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A B S T R A C T

Background: Fluoroscopy guided interventions are widely used procedures in the treatment of musculoskeletal
conditions. Understanding the movement of the needle is part of a resident's initial training when performing
these procedures. Needle navigation training is largely gained with fluoroscopy.
Objective: The purpose of this study is to determine whether the use of ultrasound training can lead to a decrease
in time to reach a target under fluoroscopy.
Methods: 32 medical students or residents. Exposure of one group of trainees to a practice session of needle
navigation using ultrasound. The control group did not participate in ultrasound training. Time to reach the target
during a fluoroscopy guided needle navigation test was measured in both groups.
Results: The mean time to reach the target under fluoroscopy of the students unexposed to an ultrasound training
(group 1 control group) was 183 s (standard deviation ¼ 160 s), while that after ultrasound training (group 2
experimental group) was 150,81 s (standard deviation ¼ 96 s) (p ¼ 0,483)
Conclusion: Fluoroscopy needle navigation training was not improved by a 1-h group practice session with in-
plane ultrasound needle navigation practice. Further studies need to be done with exposure for residents to a
group practice session longer than 1-h
1. Introduction

Fluoroscopy guided interventions are widely used procedures in the
treatment of musculoskeletal conditions, especially painful spinal pa-
thologies. Fluoroscopically guided interventions expose patients as well
as the health care team to ionizing radiation. The physician is responsible
for the dose of radiation produced during a procedure and the exposure
time depends on his technique. Several studies have already demon-
strated that formal training prior to the use of fluoroscopy reduces ra-
diation time [1] by reducing unnecessary steps and reducing procedure
time.

Understanding the movement of the needle is part of a resident's
initial training when performing these procedures. Fluoroscopy allows
the physician to observe the needle trajectory in real time and allows
them to triangulate the needle tip position with orthogonal and com-
plementary views. The needle is in the most axial view possible (parallel
to x-ray beam) on initial needle driving and the use of serial images or
briefly continuous images allows for a live view of the needle as it pro-
gresses towards the target. The majority of the initial needle navigation is
performed in a pin-point or hub-view under fluoroscopic guidance and
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achieving this and maintaining this during needle advancement is a
crucial initial step in learning fluoroscopy guided procedures.

Proper utilization of a spinal needle in fluoroscopy can be divided into
two steps: the initial positioning of the needle coaxially parallel to x-ray
beam (initial hub-view) followed by subsequent needle driving or
advancement stage to reach the target.

A normal spinal needle has a bevel that impacts the needle's trajectory
when advancing through soft tissues. The needle has a natural tendency
to bend slightly away from the bevel [2]. In addition, the effect of the
bevel can be accentuated in certain clinical situations to circumvent
anatomical structures and this therefore generates a greater displacement
outside the axis of the needle. This concept must be understood by res-
idents in order to plan the three-dimensional movements of their needles.
Acquiring the skill to control a curved needle is a fundamental compe-
tency for these procedures.

Currently, the skill of needle navigation is largely gained by prac-
ticing with fluoroscopy with the direct supervision of a staff physician,
directly on patients unless expensive phantom models are readily avail-
able. This requires use of a fluoroscopy machine and room, a radiology
technician, lead protective equipment and exposure to radiation.
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Fig. 1. An image of a spinal needle next to the metal coil representing the target
before it is inserted over the bone.

Fig. 2. An image of a spinal needle next to the metal coil representing the target
before it is inserted over the bone, as it will be viewed on fluoroscopy imaging.
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However, it is interesting to wonder if part of the learning of needle
navigation could be completed under ultrasound. Ultrasound has the
advantage of no radiation and increases the confidence of the resident
practicing under fluoroscopy. Equally important, patients would be less
subject to technical errors of a novice resident and benefit from a more
comfortable, shorter intervention.

Research has already demonstrated that simulated learning of delib-
erate ultrasound needle insertion improved ultrasound guided injection
[3–5]. Other studies also demonstrated that needle navigation training
under fluoroscopic simulation translates into practical improvement of
real life needle navigation in fluoroscopy guided procedures [6,7]. No
known studies have evaluated the potential for ultrasound needle navi-
gation practice to translate into an improvement in performance in
fluoroscopic needle navigation.

Clinical experience shows that a reduction in the time required for the
same technique to reach a target in fluoroscopy correlates with better
patient comfort. Our team has identified four major advantages of ul-
trasound over fluoroscopy in the context of residency training. First, it
does not require a technologist and can be operated entirely by one
person, reducing the resources needed to learn needle navigation. Sec-
ond, it offers a real-time image of the needle, specifically a curved needle,
with optimal visualization parallel to the needle. Third, it does not pro-
duce radiation. Finally, the ultrasound machine is more accessible in
most academic centers. If the hypothesis is confirmed, this training can
be reproduced with minimal resources to help residents acquire better
needle navigations under fluoroscopy and understand the mechanics of a
curved spinal needle as it progresses through tissue. That would be a
solution for simple and profitable learning

The purpose of this study is to determine whether the use of ultra-
sound training can lead to a decrease in time to reach a target under
2

fluoroscopy. If this study is successful, it could be reproduced in a “boot
camp” format given by senior residents to junior residents in order to
improve their needle handling technique. Therefore, any resident inter-
ested in learning fluoroscopy could benefit from practice under ultra-
sound. This could imply that exposure to ultrasound during residency
would be relevant for a resident seeking subspecialization in needle
manipulation under fluoroscopy.

2. Methods

Data and survey collection for this project was performed with ethical
committee review approval from the Centre hospitalier de l’Universit�e de
Montr�eal (CHUM). Written consent was obtained from all residents and
medical student trainees who participated in this study.

The objective was to expose one group of trainees to a practice session
of needle navigation using ultrasound (group 2 experimental) and no
ultrasound training to the control group (group 1). Both groups were then
exposed to a fluoroscopy guided needle navigation test.

● Material

A 1 cm in diameter target was inserted on a pig's femur. The target
rested on the bone at a depth of 15 cm from the surface of the pig's skin.
The fluoroscopy beam was placed perpendicular to the target and the
target was centered on the image shown on the screen. Each participant
had their own spine needle bent at approximately five degrees towards
the bevel as commonly seen in a clinical context (See Figs. 1-4).

Supplementary video related to this article can be found at https://do
i.org/10.1016/j.inpm.2022.100169
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Fig. 3. An image of the pig's muscle, fluoroscopic beam and captor next to the
guiding screen as it was used with the participants.
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● Study participants

All Quebec medical resident physicians and medical students who
have not significantly been exposed to ultrasound or fluoroscopy training
represent our sample for population. We excluded any student or resident
Fig. 4. An image of the ultrasound visualisation of a curved needle ad
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who had already had significant prior training with needle manipulation
under ultrasound or fluoroscopy. A training was considered significant if
there were more than 30 total prior injections done by the participants.
Prior to any measure of data, each participant was asked to complete a
survey assessing their prior use of needle guided procedures, age, year of
medical training and comfort with a needle. The results of the survey
were compared between the two groups to confirm proper randomization
of the groups. The 32 participants were randomly separated into two
groups, Group 1 and 2.

● Study protocol

Both groups were shown a PowerPoint presentation explaining
theoretical concepts required for proper needle driving at the beginning
of the study. The PowerPoint presentation explained the theoretical
concepts required for proper needle driving in both ultrasound and
fluoroscopy needle injections. All study participants were then randomly
assigned to either the control or experimental group.

The control group (group 1) were randomly selected from the par-
ticipants and did not participate in a 1 h, hands-on, ultrasound training.
This group attempted to attain the target under fluoroscopy without the
prior practical training under ultrasound. The control group's lack of
ultrasound training prior to the fluoroscopic procedure is meant to
simulate the current curriculum of physiatry residents.

The experimental group (group 2) had a 1 h group training, super-
vised by senior physiatry residents and staff physiatrist with a fellowship
in spinal interventions. The training was dedicated to the deliberate
practice of needle manipulation. During this session, a live demonstra-
tion using ultrasound was used to show advancement of a curved spinal
needle through a pig leg. All possible movements were demonstrated,
including advancement, retraction, change of needle bevel direction and
needle redirection. Participants were then given the opportunity, while
being supervised, to manipulate the same curved needle that will be used
during the fluoroscopy procedure. They were able to appreciate under
live ultrasound, while manipulating the curved needle, the directional
change in trajectory of the needle due to the curvature and how to adjust
it. Each participant had equivalent hands-on training as a rotation system
was implemented for everyone to have an equal amount of practice op-
portunities. The supervisor spent about 5 min for his initial demonstra-
tion, the remainder of the time was spent by the participants for hands-on
practice. Each participant spent a minimum of 30 min practicing as we
vancing through muscle tissue as it was used in this experiment.
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utilized all the four available machines in the clinic.
During the assessment phase of needle navigation using fluoroscopy,

participants had only one instruction: “the needle tip must hit the target
of the pig's leg within the circle (as demonstrated above)". No more
teaching than the previous theoretical session was given to either group.
Any improvement perceived during the fluoroscopy session should
therefore be secondary to practice under ultrasound.

● Evaluation

Grading the performance of the procedure was made by measuring
the time to reach the target in fluoroscopy on the pig leg. The stopwatch
was started as soon as the needle touched the skin of the pig and was
stopped as soon as the radiopaque target was reached. Confirmation that
the target has been reached was verified by the head physician super-
vising the session. The time to reach the target is directly correlated with
the total radiation. No hints or help was given to the participant during
the fluoroscopy needle navigation prior to or during the measurement.

● Statistical analysis

It was determined that with a sample of 20 participants and a stan-
dard deviation of 10 s, it is possible to detect a difference of 16.4 s
Table 1
Study participant's demographic data.

Group P
value

1 2 Total

Gender Female N 10 10 20 1.000
% 62.5% 62.5% 62.5%

Male N 6 6 12
% 37.5% 37.5% 37.5%

Which year of medicine
are you in?

1 N 4 3 7 0.002
% 25.0% 18.8% 21.9%

2 N 0 4 4
% 0.0% 25.0% 12.5%

3 N 8 0 8
% 50.0% 0.0% 25.0%

4 N 2 5 7
% 12.5% 31.3% 21.9%

PGY-1 N 0 2 2
% 0.0% 12.5% 6.3%

PGY-2 N 1 2 3
% 6.3% 12.5% 9.4%

PGY-3 N 1 0 1
% 6.3% 0.0% 3.1%

How many needle
infiltrations have you
done?

0 N 9 8 17 0.481
% 56.3% 50.0% 53.1%

1–5 N 7 5 12
% 43.8% 31.3% 37.5%

10–15 N 0 1 1
% 0.0% 6.3% 3.1%

5–10 N 0 2 2
% 0.0% 12.5% 6.3%

Age N 16 16 32
Mean 22.38 23.81 23.09 0.131
Standard
Deviation

1.96 3.15 2.68

Minimum 19.00 19.00 19.00
Maximum 26.00 30.00 30.00

On a scale of 1–5, how
comfortable are you
with a needle, if 1 is
very uncomfortable
and 5 is extremely
comfortable.

N 16 16 32
Mean 2.94 3.06 3.00 0.716
Standard
Deviation

1.06 .93 .98

Minimum 1.00 1.00 1.00
Maximum 5.00 5.00 5.00

Time to get to target
(seconds)

N 16 16 32
Mean 183.94 150.81 167.38 0.483
Standard
Deviation

159.84 95.80 130.71

Minimum 47.00 30.00 30.00
Maximum 531.00 327.00 531.00
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between the two groups with a power of 80% and an alpha of 1.25%.
Prior to meeting with our statistician, we conducted a pilot trial time-to-
target test with a senior staff, a senior resident and a junior resident. Each
person did 3 runs of a similar test used in the study, and their times were
averaged. This was the sample data used to determine likely variation in
our study sample as well to determine the 16.4 s threshold.

The paired sample t-test was used in the comparison of results before
and after training, and p< 0.05 was considered to be significant. In total,
32 medical students participated. The average age of the students was
23.09 (standard deviation ¼ 2.68), and 62.5% (n ¼ 20) of the students
were female.

3. Results

There was no participant drop out. Our study did not demonstrate any
statistically significant difference in the mean time required to reach the
target for both groups. The mean time to reach the target under fluo-
roscopy of the students unexposed to an ultrasound training (group 1
control group) was 183.94 s (standard deviation ¼ 159.84 s), while that
after ultrasound training (group 2 experimental group) was 150.81 s
(standard deviation ¼ 95.80 s) (p ¼ 0.483; Table 1). Further evaluation
between the subgroups (age, sex, level of training) also did not demon-
strate any statistically significant difference.
4. Discussion

The results of this study show that medical students and residents
desiring to learn fluoroscopy needle navigation should not expect
improvement in performance in fluoroscopy needle navigation from ul-
trasound based training alone. We believe that the main reason why the
needle navigation time to reach target under fluoroscopy was not greatly
reduced by a practice on ultrasound was due to the way the needle was
viewed on the screen. Although the needle navigation itself might be
better understood by trainees first exposed to an in-plane ultrasound
practice session, this does not translate into a better performance on
obtaining initial pin-point view or hub-view required for navigation to-
wards the target under fluoroscopy guidance. As described in the intro-
duction, there are 2 phases to proper needle utilization under
fluoroscopy, the initial positioning for hub-view then the advancement or
driving phase of the needle. Anecdotal observation from the supervising
staff physician was that once initial hub-view was obtained, subsequent
needle driving was faster in group 2, but this is purely observation. An
alternative could have been for the supervisor to set up the initial hub-
view and then measure the time to target to more truly reflect needle
navigation of the curved needle.

Some participants felt they would be more at ease navigating the
needle under fluoroscopy had they tried the ultrasound first.

The great variability in time to reach the target is probably explained
by the comfort manipulating the needle in general, not just under-
standing the way the needle navigates through the muscle. It was clear
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for the physician measuring the time to reach the target under fluoros-
copy that for every participant that the majority of the time required to
reach the target was spent on aligning the needle in order to obtain a hub-
view of the needle. Once the needle was properly aligned, each partici-
pant advanced the needle to varying degrees of comfort towards the
target. Having not planned to measure the 2 steps of needle advancement
separately was a limitation of this study and may have contributed to
under-evaluating the effect of the ultrasound session to help with the
needle navigation phase. In very novice participants as it was chosen for
this study to properly represent novice trainees in their residency, the
comfort level with a needle and the proper alignment for needle a pin
point view under fluoroscopy were much more significantly affecting the
time required to reach the target. Although improvement in performance
was shown in previous studies comparing the needle navigation within
one visualization modality; either ultrasound or fluoroscopy, we did not
demonstrate any statistically significant improvement when jumping
from one modality to the other, herein ultrasound to fluoroscopy. We
believe that this transposition of skills from onemodality to the other was
probably not translating into a significant change because the practice
round was not long enough. It is likely that repeated ultrasound practice
does improve the needle navigation in fluoroscopy as well, but not after
1 h of practice.

We believe the curriculum to train a physiatry, anesthesia or radi-
ology resident for fluoroscopy injection should prioritize simulation with
a fluoroscope. The expected benefits of prior ultrasound practice sessions
before fluoroscopy practice sessions was not conclusive to a better per-
formance under fluoroscopy needle navigation with our outcome
measure.

Further studies on the subject need to be done to demonstrate the
most adequate way of facilitating needle navigation acquisition. A study
evaluating whether the time to reach a target under fluoroscopy is
improved if the needle was already placed in a pinpoint view at a specific
distance from the target would be interesting. This would reduce time
required by the participants to reach the target. Also, this study assessed
the learning after only an hour long group ultrasound practice session. A
longer, individual ultrasound session should also be compared to eval-
uate if there is any significant difference. The hour-long session was
chosen because it reflects an easily reproducible “boot camp” class
currently being taught in the curriculum of many physiatry programs.

5. Limitation of this study

There are sources of bias in this study. Participants were obviously not
blinded to their group allocation. There was a significant source of bias
when taking measurements under fluoroscopy. Participants are aware of
their prior exposure. A participant knew that they would be exposed to
5

ultrasound training prior to their fluoroscopy session and this may impact
the performance in fluoroscopy. We hoped to give participants as little
information as possible as to which of the two techniques is the inde-
pendent factor.

The physician who led the teaching session under ultrasound was
unblinded to the group they were supervising.

The physicians assessing the fluoroscopy needle navigation were
however blinded to the group allocation. The ultrasound session can
familiarize the participants with the materials (needle and pig's foot). We
attempted to diminish the improvement attributable to the knowledge
behind the manipulation by giving a theoretical session to both groups.
We believe that some of the improvement in time to target may be
attributable to familiarization with the materials, but this difference also
reflects the current reality of a resident who has had no prior ultrasound
training.

6. Conclusion

Fluoroscopy needle navigation training was not improved by a 1-h
group practice session with in-plane ultrasound needle navigation
practice.
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