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bjective: To describe a technique for sonographically guided acromioclavicular joint
ACJ) injections and compare its accuracy to palpation-guided injections in a cadaveric
odel.
esign: Prospective laboratory investigation.
etting: Procedural skills laboratory at a tertiary medical center.
ethods: A single experienced operator completed 10 sonographically guided and 10

alpation-guided ACJ injections in unembalmed cadavers. Injection order was randomized
nd all injections were completed with diluted colored latex. Co-investigators blinded to the
njection technique dissected each specimen and graded colored latex location as accurate
in the ACJ), partially accurate (within and outside the ACJ), or inaccurate (no latex in the
CJ).
ain Outcome Measurements: Direct assessment of injected dye within the ACJ via

issection.
esults: All 10 sonographically guided ACJ injections accurately placed latex into the ACJ

100% accuracy), whereas only 4 of 10 (40%) palpation-guided injections accurately placed
atex within the ACJ (P � .0054).
onclusions: This cadaveric investigation suggests that sonographic guidance can be
sed to inject the ACJ with a high degree of accuracy, and should be considered superior to
alpation guidance. Clinicians should consider using sonographic guidance to inject the
CJ when diagnostic specificity is paramount or when otherwise clinically indicated.

PM R 2010;2:817-821

NTRODUCTION

diopathic or posttraumatic disorders affecting the acromioclavicular joint (ACJ) are well-
stablished causes of shoulder pain [1, 2]. Identification of the ACJ as a primary source of
houlder pain can be challenging. Pain arising from the region of the ACJ may be suggestive
f an ACJ disorder, but is rarely diagnostic in isolation [3]. Physical examination maneuvers
uch as ACJ palpatory tenderness, cross-body arm adduction, and resisted horizontal
bduction have been shown to have low sensitivities and poor positive predictive values in
onfirming the ACJ as a pain generator [4]. Furthermore, degenerative changes in the ACJ
re commonly seen on radiographs and magnetic resonance imaging (MRI) in asymptomatic
ndividuals older than 35 years, and therefore lack diagnostic specificity [1, 5, 6]. Conse-
uently, some clinicians have advocated the use of local injections to confirm the ACJ as a
ain generator in patients presenting with shoulder pain of uncertain etiology [2, 7-10].

Few studies have evaluated the accuracy of needle placement into the ACJ for diagnostic
r therapeutic purposes [10-13]. Using a cadaveric model, Partington and Broome reported
hat only 66% of 24 palpation-guided ACJ injections performed from a superior approach
ccurately placed dye into the ACJ [10]. Two investigations on live subjects reported a
0%-50% accuracy rate of palpation-guided ACJ injections and 100% accuracy with
uoroscopically-guided injections [11, 12]. Pichler et al found palpation-guided ACJ

njection accuracy to be 57% and fluoroscopically guided ACJ injection accuracy to be

00% using a cadaveric model [13].
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818 Peck et al US-GUIDED VS PALPATION-GUIDED ACROMIOCLAVICULAR JOINT INJECTIONS
Ultrasound (US) guidance has increasingly been used to
ccurately place needles into target regions, including intra-
rticular spaces [14-16]. Although US-guided ACJ injections
ave been described [17], no prior investigation has prospec-
ively determined the accuracy of US-guided versus palpa-
ion-guided ACJ injections. Accurate intra-articular place-
ent of injectate into the ACJ has significant consequences

or proper diagnosis of shoulder disorders, selection of ap-
ropriate therapeutic interventions, and surgical decision-
aking for patients undergoing shoulder surgery [18].
herefore, the primary purpose of this investigation was to
rospectively determine the accuracy of US-guided versus
alpation-guided ACJ injections performed in a cadaveric
odel by a single experienced operator. We hypothesized

hat US-guided ACJ injections would be significantly more
ccurate than palpation-guided injections in this cadaveric
odel.

ETHODS

adaveric Specimens

wenty unembalmed cadaveric ACJ specimens, consisting of
0 left ACJ cadaveric specimens and 10 right ACJ cadaveric
pecimens, were obtained through the Mayo Clinic Depart-
ent of Anatomy Mayo Foundation Bequest Program. Spec-

mens were brought to room temperature immediately before
he study. No specimen demonstrated signs of prior surgery,
rauma, or major deformity about the shoulder. The project
as approved by the Mayo Clinic Bio-Specimens Subcom-
ittee of the Institutional Review Board.

quipment

S guidance was performed using a Merlin 1101 portable US
ystem (B-K Medical Systems, Wilmington, MA) and a 6-12
Hz linear array transducer with a 38-mm footprint. During

he US-guided needle placement, the transducer was covered
ith a sterile US cover to simulate clinical conditions (Civco,
alona, IA).

njection Procedures

he primary investigator (J.S.) injected each ACJ of 10 un-
mbalmed cadavers (10 left ACJ, 10 right ACJ; 20 ACJ total)
sing either a palpation-guided or an US-guided technique.
alanced randomization with respect to the left and right ACJ
adaveric specimens was applied to both order of injection
nd to the guidance method used. At the time of the investi-
ation, the primary investigator had 4 years’ experience per-
orming US-guided ACJ injections and more than 10 years’
xperience performing palpation-guided ACJ injections. All
njections were completed in the Mayo Clinic Procedural

kills Laboratory. w
A 25-gauge, 1.5-inch needle with 1 mL of 50% diluted
olored latex solution (Ward’s Natural Science, Rochester,
Y) was used for all injections. Palpation-guided injections
ere performed with the specimen in the supine position.
he medial acromion and lateral clavicle were palpated and

he needle advanced in a lateral-to-medial direction. The
eedle passed between the bony margins of the acromion and
lavicle, penetrating the ACJ capsule and superior ligaments
Figure 1) [19]. As necessary, a single needle repositioning
as allowed to simulate clinical conditions. When the oper-

tor was satisfied with placement, 1 mL of diluted latex was
njected into the ACJ.

Although several US-guided needle approaches to the ACJ
re possible, a lateral-to-medial approach was used for con-
istency. The transducer was placed in an anatomic coronal
lane, positioned across the ACJ. As necessary, additional US
el was placed under the lateral (acromial) side of the trans-
ucer to provide ample standoff and facilitate needle ad-
ancement under the transducer. After optimizing ACJ
onographic visualization, the needle was advanced in a
ateral-to-medial direction, parallel to the long axis of the
ransducer. The needle was sonographically visualized to
enetrate the ACJ capsule and ligaments, and was subse-
uently advanced between the bony margins of the acromion
nd clavicle (Figures 2A, 2B). After intra-articular positioning
ith sonographic visualization, 1 mL of diluted latex was

njected into the ACJ. For illustrative purposes, a representa-
ive oblique coronal image of the ACJ on T2-weighted MRI is
hown in Figure 3.

ssessment

t a minimum of 24 hours post-injection, a study co-author
W.P.), blinded to injection technique, dissected each spec-
men and assessed the accuracy of each injection. Injections

igure 1. Needle approach for palpation-guided acromiocla-
icular joint injections.
ere graded as accurate (in the ACJ), partially accurate
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819PM&R Vol. 2, Iss. 9, 2010
within and outside the ACJ), or inaccurate (no latex in the
CJ).

tatistical Analysis

he primary variable of interest was the accuracy of injectate
lacement achieved with US guidance versus palpation guid-
nce. Statistical analysis was performed by the investigators
ith assistance of the Mayo Clinic Center for Patient-Ori-

nted Research and the Mayo Clinic Sports Medicine Center
esearch staff. Comparisons of dye location between US-
uided and palpation-guided groups were assessed for signif-
cance using a 2-tailed Fischer exact test, with significance set

igure 2. (A) Needle approach and US transducer position for
S-guided acromioclavicular joint (ACJ) injections. (B) US

mage of the ACJ (asterisk) and needle (arrowheads) in long-
xis (in-plane) view. Left � lateral, top � superficial, A �
cromion, C � clavicle. (Merlin 1101 US system, B-K Medical
ystems, Wilmington, MA).
t P � .05.
�

ESULTS

he left and right ACJ of each of 10 unembalmed cadavers
20 total ACJ cadaveric specimens) were used for this inves-
igation. There were 8 female and 2 male cadaveric specimens
sed. Demographic data in mean � standard deviation for
he cadaveric specimens included age 75.8 � 12.6 years,
eight 163.6 � 8.6 cm, weight 58.7 � 16.1 kg, and body
ass index (BMI) 22.1 � 7.2 kg/m2.
All 10 US-guided ACJ injections were accurate (100%

ccurate). Four of the 10 palpation-guided ACJ injections
ere accurate (40% accuracy), whereas the remaining 6 were

naccurate. Of the 6 inaccurate palpation-guided injections, 4
ere on a left ACJ, and 2 were on a right ACJ. No injections

n either group were graded as partially accurate. The US-
uided ACJ injections were significantly more likely than the
alpation-guided injections to reach the ACJ (P � .0054).

ISCUSSION

dentifying the ACJ as a pain generator in patients presenting
ith shoulder pain can be a challenging clinical task [3, 4].
ain patterns, physical examination maneuvers, and imaging
ndings alone lack the sensitivity and specificity to accurately

dentify an ACJ pain generator in many patients [4, 20].
onetheless, confirming the presence of a symptomatic ACJ
isorder is crucial to appropriately guide nonsurgical or
urgical treatment. Some clinicians have recommended diag-
ostic ACJ injections to assist in the clinical decision-making
rocess [2, 7-10]. However, prior studies report the accuracy
f palpation-guided ACJ injections to be only 40%-66%
10-13].

The current investigation represents the first published
ata reporting the accuracy of US-guided ACJ injections. Our
esults indicate 100% accuracy of US-guided ACJ injection,
hich is statistically superior to the 40% accuracy obtained
ith palpation-guided ACJ injection (P � .0054). Of note,

he 40% accuracy for palpation-guided injection in the cur-
ent study is commensurate with previously published data
10-13].

igure 3. Representative oblique coronal image of the ACJ
asterisk) on T2-weighted MRI. Left � lateral, top � superficial, A
acromion, C � clavicle.
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820 Peck et al US-GUIDED VS PALPATION-GUIDED ACROMIOCLAVICULAR JOINT INJECTIONS
The precise reason for the relatively poor accuracy of
alpation-guided ACJ injections in the current and previous
tudies is unknown. The ACJ is superficial and presumably
asily palpated. However, variability in ACJ orientation, pa-
ient body habitus, and presence and degree of degenerative
hanges may contribute to the inaccuracy of palpation guid-
nce. Although the current study design attempted to control
or patient factors by completing one US-guided and one
alpation-guided injection in each specimen, we did not
pecifically assess ACJ orientation or grade the extent of ACJ
egenerative changes. It is unlikely that body habitus nega-
ively influenced the palpation-guided results given the low
verage BMI of our specimens (22.1 � 7.2 kg/m2). The
nfluence of these factors on the accuracy of palpation-guided
CJ injections warrants further investigation.

We did not compare US to other image-guided techniques
or ACJ injection. Previous studies have reported a high
egree of accuracy with fluoroscopically guided ACJ injec-
ions, commensurate with the US-guided results of the cur-
ent investigation [11-13]. Both Bain and colleagues and
isbinas and colleagues found 100% accuracy of fluoroscop-

cally guided ACJ injection in live patients [11,12]. Pichler
nd colleagues also found 100% accuracy of ACJ injection
sing a cadaveric model [13]. Whether US is superior to
uoroscopy for image-guided ACJ injections warrants fur-
her study. However, US provides distinct advantages over
uoroscopy, including portability and the absence of ioniz-

ng radiation exposure for both the patient and the operator.
The current study focuses on injection accuracy in the

ontext of diagnostic decision-making for nonsurgical and
urgical management [2, 7-10]. Recently published data sug-
est that, at short-term follow-up, US-guided ACJ corticoste-
oid injections are no more clinically efficacious than palpa-
ion-guided injections [17]. However, it is noteworthy that
njection accuracy was not assessed in this small study and it
s well-known that corticosteroids may have regional effects
21]. Therefore, it is not clear within the study design
hether the relative accuracy of US-guided versus palpation-
uided injections differed. Furthermore, the lack of differen-
ial efficacy between US-guided and palpation-guided corti-
osteroid injections cannot necessarily be extrapolated to
iagnostic local anesthetic injections or other potential ther-
peutic agents (eg, viscosupplements).

Several limitations of the present study are noteworthy.
irst, the injections in the present study were performed on
nembalmed cadavers. Therefore, clinicians may choose to
xercise caution when extrapolating the current results to
linical populations because of possible differences between
ive and cadaveric tissue characteristics.

Second, our sample size was relatively small, with only 20
otal injections performed. Although sufficient to achieve
tatistical significance, whether similar results would be real-
zed in a larger, more heterogeneous clinical population

arrants further study. p
Third, a single operator performed all injections in the
urrent study. It is uncertain to what degree differences in
xperience with US-guided and palpation-guided ACJ injec-
ions would affect their respective accuracies. Pichler and
olleagues reported the relative accuracies of less experienced
nd more experienced operators with palpation-guided ACJ
njections to be 55% and 58%, respectively [13]. However,
he relative accuracies of fluoroscopically guided ACJ injec-
ions between different levels of clinician injection experi-
nce were not reported in that investigation.

Fourth, our cadaveric specimens had relatively low BMI
22.1 � 7.2 kg/m2). The applicability of the data in the
resent study to patients with larger body habitus is uncer-
ain.

Fifth, the cadaveric specimens in the present study were
ree from major deformity or prior trauma. It is not known if
he presence of these challenges would significantly change
he accuracy data we obtained, although it is plausible that
S guidance would offer additional benefit in accurately

njecting the ACJ of these patients.
Sixth, the present study was limited to the lateral-to-

edial approach to ACJ injection. A variation of the
ateral-to-medial approach to palpation-guided ACJ injec-
ion has been previously described [19]. The lateral-to-
edial approach was used in the present study to maintain

onsistency. Although a directly superior-to-inferior pal-
ation-guided approach to ACJ injection is possible [12],
his approach is not easily performed with sonographic
uidance because of transducer positioning. The relative
ccuracies of different approaches to ACJ injection war-
ant further study.

Several other sonographically guided approaches are pos-
ible. These include 1) anterior-to-posterior, needle visual-
zed parallel to long axis of the transducer; 2) anterior-to-
osterior, needle visualized parallel to the short axis of the
ransducer; and 3) posterior-to-anterior, needle visualized
arallel to short axis of transducer. The primary investigator
as successfully used all of the above approaches in clinical
ractice, with the choice of approach being dictated by

ndividual patient factors such as body habitus, ACJ align-
ent, and the presence of deformity.

ONCLUSION

CJ injections with US guidance in the present study were
ignificantly more accurate than palpation-guided injections.
his cadaveric investigation suggests that sonographic guid-
nce can be used to inject the ACJ with a high degree of
ccuracy and should be considered superior to palpation
uidance. Clinicians should consider using sonographic
uidance to inject the ACJ when diagnostic specificity is

aramount or when otherwise clinically indicated.
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