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Objective: We evaluated the impact of Point-of-care
ultrasound (POCUS) in musculoskeletal consulta-
tions out of hospital using a Philips Lumify porta-
ble ultrasound device. We aimed to determine the
impact of POCUS on the number of hospital referrals
for injections as well as on the number of injections
performed in consultation.

Design: Retrospective case study comparing 2
periods: June to September 2021 (pre-POCUS)
and November 2021 to February 2022 (POCUS).
Statistical comparisons were performed using the
y2. In both periods, 21 medical consultations were
performed. In the pre-POCUS period, 470 patients
were assessed, with an average of 1.29 hospital
referrals made per day of consultation for hospi-
tal injections and an average of 2.05 injections
performed per day of medical consultation. In the
POCUS period, 589 patients were assessed, with an
average of 0.1 hospital referrals per day (—-92.6%;
p<0.00001) and an average of 2.76 injections
performed per day (+34.9%; p<0.00001). The
introduction of POCUS at our practice reduced the
number of hospital referrals made for injections
and increased the number of injections performed
every day of consultation.

Conclusion: This suggests that POCUS is of great
clinical value in out-of-hospital musculoskeletal
rehabilitation consultations.
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(LAY ABSTRACT )

This study provides insight into the clinical impact of
portable ultrasound in rehabilitation consultations per-
formed out of the Hospital in a Primary care center. The
aims of this study are to measure the number of hospi-
tal referrals for therapeutic injections as well as on the
number of injections performed in every consultation.
In this study, 2 periods were compared. It was found
that the introduction of POCUS at our practice reduced
the number of hospital referrals to perform challenging
injections and increased the number of injections perfor-
med during consultations. Portable ultrasound appears
to be of clinical value in musculoskeletal rehabilitation

{onsultations performed out of hospital settings. j
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hysician-led point-of-care ultrasound (POCUS) is

increasingly used to evaluate patients with musculos-
keletal conditions. POCUS helps to accurately diagnose
musculoskeletal pathologies, complements the physical
examination, and ensures that injections are performed
in a timely and safe manner.

In 2022, over half of all medical schools in the United
States included POCUS training in their undergraduate
curricula (1). Many medical specialties have formal
ultrasound training programs. The use of musculoskele-
tal POCUS is especially useful in emergency services. A
systematic review evaluating POCUS for the diagnosis of
skull fractures in children showed a sensitivity of 91%,
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specificity of 96%, positive predictive value of 88%, and
negative predictive value of 97% (2). A prospective cross-
sectional study analyzed the accuracy of POCUS in the
diagnosis of suspected ligamentous injuries in the wrist,
using magnetic resonance imaging as the gold standard
(3). Results showed POCUS had a high sensitivity (97—
99%), specificity (97%), and accuracy (97-98%).

Furthermore, in a meta-analysis of 7 studies of the use
of POCUS in patients with shoulder dislocations (n=739),
POCUS showed 99% sensitivity and specificity versus
X-ray imaging (4). In a meta-analysis of ultrasound for
elbow fracture diagnosis, a sub-group analysis of 5 studies
showed that ultrasound had a specificity of 95% and sen-
sitivity of 94% (5). Finally, in a case series published in
2020, the authors defended the use of POCUS to confirm
joint effusion in patients with suspected septic arthritis of
the hip, despite non-confirmatory plain X-rays (6).

The adaptability and potential impact of POCUS have
also been demonstrated in accidents outside-of-hospital.
It has been reported that POCUS analgesic blocks prior to
hospital transfer avoid the requirement for analgesic drugs
and improve logistics (7). However, we consider that one
of the difficulties to accelerate the implementation of new
technology is the lack of standard methodology to assess
the impact on patient outcomes and clinical processes.

This study aimed to determine the potential capability
of POCUS to reduce the need for hospital referrals for
challenging injections, to increase the number of injec-
tions performed during consultation, and to use it as a
diagnostic tool.

METHODS

This was a retrospective case study of patients with
musculoskeletal symptoms who were evaluated in a
rehabilitation consultation over a period of 4 months
(November 2021 to February 2022). POCUS was perfor-
med by 2 physical medicine and rehabilitation specialists
trained in the use of musculoskeletal ultrasound (1 with
4 years and another with 15 years of US training) accor-
ding to their own clinical criteria. The specialists visited
patients directly at 2 primary care centers in Tomares and
Castilleja de la Cuesta (Seville, Spain) instead of visiting
patients in a tertiary referral hospital (Virgen del Rocio
Hospital). Patients were referred by their primary care
doctors and were evaluated directly in the primary care
center to reduce waiting lists and hospital visits. Typical
agenda was usually 20 to 25 patients per day. If necessary,
diagnostic tests were ordered by the rehabilitation specia-
list and therapeutic injections were performed using ana-
tomical landmark. However, if injection was considered
technically too challenging, it was not performed during
the consultation and patients were referred to the tertiary
referral hospital for an ultrasound-guided injection.

In November 2021, we started using a portable ultra-
sound system (Philips Lumify L12-4 high-resolution
linear transducer), with a frequency range of 12 to

4 MHz. The portable ultrasound system was connected to
a smartphone or tablet via a MicroB-type USB transducer
(Fig. 1). The cost of this device was estimated to be a
quarter of that of conventional equipment. Moreover, the
device is easy and intuitive to use.

We classified the main uses and anatomical sites after
use of POCUS for diagnosis and treatment. As a control
group, we analyzed the consultations during the 4 months
prior to the introduction of the portable ultrasound device
(June 2021 to September 2022), recording the number of
patients evaluated, the injections performed immediately
during the consultations, and the number of patients refer-
red to the hospital for ultrasound-guided injections. The
data were analyzed using SPSS statistical software ver-
sion 22.0 (Statistical Package for Social Sciences, IBM
Corp, Armonk, NY, USA). The y? test for a 22 contin-
gency table, including Yates’s correction for continuity,
was performed for comparison and the data multiplied by
100 to enable data presentation as positive integers.

Finally, a novel ratio, the number needed to scan (NNS)
was calculated, which is equivalent to the number needed
to treat in clinical drug trials (number of patients that need
to receive a treatment to observe a relevant clinical result).
It would be equivalent to the number of patients we need
to scan to change attitude once. NNS is calculated as the
inverse of the absolute risk reduction (ARR). Therefore,
NNS=1/ARR (8).

RESULTS

In the POCUS period, 589 patients were evaluated during
21 consultations. In the pre-POCUS period, 470 patients
were evaluated during 21 consultations (Table I).
Comparison of the pre-POCUS and POCUS periods
showed a reduced number of referrals to the Rehabilitation
Service of the tertiary referral center for injections, from
1.29 to 0.1 referrals per consultation (—92.6%). An

PN

Fig. 1. Injection Performed in Consultation under US Guidance. Red
arrow points smartphone connected to Ultrasound. Written informed
consent was obtained.
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Table I. Injections in Consultation and Referrals for Hospital Injections

Period A Period B
Without POCUS with POCUS Percent of change b
Patients 470 589 +25.32%
Consultations 21 21
Injections per consultation/day 2.05 2.76 +34.88% p<0.001
Referrals to hospital for injections 27 2
Referrals to hospital for injections per 1.29 0.1 -92.59% p<0.001

consultation/day

POCUS: point-of-care ultrasound.

Referral to Hospital for injections: Patients referred for injections that could not be performed in consultation, for a technical or safety reason.
Both periods covered 21 days of consultation, but in POCUS period more patients were visited for organizational reasons.

increase in the number of injections during consultation,
from 2.05 to 2.76 (+34.9%), was also shown.

For diagnosis, an ultrasound study was performed on
42 patients for a first-time diagnostic study (92.9%) and
follow-up (7.1%). Among them, in 16 cases, an initial
diagnostic ultrasound was performed before the clinician
performed an ultrasound-guided injection during the same
visit. Based on our data, we calculated the ARR as 0.38 (16
patients divided by 42 total diagnostic ultrasounds); there-
fore, the NNS would be 3 patients (NNS=1/0.38=2.62),
meaning we must perform 3 ultrasound studies to change
the clinical plan once.

The most commonly studied symptomatic locations
using POCUS were the shoulder (n=19; 45.2%), ankle
(n=4; 10.8%), foot (n=4; 10.8%), hip and knee (n=3;
8.1%), and other (n=10; 2%).

Regarding therapeutic use, the most frequent injection
sites were shoulder (n=26; 44.4%), interfascial (n=7;
12.1%), trochanter (n=6; 10.3%), knee (n=5; 8.6%),
wrist & hand (n=5; 8.6%), and others (n=10; 16%).
The 27 shoulder injections were divided as follows: sub-
acromial-subdeltoid (n=14; 53.8%); periarticular (n=6;
23.1%); intra-articular (n=4; 15.4%) and suprascapular
nerve blocks (n=2; 7.7%).

By using a 2 x2 contingency table, the y? statistic was
110.7854 (p<0.001); with Yates’s correction for conti-
nuity (assuming that the discrete probabilities of frequen-
cies could be approximated to a continuous distribution),
the ¥ statistic was 108.75 (p<0.001). Sensitivity ana-
lysis showed that even with a 11% reduction of referrals,

POCUS: less referrals to Hospital for infiltrations and
more infiltrations in consultation

3
-92.59%
Referrals to
Hospital
2
Infiltrations in +34.88%

consultation 1

Pre-POCUS

Fig. 2. Infiltrations and referrals per day.

POCUS

the comparison between both periods was statistically
significant.

Analyzing per anatomical target, the injections sites
that increased more with POCUS were interfascial (from
0 to 12.07%), trochanter (from 2.33 to 10.34%) and wrist
& hand (from 13.95 to 15.25%). All these 3 locations
were considered easier to execute under US or, in the
interfascial case, not recommended to be performed with-
out POCUS.

In POCUS period, only 2 patients were referred to the
hospital for injections, 1 with back pain requiring a lum-
bar medial branch block (a technique that could not be
performed in the primary care environment) and another
with shoulder pain requiring a suprascapular nerve block
associated with an axillary nerve block (a hospital setting
was preferred based on the patient’s characteristics for
safety reasons).

DISCUSSION

Based on these results, we observed that the use of a por-
table ultrasound device is linked with a significantly redu-
ced number of referrals to the tertiary referral hospital and
an increased number of injections performed in the con-
sultation. Both results might justify the use of POCUS,
either as a tool to increase productivity and also to reduce
hospital referrals for injections that could not be perfor-
med in consultation for technical or safety reasons.

Avoiding hospital referrals is relevant from a clinical
and social point of view. First, the need to defer a neces-
sary invasive technique is solved, reducing any delay
in recovery or inclusion for physiotherapy treatment.
Second, making a new appointment for the patient at the
tertiary referral hospital is an inconvenience, both for the
patient and accompanying family member in many cases.
Finally, deferring an injection (the previous average wait-
ing time for such cases was 1.5 months) increases the risk
that the treatment will never be offered.

In addition to the rise in the number of injections in
consultation, the increase of type of injections perfor-
med, such as interfascial injections must be highlighted.
These injections (using a local anesthetic and a corticos-
teroid) are often performed to patients with myofascial
neck pain; they need to be very precise and therefore are
not considered safe under anatomical landmarks. Having
an US opens the possibility to faster treatment of such
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a prevalent problem, thereby, accelerating recovery and
increasing the quality of care.

Regarding the use of POCUS to avoid hospital trans-
fers, our results are similar to those reported by a study of
the medical service during a music festival with 180,000
attendees. POCUS was used in 28 of the 686 patients
assessed, changing the management plan in 39% of
patients and avoiding 53% of ambulance transfers (9).

We calculated that NN'S would be 3 patients. This result
is similar to previous studies. Tayal published a study eva-
luating the use of POCUS in patients presenting to the
emergency department with edema and joint pain. He
observed that the use of ultrasound changed the attitude
in 56% of cases, equivalent to an NNS of 2 patients (10).

Overall, these study results seem positive and encoura-
ging. Future research may analyze the clinical impact of
the faster resolution of cases versus traditional care.

The limitations of this study include the short study
period of 8 months and the team size of only 2 physici-
ans. As such, it is necessary to analyze the future impact
of POCUS with a greater number of professionals (with
varying degrees of experience and ultrasound knowledge)
in different settings.

Moreover, both the increase in total injections and the
reduction in referrals were made in the context of a 25.3%
increase in patients per day, which could be attributed to
the pre-POCUS period covering the months of June to
September. However, we did not analyze data on injec-
tions per visited patient, rather the number of injections
per consultation, which is a more reliable indicator of the
activity performed, and independent from the total num-
ber of visits. This limitation will be addressed in a further
case study over a longer follow-up period.

Furthermore, an ultrasound procedure has an impact on
the total consultation time and needs to be used with clini-
cal judgment. Our results show this was the case, with the
portable ultrasound being used for 4.1 patients per consul-
tation, 14.6% of the total patients evaluated.

Based on the value-based approach (11), if clinicians
believe in the value of new technologies, they should
develop a convincing data-driven case of their benefits
with concrete real-life examples and evidence. In this
study, we showed the use of portable ultrasound in mus-
culoskeletal rehabilitation.

In conclusion, our data suggest that POCUS might have
a positive impact on the productivity of musculoskeletal
rehabilitation consultations conducted outside hospitals.
We observed that POCUS significantly reduced hospital
referrals for injections, increased injections in consul-
tation and helped to change the clinical attitude in 1 of
every 3 patients.
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