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Objectives:Acute elbow injuries are common in the acute care setting. A previous study observed that limited ac-
tive range of motion (ROM)was highly sensitive for radiographic injuries after blunt trauma. Our aimwas to val-
idate these findings in patients ≥5 years old with an acute (b24 hours) nonpenetrating elbow injury.
Methods: This prospective study included a convenience sample of patients undergoing plain radiographs of an
injured elbow in 3 emergency departments. Before imaging, treating clinicians completed a standardized data
collection sheet including mechanism of injury and 4-way ROM findings (full extension, flexion to 90°, full pro-
nation and supination). Radiographic interpretation by a staff radiologist was used to ascertain the presence of
fracture or joint effusion.
Results: The median age of the 251 patients was 24 years. Ninety-two patients (36.7%) had active 4-way ROM,
and 159 patients (63.3%) demonstrated limited ROM. Negative radiographs were present in 152 patients
(60.6%), whereas 99 patients (39.4%) had abnormal radiographs: 75 with explicit fractures and 24 with only
joint effusions. The 4-wayROMelbow test had a sensitivity of 0.99 (95% confidence interval [CI], 0.94-1.00), spec-
ificity of 0.60 (95% CI, 0.52-0.68), positive predictive value of 0.62 (95% CI, 0.54-0.69), and negative predictive
value of 0.99 (95% CI, 0.94-1.00).
Conclusions:Active 4-way ROM test is 99% sensitive for all radiographic injures following blunt elbow trauma and
100% sensitive for injuries requiring surgical intervention. Caution should be used in relying on this test in the
pediatric population until it is validated in a larger cohort.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

Acute traumatic elbow injuries are common in primary care and
emergency medicine, accounting for approximately 1% of emergency
visits [1]. Radiographs are often obtained to distinguish fracture from
soft tissue injury because the management of each injury can be sub-
stantially different. Yet the prevalence of acute radiographic abnormal-
ities among patients undergoing plain radiographs of the elbow can be
as low as 25% [2]. If a set of physical examination findings could be iden-
tified to predictwhichpatientswere at very low risk of fracture,manyof

these radiographs could be safely avoided. This could save the patient
the inconvenience, cost, and radiation risk of unnecessary radiographic
evaluation. Foregoing needless radiographs could also shorten emer-
gency department (ED) length of stay and facilitate patient throughput.

Many have sought to derive a clinical prediction rule to guide the se-
lective use of radiographs in patients with acute nonpenetrating elbow
trauma [1–12]. Shortcomings of these studies include absence of radio-
graphs in all patients at the time of the initial evaluation [1,2,11], failure
to apply the predictive test to both children and adults [4,8,11], and fail-
ure to include a community setting [1–6,8–11].

We performed a prior study of patients with acute elbow injuries
that included only those undergoing radiographs, enrolled both adults
and children, and involved both academic and community facilities
[7]. After examining several potential predictors, we noted that preser-
vation of active 4-way range of motion (extension, flexion to at least
90°, full supination and pronation) was 100% sensitive in predicting ab-
normal radiographs [7]. However, our cohort was only of modest size
and the confidence intervals (CIs) were relatively wide (0.92-1.0). We
undertook this current study to prospectively validate those findings.
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2. Methods

2.1. Study design and setting

This prospective study with convenience sampling was undertaken
at 3 medical centers in the greater Sacramento region between August
2012 and January 2015. Two are suburban community medical centers
within Kaiser Permanente Northern California, a large integrated health
care delivery system. The third facility is an urban academic Level I trau-
ma center with an emergency medicine residency training program.
The census of each of the 3 EDs during 2013 was between 75,000 and
85,000. The study was approved by the respective institutional review
boards with waiver of consent in the community medical centers and
written informed consent of the patient or parent/guardian in the aca-
demic medical center.

2.2. Selection of participants

Patients 5 years and older with an acute (b24 hours) nonpenetrating
elbow injury were eligible for enrollment if the clinician felt that radio-
graphs of the affected elbow were clinically indicated. No clinical policy or
practice guideline was in place throughout the study period to specify
which injuries warranted radiographs. This decision was entirely in the
handsof the treating clinician.Weexcludedpatientswithapreexisting con-
dition in the affected limb that limited mobility (eg, palsy), altered mental
status, a significant distracting injury (in the clinician’s judgment), obvious
elbow deformity, or neurovascular abnormality in the affected limb.

2.3. Study protocol and measurements

Before the commencement of the study, participating clinicians were
instructed on how to perform the 4-way range-of-motion maneuvers
and given explicit printed instructions on the standardized data collection
instrument. Clinicians prospectively recorded the patient’s age, sex, and
the mechanism of injury (free text). Before obtaining radiographs of the
elbow, clinicians examined the patient in the seated or standing position
with the injured arm at the patient’s side in the anatomical position, ex-
tended at the elbow with the palm forward. We recorded the patient’s
ability to actively extend to a full locked position (0°), to actively flex to
at least 90°, and to actively pronate and supinate to full range of motion
(180°) while flexed as close to 90° as possible. In individuals who were
unable to flex to at least 90° or extend to locked position, a comparison
between the degree of flexion and extension was made with the unin-
jured arm. In such cases, inability to flex or extend equal to the unaffected
limb was considered a positive (ie, abnormal) finding.

Any limitation of range of motion, in any of the 4 maneuvers, was
considered a positive test result. Patients able to meet target end points
in all 4 directions were considered to have preserved 4-way range of
motion—a negative test result. A positive range-of-motion test result
was our primary independent, or predictor, variable.

All enrolled individuals received at aminimumstandard 3-view radio-
graphs of the injured elbow, including lateral and anteroposterior views.

Themain outcome, or dependentmeasure, was a set of elbow radio-
graphs with fracture or joint effusion (anterior sail sign, posterior fat
pad sign, or both). Radiographs were interpreted by board-certified ra-
diologists unaware of the study and blinded to the results of range-of-
motion examination. Radiographic results were obtained through in-
vestigator review of the radiology reports. Individuals without obvious
radiographic fracture butwith the presence of a joint effusionwere con-
sidered positive for occult fracture, a conservative assumption.

Association between physical examination and radiographic
findings was performed to determine performance characteristics of
our independent variable, impaired active 4-way range of motion, in
predicting abnormal radiographs (positive predictive value). We also
determined the utility of full 4-way range of motion (test negative) to
predict normal radiographs (negative predictive value).

3. Statistical analysis

Continuous variables are presented as medians with interquartile
ranges, and categorical data are presented as the percentage of frequen-
cy of occurrence (Microsoft Excel 2013 v. 15; Redmond, WA). Frequen-
cies observed between groupswere compared bymeans of Fisher exact
test (GraphPad Software 2015; La Jolla, CA). Sensitivity and specificity of
the 4-way range-of-motion test were calculated (Vassarstats.net;
Poughkeepsie, NY). We included 95% exact CIs. A 2-tailed P value of
less than .05 was considered to indicate statistical significance.

4. Results

A total of 251 individual patients were enrolled; 124 (49.4%) were fe-
male. No patient was enrolled on more than 1 occasion. The age break-
down is summarized in Table 1, with a median age of 24 years
(interquartile range, 12-50 years; range, 5-89 years); nearly half of the co-
hort was pediatric. Themost commonmechanism of injury was fall (n=
189; 75.3%); 20 patients (8.0%) injured their elbow in amotor vehicle ac-
cident (automobile, or automobile vs. pedestrian, or motorcycle).

Ninety-two patients (36.7%) had preserved active 4-way range of
motion on physical examination (a negative test result). One hundred
fifty-nine patients (63.3%) demonstrated some limitation of active
range ofmotion in 1 ormore directions (a positive test result). One hun-
dred fifty-two patients (60.6%) had negative radiographs. Ninety-nine
patients (39.4% prevalence) had fracture or occult fracture on elbow ra-
diographs. Of those, 75 had explicit fractures and 24 only had joint effu-
sions. The relation between range-of-motion findings and radiographic
findings is reported in Table 2. Patients with limited range of motion
were more likely to have an elbow fracture or effusion than those
with preserved range of motion (62% vs 1%; P b .001).

There were 45 patients with active range-of-motion limitations iso-
lated to only 1 of 4 directions. Eighteen of these had abnormal radio-
graphs (Table 2). Fractures and effusions were more common in
patients with range-of-motion limitations in 2 or more directions that
those with limitations isolated to 1 direction (70% vs 40%; P b .001).

The 4-way range-of-motion test has a 99% sensitivity and a 60%
specificity. The full performance characteristics of the 4-way range-of-
motion test are reported in Table 3.

One patient had a false-negative range-of-motion test result; that is,
he had preserved active range ofmotion yetwas found to have traumat-
ic radiographic abnormalities. This 7-year-old boy had tripped and suf-
fered a ground-level fall. Radiographs in the ED revealed a nondisplaced

Table 1
Age distribution of ED patients with acute nonpenetrating elbow injuries

Age range, y N = 251
n (%)

Pediatric (5-17 y) 111 (44.2)
5-12 69 (27.5)
13-17 42 (16.7)

Adult (≥18 y) 140 (55.8)
18-64 116 (46.2)
65-89 24 (9.6)

Table 2
Results of elbow range-of-motion examination and radiographic findings (N= 251)

Fracture or effusion

4-Way range of motion n No
n (% of row)

Yes
n (% of row)

Complete (test result negative) 92 91 (99) 1 (1)
Limited (test result positive) 159 61 (38) 98 (62)
In only 1 directiona 45 27 (60) 18 (40)
In 2 or more directions 114 34 (30) 80 (70)

a Distribution: extension (n=35),flexion (n=1), pronation (n=8), supination (n=1).
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