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Study objective: We determine the test performance characteristics for point-of-care ultrasonography performed by
pediatric emergency physicians compared with radiographic diagnosis of elbow fractures and compare interobserver
agreement between enrolling physicians and an experienced pediatric emergency medicine sonologist.

Methods: This was a prospective study of children aged up to 21 years and presenting to the emergency
department (ED) with elbow injuries requiring radiographs. Before obtaining radiographs, pediatric emergency
physicians performed focused elbow ultrasonography. An ultrasonographic result positive for fracture at the
elbow was defined as the pediatric emergency physician’s determination of an elevated posterior fat pad or
lipohemarthrosis of the posterior fat pad. All patients received an elbow radiograph in the ED and clinical follow-
up. The criterion standard for fracture was fracture on initial or follow-up radiographs.

Results: One hundred thirty patients with a mean age of 7.5 years were enrolled by 26 sonologists. Forty-three
(33%) patients had a radiograph result positive for fracture. A positive elbow ultrasonographic result had a
sensitivity of 98% (95% confidence interval [CI] 88% to 100%), specificity of 70% (95% CI 60% to 79%), positive
likelihood ratio of 3.3 (95% CI 2.4 to 4.5), and negative likelihood ratio of 0.03 (95% CI 0.01 to 0.23) for
fracture. The interobserver agreement (�) was 0.77. The use of elbow ultrasonography would reduce radiographs
in 48% of patients but would miss 1 fracture.

Conclusion: Point-of-care ultrasonography is highly sensitive for elbow fractures, and a negative ultrasonographic
result may reduce the need for radiographs in children with elbow injuries. Elbow ultrasonography may be useful
in settings in which radiography is not readily accessible or is time consuming to obtain. [Ann Emerg Med.
2012;xx:xxx.]

Please see page XX for the Editor’s Capsule Summary of this article.
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INTRODUCTION
Background

Elbow injuries are a common presenting complaint to the
pediatric emergency department (ED), and radiographic
imaging is often obtained for evaluation of suspected fracture.
Elbow fractures account for up to 15% of fractures in
children.1,2 The posterior fat pad sign on radiography is
elevation of the intracapsular, extrasynovial posterior fat pad
that normally lies in the olecranon fossa because of elbow joint
effusion. In the setting of elbow trauma, it has been shown to be
highly sensitive for fracture.3-7

Ultrasonography is an imaging modality that can be
performed accurately and reliably by emergency physicians with
limited, focused training.8,9 Recent studies have shown the
utility of musculoskeletal ultrasonography in diagnosing
adult10,11 and pediatric fractures12-18 by direct identification of

cortical disruption. In these studies, it has been shown that e
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here is greater accuracy for fracture detection in the
idshaft of long bones and that fractures adjacent to joint

paces, small avulsion injuries, Salter-Harris type 1 fractures,
ractures involving the small bones of the hands and feet, and
ractures smaller than 1 mm may be missed on
ltrasonography.12–18 Ultrasonography has many advantages
ver other imaging modalities, including lack of radiation,
peed, portability, cost-effectiveness, and ease of use, and has
een cited as “an ideal diagnostic tool for children.”19 In
ddition, it has been shown in multiple studies to be well
olerated by children in the evaluation of injury.11-13,17,18

In children, it may be technically difficult to directly visualize
ractures at the elbow joint with ultrasonography because of
ariation in the ossification centers and the multiple curved
ontours at the ends of the distal humerus, proximal radius, and
roximal ulna. However, an elevated posterior fat pad can be

asily visualized on ultrasonography, it may be a reliable sign for
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Accuracy of Ultrasonographic Diagnosis of Pediatric Elbow Fractures Rabiner et al
fracture, and ultrasonography has been shown to be more
sensitive than radiography in detecting posterior fat pad
elevation.20-22 Articular fractures involving the distal humerus,
including supracondylar and lateral condylar fractures, or
proximal ulna or radius produce a joint effusion leading to an
elevated posterior fat pad.1,23 However, elbow joint effusion after
trauma is not always associated with a cortical fracture, and the
additional finding of lipohemarthrosis may help differentiate
fractures at the elbow.24 In the setting of trauma, lipohemarthrosis
represents blood and lipid material in the posterior fat pad, which
often accompanies an elbow fracture.

Goals of This Investigation
Our objective was to determine the test performance

characteristics for point-of-care ultrasonography performed by
pediatric emergency physicians compared with radiography for
the diagnosis of elbow fractures in children. Our secondary
objective was to compare interobserver agreement between
enrolling pediatric emergency physicians and an experienced
pediatric emergency medicine sonologist.

MATERIALS AND METHODS
Study Design and Setting

This was a prospective, observational study conducted from

Editor’s Capsule Summary

What is already known on this topic
Point-of-care ultrasonography is useful in
diagnosing long bone fractures. It is unknown
whether ultrasonography is helpful in diagnosing
pediatric elbow fractures.

What question this study addressed
Novice emergency physicians with limited, focused
ultrasonographic training prospectively performed
point-of-care ultrasonography to identify elevated
posterior fat pad or lipohemarthrosis in 130
children aged 0 to 21 years and undergoing
radiography for elbow injury. Radiography result
was positive for fracture in 33%; ultrasonography
had a sensitivity of 98% and specificity of 70%.

What this study adds to our knowledge
Ultrasonography may be useful to rule out elbow
fracture.

How this is relevant to clinical practice
Clinicians in austere settings or outpatient facilities
without easy access to radiography may find
ultrasonography useful to screen patients for elbow
fracture.
September 1, 2010, to December 31, 2011, in 2 urban pediatric d

2 Annals of Emergency Medicine
Ds. A convenience sample of patients with elbow injuries
equiring radiographic evaluation for fracture, presenting when
trained study physician was available, was eligible for

nrollment into the study. Written informed consent was
btained from the patient or parent or guardian, and written
ssent was obtained from patients aged 7 years or older.
pproval for this study was granted by the hospitals’

nstitutional review boards.

election of Participants
Inclusion criteria included patient’s age up to 21 years, with

possible elbow fracture requiring radiographic evaluation, as
etermined by the attending pediatric emergency physician.
atients were excluded if they arrived at the ED with a
adiograph of the injured elbow already performed, a previously
onfirmed diagnosis of elbow fracture, an open wound at the
lbow, or unstable vital signs or associated life-threatening
njuries requiring resuscitation.

ethods of Measurement
Before the start of the study, all participating pediatric

mergency medicine attending physicians and fellows attended a
0-minute didactic session to teach the basics of how to use
ltrasonography to evaluate the elbow for fracture and to
tandardize the method in which bedside ultrasonography was
erformed by physicians, followed by a 30-minute hands-on
ractical session with live models. A reference manual complete
ith instructions and images was available throughout the

tudy.
Before performing the point-of-care ultrasonography,

ediatric emergency physicians completed a data collection
heet and recorded physical examination findings (point
enderness, swelling, ecchymosis, deformity, decreased range of
otion, or neurovascular compromise). The pediatric

mergency physician also determined and recorded the clinical
ikelihood of elbow fracture before the ultrasonography (�1%,
% to 25%, 26% to 50%, 51% to 75%, 76% to 98%, or
99%).
Using either a SonoSite M-turbo or MicroMaxx

ltrasonographic machine (SonoSite Inc., Bothell, WA) with a
- to 10-MHz linear transducer probe, focused ultrasonography
as performed by the pediatric emergency physician. With the
atient’s elbow flexed to 90 degrees,20-22 the gel on the
ltrasonographic probe was placed over the posterior aspect of
he distal humerus to obtain images, with the probe in contact
ith the gel but not the underlying skin. Both longitudinal and

ransverse views of the elbow were obtained (Figure 1), and still
ictures and video clips in each orientation were recorded.
ltrasonographic imaging of the contralateral normal,
ninjured side was performed as needed for comparison.

A positive elbow ultrasonographic result was defined as the
nrolling pediatric emergency physician’s determination of
levation of the posterior fat pad or presence of lipohemarthrosis
f the posterior fat pad. Elevation of the posterior fat pad was

efined as rise of the fat pad above the extension of the distal
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Rabiner et al Accuracy of Ultrasonographic Diagnosis of Pediatric Elbow Fractures
humeral line on longitudinal view or above a line connecting
both lips of the olecranon fossa on transverse view (Figure 2).
Lipohemarthrosis was defined as heterogeneous echodensity
with hypoechoic areas of the posterior fat pad (Figure 3). The
enrolling physician recorded the ultrasonographic findings on
data collection forms immediately after the procedure and
before reviewing any radiographic imaging studies. All test-
performance characteristics were analyzed according to the
enrolling pediatric emergency physician’s determination of
posterior fat pad elevation or lipohemarthrosis.

To provide a measure of agreement with an expert, the
recorded still photos and video clips were later reviewed by an
experienced pediatric emergency medicine sonologist (J.W.T.)
with more than 10 years of point-of-care ultrasonographic
clinical and teaching experience and who was blinded to clinical
findings, the enrolling physician’s ultrasonographic
interpretation, and radiographic imaging. In addition, the time
to perform the point-of-care ultrasonography was determined
from the time stamps on the first and last ultrasonographic

Figure 1. Elbow ultrasonography: longitudinal probe
placement (A) and transverse probe placement (B).
images recorded for each patient. T

Volume xx, . x : Month 
After completion of the point-of-care ultrasonography, all
atients had radiography as per the standard of care evaluation.
racture on radiograph was defined as “cortical irregularity” or
fracture” on the attending radiologist’s report, which served as
he criterion standard for fracture. Attending radiologists were
linded to the ultrasonographic results.

For patients without definite fracture on initial radiography
n the ED, clinical follow-up consisted of review of electronic

edical records or structured clinical telephone follow-up to
scertain final outcomes (fracture or no fracture). On follow-up
maging, a diagnosis of fracture was made if there was reporting
f “cortical irregularity,” “fracture,” or “healing fracture” by the
ttending radiologist. In patients for whom no follow-up
maging was performed, the clinical diagnosis of no fracture was
onfirmed by resolution of all clinical symptoms on structured
linical telephone follow-up at least 1 week after the initial ED
isit. A positive fracture result in this study was a fracture
iagnosed at initial presentation or a fracture diagnosed on
ollow-up imaging.

To allow comparison of posterior fat pad elevation on
ltrasonography to radiograph, the test performance
haracteristics for posterior fat pad elevation on radiograph were
lso calculated for elbow fracture.

utcome Measures
Our primary outcome was to determine the test

erformance characteristics of an elevated posterior fat pad or
he presence of lipohemarthrosis on point-of-care
ltrasonography performed and interpreted by pediatric
mergency physicians compared with the diagnosis of
racture based on radiographic imaging with clinical follow-
p. Our secondary objective was to compare interobserver
greement between enrolling physicians and an experienced
ediatric emergency medicine sonologist.

rimary Data Analysis
Data were analyzed with SPSS Statistics (IBM, Armonk, NY)

nd are described using sensitivity, specificity, positive and
egative predictive values, positive and negative likelihood
atios, and 95% confidence intervals (CIs). Descriptive
tatistical analyses were used for categorical data. � values were
sed to describe interobserver agreement.

Ignoring clustering by ultrasonographic operator and using
he method of Arkin and Wachtel,25 a sample size of 112
atients would be needed to obtain a 95% CI (SD 5%) around
92% sensitivity or specificity for ultrasonographic diagnosis of

lbow fractures according to the study by Weinberg et al.17

ESULTS
haracteristics of Study Subjects

One hundred thirty patients were enrolled, with a mean age
f 7.5 years (SD 5.4 years; range 3 months to 21 years). The
atients’ demographic and clinical information is presented in

able 1. The study flow chart is presented in Figure 4. Four
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Accuracy of Ultrasonographic Diagnosis of Pediatric Elbow Fractures Rabiner et al
patients (3%) did not have follow-up after the initial ED visit,
and all 4 of these patients had a negative ultrasonographic result
and a negative initial ED radiograph result for fracture and
elbow effusion; these patients were included in the analysis as
fracture absent.

Main Results
On initial ED radiography, fracture was present in 38 of 130

(29%) patients. On follow-up, of the 92 patients who did not
have a fracture on initial radiography, 23 (25%) patients had
repeated radiographs and 5 additional fractures were diagnosed.
In total, fracture was present in 43 (33%) patients. The majority

Figure 2. Normal posterior fat pad (PFP) in longitudinal view wi
with the PFP below the line connecting both lips of the olecran
view (D).
of elbow fractures were located in the distal humerus (n�37; f

4 Annals of Emergency Medicine
6%), with 23 (53%) supracondylar fractures, 9 (21%) lateral
ondyle/epicondyle fractures, and 5 (12%) medial epicondyle
ractures; the remaining fractures involved the proximal ulna
n�4; 9%) and proximal radius (n�2; 5%).

An elevated posterior fat pad was present on initial
adiograph in 57 of 130 (44%) patients, 36 with fracture and
1 without fracture at that time. Two patients with fracture
n the ED did not have an elevated posterior fat pad on
adiograph; 1 patient had a medial epicondyle fracture, and 1
atient had a proximal ulna fracture. Of the 21 patients who
ad an elevated posterior fat pad without fracture on initial
D radiography, 4 patients (19%) had fractures identified on

e PFP below the distal humeral line (A) and transverse view
ssa (B). Elevated PFP in longitudinal view (C) and transverse
th th
on fo
ollow-up (3 supracondylar fractures and 1 proximal ulna
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Rabiner et al Accuracy of Ultrasonographic Diagnosis of Pediatric Elbow Fractures
fracture). In addition, there was 1 lateral condyle fracture
that was identified on follow-up imaging for a patient whose
initial radiograph result was negative for fracture or elevated
posterior fat pad. Elevated posterior fat pad on initial
radiography had a sensitivity of 93% (95% CI 81% to 98%)
and specificity of 79% (95% CI 70% to 87%) for fracture at
the elbow.

On point-of-care ultrasonography, 68 of 130 patients
(52%) had an elevated posterior fat pad or lipohemarthrosis

Figure 3. Elevated PFP with lipohemarthrosis
(heterogenous echodensity) in longitudinal view (A) and
transverse view (B).
as interpreted by the enrolling physician. Of these 68 (

Volume xx, . x : Month 
atients, 61 (90%) had an elevated posterior fat pad, 57
84%) had lipohemarthrosis, and 50 (74%) had both
levated posterior fat pad and lipohemarthrosis. According to
diagnosis of fracture by initial ED radiography and

adiographic or clinical follow-up as the reference standard,
he test performance characteristics for point-of-care
ltrasonography of the elbow with 95% CI and � values for
greement between the enrolling physicians and an
xperienced pediatric emergency medicine sonologist are
resented in Table 2. The diagnostic test results for each
oint-of-care ultrasonograph performed compared with the
eference standard and the agreement between enrolling
ediatric emergency physicians and the expert pediatric
mergency medicine sonologist for each point-of-care
ltrasonograph is shown in Figure 5. Elbow ultrasonographic
cans took a median of 95 seconds (interquartile range 63 to
66 seconds) to perform in the ED.

There were 15 patients with deformity at the elbow on
hysical examination, and of these, 11 (73%) had fracture on
adiograph (Table 1). For the patients with deformity present,
he sensitivity and specificity of elbow ultrasonography for
racture at the elbow was 100%. For those without deformity
resent (n�115), the sensitivity of elbow ultrasonography was
.97 (95% CI 0.84 to 0.99) and the specificity was 0.69 (95%
I 0.58 to 0.78).

Twenty-six enrolling physicians performed elbow
ltrasonography, with a mean of 5.0 scans (SD 5.5 scans; range
to 24 scans) and a median of 3 scans each (interquartile range
to 6 scans). Only 1 sonologist, who enrolled 12 patients into

his study, had experience in elbow ultrasonography before the
tart of the study. For the first quartile of patients enrolled

able 1. Patient demographics and clinical characteristics
N�130).

emographics and Clinical
haracteristics

No Fracture, No. (%)
(n�87)

Fracture, No. (%)
(n�43)

ex
ale 44 (51) 28 (65)

emale 43 (49) 15 (35)
hysical examination
characteristics

oint tenderness 61 (70) 39 (91)
welling 32 (37) 39 (91)
cchymosis 3 (3) 1 (2)
eformity 4 (5) 11 (26)
ecreased range of motion 58 (67) 37 (86)
eurovascular compromise 0 0
retest clinical assessment
of fracture, %
1 14 (16) 0
–25 48 (55) 5 (12)
6–50 9 (10) 7 (16)
1–75 11 (13) 8 (19)
6–98 4 (5) 12 (28)
99 1 (1) 11 (26)
n�32), the � for interobserver agreement between enrolling

Annals of Emergency Medicine 5
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Accuracy of Ultrasonographic Diagnosis of Pediatric Elbow Fractures Rabiner et al
pediatric emergency physicians and the expert pediatric
emergency medicine sonologist for point-of-care
ultrasonography (positive versus negative) was 0.74 (95% CI
0.51 to 0.98), with 4 operator interpretation errors distributed
among 3 sonologists. For the last quartile of patients enrolled
(n�32), the � was 0.94 (95% CI 0.82 to 1.0), with 1
discordant ultrasonographic interpretation.

There was only 1 instance of fracture with a normal
posterior fat pad and absence of lipohemarthrosis on point-
of-care ultrasonography. In this case, the pretest clinical
assessment of fracture was 2% to 25%, and there was
agreement in the ultrasonographic interpretation between the

Elig
Pa�
N =

Elbo
N =

Posi�ve US = 68

Reference X-ray and 
follow up  =  68

Fracture 
Present = 42

Fracture 
Absent = 26

Figure 4. Study flow chart. *Four patients with no follow-up
at the index ED visit and are analyzed in the Fracture Absen

Table 2. Test performance characteristics for point-of-care ultra

Ultrasonographic
Findings Sensitivity (%) Specificity (%) PPV

Elevated PFP or LH 98 (88–100) 70 (60–79) 0.62 (0.50–0.7
Elevated PFP 93 (81–98) 76 (66–84) 0.66 (0.53–0.7
LH 91 (78–96) 79 (70–87) 0.68 (0.56–0.7
Elevated PFP and LH 86 (73–93) 85 (76–91) 0.74 (0.60–0.8

PPV, Positive predictive value; NPV, negative predictive value; LR�, likelihood rati
enrolling sonologist and the expert reviewer. This missed f

6 Annals of Emergency Medicine
racture was in a 9-year-old patient whose initial radiograph
howed no visible posterior fat pad but was suggestive of a
alter-Harris type 1 fracture of the medial epicondyle. This
atient had a subsequent elbow computed tomography scan,
hich showed a Salter-Harris type 2 avulsion fracture of the
edial epicondyle with an elevated posterior fat pad. This

hild was managed nonoperatively with splinting, and
epeated imaging showed a healing fracture.

In addition, there was 1 patient who had a positive
ltrasonographic result, as interpreted by both the enrolling
hysician and the expert sonologist, and had initial ED
adiography that was negative for fracture or elevated posterior

Excluded n = 13
5 with prior X-ray or 

diagnosis
4 declined

2 no X-ray obtained
1 incomplete form1 incomplete form

1 no consent

Nega�ve US = 62

Reference X-ray and 
follow up* = 62

Fracture 
Present = 1 

Fracture 
Absent = 61

negative elbow ultrasonographs and negative radiographs
up.

graphic diagnosis of elbow fractures (N�130).

95% CI

NPV LR� LR� �

.98 (0.91–1.0) 3.3 (2.4–4.5) 0.03 (0.01–0.23) 0.77 (0.66–0.88)

.96 (0.88–0.99) 3.9 (2.6–5.6) 0.09 (0.03–0.28) 0.78 (0.68–0.89)

.95 (0.87–0.98) 4.4 (2.9–6.7) 0.12 (0.05–0.30) 0.72 (0.60–0.84)

.93 (0.85–0.97) 5.8 (3.4–9.6) 0.16 (0.08–0.35) 0.73 (0.62–0.85)

a positive test; LR–, likelihood ratio for a negative test; LH, lipohemarthrosis.
ible 
ents 
 143

w US
 130

had
sono

2) 0
6) 0
9) 0
4) 0
at pad and was found to have a lateral condyle fracture on
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Rabiner et al Accuracy of Ultrasonographic Diagnosis of Pediatric Elbow Fractures
repeated radiography. A posterior arm splint was applied in the
ED for significant tenderness to palpation, swelling, and
decreased range of motion on physical examination, and the
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0.83
0.69

N
um

Novice PEM physician sonographers

1st
2nd
3rd

0.68
0.68
0.83

A

B

Figure 5. Diagnostic results for each point-of-care
ultrasonographic study performed by a pediatric emergency
physician compared with the reference standard of initial ED
radiography and radiographic or clinical follow-up (A) and
agreement between enrolling pediatric emergency physicians
and an experienced pediatric emergency medicine sonologist for
each point-of-care ultrasonographic study performed (B). Each
block represents a unique patient enrolled by a pediatric
emergency physician sonologist (x axis), with the number of
ultrasonographic scans performed by each pediatric emergency
physician (y axis), and each block is color coded to show the
test result compared with the reference standard (A) or the
agreement with the expert sonologist (B). The blocks are
arranged vertically in chronological order, with the first
ultrasonographic scan at the bottom. The sensitivity and
specificity (A) and � values for interobserver agreement (B) for
point-of-care elbow ultrasonography are given for the first,
second, third, fourth, and fifth to 24th ultrasonographic scans
performed by physicians.
fracture was observed on follow-up imaging. s

Volume xx, . x : Month 
The use of point-of-care ultrasonography of the elbow would
educe the need for radiography in 62 of 130 (48%) patients with
lbow injuries but would miss 1 fracture in children aged 3 months
o 21 years and presenting to the ED after elbow trauma.

IMITATIONS
Our study had a few limitations. It included a convenience

ample of patients enrolled when a trained physician was
vailable, but we believe that our sample is a generalizable group
f patients, given the similar distribution of elbow fractures
ompared with that of other larger published studies.23,26,27 In
ddition, we conducted the study during 16 months to avoid
ny seasonal variations. Another limitation of the study was that
ot all patients received repeated radiography to confirm or
efute the presence of a fracture because it was not practical or
thical to repeat radiography on all patients if it was not
linically indicated. However, we made follow-up telephone
alls or reviewed electronic medical records to confirm that the
atient’s clinical status was consistent with the diagnosis.
urthermore, ultrasonography is an operator-dependent
odality, but we used a group of novice sonologists and our

esults may be generalizable to other clinicians with focused
ltrasonographic training. Last, the findings from our study
pply only to patients with isolated elbow injuries. Patients with
dditional injuries involving the forearm or wrist may require
ther imaging studies.

ISCUSSION
Elbow injuries are a common occurrence in pediatrics. We

ave shown that point-of-care sonographic identification of an
levated posterior fat pad and lipohemarthrosis is a feasible,
ccurate, and reliable marker for elbow fractures. Point-of-care
lbow ultrasonography may help to distinguish patients who are
t risk for elbow fracture and need further radiographic
valuation.

Our study examined posterior fat pad elevation and
ipohemarthrosis as signs for fracture at the elbow. This is in
ontrast to most other musculoskeletal ultrasonographic studies
hat have sought to directly visualize a cortical disruption as an
ndication of fracture.10-18 Several studies have shown that
ltrasonography has greater accuracy in the midshaft of long
ones, including the forearm.10-12,14-18 We chose to evaluate
osterior fat pad elevation and lipohemarthrosis as indirect signs
f fracture because it can be difficult to directly visualize fracture
t the curved ends of long bones and areas adjacent to joints,
nd it has been suggested that posterior fat pad elevation may be
reliable indicator of elbow fracture.17 In addition, variation in

he ossification centers of the pediatric elbow makes direct
ltrasonographic evaluation of fractures difficult and time
onsuming for nonradiology sonologists.15 Our study’s purpose
as to determine whether point-of-care elbow ultrasonography

or posterior fat pad elevation and lipohemarthrosis is a useful
iagnostic screening tool for elbow fracture. By applying this

creening tool, we may be able to reduce unnecessary

Annals of Emergency Medicine 7
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Accuracy of Ultrasonographic Diagnosis of Pediatric Elbow Fractures Rabiner et al
radiographs in patients with elbow injuries. However,
radiography will be necessary if the ultrasonography result is
positive to confirm the presence of fracture and evaluate the
degree of displacement.

According to our data, ultrasonographic evaluation of the
posterior fat pad or lipohemarthrosis has higher sensitivity and
negative predictive value than specificity and positive predictive
value for fracture at the elbow in children and therefore has
higher diagnostic utility for ruling out fractures than ruling in
fractures. This is in contrast to the findings of Weinberg et al,17

who examined fractures in children and young adults and found
elevation of the posterior fat pad on ultrasonography to have a
sensitivity of 80% and specificity of 87% for elbow fracture.
However, the Weinberg study examined a small sample of 30
patients with elbow injuries, with a higher fracture rate of 50%.
In addition, Weinberg et al17 did not include evaluation for the
presence of lipohemarthrosis.

In comparing the 2 views used to detect the elbow effusion
on ultrasonography, it appears that the longitudinal plane is
more reliable than the transverse plane for detecting joint
effusion.20 On transverse views, it is possible for one side of the
posterior fat pad to be slightly elevated above the lip of the
olecranon fossa while the other side is not elevated, with a
normal posterior fat pad on longitudinal view. To avoid
overdiagnosing an effusion, one should recognize that the entire
posterior fat pad needs to be raised above the line connecting
both lips of the olecranon fossa on transverse ultrasonographic
imaging for the posterior fat pad to be elevated. It has been
noted in a study of adolescent and adult patients that there is no
association between the size of an elbow effusion and the
presence or absence of fracture.5

There is evidence in the literature that ultrasonography is
more sensitive than radiography in detecting elbow effusion.
In a cadaveric study, it was shown that elbow effusions as
small as 1 mL could be identified by sonography, whereas 5
to 10 mL of fluid was necessary to visualize an elevated
posterior fat pad on radiography.20 Although
ultrasonography can detect smaller effusions in the elbow
joint compared with radiography, we would still have the
potential to reduce the number of plain radiographs obtained
by 48%. However, in our study population, 1 (medial
epicondyle) fracture would be missed.

The majority of physicians in our study did not have
significant previous ultrasonographic experience, and
findings from our study suggest that elbow ultrasonographic
skills are attainable with focused training. Ultrasonographic
scans were brief, taking an average of 2 minutes to obtain the
necessary images. Many of the errors in interpretation of the
ultrasonographic images, compared with our expert sonologist
interpretation, occurred early in the study. Between the first and
last quartile of enrolled patients, the � for interobserver
agreement improved from 0.74 to 0.94, suggesting a steep
learning curve. Furthermore, because the incidence and

distribution of elbow fractures seen in our study are similar to s
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hose of other published studies in children, with the majority
eing supracondylar fractures,23,26,27 we believe that our study
opulation is representative of all children with elbow injuries.
iven that our study was carried out by a group of novice

onologists with minimal or no previous experience with
ltrasonography, we believe that the findings from this study
an be applied to other clinical settings.

Findings from our study suggest that point-of-care
ltrasonography may be a particularly useful screening tool for
lbow fracture in austere environments or other places in which
adiography is not readily available. Ultrasonographic machines
re becoming more portable, which makes their use ideal in
ocations that do not have access to radiography. In addition,
cute care settings that do not have radiography on site may find
oint-of-care elbow ultrasonography valuable in determining
hich patients to refer for additional imaging and which
atients can be discharged home without further evaluation.
urthermore, the high sensitivity of elbow ultrasonography
ound in our study may be useful to reduce the need for
adiographs in crowded EDs when the pretest clinical
ssessment of elbow fracture is low.

Because point-of-care ultrasonography of the elbow depends
n the presence of effusion to infer possible fracture, fractures
hat occur without effusions can be missed if ultrasonography is
sed as a diagnostic tool. Although the majority of fractures at
he elbow will produce joint effusions and elevate the posterior
at pad, medial epicondyle fractures of the elbow may occur
ithout an effusion.23 In fact, our only missed fracture was a
edial epicondyle fracture that was managed nonoperatively.
owever, 4 of the 5 medial epicondyle fractures in our study

id produce an elevated posterior fat pad both on
ltrasonography and radiography. Addition of the clinical
nding of point tenderness over the medial epicondyle to the
ositive findings on ultrasonography would improve the
ensitivity of this test to 100% for identifying fractures at the
lbow and yet still reduce the number of radiographs necessary
verall. Although not directly studied, reduction of radiographic
tudies could be a cost-effective and time-saving measure, and
uture studies are necessary to further evaluate and validate these
ndings.

In summary, with focused musculoskeletal ultrasonographic
raining, novice pediatric emergency medicine sonologists were
ble to attain the skills necessary to perform point-of-care elbow
ltrasonography to evaluate for fracture by assessing the
osterior fat pad for elevation and lipohemarthrosis. Point-of-
are ultrasonography for elevation of the posterior fat pad and
ipohemarthrosis in children was found to be highly sensitive in
he setting of trauma, and a negative ultrasonographic result
ay reduce the need for radiographs in children with elbow

njuries. Pediatric emergency physician interpretations of
ltrasonographic images had substantial agreement with the

nterpretation of an experienced pediatric emergency medicine

onologist.
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