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Abstract

Background: Fluoroscopic-guided lumbar procedures have increased in daily pain 

practice because the lumbar spine is one of the most common sources of pain. 

Interventional pain fellows must develop a minimum number of skills during their 

training in order to achieve the competences without neglecting radiological safety. 

However, medical training in fluoroscopic-guided interventions is being affected 

by the current coronavirus disease 2019 (COVID-19) situation.

Methods: The objective of this study was to evaluate the use of a phantom model 

for lumbar injection as a training strategy during the COVID-19 pandemic in fel-

lows of interventional pain. The study was divided into theoretical and practical 

modules. The hands-on practice was performed in a lumbar model phantom where 

fellows were evaluated in four fluoroscopically guided approaches: intra-articular 

facet block (IAFB), medial branch block (MBB), transforaminal block (TFB), 

and interlaminar block (ILB) divided in 5 sessions. The aim was to make as many 

punctures as possible in every session. We measured total procedural performance 

(TPP), total needle hand time (TNH), and total radiation dose generated by the 

fluoroscopic machine (TRD) during each procedure. Additionally, a survey was 

applied to evaluate confidence and satisfaction before and after training.

Results: A total of 320 lumbar punctures were completed. The results were statis-

tically significant in all approaches attempted (p < 0.01). The fellow’s survey for 

satisfaction and confidence demonstrated a significant difference between pre and 

post-test (p < 0.01).

Conclusions: The results of this study highlight the importance of adaptations and 

adoption of new educational models. The use of the phantom model for simulation 

could be a strategy for other emerging situations, like the COVID-19 pandemic. 

Including this practice in the interventional pain programs could lead to better 

results for the patient and operator radiology safety.
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INTRODUCTION

Interventional pain medicine is evolving as a distinct dis-
cipline that requires detailed knowledge and expertise. 
Familiarity with radiographic anatomy and practice on 
image-guided injections is needed to perform the variety 
of techniques the practitioners must master. As new in-
terventional techniques are introduced in pain practices, 
it is important that pain physicians are properly trained 
to perform the multiple pain-relieving techniques in a 
way that conducts to a successful treatment, but also 
ensuring safety, both for the operator and the patient.1 
Fluoroscopic-guided procedures have increased in daily 
practice, not only in pain medicine, but in a variety of 
specialties, gaining relevance as a diagnostic and thera-
peutic tool. Fluoroscopic imaging guidance is frequently 
used when performing a variety of pain interventions 
and has been associated with an increased success rate 
with minimum complications, less procedural time 
performance by the target specificity, and reductions 
in traumatic punctures when compared to landmarked 
procedures.2–4

There are multiple procedure approaches within the 
skills and competences that encompass the specialty of 
interventional pain management, depending of the tar-
geted anatomic area. Lumbar procedures are the most 
frequently performed approaches in interventional pain 
practice, because the lumbar spine is one of the most 
common sources of pain in the burden health world-
wide,5 and their optimal execution is imperative. For 
this, the interventional pain fellows must develop a min-
imum of skills during their training in order to achieve 
the competences without neglecting radiological safety 
both for the patients and themselves.

However, some emerging situations could threaten 
their practice, like the unprecedented crisis that we are 
currently experiencing with the coronavirus disease 2019 
(COVID-19) pandemic, which has devastated the world 
with 65.8 million reported cases and 1.5 million deaths 
globally until early December 2020.6 This has not only 
impacted the healthcare system around the world, but 
has had a negative impact at medical programs not re-
lated to COVID-19 infection and/or its complications.7 
Interventional pain fellows around the world, who had 
traditionally learned through direct observation and im-
mediate practice in a clinical setting with real patients, 
could benefit from training their skills in other methods, 
like phantoms and cadaveric trainings, before conduct-
ing a procedure in a real patient for the first time, so the 
COVID-19 pandemic is only an additional situation. 
Historically, one of the learning alternatives has been the 
cadaver practice, but due to the high costs, maintenance, 
and availability of this method, this practice is compli-
cated to achieve.

We suggest that the use of phantom models made by 
synthetic materials could be a reasonable alternative as 
this practice improves fellow’s learning and confidence, 

while avoiding the risk of erroneous punctures into real 
patients, which can lead to serious complications. The 
use of these simulated scenarios has already been de-
scribed in other specialties, such as surgery.8

When it comes to radiation exposure, Cohen et al. 
recently reported a retrospective analysis of 6234 spi-
nal injections in experienced practitioners in which they 
proposed reference levels of cumulative radiation doses 
and exposure, they did not include training fellows, who 
are also exposed to radiation and should also be mon-
itored.9 Repetitive practice in a controlled, simulated 
environment has proven to lead to a better procedural 
performance in the clinical setting, including effective 
education, less radiation exposure, avoidance of possible 
complications, and better outcomes when starting their 
practice.10

The objective of this study was to evaluate the use 
of a lumbar phantom model as a training strategy in 
combination with a short theoretical practice during 
COVID-19 pandemic in interventional pain fellows. The 
importance of this work is that, although there are many 
studies describing the use of phantom model training, 
they have mostly been carried out in the interventional 
radiology field. To this date, we have not found previous 
studies about the phantom model practice by interven-
tional pain fellows.

We hypothesize that with the use of the lumbar phan-
tom model the interventional pain fellows could improve 
their skills during the COVID-19 pandemic.

M ETHODS

This article adheres to the applicable Consolidated 
Standards of Reporting Trials (CONSORT) guidelines.

Previous informed consent from the participants was 
obtained. Four interventional pain fellows (2 in the first 
year and 2 in the second year), coursing a pain manage-
ment program in Mexico, with previous formal training 
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in anesthesiology, were included. The study was not con-
ducted in humans.

A radiopaque anatomic lumbar model phantom man-
ufactured by Sawbones was used (model #1352-44) Image 
1. Overview of the model: lumbar, L1 to the sacrum, ar-
ticulated with a 19 mm anterior latex ligament and flex-
ible discs with radiopaque properties. The manufacturer 
does not specify how many punctures can be handled 
by the phantom model nor the time suggested for its re-
placement. There is a replaceable cover that can be used 
when broken due to multiple punctures and the cost is US 
$53.00. However, as part of our learning program and to 
ensure a constant quality control, we renewed the cover 
every 6–8 months.11 All procedures in the study were per-
formed with a BV Endura C-arm (Phillips) with a 12-inch 
image intensifier. This X-ray unit provides direct read-
ings of fluoroscopy time, and air kinetic energy released 
per unit mass (kerma) accumulated at a reference point 
located 30 cm from the entrance of the image intensifier 
in the direction of the focal spot.12 During the study, all 
participants wore personal radiological protection (lead 
apron, thyroid collar, and lead glasses) and followed as low 
as reasonably achievable (ALARA’s) recommendations.13

The study was divided into theoretical and practical 
modules; the theoretical module consisted in 1-hour lec-
ture of lumbar anatomy, interventional techniques, and 
complications. This module was performed 1 hour previ-
ous to each of the practical sessions. Completing a total 
of 5 theoretical sessions, or 5 total hours of theoretical 
learning, being as this was the number of total practical 
sessions. In order to assess the acquired knowledge, a 0–
100 score test was applied to the participants at the end 
of the complete training (both theoretical and practical). 
The test consisted of 20 multiple-answer questions involv-
ing lumbar spine anatomy and procedure technique. Each 
question had a value of 5 points, being able to obtain a 
score from 0 to 100. Additionally, we also evaluated con-
fidence (from 0 to 5 where 0 means no confidence and 5 
means complete confidence) and satisfaction (from 1 to 
10 where 1 meant no satisfaction and 10 meant complete 
satisfaction) with Likert-scales, before and after complet-
ing the training. Before hands-on practice was performed, 
the professor in charge of the practice module, who is an 
anesthesiologist and experienced interventional pain phy-
sician, gave a demonstration of each approach. Only one 
professor participated during the whole training. Four 
fluoroscopically guided approaches were included: intra-
articular facet block (IAFB), medial branch block (MBB), 
transforaminal block (TFB), and interlaminar block (ILB), 
divided in 5 sessions. All procedures were performed on 
lumbar vertebral levels L1, L2, L3, L4, L5, and S1, either on 
the model’s right or left side, randomly. The total number 
of punctures practiced during the training by the 4 pain fel-
lows were 320; each fellow performed 80 punctures divided 
as follows: 4 punctures for each different procedure during 
each session, with a total of 5 sessions. The time we dedi-
cated to each session was determined by the performance 

of the trainees, with the sessions being over when every 
procedure was completed by each of the students, without 
a time limit. The final needle position was checked by the 
professor to verify accuracy. All the procedures were per-
formed from June 2020 to August 2020.

It was considered a successful attempt when the final 
position of the needle was on the following anatomic 
references and fluoroscopic projections: ILB: the needle 
tip was confirmed in contralateral oblique view slightly 
anterior to the ventral interlaminar line.14 TFB: the nee-
dle tip resided within the “safe triangle” as described by 
Bogduk,15 with the needle tip between the middle and 
posterior third of the superior aspect of the foramen in 
lateral view and at 6 o’clock of the pedicle in anteropos-
terior (AP) view.16 IAFB: the needle tip was in the middle 
to the upper half of the joint and toward the medial bor-
der of the joint space silhouette, a lateral view was ob-
tained to estimate the needle depth and position.16 MBB: 
the needle tip was in the junction between the superior 
articular process and the transverse process, a lateral C-
arm image was checked to verify the final position and 
confirmed with an AP view at the lateral margin of the 
superior articular process.17

The performance of the participants was character-
ized by 3 quantitative variables: (1) total procedural time 
performance (TPP), defined as the total time, measured 
from the first X-ray emitted by the C-arm to the instant 
when the needle reaches its final position. (2) Total nee-
dle hand time (TNH), defined as the time in seconds 
measured from the introduction of the needle by the par-
ticipant until its arrival to the final position. (3) Total 
radiation dose used (TRD), given by the air kerma in 
mGy, accumulated at the C-arm’s reference point during 
the TPP. All these variables were recorded during each 
approach attempted.

Statistical analysis

Variables were analyzed for normality using the 
D’Agostino-Pearson test. Survey analysis was performed 
using the Wilcoxon Signed Rank test. Statistical data are 
presented as the mean and SEM. Comparisons of the 
mean values between the medical residents’ attempts 
of each procedure were made by analysis of variance 
(ANOVA). Differences were considered significant when 
p < 0.05(*), p < 0.01(**), and p < 0.001(***).

Data processing, graphs, and statistical analysis were 
performed with GraphPad Prism (version 5.01).

RESU LTS

A correlation between each session and the TPP was 
found, because all the approaches showed significant 
lower times at TPP over each time session (Table 1; 
p < 0.01).
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Our results demonstrated that most of the approaches 
had the highest reduction at session number 2, specif-
ically the TFB, which showed an important reduction 
over the time, compared to the ILB, which since the first 
session showed improvements (Figure 1; p  <  0.01). In 
addition, significant results were found when analyzing 
TNH (see Table 1; p < 0.01).

We observed that the TRD (mGy) decreased over time 
in all of the approaches. The highest reduction over time 
was observed for the TFB (Figure 2; p < 0.01), however, 
ILB and MBB showed the lowest radiation dose gen-
erated at the end of the sessions (see Figure 2; p < 0.01; 
Table 2).

The fellows’ survey for satisfaction and confidence 
demonstrated a significant difference between pre and 
post-test, according to the Wilcoxon Signed Rank test 
(Figure 3; p < 0.01). After applying the questionnaires, 
we observed an important improvement in confidence 
with an increase from 2.8 to 4 in the Likert scale (see 
Figure 3). In terms of fellow’s satisfaction, the mean for 
the pre-test was 4.25, whereas the mean for the post-test 
was 9.75. Evaluation of knowledge was also included 
with a score of 58 of 100 before training and 88 of 100 in 
the final evaluation.

DISCUSSION

Spinal injections are the most common procedures per-
formed by interventional pain physicians as low back 

pain prevalence and its health burden worldwide.5 This 
has led to the adoption of interventional practice dur-
ing training in several pain programs in Mexico. The 
COVID-19 pandemic has provoked significant altera-
tions in all medical training programs around the world 
by dedicating all efforts to fight this virus. Pain medicine 
fellows in our country have not been the exception and 
some modifications training, such as the use of phantom 
models, should be encouraged.

The results of this study highlight the importance of 
adopting new educational models. Unfortunately, in the 
interventional pain field this has not been studied as in 
other disciplines, such as surgical specialties.8 We con-
sider that there are parameters that should be measured 
in interventional pain training as time and radiation in 
order to ensure security during the procedures.

Our results showed reduction in time performance 
in all the procedures after completing the fifth session. 
The IAFB approach had a total mean time of 132.56 s; 
previously, Rocha et al. had reported 240.48 s in inter-
ventional radiology fellows.17 Even though time per-
formance is an important measure, a shorter time does 
not correlate with procedure quality, but it suggests the 
acquisition of confidence and familiarity with the fluo-
roscopic images. This improvement has also been seen 
in other simulated learning models and shows reduction 
and prevention of errors. We consider that these simu-
lated practices are important before the contact with real 
patients and should be included during the first months 
of training.8

We can infer that the TFB requires higher skills in 
comparison with other techniques like the MBB. Even 
the TFB showed a significant reduction in TPP and 
TNH despite having the highest scores at the begin-
ning of the practice. This correlates with the results 
of Joswig et al.,18 who observed a reduction from 7.8 
to 3.8 min immediately after the first puncture whilst 
our results showed a reduction from 3.78 to 1.41 min. 
TFB had higher TRD emitted at the second session 
reaching values closer to 0.6 mGy, whereas the others 
did not. This correlation between TPP and TNH sug-
gests that this approach is the most difficult to learn 
by inexperienced fellows or in training despite, to our 
knowledge, there is no previous literature that report 
difficulty levels in any of the approaches included in 
this study.

The ILB and MBB also showed significant reductions 
in TPP and TRD after the second session. This matches 
with the Wang et al.19 study; they affirm that the MBB is 
one of the simplest techniques to perform and they sug-
gest initiating training with this technique.

In our results, some TPP remains distant from the 
reported for an experimented radiologist, because they 
reported IAFB in 39 s and our results showed 52 s.18

A reduction in TPP could result in lower radiation 
doses generated by the C-arm, which is related to other 
factors, such as a greater attention from the fellow to 

TA B L E  1   Resume of the results showing significant reduction 
over the time in all of the 4 approaches performed in TPP, TNH, and 
TRD (p < 0.01)

Mean (SEM)
Median (IQR, 
PCT25/PCT75)

p 
value

TPP (s)

IAFB 132.56 (17.77) 112.1 (90.51/151.11) <0.01

MBB 122.55 (10.4) 121.3 (89.36/151.41) <0.01

TFB 181.2 (24.34) 146.5 (123.51/219.51) <0.01

ILB 113.35 (11.79) 100.4 (81.15/135.75) <0.01

TNH (s)

IAFB 83.36 (12.08) 69 (50.2/107.41) <0.01

MBB 18.24 (9.18) 68.2 (53.65/105.01) <0.01

TFB 132.64 (22.63) 107.5 (77.76/157.84) 0.01

ILB 93.30 (8.24) 86.2 (67.1/117.88) <0.01

TRD (mGy)

IAFB 0.2294 (0.0244) 0.208 (0.1655/0.273) <0.01

MBB 0.2198 (0.0163) 0.207 (0.168/0.2725) <0.01

TFB 0.3036 (0.0381) 0.268 (0.214/0.352) <0.01

ILB 0.2041 (0.0148) 0.191 (0.166/0.241) <0.01

Abbreviations: IAFB, intra-articular facet block; ILB, interlaminar block; 
IQR, interquartile range; MBB, medical branch block; TFB, transforaminal 
block; TNH, total needle hand time; TPP, total performance procedure; TRD, 
total radiation dose generated by the fluoroscopic machine.
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avoid the unnecessary use of fluoroscopy.20 We think 
this is the most remarkable finding in the study. We ob-
served significant reductions in TRD over the time in all 

approaches attempted by the fellows. TFB had the lowest 
dose emitted at the last session with total standard error 
of the mean (SEM) 0.15 ± 0.02 mGy.

F I G U R E  1   TFB approach had significant reduction over the time at TPP (left) and TNH (right) (p < 0.01). TFB, transforaminal block; 
TNH, total needle hand time; TPP, total performance procedure

F I G U R E  2   All the approaches showed a significant reduction over the time in TRD. We can observe that ILB (D) did not show an 
increment at the second session as the IAFB (A), MBB (B), and TFB (C). IAFB, intra-articular facet block; ILB, interlaminar block; MBB, 
medial branch block; TFB, transforaminal block; TRD, total radiation dose generated by fluoroscopy machine
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As Figure 3 shows, TRD at 3 of the 4 blocks at-
tempted in the practice (TFB, MBB, and IAFB) in-
creased at the second session, this could be explained 
by an increase in the technique corrections made by 
the professor in charge. On the other hand, ILB did not 
show this increment during the practice, this could be 
because there was less necessity of corrections. Despite 
that the initial dose emitted in the first session was the 
lowest when compared to the others, this reduction 
continued through the sessions and was statistically 
significant (<0.01). This calls into question if MBB is 
the easier approach to learn as reported by Wang.21 We 

consider that TPP is not the only parameter that must 
be measured before making conclusions, because radi-
ation dose is an essential radiation safety parameter in 
our daily practice.13

The fellows’ survey demonstrated improvement in 
satisfaction, confidence, and knowledge. Additionally, 
this finding reinforces the importance of training based 
on repetition and not only on observation, which en-
sures radiological safety for both the patient and the 
team.22 It is necessary to obtain more evidence about the 
use of simulation in the training of interventional pain 
management.

There are limitations to this study. A primary limita-
tion is that there is no control group, and the number of 
participants included is small. However, given the sub-
stantial improvement after the training was completed, 
we believe this can serve as a preliminary reference for 
fellows in training who are dealing with limitations in 
procedures availability due to the massive reduction of 
elective procedures in the COVID-19 pandemic.

The use of the phantom model for simulation could 
be a strategy for other emerging situations where fel-
low training could be at risk. Including this practice 
to the pain programs could lead to better results for 
the patient and radiation safety for the operator. This 
type of training has not been widely used in special-
ties like pain management, despite showing effective-
ness in other specialties. Due to the impact of the 
COVID-19 pandemic in training, it is of vital impor-
tance to look for alternatives to reach the institutional 
goals within each pain program. In addition, despite 

TA B L E  2   Resume of the results in all of the four approaches performed in TPP, TNH, and TRD

1st
Mean (SEM), Median

2nd
Mean (SEM), Median

3rd
Mean (SEM), Median

4th
Mean (SEM), Median

5th
Mean (SEM), Median

Intra-articular facet block (IAFB)

TPP 138.50 ± 35.23 220.90 ± 25.42 110.40 ± 11.40 97.69 ± 8.32 95.31 ± 8.48

TNH 82.88 ± 18.30 129.80 ± 20.46 81.94 ± 8.89 59.94 ± 6.35 63.25 ± 6.46

TRD 0.27 ± 0.03 0.45 ± 0.05 0.15 ± 0.01 0.14 ± 0.01 0.10 ± 0.00**

Medial branch block (MBB)

TPP 160.30 ± 13.42 183.50 ± 12.87 85.19 ± 8.48 109.70 ± 9.93 74.06 ± 7.30***

TNH 101.40 ± 13.39 104.20 ± 10.44 54.75 ± 6.17 80.50 ± 8.26 50.38 ± 7.64*

TRD 0.31 ± 0.02 0.40 ± 0.03 0.13 ± 0.00 0.13 ± 0.10 0.11 ± 0.00***

Transforaminal block (TFB)

TPP 227.40 ± 26.09 249.80 ± 33.33 181.70 ± 34.46 161.80 ± 22.50 85.38 ± 5.35***

TNH 167.00 ± 26.50 168.80 ± 28.34 143.10 ± 33.17 123.20 ± 21.28 61.13 ± 3.86*

TRD 0.40 ± 0.05 0.53 ± 0.05 0.23 ± 0.03 0.18 ± 0.01 0.15 ± 0.02**

Interlaminar block (ILB)

TPP 181.10 ± 13.91 129.10 ± 21.93 92.44 ± 9.70 102.50 ± 9.67 61.63 ± 3.77***

TNH 145.70 ± 12.52 94.56 ± 7.41 79.69 ± 5.74 90.50 ± 8.65 56.06 ± 6.92***

TRD 0.35 ± 0.02 0.28 ± 0.02 0.13 ± 0.00 0.13 ± 0.00 0.11 ± 0.01***

Abbreviations: IAFB, intra-articular facet block; ILB, interlaminar block; MBB, medical branch block; TFB, transforaminal block; TNH, total needle hand time; 
TPP, total performance procedure; TRD, total radiation dose generated by the fluoroscopic machine.

*p < 0.05.; **p < 0.01.; ***p < 0.001.

F I G U R E  3   Fellow's survey for satisfaction and confidence 
demonstrated a significant difference between pre and post-test 
according to Wilcoxon Signed Rank test, ***p < 0.001
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the actual pandemic, it is important to emphasize that 
the phantom is an important tool for interventional 
pain management training.
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