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Study objective: Shoulder dislocations are a common injury leading to emergency department presentations. Point-of-care
ultrasonography has the potential to reduce radiation and time to diagnosis. We determine the accuracy of a novel point-of-care
ultrasonographic technique to diagnose dislocated shoulders. We also investigate its accuracy to detect fractures, time to image
acquisition, the optimal cutoff for the glenohumeral distance, and compare the time to diagnose dislocations from triage between
point-of-care ultrasonography and radiography.
Methods: This was a multicenter prospective observational study. Ultrasonography fellows and fellowship-trained physicians
enrolled a convenience sample of patients with suspected shoulder dislocation. Point-of-care ultrasonography was performed with
a novel posterior approach with either a curvilinear or a linear transducer. Shoulder dislocation was conﬁrmed with a 3-view
radiograph interpreted by an independent radiologist. Sensitivity, speciﬁcity, positive predictive values, and negative predictive
values were determined for point-of-care ultrasonography, with radiography as the criterion standard. Time to image acquisition,
presence or absence of fracture, glenohumeral distance, sonographer conﬁdence, and difference in time to diagnosis from triage
for point-of-care ultrasonography and radiograph were also determined. A second investigator independently reviewed all images
and interobserver agreement was calculated.
Results: Sixty-ﬁve patients were enrolled in the study. The sensitivity and speciﬁcity of point-of-care ultrasonography for identifying
dislocations were 100% (95% conﬁdence interval [CI] 87% to 100%) and 100% (95% CI 87% to 100%), respectively. Point-of-care
ultrasonography was 92% sensitive (95% CI 60% to 99.6%) and 100% speciﬁc (95% CI 92% to 100%) for non–Hill-Sachs/
Bankart’s fractures of the humerus. Point-of-care ultrasonography was faster from triage than standard radiology in diagnosing
dislocations (median difference 43 minutes; interquartile range [IQR] 23 to 60 minutes). The median total time required for
diagnosis by point-of-care ultrasonography was 19 seconds (IQR 10 to 36 seconds). The median glenohumeral distance was
–1.83 cm (IQR –1.98 to –1.41 cm) in anterior dislocations, 0.22 cm (IQR 0.10 to 0.35 cm) on nondislocated shoulders, and 3.30
cm (IQR 2.59 to 4.00 cm) in posterior dislocations.
Conclusion: A posterior approach point-of-care ultrasonographic study is a quick and accurate tool to diagnose dislocated
shoulders. Ultrasonography was also able to accurately identify humeral fractures and signiﬁcantly reduce the time to diagnosis
from triage compared with standard radiography. [Ann Emerg Med. 2020;76:119-128.]
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INTRODUCTION
Background and Importance
The anatomy of the shoulder girdle makes this joint
particularly prone to injury, with shoulder dislocations
representing one of the most common forms of joint
dislocations.1 Shoulder dislocations result in approximately
200,000 emergency department (ED) visits annually and
Volume 76, no. 2 : August 2020

95% to 98% of all shoulder dislocations occur anteriorly.1,2
The conventional diagnostic pathway for a patient with
presumed shoulder dislocation involves a pre- and
postreduction radiograph of the shoulder.1,2 However,
many emergency physicians have begun to challenge the
current paradigm that all patients with presumed shoulder
dislocations require both pre- and postreduction
radiographs. Several studies illustrate that postreduction
radiographs rarely detect new or clinically signiﬁcant
fractures.3-8
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What is already known on this topic
Early studies of bedside ultrasonography for shoulder
injuries have shown generally favorable but
inconsistent performance in detecting injuries.
What question this study addressed
This study examined the sensitivity and speciﬁcity of
an optimized ultrasonographic imaging strategy when
deployed across a variety of centers and sonographers.
What this study adds to our knowledge
Optimal ultrasonographic imaging provides a very
sensitive and speciﬁc means of detecting important
shoulder injuries, including dislocations and
fractures.
How this is relevant to clinical practice
Ultrasonographic imaging could provide clinicians
with a convenient means of quickly assessing patients
with shoulder injuries.
Research we would like to see
Delineation of the optimal role of ultrasonography in
the management of suspected shoulder dislocations.

Evidence suggests that bedside ultrasonography of the
shoulder may be a valuable tool for diagnosing shoulder
dislocation and reduction.9-19 Point-of-care
ultrasonography can be performed while a patient’s history
is obtained and physical examination is performed, which
may reduce the time to diagnosis of a shoulder dislocation.
Additional beneﬁts may include reduced radiation
exposure, lower cost, and shorter length of stay for
patients.13,19
Previous studies have found that the accuracy of pointof-care ultrasonography for detecting shoulder dislocations
is nearly 100%.19 However, these studies were limited by
signiﬁcant heterogeneity in regard to the techniques and
patient populations.14-18 The anterior and lateral
approaches have demonstrated variability in accuracy, with
one study ﬁnding 100% speciﬁcity but only 54%
sensitivity for this technique.16 The posterior approach
typically involves following the humerus to the
glenohumeral joint but may be limited in patients with
large triceps or abnormal anatomy. This study assesses a
novel approach to detecting glenohumeral dislocation by
tracing the scapular spine. Because the scapular spine is
more superﬁcial than the humerus or coracoid process, this
technique addresses many of the limitations of previous
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techniques. Additionally, to our knowledge previous
studies have not evaluated the effect of point-of-care
ultrasonography on time to image acquisition, time to
overall diagnosis, or the optimal glenohumeral distance to
use for discriminating between dislocated and
nondislocated shoulder joints.
Goals of This Investigation
The primary goal of this study was to determine the
sensitivity and speciﬁcity of point-of-care ultrasonography
compared with the current criterion standard of
radiography in diagnosing shoulder dislocations. Secondary
goals were to determine the time required for point-of-care
ultrasonographic image acquisition, the optimal
glenohumeral distance for discriminating anterior and
posterior dislocations from a nondislocated shoulder,
presence or absence of fracture, sonographer conﬁdence,
and the difference in time to diagnosis between point-ofcare ultrasonography and radiography from triage.
MATERIALS AND METHODS
Study Design and Setting
This was a multicenter, prospective, observational study
at 2 academic EDs from March 2017 to May 2019. One
location was a suburban university-based hospital in the
Northeast with an emergency medicine residency and an
annual adult ED census of 74,000 patients. The other
location was an urban university-based hospital ED in the
Midwest with an emergency medicine residency and an
annual adult ED census of approximately 56,000 patients.
Selection of Participants
We included all adult patients (deﬁned as 18 years)
presenting to the ED for suspected shoulder dislocation
when a study investigator was present. One of 6
ultrasonography fellows or fellowship-trained emergency
physicians performed the study, using the modiﬁed
posterior approach described later. We excluded patients
with multiple traumatic injuries, with decreased level of
consciousness, who were hemodynamically unstable, or
who did not consent to undergo sonography. Written
informed consent was obtained for all participants. The
institutional review board at both institutions approved the
study.
Interventions
Before patient enrollment, all providers underwent
training on the technique, using a short instructional video
on the study, followed by practice on actual patients. After
a history and physical examination were obtained by the
Volume 76, no. 2 : August 2020
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treating physician, a blinded sonographer performed the
bedside ultrasonography (prereduction scan) while the
patient was waiting for either radiography to be performed
or the results to be read by a radiologist. The sonographer
was blinded to the history and imaging ﬁndings. To
prevent interrupting patient care, patients remained eligible
for enrollment if radiographic imaging was performed
before the point-of-care ultrasonographic examination, but
only if the sonographer and treating physician were not
aware of the radiographic results.
If the shoulder was conﬁrmed as dislocated on the
radiograph, the treating physician was allowed to reduce
the shoulder using whichever reduction technique he or she
deemed appropriate. Once the reduction was performed,
the sonographer repeated the shoulder point-of-care
ultrasonographic examination (postreduction) to determine
the location of the humeral head with respect to the
glenoid. The patient also underwent postreduction
radiography.
After each ultrasonographic examination (pre- and
postreduction), the sonographer recorded the presence of a
dislocation based on point-of-care ultrasonography,
presence of a fracture based on point-of-care
ultrasonography, time to perform the point-of-care
ultrasonographic examination, sonographer conﬁdence,
and the time of the point-of-care ultrasonographic
examination. Time to perform the point-of-care
ultrasonography was assessed by an independent observer
using a digital timer and recorded from the time the
transducer was placed on the patient’s skin to the time the
diagnosis was made. Sonographers also measured and
recorded the distance from the glenoid rim to the humerus
(ie, the glenohumeral distance). The investigator collected
all other data points from the medical record at this time.
All radiographs consisted of 3 views and were interpreted
by a board-certiﬁed attending radiologist, who was blinded
to the ultrasonographic results. The radiographs served as
the criterion standard. All point-of-care ultrasonographic
images were saved and reviewed for interrater reliability by
a separate ultrasonographic fellowship–trained attending
emergency physician who was blinded to the initial pointof-care ultrasonographic determinations and radiographic
results.
Investigators collected data on patient age, sex, height,
weight, body mass index, history of dislocations,
mechanism of injury, triage time, time of the pre- and
postreduction point-of-care ultrasonographic examination,
time of the pre- and postreduction radiographs, location of
the dislocation on point-of-care ultrasonography and
radiography, presence of a fracture, type of fracture (eg,
Hill-Sachs, humeral head), type of reduction technique,
Volume 76, no. 2 : August 2020
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duration of the point-of-care ultrasonographic examination,
and glenohumeral distance. Dislocations were classiﬁed as
anterior, posterior, inferior, or nondislocated for both
radiographs and point-of-care ultrasonography.
Dislocations described as “anterior and inferior” on
radiographs were classiﬁed as anterior if there was no
evidence of isolated inferior dislocation (ie, luxatio erecta)
on the imaging or physical examination. This was decided
because there is no clinically signiﬁcant change in the
clinical management and reduction technique for those
cases. Fractures were further divided into categories
including Hill-Sachs/Bankart’s and non–Hill-Sachs/
Bankart’s fractures. Hill-Sachs/Bankart’s fractures included
Hill-Sachs’s deformities (impaction fracture of the humeral
head) and Bankart’s lesions (avulsion of the glenoid labrum
or rim). Non–Hill-Sachs/Bankart’s fractures included other
humeral fractures of the proximal head, neck, shaft, and
greater tuberosity. Study investigators collected all data
prospectively at enrollment.
The sonographer imaged the shoulder from the posterior
approach in a transverse plane, with the indicator toward
the sonographer’s left (Figure 1A). The sonographer
palpated and placed the probe over the spine of the scapula
as the initial landmark (Figure 1B), and then slid the
transducer laterally to identify the scapular notch and then
the bony landmarks of the glenoid fossa and humeral head
(Figure 1C). On identifying the glenohumeral joint, the
sonographer ﬁrst assessed for the presence of a dislocation.
After assessing for dislocation, the sonographer fanned the
transducer from a cephalic to caudal direction to determine
whether a humeral head or humeral neck fracture was
present (Figure 1D). A fracture would appear as an
anechoic or hypoechoic disruption in the normal contour
of the (hyperechoic) bone.
After determination of the presence of dislocation or
fracture, the glenohumeral distance was measured15 as the
vertical difference between 2 imaginary horizontal lines
(Figure 2A). One horizontal line was drawn from the most
posterior aspect of the humeral head (top of the humerus
on ultrasonographic image) and the other horizontal line
was drawn from the most posterior visible portion of the
glenoid (top of the glenoid rim on the ultrasonographic
image). An anterior dislocation was deﬁned as the humeral
head’s being displaced anteriorly compared with the
glenoid rim (Figure 2B), or farther from the transducer (ie,
distal to the transducer surface), whereas a posterior
dislocation was deﬁned as the humeral head’s being
displaced posteriorly (Figure 2C), or closer to the
transducer (ie, closer to the transducer surface) compared
with the glenoid rim. Sonographers used a Mindray M9
(Mindray, Mahwah, NJ), Mindray TE7 (Mindray),
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Figure 1. A, Proper probe placement on the patient and the 3-step sequence to examine the shoulder from the posterior approach.
The blue dot above the probe corresponds to the probe indicator. B, The corresponding ultrasonographic images to the probe
placement in A at the level of the scapular spine (1), the glenohumeral joint (2), and the humerus (3).

SonoSite Edge II (Fujiﬁlm, Bothell, WA), or Zonare ZS-3
(Mindray) ultrasonographic machine. Selection of the
transducer type (ie, linear or curvilinear) was at the
sonographer’s discretion.
Outcome Measures
The primary outcome was the diagnostic accuracy of the
point-of-care ultrasonographic examination. Secondary
outcomes were time to diagnosis from triage, length of
point-of-care ultrasonographic examination, determination
of glenohumeral distance of nondislocated and dislocated
shoulders, presence or absence of fracture, and sonographer
conﬁdence in diagnosis, measured on a verbal numeric scale
from 0 (none) to 10 (most).
Primary Data Analysis
Data are presented as medians with interquartile ranges
(IQRs) for continuous variables. Frequencies are presented
as percentages with 95% conﬁdence intervals (CIs). The
diagnostic accuracy of point-of-care ultrasonography in
detecting shoulder dislocation and conﬁrmation of
reduction is presented by calculating sensitivity, speciﬁcity,
positive predictive value, and negative predictive value
compared with radiography as the criterion standard.
Receiver operating characteristic (ROC) analysis with
Youden’s index20 was used to identify the optimal
122 Annals of Emergency Medicine

displacement cutoffs for diagnosing dislocations.
The k coefﬁcient was used to determine interrater
reliability for diagnosing both shoulder dislocation and
non–Hill-Sachs/Bankart’s fractures of the humerus. With
an expected sensitivity of 95% and a 95% CI of 90% to
100%, 80% power, and a 2-tailed a of .05, we estimated
that a sample size of 61 subjects would be needed.
RESULTS
Sixty-ﬁve subjects were enrolled in the study. No
patients were excluded. Table 1 describes the patient
demographics. The median age was 40 years (IQR 27 to 61
years) and 38 (58%) of the subjects were men. The median
body mass index was 27.4 kg/m2 (IQR 23.7 to 31.9 kg/
m2). Of the 65 enrolled patients, 21 (32%) had a history of
dislocations, and 28 (43%) sustained injuries from groundlevel falls.
Of the 65 patients, 32 (49%) had a shoulder dislocation.
The types of dislocations and time to diagnosis from triage
are described in Table 2. The numbers of ultrasonographic
evaluations performed by attending physicians and active
ultrasonography fellows by institution are provided in
Table 3. All of the 65 patients received a correct diagnosis
of a dislocation or nondislocated shoulder with point-ofcare ultrasonography (Figure 3A). The sensitivity of pointof-care ultrasonography to accurately diagnose shoulder
Volume 76, no. 2 : August 2020
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Figure 2. Ultrasonographic images of the shoulder girdle, using a curvilinear probe demonstrating the normal anatomy of the left
glenohumeral joint (A), a left anterior dislocation of the shoulder with humeral head displaced anterior to the glenoid (B), and a right
posterior shoulder dislocation with the humerus displaced posterior to the glenoid (C). The adjacent images correspond to the
measurement of the glenohumeral distance, indicated by the red arrows.
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dislocation was 100% (95% CI 87% to 100%), speciﬁcity
was 100% (95% CI 87% to 100%), positive predictive
value was 100% (95% CI 87% to 100%), and negative
predictive value was 100% (95% CI 87% to 100%).
Twenty-seven of the 32 subjects with dislocations had
postreduction point-of-care ultrasonography performed
and documented. Five instances of postreduction point-ofcare ultrasonography were not performed because the study
sonographer was unavailable after the reduction for various
reasons, including other clinical or personal responsibilities.
All 27 postreduction point-of-care ultrasonographic results
were in agreement with the radiologic imaging about
whether the reduction was successful (Figure 3B).
The median glenohumeral distance was –1.83 cm (IQR
–1.98 to –1.41 cm) in anterior dislocations, 0.22 cm (IQR
0.10 to 0.35 cm) on nondislocated shoulders, and 3.30 cm
(IQR 2.59 to 4.00 cm) in posterior dislocations (Figure 4).
With the distance from the glenohumeral joint as the test
variable and radiographic determination of dislocation as
the outcome of interest, the area under the ROC curve was

Table 2. Types of dislocations and time to diagnosis.

Table 1. Demographics of the included patients.

0.98 (95% CI 0.96 to 1.00). In accordance with Youden’s
index,20 the optimal cutoff for the glenohumeral distance
was –0.46 for anterior dislocations. This distance resulted
in perfect agreement with the presence of anterior
dislocation as determined with point-of-care
ultrasonography, giving the same sensitivity, speciﬁcity,
positive predictive value, and negative predictive value as
the radiologic diagnosis of dislocation. There was an
insufﬁcient sample size to calculate an optimal cutoff value
for posterior dislocations.
For the 65 patients, there were 25 (38%) total fractures
identiﬁed on radiography. Of those cases, point-of-care
ultrasonography identiﬁed 13 fractures (52%). Of the
fractures not observed on ultrasonography, 10 were HillSachs’s deformities, 1 was a Bankart’s lesion, and 1 was a
fracture of the surgical neck. There was therefore only 1
non–Hill-Sachs/Bankart’s fracture of the 12 total missed
fractures. Of the total 25 fractures identiﬁed on radiography,
there were 13 Hill-Sachs/Bankart’s and 12 non–Hill-Sachs/

Demographics

Total No.

Percentage

Sex
Men
Women

38

58

27

42

Age, median (IQR), y

40 (27–61)

—*

Height, median (IQR), inches

68 (64–71)

—

Weight, median (IQR), lb

176 (154–200)

—

27.4 (23.7–31.9)

—

28

43

2

BMI, median (IQR), kg/m
Mechanism of injury
Fall, ground

Type of Dislocation (Radiography)

Total No.

Percentage

None

33

51

Anterior

29

45

Posterior

2

3

Inferior

1

2

None

33

51

Anterior

29

45

Posterior

2

3

Inferior

Type of dislocation (POCUS)

1

2

Median time to POCUS from triage
(IQR), min

51 (36–77)

—

Median time to radiography
from triage (IQR), min

101 (73–134)

—

Median time to make the diagnosis
with POCUS (IQR), s

18 (10–33)

—

POCUS, Point-of-care ultrasonography.

Fall, height

9

14

Reaching/pulling

11

17

Blunt trauma

4

6

Sports related

4

6

Lifting

3

5

Seizure

3

5

Fight

1

2

Unspeciﬁed

2

3

Yes

21

32

No

44

68

Linear

12

18

Curvilinear

51

78

Institution

Both

2

3

1

4 (75)

1 (25)

5

2

47 (78)

13 (22)

60

Total

51 (78)

14 (22)

65

History of dislocation

Table 3. The number of ultrasonographic examinations performed
by emergency ultrasonography fellows and fellowship-trained
physicians at each institution.

Transducer used

BMI, Body mass index.
*Dashes indicate there are no percentage ranges.
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No. Performed
by Attending
Physicians (%)

No. Performed
by Active Fellows (%)

Total No.
Performed
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A
US

X-ray
Dislocation
No
Dislocation

B
US

0

33

X-ray
Reduction
No
Reduction

C

US

No
Dislocation Dislocation
32
0

No
Reduction Reduction
27
0
0

X-ray
Non-HS/B
Fracture
Non-HS/B
Fracture
No
Fracture

0

No
Fracture

11

0

1

53

Figure 3. 22 Tables of prereduction ultrasonography
compared with prereduction radiography for the presence of a
dislocation (A), postreduction ultrasonography compared with
postreduction radiography for the presence of dislocation (B),
and prereduction ultrasonography compared with prereduction
radiography for the presence of non–Hill-Sachs’s and
Bankart’s fractures (C). US, Ultrasonography; HS/B, HillSachs’s and Bankart’s.

Bankart’s fractures present. If Hill-Sachs/Bankart’s
deformities were excluded, point-of-care ultrasonography
identiﬁed 11 of the 12 non–Hill-Sachs/Bankart’s fractures of
the proximal humeral head, neck, and shaft (Figure 3C).
Point-of-care ultrasonography did not misidentify any falsepositive non–Hill-Sachs/Bankart’s fractures. Overall, point-

Figure 4. Box plot showing the glenohumeral distances as a
function of the radiography diagnosis. GH, Glenohumeral.
Volume 76, no. 2 : August 2020

of-care ultrasonography was 92% sensitive (95% CI 60% to
99.6%) and 100% speciﬁc (95% CI 92% to 100%) for
non–Hill-Sachs/Bankart’s fractures, with a positive
predictive value of 100% (95% CI 68% to 100%) and
negative predictive value of 98% (95% CI 89% to 99.9%).
We had no cases of dislocations with concomitant non–HillSachs/Bankart’s fractures (all combined fracture-dislocations
were Hill-Sachs/Bankart’s deformities).
Point-of-care ultrasonography was performed earlier
after triage than standard radiology in diagnosing
dislocations or signiﬁcant fractures (median time to
performance 43 minutes; IQR 23 to 60 minutes): time to
diagnosis from triage by point-of-care ultrasonography was
51 minutes (IQR 35 to 78 minutes) versus 101 minutes
(IQR 73 to 134 minutes) for standard radiology. The total
time required to complete the point-of-care
ultrasonographic examination was 19 seconds (IQR 10 to
36 seconds). Sonographers’ conﬁdence in their point-ofcare ultrasonographic diagnosis was 9.1 of 10 in
nondislocated cases and 9.4 of 10 in dislocated cases.
The interrater reliability between the sonographer and
the blinded reviewer was excellent. The value of k for
diagnosing dislocated shoulders was 0.97 (95% CI 0.91 to
0.99), whereas there was perfect agreement (k¼1 [95% CI
1 to 1]) for diagnosing non–Hill-Sachs/Bankart’s fractures
of the shoulder girdle (Figure 5A and B).
LIMITATIONS
There are several limitations to consider with respect to
our study. This was a convenience study and subjects were
enrolled only when trained sonographers were present.
Although sonographers were present on days, nights, and
weekends throughout the study period, it is likely that
some patients were not enrolled because of lack of
sonographer availability. We were also able to capture only
27 postreduction ultrasonographic results from the 32
subjects with conﬁrmed dislocations. These 5 patients were
likely missed because the study sonographer was unable to
stay for the length of time required to perform
postprocedure ultrasonography after relocation attempts.
Moreover, point-of-care ultrasonography is operator
dependent. Another limitation of our study is that
emergency physicians with partial or complete fellowship
training in point-of-care ultrasonography are the only ones
who performed the ultrasonographic examinations and we
did not choose to study physicians with nonfellowship
training. Therefore, it may not entirely reﬂect the accuracy
of the general physician population. However, a previous
study by Lahham et al15 found that point-of-care
ultrasonography had 100% sensitivity and speciﬁcity for
Annals of Emergency Medicine 125
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A
Sonographer

Reviewer
No disloca on

No disloca on
Disloca on
(kappa = 0.97)

33
0

Disloca on
1
31

B
Sonographer

Reviewer
No fracture

No fracture
Fracture
(kappa = 1.00)

52
0

Fracture
0
13

Figure 5. 22 Tables of interrater agreement between sonographer versus blind reviewer for presence of dislocations (A) and
interrater agreement between sonographer versus blind reviewer for presence of fractures (B).

dislocation when performed by novice sonographers.
Moreover, the lack of validation of the glenohumeral
distance cutoff in a separate independent population was
another limitation of our study and should be considered
for future studies. Also, as musculoskeletal ultrasonography
becomes a more mainstream application, additional studies
are necessary to determine the difference in accuracy
between different provider experience levels and the ideal
training protocol. Finally, we did not study or encounter
patients with subluxation of the humerus and cannot
extrapolate what direction and what the glenohumeral
distance would be in such patients.
DISCUSSION
To our knowledge, this is the ﬁrst study to assess a novel,
easy-to-perform, posterior, point-of-care ultrasonographic
technique for identifying shoulder dislocations and
reductions, as well as the only study to assess time to
perform the point-of-care ultrasonographic examination
and the effect on time to diagnosis compared with
radiography. Our study found 100% sensitivity and 100%
speciﬁcity for the diagnosis of shoulder dislocations and
reductions, with a mean point-of-care ultrasonographic
examination time of 27 seconds and a 48-minute reduction
in time to diagnosis compared with that for radiographs.
Previous studies have demonstrated relatively high
diagnostic accuracies with point-of-care ultrasonography.14-18
However, the studies were limited by the use of only 1 or 2
providers at a single site,14-18 as well as concerns about
inadequate criterion standards and blinding.16 The results
of our study are also congruent with a recent systematic
review and meta-analysis by Gottlieb and Russell,13 which
demonstrated that point-of-care ultrasonography is highly
accurate in diagnosing dislocated shoulders. Like most
126 Annals of Emergency Medicine

previous studies, however, many of the studies in the
systematic review and meta-analysis had very high rates of
dislocations, which may have inﬂuenced the sonographers’
assessment, as well as the test characteristics.13-18 Our study
includes a population with a lower prevalence of
dislocations (49%), which improves the test characteristics
and external validity. Despite the lower percentage of
patients with dislocations, sonographers in our study still
had 100% sensitivity and speciﬁcity for the diagnosis of
dislocations and reductions. Additionally, our study adds
more patients with posterior dislocations, time to diagnosis,
and point-of-care ultrasonographic performance time,
which were speciﬁcally identiﬁed as a need by the
systematic review and meta-analysis.
We found that the overall time to diagnosis from triage
was signiﬁcantly reduced with the use of point-of-care
ultrasonography. On average, the time from arrival to
diagnosis decreased by 48 minutes compared with that for
radiographs. This can allow more rapid delivery of a
targeted pain intervention (eg, nerve block, intra-articular
injection, analgesia). Moreover, by faster identiﬁcation of
the dislocation, patients may have their shoulders reduced
sooner, which can minimize the associated spasm and may
make the reduction attempt easier.1,2 Another beneﬁt of
point-of-care ultrasonography is that it can rapidly assess
for inadequate reduction among patients receiving
procedural sedation, allowing the provider to rereduce the
dislocation while the patient remains sedated.
To our knowledge, this study is also the ﬁrst to
speciﬁcally compare the glenohumeral distance between
dislocated and nondislocated shoulders. Lahham et al15
performed a study assessing whether patients with a
glenohumeral distance less than 0 cm had a dislocation and
were able to successfully identify all dislocations. However,
Volume 76, no. 2 : August 2020
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they did not report the mean distances in their study, so it
is unclear what the ideal threshold distance should be. Our
study found that a glenohumeral distance less than –0.5 cm
is the optimal cutoff for discriminating between
nondislocated and anterior dislocation. For posterior
dislocations, we found that they had a mean glenohumeral
distance of 3.3 cm. However, the sample size was too small
(2 patients) to accurately determine an optimal cutoff for
posterior dislocations.
Our study showed high accuracy and excellent interrater
reliability for diagnosing non–Hill-Sachs/Bankart’s
fractures. Point-of-care ultrasonography identiﬁed 11 of the
12 non–Hill-Sachs/Bankart’s fractures, which we consider
more clinically signiﬁcant. The one missed non–HillSachs/Bankart’s fracture was a surgical neck fracture, which
was missed by the initial sonographer but was identiﬁed
subsequently by the blinded reviewer during secondary
review of the study images. These results are also consistent
with the systematic review and meta-analysis by Gottlieb
et al19 showing point-of-care ultrasonography as having
97.9% sensitivity and 99.8% speciﬁcity for assessing for the
presence of associated fractures.
The majority of fractures not observed on
ultrasonography were either a Hill-Sachs’s deformity (total
of 10) or Bankart’s lesion (total of 1). Hill-Sachs’s
deformities are common and are demonstrated in 67% to
93% of anterior dislocations.5,14,18,19 Multiple publications
during the past 25 years have shown that Hill-Sachs’s
deformities are present on initial radiography and are not
commonly caused by the reduction technique, and that
identiﬁcation does not change acute management.5,19
Previous studies have shown that ultrasonography is highly
accurate and superior to the best radiologic views in the
identiﬁcation of Hill-Sachs’s lesions,21 which is discrepant
with our own results. Fracture identiﬁcation was a
secondary endpoint of this study because the primary goal
was to establish the accuracy of point-of-care
ultrasonography for shoulder dislocation. Our particular
posterior technique did not allow entire visualization of the
glenoid and therefore limited our ability to detect both
Hill-Sachs’s and Bankart’s lesions. Only one Bankart’s
lesion was identiﬁed on radiography during our enrollment
period. Although many proximal humerus fractures of all
types are typically treated conservatively in the acute
setting, we believe that the presence of a humeral head,
neck, or shaft fracture may change management or
disposition planning and is therefore more clinically
signiﬁcant. Hill-Sachs’s deformities and Bankart’s lesions
may have prognostic value because they are associated with
an increased risk of recurrent dislocations.6,22 Previous
studies have, however, conﬁrmed the inaccuracy of
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radiography in identifying these lesions and suggest
computed tomographic scan as the most accurate
modality.22 Although patients at higher risk of recurrence
may need further outpatient imaging for surgical planning,
the majority of recurrent shoulder dislocations may not
need any radiographic imaging in the ED. Patients at risk
of persistent shoulder instability should be aware of the
importance of follow-up, but to the emergency physician
the presence or absence of non–Hill-Sachs/Bankart’s
fractures does not alter acute management, disposition, or
follow-up plans.5,6,18,19
An aspect of our study that makes it more generalizable
is that we did not require sonographers to use a speciﬁc
probe (ie, linear versus curvilinear). However, we did not
believe it was acceptable to limit providers to a speciﬁc
probe because the need for a speciﬁc type of probe may
vary according to the anatomy and body habitus of
individual patients. Our results showed no signiﬁcant
difference in accuracy or time to diagnosis with a particular
probe in relation to patient body mass index. Anecdotally,
however, the curvilinear probe has superior penetration and
larger footprint on the patient, so is likely more suitable for
patients with larger body mass. We therefore recommend
that sonographers use their own judgment and comfort
level when selecting a probe to perform posterior-approach
point-of-care ultrasonography of the shoulder.
The current literature demonstrates that point-of-care
ultrasonography is highly accurate in diagnosing dislocated
shoulders and fractures of the humerus. Because several
techniques have been described, future studies should
compare the different techniques to determine which is the
most accurate. Also, a study examining the accuracy of our
technique in relation to novice sonographers would be
valuable. It would also be essential and beneﬁcial to validate
a glenohumeral distance to accurately differentiate an
anterior dislocation from subluxation from nondislocation.
In addition, randomized controlled trials should be
conducted to evaluate the performance of ultrasonography
versus standard radiology alone at diagnosing shoulder
dislocations in patients with frequent dislocations to avoid
the need for pre- or postreduction radiographic imaging in
this particular population. Finally, studies should evaluate
what is the ideal training protocol for this modality.
Our study found that point-of-care ultrasonography
from the posterior approach was a highly accurate method
to diagnose shoulder dislocations. It can be performed
rapidly at the patient’s bedside and had a faster time to
diagnosis from triage than radiography, and sonographers
had high levels of conﬁdence in their diagnoses. Point-ofcare ultrasonography of the shoulder should be considered
as a diagnostic option for the detection of shoulder
Annals of Emergency Medicine 127
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dislocation in the ED. Additional links can be found in
Appendix E1, available online at http://www.
annemergmed.com
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