential to cause anxiety and confusion for students
and registered technologists whose primary language
differs from that used in the OR."

The OR also has no standardized imaging or posi-
tioning protocols for C-arm radiography; necessary
images and projections are dependent on the surgeon.”
The technologist works to learn each surgeon’s prefer-
ences and to react accordingly when asked to produce
images.” Mistakes can be made if technologists forget
which images a particular surgeon prefers, leading to
prolonged procedures and additional radiation expo-
sure.” For students, this is another potential barrier
to confidence and competence because learning each
surgeon’s preferred projections is particularly difficult
when they have limited competence using the C-arm.

Potential Solutions

Several potential solutions were identified to counter
the challenges to increasing technologists’ confidence
and competence when using C-arms in the OR. C-arm
education must include hands-on C-arm instruction
before surgical rotation.* Didactic and theoretical les-
sons are not sufficient when a clinical hands-on skill
is being taught."* Simple hands-on device instruction
familiarizes a student with the various kinematics
involved in moving and operating a C-arm,’ building
familiarity and muscle memory. This can reduce stu-
dent anxiety when rotating through the OR because
they feel more prepared, which fosters confidence
and competence via enabled learning acquisition.™"
Furthermore, being more prepared and more compe-
tent ensures proper positioning of the C-arm, which
reduces repeat imaging, overall radiation exposure, and
dose to the patient and OR staft.’

Although hands-on C-arm instruction before OR
clinical rotations in a stress-reduced and safe envi-
ronment is key to building initial confidence and
competence, additional rotations and exposure to
the OR environment and the C-arm also help build
student’s confidence.® Kerns and Clark found that stu-
dents who completed additional rotations that required
C-arm use reported more confidence than those who
completed fewer rotations.® Kerns and Clark’s sample
indicated that students who rotated through 4 or more
rotations requiring C-arm use felt significantly more
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confident than those who completed fewer C-arm rota-

tions.® This is evidence that additional C-arm rotations

help to build C-arm confidence and might be necessary
to ensure student technologists are prepared for work in
the OR.*

Several types of C-arm and OR simulations have
been found to reduce anxiety and promote confidence
and competence. Simulations in radiography have
been found to bolster clinical skills and skill reten-
tion, in part because simulations are performedina
safe environment where confidence can be fostered
and learning acquisition increased." Simulations in a
controlled environment also foster better communica-
tion between trainer and trainee, where skills can be
constructively critiqued, repetitions can be performed
without fear of radiation exposure, and a thorough
debriefing can occur after the simulation.' Debriefing
is a central feature that gives the trainee the ability to
reflect on their work and actions and to hear feedback
on how to improve.'® Learning occurs as the trainees
apply feedback to future actions, building competence.”
Debriefing and feedback are difficult to do during an
actual OR case because there is no time for discussions,
and the atmosphere often is poor for learning and
building competence.’ The instructor in these situa-
tions typically is an experienced technologist who must
manage the surgeon’s expectations and the student’s
inexperience; therefore, instruction becomes difficult.’

Simulation programs such as the Artificial X-ray
Imaging System (AXIS) use digitally reconstructed
radiographs to help C-arm users with little or no expe-
rience successfully position the C-arm for accurate
images.* Participants had more confidence when using
AXIS and took $3% fewer radiographs overall, sup-
porting the notion that AXIS helps beginner C-arm
users with using the C-arm more effectively and
competently.® These results support the evidence that
repetition and simulation help to reduce radiation dose
by reducing the number of images required.® Another
simulation program that has been shown to improve
C-arm education is the computer-based virtual real-
ity simulator for intraoperative x-ray imaging (virtX)
created at Flensburg University of Applied Sciences
in Germany.*" VirtX gives students an opportunity
to position a virtual C-arm in a safe environment and,
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using digitally reconstructed radiographs, see what
their images would look like based on where they posi-
tioned the virtual C-arm in relation to a virtual patient.’
Bott et al surveyed participants in a virtX simulation
study and found that 89% of the participants found
virtX to be a useful tool in addition to hands-on C-arm
instruction.” Although virtX does not replace hands-on
instruction, this supplemental simulation program can
improve positioning skills and thereby reduce poten-
tial radiation exposure by strengthening competence
and confidence.”

Simulations also might reduce challenges created by
the OR hierarchy.” Naylor et al identified 4 themes that
could help boost confidence, competence, and inter-
communication in the OR suite by observing various
simulations performed with radiologic technology stu-
dents."” The first theme was identification; if a student
or trainee is present in the OR, this should be made
known to all so that unreasonable demands are not
placed on the trainee, and stress is kept at a minimum.
The second theme is clarity; the technologist should
know details of the OR case so that they can react
accordingly when needed. The third theme is prepa-
ration, which is required to keep the parts of the OR
moving smoothly. For example, all staff must have pro-
tective radiation gear on, a space for the C-arm must be
maintained, and the technologist must be made aware
of the case well in advance. If anything is unprepared,
delays in the case and disruption to the staff ensue. The
last theme was respect; radiologic technologists’ exper-
tise in radiation safety must be respected because they
are the gatekeepers who make sure the principle of as
low as reasonably achievable are maintained."” These
4 themes highlight ways to improve technologist con-
fidence and competence, as well as OR harmony, while
reducing radiation exposure."

Creating a universal or standardized system for
C-arm commands has been suggested to reduce mis-
communication and errors.'""" In a study by Yeo et al,
several pairs of radiologic technologists and surgeons
were timed while trying to achieve perfect circles
during an orthopedic simulation." Perfect circles
refer to when an orthopedic device or implantation
is positioned with the circles or screw holes on either
side perfectly superimposed and properly aligned so
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that perfect round circles appear on the x-ray image vs
ellipses.” The same pairs then were asked to memorize
a common standardized set of C-arm commands and
perform another simulation. There was a 50% reduc-
tion in the time it took to achieve perfect circles after
the standardized commands were introduced, support-
ing the notion that when communication is improved
by using a clear set of common commands, surgical
time and amount of radiation exposure are reduced."
De Muinck et al created a standardized set of C-arm
commands in Dutch because of the unhappiness
technologists and surgeons expressed regarding the
amount of miscommunication that occurred.” They
found a decrease in surgical time and number of images
required, as well as a reduction in discontentment when
testing these commands." Furthermore, a clear and
unambiguous set of universally agreed on commands
benefits nonnative speakers, who might struggle with
the different commands given by surgeons."

Lastly, radiography programs can improve their
C-arm curricula to better prepare their graduates for
OR work. Tay et al suggested a new curriculum that
is competency based and uses simulations to enhance
clinical skill application.' They also suggested faculty
development to better enable educators to pass these
skills along to their students.' Kerns and Clark showed
that more clinical C-arm rotations promotes more
student confidence;’ this evidence supports the sug-
gestion that radiologic technology education programs
might need to require additional rotations that use the
C-arm for students and to test their competence more
rigorously. Jeyandrabalan et al called on radiologic
technology programs to promote student well-being
by adequately preparing them and by evaluating the
effectiveness of all educational resources to monitor
what works and what new services are needed to foster
student confidence and competence.’

Discussion

Current literature supports the idea that gaps in
proper C-arm preparation and instruction negatively
affect the confidence and competence of radiologic
technology students and trainees. However, additional
questions and differing paths for research emerge when
reviewing the current literature. Although this report
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highlights the gaps in C-arm education, it does not ven-
ture into the reasons why the gaps exist. Allen pointed
out that simple device instruction is all that is needed for
proper C-arm preparation.’ However, as highlighted by
Kerns and Clark, approximately one-third of students
received C-arm preparation before starting OR rota-
tions; for students who receive no preparation, a lack

of confidence when they begin using the C-arm in the
OR suite might inhibit learning and skill development.*
There might be a few reasons for lack of hands-on C-arm
instruction. C-arms are expensive, and radiography
education programs might not be able to afford C-arms
for instruction and simulation purposes.

Simulations also were cited as a reliable way to
increase C-arm confidence and competence, but
simulation software also can be expensive and might
require additional hardware to operate, as well as addi-
tional space and resources, all of which cost money.
Additional research might explore diverse ways that
radiography programs could gain access to a C-arm. For
example, hospitals that provide clinical rotations could
donate older C-arms to those radiography programs.
Grant programs in allied health education could help
radiography programs procure C-arm machines for
simulations and practice. Although C-arm simulations
have been shown to improve learning, they are not
without fault. As with all simulations, they can never
fully recreate reality, and so a true-to-life experience
with live patients with various illnesses will never be
obtained in a simulated setting.”

The literature also discussed the lack of prepared-
ness of OR technologists to train student technologists.'
These experienced OR technologists are pressured to
provide the surgeon with diagnostic quality images
inan OR setting and being relied on to instruct stu-
dents and newly hired technologists. OR technologists
typically are not formally educated on how to teach.’
This is another gap in C-arm instruction that could be
further explored.

The COVID-19 pandemic had a notable effect on
clinical education for the allied health professions, espe-
cially radiography.” Because of fear of spreading the
virus, as well as the potential liability for students, many
clinical rotation sites ceased serving students or severely
limited the scope of their clinical rotations, This likely
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included the OR because only essential surgeries were
performed. All elective procedures were cancelled,
thereby severely limiting potential OR cases for student
technologists to learn from. Research on the effects of
COVID-19 on radiologic technologists’ instruction in
the OR would be interesting. Recent graduates in radio-
logic technology might be less prepared than students
who graduated before COVID-19.

Conclusion

Gaps in current C-arm education leave many
radiologic technology students and trainees lacking
in confidence and competence. Although access to
a C-arm for practice and simulation before OR and
C-arm rotations would vastly improve preparedness,
most radiography programs do not have C-arms for
their students’ benefit. New graduates are expected
to have C-arm competence to effectively and safely
provide surgeons with images to guide them during
procedures, and radiology departments that hire radio-
logic technologists expect their new hires to be ready.
However, current C-arm instruction can produce stress
and anxiety for many radiologic technologists who are
introduced prematurely to the OR, and this stress and
anxiety can prohibit learning, reduce confidence, and
slow the development of competence, which conse-
quently might result in additional radiation exposure
for patients and OR staff, Radiography instruction
should ensure students are prepared to keep radia-
tion dose as low as reasonably achievable and produce
quality images, but instruction also should support the
well-being of their graduates by reducing stress and
anxiety through hands-on instruction.

Ryan Rowe, MSRS, R.T.(R), is lecturer for the Radiologic
Technology and Medical Imaging Department at New York
City College of Technology of the City University of New
York in Brooklyn.

References

1. TayYX, Wei YM, Chong L. “Operating Theatre radiography not
for the faint of heart”™ how can we support our radiographers?
J Med Imaging Radiat Sci. 2022;53(2):196-202. doi:10.1016/j.jmir
.2022.01.007

asrt.org/publications



10.

11.

12.

13.

14.

1S.

16.

Bott OJ, Wagner M, Duwenkamp C, Hellrung N, Dresing K.
Improving education on C-arm operation and radiation protec-
tion with a computer-based training and simulation system. Int ]
CARS. 2009;4(4):399-407. doi:10.1007/511548-009-0322-1
Allen DR. Simulation Approaches to X-ray C-Arm-based
Interventions. Master’s thesis. University of Western Ontario;
2020. Accessed June 19,2022. https://ir.lib.uwo.ca/etd/7231

Shalom NE, Gong GX, Auster M. Fluoroscopy: an essential
diagnostic modality in the age of high-resolution cross-sectional
imaging. World ] Radiol. 2020;12(10):213-230. doi:10.4329/wijr
v12.i10.213

Kerns LD, Clark KR. Assessment of C-arm confidence among
ASRT Graduate Bridge program members. Radiol Technol.
2021;92(5):435-444.

Touchette M, Newell R, Anglin C, et al. The effect of artifi-

cial X-rays on C-arm positioning performance in a simulated
orthopaedic surgical setting. Int ] CARS. 2021;16(1):11-22.
doi:10.1007/s11548-020-02280-2

Jeyandrabalan M, Punch A, Rogers JM, Jimenez YA. Insights
into Diagnostic Radiography students’ perception of

clinical stressors. Radiography (Lond). 2022;28(2):499-505.
doi:10.1016/j.radi.2021.12.014

Girn R, Punch A, Jimenez YA. Diagnostic radiography students’
perceptions of working in the clinical environment: a focus on
emotional challenges. Radiography (Lond). 2022;28(2):492-498.
doi:10.1016/j.radi.2021.11.001

Grady AL. Perceptions of teamwork in the OR: roles and expec-
tations. Virtual Mentor. 2010;12(1):24-26.

De Muinck Keizer R], Klei DS, Van Koperen PJ, Van Dijk CN,
Goslings JC. “Turn laterally to the left!”. The need for uniform
C-arm communication terminology during orthopaedic trauma
surgery. Acta Orthop Belg. 2017;83(1):146-152. https://www
.researchgate.net/publication/317220907_Turn_laterally to
_the_left The need_ for uniform C-arm_communication
_terminology _during_orthopaedic_trauma_surgery

Yeo CH, Gordon R, Nusem I. Improving operating theatre
communication between the orthopaedics surgeon and radiog-
rapher. ANZ ] Surg. 2014;84(5):316-319. doi:10.1111/ans.12482
Kausch L, Thomas S, Kunze H, et al. Toward automatic C-arm
positioning for standard projections in orthopedic surgery. Int |
CARS.2020;15(7):1095-1105. doi:10.1007/s11548-020-02204-0
Naylor S, Foulkes D. Diagnostic radiographers working in

the operating theatre: an action research project. Radiography
(Lond). 2018;24(1):9-14. doi:10.1016/j.radi.2017.09.001
Vestbostad M, Karlgren K, Olsen NR. Research on simulation
in radiography education: a scoping review protocol. Syst Rev.
2020;9(1):263. doi:10.1186/513643-020-01531-2

NgR, Chahine S, Lanting B, Howard J. Unpacking the literature
on stress and resiliency: a narrative review focused on learn-
ers in the operating room. ] Surg Educ. 2019;76(2):343-353.
doi:10.1016/j.jsurg.2018.07.025

Zorn C, Dillenseger JP, Bauer E, et al. Motivation of student
radiographers in learning situations based on role-play simula-
tion: a multicentric approach involving trainers and students.

RADIOLOGIC TECHNOLOGY, November/December 2023, Volume 95, Number 2

17.

18.

19.

Short Report

Rowe

Radiography (Lond). 2019;25(1):e18-€25. doi:10.1016/j.radi
.2018.09.002

Virtual reality simulator for intraoperative x-ray imaging.
Flensburg University of Applied Sciences. Accessed August 29,
2023. http://www.virtx.info/

Rodriguez T, Laborde A, Khédira T, Ledoux D, Hamitouche K.
Free-hand distal locking of intramedullary nails: how to quickly
achieve perfect circles without specific instrumentation. Orthop
Traumatol Surg Res. 2021;107(2):102831. doi:10.1016/j.0tsr.2021
.102831

Rainford LA, Zanardo M, Buissink C, et al. The impact of
COVID-19 upon student radiographers and clinical training.
Radiography (Lond). 2021;27(2):464-474. doi:10.1016/j.radi
.2020.10.015

151



