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Background:. Currently, there is no standardization in
ED-based-Ultrasound-guided-nerve-blocks (UGNB)
training, credentialing, or procedural quality
assurance nation-wide. This study aims to investigate
objective measures of procedural competency for
UGNB.

Methods: Novice and expert users performed UGNB in
a simulation-based setting. Participants were fitted
with a head-motion tracking headband and their
performance graded with a traditional OSCE. Head
motion metrics were captured using both
accelerometer and gyroscope sensors.

Results: 11 novices and 7 experts were recruited.
OSCE scores demonstrated a statistically significant
difference between groups. Significant correlations
were observed for accelerometer data in the z-axis and
gyroscope data in the y-and z-axes, with positive
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correlation between accelerometer z-axis RMS values
and OSCE scores(r=0.36), and gyroscope z-axis RMS
values and OSCE scores(r=0.29).

Conclusion: Objective measures of head motion in the
z-axis demonstrated significant differences between
novice and expert POCUS. Our data suggests that
computer-based metrics may be reliable measures of
procedural competency.

Keywords: objective competency, point-of-care-
ultrasound, education, head motion, pain management.

1. Background
Point-of-care-ultrasound (POCUS) is a critical tool
in emergency medicine practice and training.

Competency in POCUS is required by the Accreditation
Council of Graduate Medical Education for graduation
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and board certification (ACGME  Program
Requirements 2020). When applied correctly, POCUS
can improve the diagnostic speed of critically ill
patients, decrease time-to-operating room, and decrease
length-of ED stay (Seif et al., 2012, Goldsmith et al.,
2020, Gottlieb et al., 2017, Doniger et al., 2009, Bahl et
al., 2022, Makary et al., 2016). When used for
procedural-guidance, POCUS can result in more
successful first-pass procedural attempts, reduce the
rates of complications, and improve patient outcomes.
Its use in acute care settings has proven to reduce
diagnostic errors and procedural complications, leading
to decreased morbidity and mortality, and reduced
healthcare-related costs (Brower et al., 2022, Butler et
al., 2016). As an example, POCUS-guided peripheral
intravenous access in the ED has reduced central line
placement in non-critical ill patients by up to 80%
(Doniger et al., 2009). Central venous access is
associated with deep vein thrombosis, bloodstream
infections and 1iatrogenic errors, therefore the
introduction of appropriately performed POCUS can
reduce morbidity and mortality and improve the quality
of patient care. However, given its high user variability
and the speed at which the adoption of POCUS has
outpaced critical safety needs, it has also been identified
as one of the highest health technology hazards.
Managing acute pain is one of the most common
challenges faced in the ED. Pain regimens often rely on
a combination of topical or oral agents, as well as
parenteral options such as nonsteroidal anti-
inflammatory  drugs, acetaminophen, ketamine,
propofol, or antipsychotic medications. Unfortunately,
each of these regimens has limitations in indications and
efficacy. Opioid analgesics are commonly used as a
second-line therapy for treating severe pain in the ED.
However, even short courses of opioids used as directed
for acute pain are associated with addiction and
dependence (Hoppe et al., 2015, Heard et al., 2020, Shah
et al., 2017, Hayashi et al., 2022). Thus, limitations in
available pain regimens, combined with concerns
surrounding opioid prescribing has prompted ED
physicians to seek out analgesic alternatives. When
performed correctly, ultrasound-guided nerve blocks
(UGNB) can provide safe, non-addictive, long-lasting
analgesia by delivering local anesthetic to peripheral
nerves thereby blocking pain signals distal to the
injection. (Fahey et al., 2022, Kring et al., 2022, Gao et
al.,2018). In UGNB, a proceduralist uses their dominant
hand to direct an echogenic needle towards an
anatomical target (often a nerve or a fascial plane) which
is identified live on POCUS with their non-dominant
hand. In perioperative settings, successful UGNBs
decrease opioid use, reduce hospital length-of-stay, and
increase patient satisfaction compared to traditional
analgesia. UGNBs have been shown beneficial for an

array of ED indications, and in 2021 UGNBs were
identified as core elements of ED-based analgesia.

Currently, 100% of academic EDs report
performing UGNBs, a 16% increased from 2016
(Goldsmith et al., 2022, ACEP, 2016, Nelson et al.,
2016, Damewood et al., 2019). From a recent national
survey of academic emergency departments only 30%
of programs offer training and credentialing pathways
in performing UGNB. Furthermore, as of 2021, 21% of
programs perform no quality assessment metrics on
UGNB performed in their department, and a surprising
72% of departments perform no longitudinal
competency assessments on UGNB at all. Despite
UGNB being rapidly adopted as an ED-based
procedure, there is currently no standardization in
UGNB training, education, credentialing, or quality
assurance, thus ED-based UGNB demonstrate highly
variable rates of safety and efficacy.

Current assessment strategies for education and
credentialling for both diagnostic and procedural
POCUS rely on observation by trained evaluators in the
traditional Objective Structured Clinical Examination
(OSCE), which is an assessment that requires high
implementation costs and often leads to suboptimal
inter-rater reliability (Landon et al., 2003). Feasible,
viable, and scalable assessment systems could
maximize cost-effectiveness by using validated tools
with high reliability and low implementation costs. This
study used Computer-based measures (CBM), with a
focus on head motion analysis, to give a more objective,
accurate, and  resource-friendly = competency
assessments compared to traditional OSCE.

Head motion analysis was chosen as one of our
study metrics given anecdotal experience with teaching
novices to perform ultrasound-guided procedures. Head
position, and therefore gaze, is something that novices
struggle with when learning ultrasound procedural
guidance. Novices tend to be less direct when changing
their gaze between the needle and the ultrasound
machine. Additionally, novices tend spend more time
looking down at the needle rather than using the
ultrasound image to guide their needle tip. Furthermore,
head motion can be analyzed by the MUSE2 Headband,
a product that is relatively inexpensive and
commercially available, which will be important for
future use to use in low resource and remote settings.

2. Methods

Study Design and Setting

This was a prospective, observational study
conducted at a simulation center at an academic tertiary
medical center. The medical center supports a 4-year
emergency medicine (EM) residency program with
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fifteen trainees per class year, Advanced Practice
Providers, and sees an ED volume of roughly 65,000
patients annually. This work was approved by the local
institutional review board.

Participants

Participants were recruited via email advertisement
to the local EM residency intern class and new physician
assistant hires, as well as to faculty, fellows, and senior
ultrasound-focused residents of the local emergency
ultrasound fellowship program. All members of these
groups were eligible to participate. Novice participants
were defined as intern-level trainees with no prior
formal experience in performing POCUS-guided
ultrasound nerve blocks. Expert-level participants were
defined as fellows or faculty who had completed at least
a portion of emergency ultrasound advanced fellowship
training, or ultrasound focused senior residents who had
been practicing with the emergency ultrasound faculty
for at least three years. After consenting to participate,
participants completed recruitment surveys confirming
their eligibility to participate, and report prior POCUS
training to identify their level of expertise. Participants
who did not meet criteria of either a novice- or expert-
level sonographer as described above were excluded
from the study.

Simulation-Based Ultrasound Guided Nerve Blocks

The selected UGNBs used in this study are
commonly indicated in ED practice, and included the
transgluteal sciatic nerve block, the interscalene nerve
block and the fascia iliaca nerve block. The study took
place with two, 2-hour, in-person simulation sessions at
STRATUS Center for Medical Simulation (STRATUS)
at Brigham and Women’s Hospital in Boston,
Massachusetts. UGNB were performed using block
phantom models (Blue Phantom Regional Anesthesia
Ultrasound Simulation Models, CAE Healthcare Inc,
Sarasota, FL, USA).

Novice participants were given a brief 10-minute
recorded PowerPoint lecture on the three UGNBs,
which was followed by an online survey that asked basic
demographic information, in addition to asking
participants to rate confidence levels with a Likert scale
where 1=not confident at all and 10=very confident.
Expert participants completed the online survey but did
not receive the 10-minute recorded PowerPoint lecture.

Mindray MES devices (Mindray, Shenzhen, China)
owned by STRATUS for education and training
purposes were used for ultrasound-guidance and image
collection. The Mindray device was positioned beside
the block phantom model and set to identical depth and
gain settings for each user before each block (depth 4

cm, gain 50%). The high-frequency linear transducer (5-
15 MHz) was used for all three UGNB.

Figure 1. Positioning of participant with block
phantom model and ultrasound

The Nerve Blocks

The Fascia iliaca nerve block: The fascia-iliaca
nerve block (FIB) is a lower extremity block that
anesthetizes both the femoral nerve and lateral femoral
cutaneous nerve performed at the location of the
inguinal crease. In the ED, this block is used for pain
control in proximal femoral fractures. This block has
demonstrated efficacy in efficient pain control,
increased patient satisfaction, and decreased opioid
consumption in patients overall.
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Figure 2. The Fascia lliaca Nerve Block

The Interscalene brachial plexus block: The
interscalene brachial plexus nerve block (IBPNB)
targets the brachial plexus at the level of the anterior and
middle scalene muscles in the neck. When performed
properly, this block achieves anesthesia of the shoulder,
clavicle, and lateral arm and is most commonly used for
pain control in patients with proximal humerus fractures
or for shoulder reductions.
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Figure 3. The Interscalene Nerve Block

The Transgluteal Sciatic nerve block: The
transgluteal sciatic nerve block (TGSNB) targets the
sciatic nerve and is used most commonly for analgesia
of acute on chronic sciatic back pain.
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Figure 4. The Transgluteal Sciatic nerve block
Head Motion Tracking

For this study, we utilized head motion data (x, y,
z) collected by the MUSE2 headband (Figure 5) and
computer-based metrics (CBM), for which data were
collected via recording the sessions. Calibration was
performed to ensure accurate tracking of head
movement between participants. During the data
collection process, participants performed UGNBs
while their head motion data was recorded by the
MUSE?2 and CBM system.

Figure 5. The Muse2 Headband

Traditional OSCE Evaluation

Two independent POCUS expert reviewers
observed each participant completing the UGNBs and
independently scored each exam using a standardized
OSCE checklist. The checklist included observing the
participant positioning their needle in relation to the
probe, obtaining the correct views, and adjusting
ultrasound parameters for optimal needle tip
visualization per ACEP guidelines. OSCE scores were
totaled with a maximum score of 30 for all 3 nerve
blocks. Scoring for each nerve block was from 1-10; 1
= unable to correctly reach the target, with incorrect
needle orientation and poor image acquisition of the
targeted nerves, 5 = reached target with difficulty and
with incomplete needle visualization, but with
successful visualization of the targeted nerves, 10 =
successful nerve block technique with good needle and
target visualization throughout the procedure. Overall
OSCE scores for each participant was calculated by
averaging the scores from the two expert reviewers for
each examination.

Metrics

For this study, head motion metrics were captured
using both accelerometer and gyroscope sensors. These
sensors measured root mean square (RMS) values
across three axes (X, Y, and Z) for both accelerometers
and gyroscopes. The accelerometer RMS values provide
a measure of the magnitude of head movements, while
the gyroscope RMS values capture the angular velocity
of these movements. RMS was used because it
effectively quantifies the overall magnitude of motion,
providing a robust measure that accounts for variability
and directionality in the data. This metric is particularly
useful in capturing the intensity of movements, which is
critical for distinguishing between different levels of
procedural expertise. The accelerometer RMS values
(Accelerometer X RMS, Accelerometer Y RMS,
Accelerometer Z RMS) and gyroscope RMS values
(Gyro_ X RMS, Gyro Y RMS, Gyro Z RMS) were
extracted and used as predictor variables in our analyses.

Additionally, the number of prior procedures
performed by each participant was recorded and
included as a predictor to account for varying levels of
experience. This comprehensive set of metrics allowed
for a detailed analysis of the relationship between head
motion and procedural performance, providing insights
into the factors that differentiate novice and expert
practitioners.
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Figure 6. Gyroscope and accelerometer sensing
axes (left) and the Muse headband setup (right)
used to capture head motion data during
ultrasound-guided nerve block procedures.

Data Analysis

Descriptive statistics were used to summarize
participant demographics. For the head motion data (x,
y, and z dimensions), which were not normally
distributed, median values along with the first and third
quartiles were employed. The Mann-Whitney U test was
utilized for group comparisons. Group comparison
statistics are reported as the square root of the mean +/-
standard  deviation = (SD)  unless  otherwise
noted. Spearman correlation analysis was performed to
assess relationships between each head motion metric
(Accelerometer X RMS, Accelerometer Y RMS,
Accelerometer Z RMS, Gyro X RMS,
Gyro Y RMS, Gyro Z RMS) and OSCE scores due to
the non-normal distribution of the data. A multiple
linear regression analysis was conducted to examine the
combined effects of head motion metrics and the
number of prior procedures on OSCE scores. Missing
values were removed, and predictors were centered and
scaled as needed. The analysis was conducted using the
statemodels package in Python. Model diagnostics,
including residual plots and Q-Q plots, were examined
to ensure assumptions of linearity, homoscedasticity,
and normality of residuals. The significance level was
set at p <0.05.

3. Results
OSCE and Demographics

In total, eleven novices and seven experts were
recruited. 55% of novices completed a POCUS clinical
rotation as residents, with the remaining 45% only
having completed a POCUS rotation as medical
students. The average number (+/- SD) of nerve blocks
performed by novices prior to data collection was 3.45
+/- 6.18 and ranking of confidence levels on the Likert
Scale averaged at a score of 3.27 +/- 2.79. 71% of the
experts recruited were Fellowship trained, with two of
the experts being senior residents going into a clinical
ultrasound fellowship. Experts had an average of 80.14
+/- 78.01 nerve blocks performed prior to data
collection, with an average score of 8.71 +/- 1.03 for

confidence level on the Likert scale. Novice
participants earned an average overall OSCE score of
15.6 (+/- 7.9), with expert participants scoring 28.5 (+/-
2.44,p <0.001), demonstrating a statistically significant
difference between groups.

Computer-based Metrics for Objective Competency

Figure 7 shows the accelerometer data comparing
head motion between novice and expert groups across
the x-, y-, and z-axes. Significant differences were
observed in the z-axis, where experts demonstrated
higher RMS values, indicative of more pronounced head
nodding movements. This increased motion likely
reflects the experts' frequent checks of the ultrasound
screen and needle positioning. In contrast, no significant
differences were observed between the two groups in
the x- (lateral) and y-(vertical) -axes, indicating similar
head motion patterns in these dimensions.
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Figure 7 Comparing accelerometer values between
novices and experts in the x-, y- and x-axis

Figure 8 presents the gyroscope data comparing
head motion between novice and expert groups across
the x-, y-, and z-axes. Significant differences were
observed in the y- and z-axes. In the y-axis, experts
exhibited higher RMS values, indicating greater head
movement along this axis. Similarly, in the z-axis,
experts demonstrated significantly higher RMS values,
reflecting more pronounced head movements in this
dimension. No significant differences were found
between the two groups in the x-axis.
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Figure 8. Comparing gyroscope values between
novices and experts in the x-, y- and x-axis

Figure 9 shows the correlation between
accelerometer and gyroscope RMS values across the x-
, y-, and z-axes with OSCE scores. Significant
correlations were observed for accelerometer data in the
z-axis and gyroscope data in the y- and z-axes.
Specifically, a significant positive correlation was found
between accelerometer z-axis RMS values and OSCE
scores (r = 0.36), as well as between gyroscope z-axis
RMS values and OSCE scores (r = 0.29). Gyroscope y-
axis RMS values also showed a positive correlation with
OSCE scores (r = 0.21), although this was not
statistically significant. No significant correlations were
observed for the x- and y-axes accelerometer data or for
the x-axis gyroscope data, indicating that these
dimensions of motion were not predictive of OSCE
performance.
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Figure 9. Correlation between head motion metrics
(RMS values) and OSCE scores

Multiple Linear Regression:

The multiple regression analysis was conducted to
examine the effect of accelerometer and gyroscope
RMS values, along with the number of prior procedures,
on OSCE scores. The detailed results are shown in Table
1. The overall model was statistically significant, F(7,
60) = 5.103, p < 0.001, and explained approximately
37.3% of the variance in OSCE scores (R? = 0.373, Adj.
R?=10.300). Among the predictors, Gyro Z RMS ( =
0.283, p=0.041) and the number of prior procedures (3
= 0.059, p = 0.002) were significantly associated with
OSCE scores, indicating that higher values in these
variables were related to higher OSCE scores. The
coefficients for Accelerometer X RMS,
Accelerometer Y RMS, Accelerometer Z RMS,
Gyro_ X RMS, and Gyro_Y RMS were not statistically
significant. Figure 10. illustrates the predicted versus
actual OSCE scores.
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Figure 10. Predicted vs. actual OSCE scores based
on multiple linear regression analysis.

4. Discussion

UGNB have become a mainstay for acute pain
management in the ED, including use for femoral
fractures, rib fractures and acute sciatic radiculopathy.
UGNBs offer long-acting analgesia, with benefits
including reduction in opioid use as well as decreasing
hospital length-of-stay. However, despite their
increasing use, there remains a gap in the
standardization of education and training for UGNBs in
the ED setting. Current assessment strategies for
diagnostic and procedural POCUS rely on observation
by trained evaluators (OSCE evaluations), which are the
current gold standard for assessing competency in
medical education. However, the traditional OSCE has
high implementation costs and suboptimal inter-rater
reliability. Prior research in assessment of objective
competency measures in the surgical literature has been
shown to be translatable to ultrasound education (Berk
et al., 2023, Dias et al., 2019, Lee et al., 2021). As
POCUS expands across specialties within medicine,
both nationally and internationally, it will be imperative
to achieve a standardized and objective measure of
competency, which is affordable and not resource
intensive.

Our team has successfully performed a related
study comparing hand- and head-motion analysis in
novice and expert users for diagnostic eFAST and
cardiac POCUS image acquisition (Walsh et al 2024).
In this study, head motion was tracked with the MUSE
2 headbands, which was mimicked in this procedural
ultrasound pilot study. In our diagnostic ultrasound
study analysis, experts demonstrated statistically
significant less head motion distribution in the Y and Z
directions compared to novices (Fig. 11).
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Figure 11. Comparing head motion between
novices and experts in diagnostic ultrasound

In comparison to this pilot study for procedural
objective competency measures, there was statistically
significant differences between novices and experts
with acceleration on the z-axis, but without statistically
significant differences on the x- and y-axis. (Figure 7)
Given that the z-axis is that of a nodding head motion,
where the head moves forwards and backwards. This
finding becomes procedurally significant as a novice
user will spend more time looking downwards to check
their probe and needle positioning on the model rather
than focusing on the ultrasound screen to find their
needle tip. This was also echoed in the gyroscope
values, which is a marker of velocity. (Figure 8) In this
analysis there were statistically significant differences
between our novice and expert groups in the y- and z-
axis. The y-axis corresponds to the up-down head
motion, and the z-axis as the forward-backwards axis.
Experts are faster and more efficient at moving their
focus from the key areas on the nerve block model to the
important areas of interest on the ultrasound machine,
with more time spent with focus on the ultrasound
screen to direct their needle tip to the relevant target.
This difference was apparent when re-watching the
video clips of experts vs novices, and comparing their
motion kinetics.

This study demonstrated that when head motion
analysis was compared to the gold standard traditional
OSCE it could differentiate between novice and expert
users with acceleration in the z-axis and with gyroscope
values in the y- and z-axis. Most importantly these are
metrics that can be clinically correlated and explained
when observing novice and expert proceduralists. We
hope that these findings will allow for a shift from the
subjective, and time and resource intensive OSCE, to

computer-based, and more objective metrics in
ultrasound education.

Additionally, current assessment of ultrasound skill
is performed in a simulation setting, outside of the
clinical setting.  Standardization of objective
competency using metrics such as head motion with the
MUSE2 headband would permit assessment of new
learners of ultrasound, whether that be medical students,
junior residents, or faculty who did not train in the era
of POCUS, within the clinical setting, with computer-
based metrics able to provide immediate feedback to the
learner. Future research in this field will be needed to
establish set benchmarks in these metrics of objective
competency, with the goal that these could be applied to
the wide scope of procedures performed by emergency
medicine providers in the ED.

Limitations:

While our study demonstrates promising results,
the number of participants who were enrolled was small,
which was sufficient in this pilot study, but in
subsequent work we would want to recruit a larger
sample size. Additionally, novices were chosen from the
incoming intern class and new graduates of physician
assistant school, which were the providers with the least
experience in emergency POCUS at our tertiary
academic institution. Given that nerve blocks are more
of an advanced skill, we provided a short introduction
video to the three nerve blocks performed, but some
novice users required some guidance with the procedure
itself to be able to perform each of the three nerve
blocks. Along those lines, each novice participant will
have had different levels of POCUS exposure with their
medical training, and therefore this would have
introduced some bias to our novice group.

5. Conclusion:

The objective measures of head motion
demonstrated significant differences between novice
and expert POCUS wusers. This correlated with
differences in OSCE scores, which are the current
standard of care in measuring POCUS competency,
demonstrating that these computer-based metrics are
reliable as a competency tool. This pilot study suggests
objective competency measures will be the future of
medical education and can be translated into both
diagnostic and procedural ultrasound. Developing these
computer-based objective tools will be vital as POCUS
disseminates more broadly across specialties beyond
emergency medicine, playing a role in non-traditional
clinical spaces such as in patients’ homes, prehospital,
battlefields, and even in future space expeditions.
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