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Abstract 

Background Utilising ultrasound technology has resulted in higher success and lower complication rates dur-
ing regional anaesthesia (RA) procedures. Proper training is necessary to accurately identify structures, optimise 
images, and improve hand–eye coordination. Simulation training using immersive virtual environments and simula-
tion models has enabled this competency training to be conducted safely before performing on patients. We con-
ducted a study to compare the simulator performance and users’ feedback on a Blue Phantom Regional Anaesthesia 
Ultrasound Training Block and NeedleTrainer™.

Methods Forty-seven participants were recruited via convenient sampling during a RA workshop for novice practition-
ers. They were divided into the N or B group and then crossover to experience using both Blue Phantom and Need-
leTrainer model. Time-to-reach-target, first-pass success rate, and complication rate were assessed, while the learning 
and confidence scores were rated using six-item and three-item questionnaires, respectively, via a 5-point Likert scale.

Results Blue Phantom model has a longer time-to-target as compared to the NeedleTrainer model (16 ± 8 vs 8 ± 3 s, 
p < 0.001), higher first- pass success rate (100% vs 80.9%), and lower complication rate (0% vs 19.1%). Higher overall 
learning satisfaction scores (28 ± 4 vs 25 ± 4, p = 0.003) and confidence scores after training (13 ± 2 vs 12 ± 2, p < 0.001) 
were recorded for the Blue Phantom model.

Conclusions We postulated that the artificial intelligence structure recognition software enables NeedleTrainer 
users to attain shorter time-to-target. That being said, Blue Phantom provides better operator learning satisfaction, 
improved confidence, higher success and lower complication rates among novice RA practitioners, possibly due 
to greater tactile feedback during the simulated training.
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Introduction
Since the assimilation of ultrasound into the anaesthetic 
practice, there has been a resurgence and rapid advances 
in regional anaesthesia. Regional anaesthesia is benefi-
cial, especially in avoiding the risk of general anaesthe-
sia in critically ill patients, reducing opioid usage, and 
is a vital component in multimodal analgesic strategy. 
However, the practice of regional anaesthesia, espe-
cially under ultrasound guidance, has a different learn-
ing curve than general anaesthesia. In ultrasound-guided 
regional anaesthesia, precise needle handling and hand-
eye coordination are essential. The real-time visualiza-
tion required for nerve blocks demands that practitioners 
maintain a steady trajectory and adjust the needle accu-
rately [1]. The Department of Health United Kingdom 
recommended that healthcare professionals should first 
learn skills in a simulation environment and using other 
technologies [2]. This simulation environment helps 
trainees in regional anaesthesia to bridge their knowledge 
translation into clinical practice and minimise uninten-
tional injury to actual patients. However, a conventional 
simulation environment may be costly to set up [3]. As 
such, various methods have been proposed, including 
the integration of augmented reality technology software 
into the available medical equipment [4].

There are various ultrasound simulation models, such 
as the Blue Phantom model, gelatine-based model, agar-
based model, tofu-based model, silicon-based models, 
animal tissue, cadavers and the use of immersive tech-
nology [5]. The Blue Phantom model is a commercially 
available tissue simulator that offers realistic and qual-
ity ultrasound images [6]. It also has the highest fidel-
ity among trainees compared to the gelatine-based and 
tofu-based models [7]. The Blue Phantom also endured 
repeated needle attempts without significant integrity 
degradation compared to the animal tissue [8]. However, 
the most critical disadvantage of the Blue Phantom is 
the relatively higher cost and the lower visual and tactile 
response compared to animal tissue [7, 8].

NeedleTrainer™ is a new ultrasound simulation adjunct 
solution that utilises augmented reality (AR) technology 
on real subjects. As such, it offers real-time and dynamic 
ultrasound images for flexible teaching without incur-
ring patient complications [9]. It can be used safely to 
overlay the needle image to plan its trajectory safely and 
estimate the appropriate needle length needed for actual 
patients. More importantly, it can be used repeatedly 
without deteriorating image quality compared to other 
ultrasound simulator models. Although it offers a para-
mount visual experience, NeedleTrainer lacks the tactile 
experience practitioners need when performing regional 
anaesthesia. Despite this limitation, it is a helpful educa-
tional tool for novice practitioners in regional anaesthesia 

before training on actual patients. It helps to train hand–
eye coordination of the ultrasound beam and needle tra-
jectory, which is an essential skill in ultrasound-guided 
regional anaesthesia.

Immersive technology, which encompasses AR and vir-
tual reality (VR) in anaesthesia training and practice, is 
rapidly gaining momentum [10, 11]. As they are still in 
the infancy stage, there needs to be more validation and 
feedback from trainees regarding their use in medical 
education. The Kirkpatrick Model has four levels for eval-
uating the training model: reaction, learning, behaviour, 
and results. However, as each level progresses, the diffi-
culty in assessing and the cost involved in evaluation also 
increases. Levels 1 and 2 of the evaluation (reaction and 
learning) are usually done after the training [12]. Level 3, 
which evaluates behaviour, requires long-term observa-
tion and peer reviews, adding time and supervision costs. 
Level 4 is the most resource-intensive, needing exten-
sive data collection and control over external factors to 
confirm that outcomes are due to training, often requir-
ing multi-centre, long-term studies [12]. In this study we 
aimed to evaluate level 1 and 2 to first establish evidence 
of user satisfaction and learning gains, as these are criti-
cal prerequisites to justify further investment into real-
world impact evaluations.

The Anatomy and Ultrasonography in Regional Anaes-
thesia (AURA) Workshop is an educational workshop 
organised to cater for the training of novice regional 
anaesthesia practitioners [13]. As AURA caters to the 
increased training demand nationwide, we need to evalu-
ate our education model’s learning experience and cost-
effectiveness. This helps to determine a simulation model 
that provides a safe, sustainable and optimal learning 
environment for our trainees. Given the scarcity of litera-
ture evaluating the various ultrasound simulator models, 
our study aimed to compare the new NeedleTrainer with 
the existing Blue Phantom ultrasound tissue simulation 
model among novice regional anaesthesia practitioners 
regarding its training experience and user’s feedback.

Methods
Study design and population
This crossover study was approved by the Research Ethics 
Committee of Faculty of Medicine, UKM (JEP-2023-072). 
We define a novice as a practitioner with limited experi-
ence or formal training in performing ultrasound-guided 
nerve blocks, who lacks proficiency in advanced skills 
such as needle visualization, ultrasound-specific hand-
eye coordination, and real-time interpretation of ana-
tomical structures. This group includes individuals who 
perform regional anesthesia no more than once every 
two weeks. The study employed convenience sampling, 
recruiting participants who met this novice definition 
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and provided consent. Those who had hand deformities 
or severe tremors were excluded.

Study location and duration
The study took place during the AURA workshop which 
was conducted within the premise of Hospital Canselor 
Tuanku Muhriz (HCTM), Kuala Lumpur, Malaysia. This 
workshop included lecture sessions on the first day, fol-
lowed by simulation stations on the second day, during 
which the study was conducted.

Study protocol
All anaesthesiology trainees fulfilling the inclusion crite-
ria and attending AURA were conveniently divided into 
two groups during the simulation session on the second 
day of the workshop. These two groups were assigned to 
two stations, Station N and Station B. Trainees in Station 
N began their training with the NeedleTrainer simula-
tion, while those in Station B used an ultrasound tissue 
simulator. The NeedleTrainer was connected to a Vscan 
Air™ ultrasound machine by GE Healthcare, and, to 
ensure consistency, the same ultrasound device was used 
for all participants in both stations.

Each trainee had two trial attempts to become familiar 
with the procedure and the ability to identify structures 
before the assessment. An attempt was considered com-
plete when the needle was inserted into the simulated 
skin and then taken out completely. During the evalua-
tion, the time to target (TTT) was defined as the dura-
tion (in seconds) taken from needle insertion to reaching 
the intended site of the simulated nerve, with at least 50% 
needle visibility, including the needle tip on the ultra-
sound image. Additionally, the number of attempts and 
the rate of vascular puncture were documented, with vas-
cular puncture was considered when the needle image 
overlayed on the simulated vessel on the ultrasound 
image. The NeedleTrainer provided real-time visual guid-
ance with a bar indicator on the side of the monitor to 
display needle visibility. In contrast, needle visibility for 
the Blue Phantom model was assessed manually by a sin-
gle investigator, who confirmed that at least 50% of the 
needle shaft was visible.

After the first session, all trainees had a short tea break 
before moving to the other station (with participants 
shifting from Station N to Station B, and vice versa). The 
trainees then repeated the similar process previously at 
their new stations. Following each participant’s comple-
tion of both stations, they received a 6-item question-
naire to self-evaluate their learning experience and a 
3-item questionnaire to self-assess their confidence level 
in regional anaesthesia using both models, via a 5-point 
Likert scale. This method utilises both levels 1 and 2 of 

the Kirkpatrick training evaluation model [12]. The study 
flow chart is shown in Fig. 1.

Statistical test
All calculations and statistical analyses were performed 
by using Statistical Package for the Social Sciences 
(SPSS) version 29. Descriptive statistics were used for 
demographic data and Likert scale questions. Descrip-
tive statistics included measurements of frequencies (n) 
and percentages (%) were presented using tables. For the 
purpose of homogeneity tests, the Likert scale scores for 
each questionnaire item were totalled up according to the 
respective sections. Higher scores indicate more positive 
responses and vice versa.

Non-parametric statistical tests were used to analyse 
the data in this study. A Kruskal-Wallis test for independ-
ent samples was conducted to assess the relationship 
between TTT, overall learning satisfaction scores and 
overall confidence scores with polynomial demographic 
data. Meanwhile, Mann-Whitney test was used to com-
pare those variables with dichotomous demographic 
data. In these analyses, TTT, trainees’ total learning satis-
faction scores and trainees’ total confidence score served 
as the dependent variables, while demographic categories 
were used as the independent, or grouping, variable. For 
cases where the relationship was found to be statistically 
significant following the Kruskal-Wallis test, post-hoc 
analyses with the Dunn-test were carried out to identify 
the distinct groups that differed from one another. Addi-
tionally, to address the issue of multiple comparisons and 
reduce the Type I error rate, p-values were adjusted using 
the Bonferroni correction method.

In addition, Wilcoxon signed rank test was used to 
compare the TTT between NeedleTrainer and Blue 
Phantom models, while McNemar’s test was used to 
compare first-pass success rate and complication rate 
between the two simulation models. A p-value of less 
than 0.05 was considered to be statistically significant. 
The data obtained from this study can only represent the 
population of participants who attended AURA 2023.

Results
Forty-seven participants of novice anaesthesia practi-
tioners from around Malaysia attending the AURA 2023 
workshop were recruited into this study through con-
venient sampling and their demographic criteria are pre-
sented in Table 1. The majority of the respondents were 
female (57.4%), aged between 31-35 (59.6%) and cur-
rently a medical officer (57.4%). Of these, 59.6% of them 
had less than 5 years of anaesthetic experience and the 
majority of them perform regional anaesthesia once a 
month (34.0%).
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As shown in Table 2, the Blue Phantom model exhib-
its a considerably higher median Time-to-Target (TTT) 
in relative to the NeedleTrainer model, with values of 
16 s (interquartile range: 8–23 s) versus 8 s (interquartile 
range: 5–9 s) respectively, a significant difference exhib-
ited by a p-value of less than 0.001. Furthermore, there 
is a markedly greater first-attempt success rate observed 
within the Blue Phantom model (100%) in comparison 
to the NeedleTrainer model (80.9%) (p-value 0.004), cou-
pled with a substantially low rate of complications (0% 
versus 19.1%, p-value = 0.004)).

The self-assessed evaluation forms consisted of a 6-item 
questionnaire on self-evaluation of the trainees’ learning 
experience and a 3-item questionnaire on self-assessment 
of their confidence level in performing simulated RA 
using both models. The responses to each Likert scale 
questions is exhibited in the following Table 3. Compara-
tive analysis reveals that participants attribute significant 
superior learning experience to the Blue Phantom model 

Fig. 1 Study flow chart

Table 1 Demographic characteristics of study sample

Values are expressed in frequency (percentage)

Demographic characteristics Frequency (n = 47)

Gender Male 20 (42.6)

Female 27 (57.4)

Age  ≤ 30 10 (21.3)

31–35 28 (59.6)

 ≥ 36 9 (19.1)

Designation Specialist 8 (17.0)

Masters Trainee 12 (25.5)

Medical Officer 27 (57.4)

Experience in Anaesthesia 
(Years)

 < 5 28 (59.6)

5–10 16 (34.0)

 > 10 3 (6.4)

Frequency of performing 
regional anaesthesia

Once a week 12 (25.5)

Once a month 16 (34.0)

Once a year 7 (14.9)

Never 12 (25.5)



Page 5 of 9Mokhtar et al. BMC Medical Education         (2024) 24:1350  

over the NeedleTrainer model in areas such as the opti-
misation of ultrasound beam for needle localization, 
improvement of hand–eye coordination, the usefulness 
and recommendation for future training purposes. Nev-
ertheless, there is a consensus between the groups on the 
high level of learning outcome attained regarding identi-
fying critical structures on ultrasound imagery and inde-
pendent practice through the utilization of both models.

The self-evaluation on confidence level data suggests 
that the Blue Phantom model yields a marginally higher 
confidence level in optimization of ultrasound techniques 
for needle localization and in hand–eye coordination. 
Both Blue Phantom model and NeedleTrainer model 
were given high scores in confidence level to identify 
critical structure using ultrasound imagery. In summary, 
from Table  3 we can see that among the Blue Phantom 
group, there were higher recorded scores in terms of 
learning satisfaction (28 ± 4 vs 25 ± 4, p = 0.003) and post-
training confidence scores (13 ± 2 vs 12 ± 2, p < 0.001). 

Preference for the Blue Phantom training model was 
indicated by 26 out of 47 participants, as opposed to the 
NeedleTrainer model, which was favoured by a mere 7 
participants.

Evaluations of homogeneity were performed across 
dependent variables in relation to each category of demo-
graphic data (Tables 4, 5 and 6). Participants aged 30 and 
younger demonstrated a statistically longer Time-to-
Target (TTT) for both Blue Phantom and NeedleTrainer 
models and manifested a lower overall confidence score 
for the NeedleTrainer model relative to those aged 36 
and above. We found that female participants have sig-
nificantly higher learning satisfaction scores (28.0 ±2.0 
vs 25.0 ±3.0, p=0.005) and confidence scores after train-
ing (15.0 ±3.0 vs 12.5±1.5, p=0.015) for the Blue Phan-
tom model compared to male participants. Additionally, 
medical officers within the cohort showed a significantly 
lower overall confidence score for the NeedleTrainer 
model when compared to Masters-level trainees.

Discussions
Both Blue Phantom and NeedleTrainer ultrasound sim-
ulators are advanced tools used for RA training with-
out the risk of harming real patients. The Blue Phantom 
model is designed with patented materials that closely 
match the feel of human tissue when being inserted with 
a needle. It can also replicate the acoustic characteristics 
of human tissue, allowing users to experience ultrasound 
imaging as they would during scanning of real patients. 
The simulated skin can endure at least 1000 needle sticks 
without compromising its integrity [6, 7]. In comparison, 

Table 2 Time-to-target (TTT), success rate and complication rate 
between Blue Phantom and NeedleTrainer

Values are expressed as median [interquartile range] and frequency (percentage)
a Wilcoxon signed rank test, bMcNemar’s test

Variable Blue Phantom NeedleTrainer p-Value

TTT (seconds) 16 [8-23] 8 [5-9]  < 0.001a

First pass success rate 
(frequency)

47 (100%) 38 (80.9%) 0.004b

Complication rate (fre-
quency)

0 (0.0%) 9 (19.1%) 0.004b

Table 3 Participants’ self-evaluation of learning experience and confidence level following simulated training using Blue Phantom and 
NeedleTrainer models

Values are expressed as median [interquartile range] and frequency (percentage)
a Wilcoxon signed rank test

Variable Blue Phantom NeedleTrainer p-Valuea

Learning experience

 Identifying critical structure 4 [4, 5] 5 [4, 5] 0.180

 Optimizing needle location 5 [4, 5] 4 [3–5]  < 0.001
 Hand–eye coordination improvement 5 [4, 5] 4 [3–5]  < 0.001
 Usefulness for future workshop 5 [5–5] 5 [4, 5] 0.001
 Practice independently 4 [3–5] 4 [3–5] 0.150

Recommended for training 5 [4, 5] 5 [4, 5] 0.015
Overall score 28 [24–30] 25 [21–29] 0.003
Confidence level

 Identifying critical structure 4 [4, 5] 4 [4, 5] 0.290

 Optimizing needle location 5 [4, 5] 4 [3–5]  < 0.001
 Hand–eye coordination improvement 4 [4, 5] 4 [3, 4]  < 0.001
 Overall score 13 [12–15] 12 [10–13]  < 0.001
 Preference 26 (55.3%) 7 (14.9%) NA
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Table 4 Sub-analysis of TTT achieved among participants in Blue Phantom and NeedleTrainer group

a Mann–Whitney Test, b Independent Kruskal Wallis Test, c post-hoc significance values adjusted by the Bonferroni correction for multiple tests

Blue Phantom NeedleTrainer

TTT (sec) p- Value Post-hoc p-valuec TTT (sec) p- Value Post-hoc p-valuec

Gender 0.425a NA 0.820a NA

 Male 14 [8–21] 8 [6–9]

 Female 16 [8–26] 7 [5–12]

Age 0.018b  ≤ 30—≥ 36 (0.016) 0.028b  ≤ 30—≥ 36 (0.038)

 ≤ 30 23[18–29] 10 [7–22]

 31–35 15 [8–24] 7 [5–9]

 ≥ 36 11 [8–15] 6 [4–10]

Designation 0.056b NA 0.225b NA

 Specialist 13 [8–19] 6 [4–7]

 Masters Trainee 9 [8–16] 8 [5–11]

 Medical Officer 21 [12–26] 8 [6–12]

Anaesthetic experience 0.051b NA 0.756b NA

 < 5 19 [12–24] 8 [6–11]

 5–10 12 [8–21] 7 [5–9]

 > 10 8 [8–11] 7 [4–12]

Frequency of performing RA 0.128b NA 0.262b NA

 Once a week 11 [7–14] 6 [5–8]

 Once a month 17 [8–26] 8 [5–12]

 Once a year 23 [8–38] 8 [6–36]

 Never 18 [14–21] 7 [6–9]

Table 5 Sub-analysis of learning satisfaction among participants in Blue Phantom and NeedleTrainer group

a Mann–Whitney Test, b Independent Kruskal Wallis Test, c post-hoc significance values adjusted by the Bonferroni correction for multiple tests

Blue Phantom NeedleTrainer

Learning satisfaction p-Value Learning satisfaction p-Value

Gender 0.005a 0.863a

 Male 25.0 [23.25–28.0] 24.5 [21.5–28.5]

 Female 28.0 [26.0–30.0] 26.0 [21.0–29.0]

Age 0.160b 0.080b

 ≤ 30 27.5 [23.0–28.0] 24.5 [18.75–27.25]

 31–35 26.5 [24.25–29.75] 24.5 [21.0–28.75]

 ≥ 36 30.0 [26.0–30.0] 29.0 [24.5–30.0]

Designation 0.555b 0.033b

(Post-hoc 
not signifi-
cant c)

 Specialist 28.0 [24.5–30.0] 27.5 [24.5–30.0]

 Masters Trainee 28.0 [26.0–30.0] 27 [21.25–30.0]

 Medical Officer 27.0 [24.0–29.0] 24 [20- 27]

Anaesthetic experience 0.619b 0.779b

 < 5 27.5[24.0–29.0] 25.0[21.0–28.0]

 5–10 28.0[25.25–30.0] 25.0[21.25–29.75]

 > 10 26.0[20.0–30.0] 26.0 [23.0–30.0]

Frequency of performing RA 0.795b 0.485b

 Once a week 27.5 [26.0–29.75] 26.5[21.25–29.75]

 Once a month 27 [23.25–30.0] 24.5[21–27.75]

 Once a year 28.0 [23.0–30.0] 24.0 [17.0–28.0]

 Never 27.5 [24.0–30.0] 26.0 [23.25–28.75]



Page 7 of 9Mokhtar et al. BMC Medical Education         (2024) 24:1350  

the new NeedleTrainer enables operators to scan real 
human volunteer body and practice inserting a blunt 
retractile needle towards a chosen target. Although this 
simulator lacks the tactile feedback of real-life needle 
insertion, the holographic needle image allows opera-
tors to learn the necessary movements for precise needle 
placement in human [9, 14].

In this crossover study, the Blue Phantom model is 
found to have a longer TTT, higher first pass success 
rate and lower complication rate compared to the Need-
leTrainer model. The high success and low complica-
tion rate can be attributed to the highly realistic tactile 
feedback and acoustic characteristics of the ultrasound 
imaging that closely match the feel of human tissue 
[6, 7]. However, the impressive success and complica-
tion rate could also potentially stem from an excessively 
clear needle visibility in the ultrasound imaging, which 
may not accurately reflect real-world clinical scenarios 
[7]. This heightened visibility could possibly explain the 
significantly higher learning satisfaction and confidence 
scores regarding ultrasound beam optimization for nee-
dle localization among participants in this study. Other 
than that, considering that the Blue Phantom model has 
existed for quite some time, participants might have prior 
skill acquisition in using the model compared to the nov-
ice NeedleTrainer.

On the other hand, the higher TTT of the Blue Phan-
tom model may result from the resistance offered by 
the replicated tissue itself against the needle. A previous 
research with the same findings suggested that novice 
anaesthetic practitioners often take more time to reach 
their target using the Blue Phantom model as compared 
to other simulation models due to the relatively lower 
image quality to identify ultrasonographic artifacts [15]. 
This study also found that the median score for learn-
ing satisfaction in identifying critical structure from 
ultrasound imaging is one point lower for Blue Phantom 
compared to NeedleTrainer however the difference is not 
statistically significant.

As for the NeedleTrainer, participants of this research 
had lower TTT, lower first pass success rate and higher 
complication rate associated with this model. The lack of 
tactile resistant, the real-time scanning on a real subject 
and the incorporation of artificial intelligence structure 
recognition software in the NeedleTrainer can be the fac-
tors that contributed to the significant reduction in TTT 
compared to the Blue Phantom model. On the flip side, 
the NeedleTrainer models exhibit a  lower first pass-suc-
cess rate  and a  higher complication rate, which  contra-
dicts their intended benefits [9, 14]. Here we can see that 
while the NeedleTrainer simulator specializes in offer-
ing real subject ultrasound scanning experience to train 

Table 6 Sub-analysis of confidence scores among participants in Blue Phantom and NeedleTrainer group

a Mann–Whitney Test, b Independent Kruskal Wallis Test, c post-hoc significance values adjusted by the Bonferroni correction for multiple tests

Blue Phantom NeedleTrainer

Confidence p-Value Confidence p-Value

Gender 0.015a 0.377a

 Male 12.5 [11.25–14.0] 11.5 [9.0–13.75]

 Female 15.0 [12.0–15.0] 12.0 [10.0–13.0]

Age 0.613b 0.017b

(≤ 30—≥ 36 (0.017) c) ≤ 30 13.0[12.0–15.0] 10.5 [9.0–13.0]

 31–35 13.0[12.0–15.0] 12.0 [10.0–13.0]

 ≥ 36 15.0 [12.0–15.0] 14.0 [12.0–15.0]

Designation 0.741b 0.010b

(Medical Officer-
Masters Trainee 
(0.031)c)

 Specialist 13.0 [12.0–15.0] 13.0 [12.0–15.0]

 Masters Trainee 13.5 [12.25–15.0] 13.0 [12.25–15.0]

 Medical Officer 13.0 [12.0–15.0] 11.0 [9.0–12.0]

Anaesthetic experience 0.757b 0.164b

 < 5 13.0[12.0–14.75] 12.0[10.0–13.0]

 5–10 14.5[12.0–15.0] 12.5[10.25–13.75]

 > 10 15.0[9.0–15.0] 15.0[12.0–15.0]

Frequency of performing RA 0.841b 0.090b

 Once a week 13.0 [12.0–15.0] 13.0 [12.0–14.75]

 Once a month 13.0 [12.0–15.0] 11.5 [10.0–12.0]

 Once a year 13.0[10.0–15.0] 9.0[8.0–13.0]

 Never 13.5 [12.0–15.0] 12.5 [10.25–14.75]
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in directing the needle towards the target while avoid-
ing vascular puncture, the opposite might occur in espe-
cially those who are not familiar with the simulator. Since 
NeedleTrainer model is novice for RA training, adapta-
tion by trainees with the simulator is needed in order 
to meet the learning objectives and fully potentiate the 
model’s capability [10, 11, 16]. The retractable needle of 
the NeedleTrainer is also a significant drawback because 
it results in the lack of tactile feedback from tissue resist-
ance during needle insertion which possibly caused the 
trainees to advance the needle faster and overshot into 
inadvertent vascular or pleural puncture during the sim-
ulation [9, 14]. This might explain why there are signifi-
cantly lower learning satisfaction and confidence scores 
regarding hand-eye coordination improvement for the 
NeedleTrainer compare to the Blue Phantom model in 
this study. Development of tactile skill is one of the objec-
tives that need to be achieved by the simulator model in 
order to mimic real-life experience. Kumar et  al. (2022) 
reinforce that high-fidelity simulation, including tactile 
feedback, aids in realistic practice and better skill trans-
fer to clinical environments [16]. This is particularly cru-
cial for needle-based procedures, where tactile cues are 
directly linked to procedural safety and accuracy [16]. 
The inability to replicate this variation of real-life expe-
rience would not just affect the learning experience and 
confidence scores of participants, but could also affect 
the transferability of skills from the simulated environ-
ment to actual clinical settings [17, 18].

Additionally, this study’s findings point that participants 
aged 30 and younger demonstrated a statistically longer 
TTT for both Blue Phantom and NeedleTrainer models. 
Although age does not directly proportionate to experi-
ence, we assume older participants have more experience 
and higher designation in the clinical field thus tend to 
possess higher clinical skills compared to younger par-
ticipants . Previous studies found that performance scores 
using a simulated ultrasound-guided RA model, meas-
ured by the step-by-step metrics, are higher among expe-
rienced participants compared to novices [19, 20]. Other 
than that, this study revealed that female participants 
reported notably higher overall learning satisfaction and 
confidence scores for the Blue Phantom compared to male 
participants. At the same time, participants aged 30 years 
old and below and medical officers demonstrated signifi-
cantly lower post-training confidence scores when using 
the NeedleTrainer, in contrast to those aged 36 years old 
and older and Masters trainees, respectively.

The above data points out that trainees with different back-
ground might have different degrees of inclination towards 
different simulation models for the purpose of RA training. 
Both the phantom model and the AR system are comple-
mentary tools that can help novice RA practitioner to gain 

competency and confidence in their technical skills. As an 
emerging technology, AR has the potential to aid in the devel-
opment of effective, clinically efficient RA skills that can be 
easily adopted in any practice [4, 10, 11, 21]. However, it’s 
clear that no single modality is sufficient on its own to train 
the diverse skills required for performing regional anaesthe-
sia. For this reason, it is good to emphasize the need to make 
available tailored simulation programs to adapt to the specific 
learners’ needs according to their level of expertise and pref-
erences [16, 18, 22]. Afterall, the purpose of simulated train-
ing is to aid in development of clinical competency regardless 
of the simulator’s degree of fidelity or sophistication.

In light of our data, novice RA practitioners in this 
study expressed a preference for the Blue Phantom model 
and recommended its use for future training. The high 
overall scores of learning satisfaction and confidence level 
of the model are likely to contribute to this preference. 
Nevertheless, when choosing a simulation model for the 
purpose of training, it is important to consider factors 
such as cost, accessibility, availability of expert instructors 
and skill transferability rate [8, 23, 24]. Therefore, further 
validation and feedback from trainees and trainers with 
larger sample sizes are required to determine the efficacy 
of using any simulation models for purpose of RA train-
ing. The benefit-cost ratio of different models as well as 
the clinical competency achieved by participants under-
going different training models should also be considered.

It is important to note that the study had a few limi-
tations. This includes its small sample size which were 
recruited through convenience sampling. Moreover, par-
ticipants were only given two practice trials before being 
assessed which may have been insufficient to facilitate 
adequate skill acquisition in using both simulation mod-
els and the study was not blinded. Furthermore, the study 
evaluated different target positions (supraclavicular block 
and brachial plexus block) and did not inquire about par-
ticipants’ prior experience of using the Blue Phantom 
model which both might affect the training experience.

Conclusions
The study highlights the potential of AR in RA training. 
We postulated that the real subject scanning experience 
and the incorporation of artificial intelligence struc-
ture recognition software enable NeedleTrainer users 
to attain shorter time-to-target. Putting it all together, 
Blue Phantom model provides better operator learning 
satisfaction, improved confidence, higher success and 
lower complication rates among novice RA practition-
ers, possibly due to greater tactile feedback during the 
simulated training. Having said that, both simulators 
serve to enhance the skills of healthcare professionals in 
ultrasound-guided procedures, ensuring safer and more 
effective patient care.
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