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Office-based ultrasonography has become increasingly available in many settings, and its use to guide joint and soft tissue
injections has increased. Numerous studies have been conducted to evaluate the use of ultrasound-guided injections over traditional landmark-guided injections, with a rapid growth in the literature over the past few years. A comprehensive review of the
literature was conducted to demonstrate increased accuracy of ultrasound-guided injections regardless of anatomic location. In
the upper extremity, ultrasound-guided injections have been shown to provide superior benefit to landmark-guided injections at
the glenohumeral joint, the subacromial space, the biceps tendon sheath, and the joints of the hand and wrist. Ultrasound-guided
injections of the acromioclavicular and the elbow joints have not been shown to be more efficacious. In the lower extremity,
ultrasound-guided injections at the knee, ankle, and foot have superior efficacy to landmark-guided injections. Conclusive evidence is not available regarding improved efficacy of ultrasound-guided injections of the hip, although landmark-guided injection is
performed less commonly at the hip joint. Ultrasound-guided injections are overall more accurate than landmark-guided injections.
While current studies indicate that ultrasound guidance improves efficacy and cost-effectiveness of many injections, these studies
are limited and more research is needed.
Keywords: musculoskeletal ultrasonography; ultrasound-guided injection; joint injection; osteoarthritis; tendinopathy; sports
medicine

Since 1957, ultrasonography has been used to evaluate the
musculoskeletal system. The first report of musculoskeletal
ultrasonography was published by Dussik et al,14 who measured the acoustic attenuation of articular and periarticular tissues. Since that time, the use of musculoskeletal
ultrasonography has increased substantially. Ultrasonography is a useful tool because it is a repeatable, noninvasive
imaging modality that is capable of providing real-time
dynamic tissue assessment.30 The term sports ultrasound
was introduced in 2015 by the American Medical Society of
Sports Medicine (AMSSM) and includes the diagnosis and
treatment of both musculoskeletal and nonmusculoskeletal
conditions applicable to the field of sports medicine. 16
Ultrasonography has become more widely used in sports

medicine during procedures to assist with needle guidance
and to visualize surrounding anatomic structures, thereby
minimizing risk of injury to adjacent structures.17 In this
article, we review the existing evidence on ultrasoundguided injections in sports medicine.

UPPER EXTREMITY INJECTIONS
Conflicting studies have been published regarding the
effectiveness of ultrasound-guided injections at the shoulder. A Cochrane Review published in 2012 stated there
was not enough evidence to recommend ultrasoundguided injections over landmark-guided injections at the
shoulder.6 A 2015 meta-analysis, however, showed that
ultrasound-guided glenohumeral and biceps tendon injections were not only more accurate but also more efficacious
in providing relief.2 Evidence on ultrasound-guided injection of other upper extremity joints is based on smaller
studies. Current evidence is reviewed here and summarized in Table 1. The criteria used to assign level of evidence
are derived from Wright et al52 consistent with those used
in a recent position statement by Finnoff et al.17
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The glenohumeral joint is frequently injected with corticosteroids for osteoarthritis and adhesive capsulitis.
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TABLE 1
Summary of Upper Extremity Studiesa

Anatomic Feature Studied
Glenohumeral joint
Acromioclavicular joint

Subacromial space
Biceps tendon
Elbow joint
Hand and wrist joints

Author

Accuracy, %
Type of Sample
Study
Size
USGI LMGI

Patel et al29
Lee et al24
Peck et al31
Rho et al36
Sabeti-Aschraf et al37
Sabeti-Aschraf et al38

RCT
RCT
RCT
Cohort
RCT
RCT

80
43
20
24
120
20

Borbas et al7
Aly et al2
Ucuncu et al46
Chen et al8
Zhang et al54
Hashiuchi et al20
Lopes et al26
Cunnington et al9
Smith et al43
Smith et al42
Umphrey et al47
Pollard et al32
Goncalves et al18
Raza et al34

RCT
SR
RCT
RCT
RCT
RCT
Cohort
RCT
Cohort
RCT
Cohort
Cohort
CS
RCT

80
220
60
40
98
30
31
22
10
20
17
10
27
53

92.5
—
100
—
95
—

Efficacy

72.5
—
—
USGIs were more efficacious than LMGIs.
40
—
16.7
—
72
—
—
No difference in efficacy was found between
USGIs and LMGIs.
90
70
—
93.6
68.2
—
—
—
USGIs were more efficacious than LMGIs.
—
—
USGIs were more efficacious than LMGIs.
—
—
USGIs were more efficacious than LMGIs.
86.7
26.7
—
—
100
—
91
64
—
100
—
—
100
80
—
94
—
—
100
81.8
—
—
—
USGIs were efficacious.
96
59
—

Level of
Evidence
2
2
2
4
2
2
2
2
2
2
2
1
1
1
2
2
2
2
4
3

a
–, not reported; cohort, cohort study; CS, case series; LMGI, landmark-guided injection; RCT, randomized controlled trial; SR, systemic
review; USGI, ultrasound-guided injection.

Injections into the glenohumeral joint have been studied for
both accuracy and efficacy. Patel et al29 compared the accuracy of landmark-guided versus ultrasound-guided glenohumeral injections by injecting 80 cadaveric shoulders.
Results of the study favored ultrasound-guided over
landmark-guided injections, with accuracy being 92.5% for
ultrasound-guided injections compared with 72.5% for
landmark-guided injections. Lee et al24 evaluated the clinical effect of ultrasound-guided intra-articular injections
compared with a landmark-guided technique for the treatment of adhesive capsulitis. The visual analog scale for pain
intensity, range of motion of the shoulder, and general
shoulder function during daily activities were measured
at preinjection as a baseline and then every week after
injection for 6 weeks for each patient. The improvements
in pain intensity, range of motion, and shoulder function
score were significantly greater in the ultrasound-guided
injection group than in the landmark-guided injection
group by the second week after injection (P < .05). However,
no further significant differences were found in improvement between the 2 groups beyond the third week. Results
from these studies demonstrate that ultrasound-guided
injections are more accurate and efficacious than
landmark-guided injections.

Acromioclavicular Joint
The acromioclavicular (AC) joint is a saddle joint at the
articulation of the clavicle and acromion process. The AC
is commonly affected by osteoarthritis and can be a
source of pain. Corticosteroid injection into the AC joint

is a common treatment. Until recently, the AC joint was
thought easy to palpate and inject using landmark guidance.
However, Rho et al36 found that accuracy of landmark-guided
palpation of the AC joint was only 16.7% among physiatry
residents.
Peck et al31 performed a study in which 20 unembalmed
cadaveric AC joints were injected. All ultrasound-guided
injections were successfully placed into the AC joint
(10/10, 100%), whereas only 4 of 10 (40%) landmark-guided
AC joint injections were accurate (P ¼ .0054). Sabeti-Aschraf
et al37 conducted a prospective, randomized, observerblinded study in which 120 AC joints of 60 cadavers were
injected by use of an ultrasound-guided method or a
landmark-guided method. The landmark-guided injection
was inaccurate 25% of the time compared with 3% inaccuracy
when ultrasound guidance was used (P ¼ .009). Borbas et al7
also evaluated the accuracy of ultrasound-guided injection versus landmark-guided injection of the AC joint. Those investigators showed 90% accuracy for ultrasound-guided injections
compared with 70% accuracy for landmark-guided injections
(P ¼ .025). A review by Aly et al2 in 2015 showed that the
accuracy of ultrasound-guided versus landmark-guided
injections was 93.6% versus 68.2%, respectively (P < .0001).
Another study analyzed 20 patients who were
assigned to either an ultrasound-guided or a landmarkguided group. Clinical examinations were performed
before treatment and at 1 hour, 1 week, and 3 weeks
after an injection into the AC joint.38 Both groups had
improvement in pain and function; however, no significant difference was found between the two groups. To
date, although ultrasound-guided injections are clearly
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more accurate than landmark-guided injections, it is yet
to be determined whether ultrasound-guided injections
to the AC joint are more efficacious than landmarkguided injections.

Subacromial Space
Mixed evidence is available on the benefits of ultrasoundguided subacromial injections. Several studies have
revealed no significant difference in accuracy between
ultrasound-guided and landmark-guided injections of
the subacromial space.8,17,19 Some limited evidence is available for increased pain relief after ultrasound-guided
subacromial-subdeltoid bursal injections.17
Ucuncu et al46 evaluated 60 patients with shoulder pain
due to soft tissue disorders who were randomly assigned to
receive triamcinolone 40 mg by either landmark-guided or
ultrasound-guided injection. The patients were evaluated
on admission and at 6 weeks after the injection. Clinical
assessment included a visual analog scale for pain, the Constant scale for function, passive and active shoulder range
of motion, and postinjection adverse effects. Those patients
receiving an ultrasound-guided injection showed statistically significant improvements in visual analog scale for
pain and Constant scores for function at 6 weeks after injection when compared with the landmark-guided group.
Improvement in active and passive range of motion was
observed in both groups, with the ultrasound-guided group
showing superior improvement. Of the patients with limited
shoulder range of motion, 50% who underwent ultrasoundguided injections returned to normal motion, while only 33%
of those who underwent landmark-guided injection returned
to normal (P < .05). Range of motion in abduction of the
shoulder in the landmark-guided injection group improved
from 71.03 ± 12.38 prior to injection to 100 ± 18.18 at 1
week after the injection. The range of motion in the
ultrasound-guided injection group improved to 139.29 ±
20.14 after 1 week, from initial range of motion of 69.05
± 14.72 (P < .05).
The currently available evidence indicates that
ultrasound-guided subacromial injections may be superior
to landmark-guided injections. Most of the studies completed to this point used small sample sizes and did not
evaluate cost-effectiveness. Larger studies are needed to
determine the true efficacy of ultrasound-guided injection
into the subacromial space.

Long Head of the Biceps Tendon
Zhang et al54 conducted a randomized prospective study of
98 patients with tendinopathy of the long head of the biceps
tendon. The patients were randomized to receive either an
ultrasound-guided injection or landmark-guided injection
into the bicep tendon sheath. In the ultrasound-guided
group, the visual analog scale score significantly decreased
(P < .05) and the Constant-Murley score improved (P < .01).
Hashiuchi et al20 studied 30 patients with reported anterior shoulder pain with a primary diagnosis of tenosynovitis, tendinitis of the biceps tendon, or both. Shoulders were
randomly allocated into ultrasound-guided and landmark-
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guided injection groups. Computed tomography (CT) imaging was performed immediately after a contrast agent was
injected into the biceps tendon sheath. Ultrasound guidance resulted in 86.7% of injections into the tendon sheath,
whereas landmark guidance resulted in 26.7% into the tendon sheath, which was a significant difference (P < .05).
The results demonstrate that ultrasound-guided injections of the bicep tendon sheath are more accurate and
efficacious than landmark-guided injections.

Elbow Joint
Few studies have evaluated ultrasound-guided injection of
the elbow joint. Lopes et al 26 conducted a prospective
study to evaluate the accuracy of intra-articular injections
in peripheral joints. Within this study, 31 elbows were
injected by use of landmark guidance only, and 100% were
successfully injected. Cunnington et al9 conducted a doubleblinded, randomized controlled study of ultrasound-guided
corticosteroid joint injections in patients with inflammatory
arthritis. Twenty-two elbows were injected, and ultrasound
guidance was accurate 91% of time compared with landmark
guidance at 64%; however, this was not statistically significant (P ¼ .100). Data on efficacy of ultrasound-guided injections of the elbow joint are quite limited at this time.

Hand and Wrist Joints
Multiple small studies have evaluated accuracy of aspiration and injection of various joints in the wrist and hand.
Smith et al42 performed a randomized controlled trial comparing the accuracy of ultrasound-guided versus landmarkguided injection at the scaphotrapeziotrapezoid joint in
cadaveric models. Accuracy of ultrasound-guided injections
was 100%, whereas accuracy of landmark-guided injections
was 80%. Another study evaluated ultrasound-guided distal radioulnar joint injections, reporting 100% accuracy.45
Umphrey et al47 performed ultrasound-guided injections of
the trapeziometacarpal joint and reported that 94% of injections were successful. Pollard et al32 investigated the accuracy of intra-articular injection of the basal joint; the
success rate was 100% for the ultrasound-guided group
compared with 81.8% for the landmark-guided group. Goncalves et al18 conducted a case series demonstrating that
ultrasound-guided injections of the metacarpophalangeal
joint were efficacious and visual analog scale scores were
improved. Raza et al34 assessed the accuracy of proximal
interphalangeal (PIP) and metacarpophalangeal (MCP)
joint injections: Palpation-guided injections were intraarticular 59% of the time (6/12 PIP and 4/5 MCP joints)
compared with 96% (24/26 PIP and 27/27 MCP joints) for
ultrasound guidance.

LOWER EXTREMITY INJECTIONS
The use of ultrasound guidance for lower extremity joints is
supported by a recent position statement published by
AMSSM.17 Available evidence is reviewed here and summarized in Table 2.

4

Daniels et al

The Orthopaedic Journal of Sports Medicine

TABLE 2
Summary of Lower Extremity Studiesa
Anatomic
Feature
Studied
Hip joint

Accuracy, %
Author

Ziv et al55
Cohort
Diracoglu et al12 Cohort
Levi25
Retrospective
review
Micu et al27
Case control

USGI

LMGI

Efficacy

CostEffectiveness

Level of
Evidence

40
16
11

—
—
100

77.5
66.7
—

—
—
—

—
—
—

2
2
4

61

—

—

USGIs were more
efficacious than no
injection.
—
80% of patients had
less pain and
improved function
at 6 months.
93% of USGI patients
had reduced pain
and positive surgical
outcome.

—

3

—
—

1
1 for accuracy;
4 for efficacy

—

4

Smith et al42
Pourbagher
et al33

Cohort
Case series

28
10

97
100

—
—

Yoong et al53

Prospective
cohort

138

—

—

Migliore et al28

Retrospective

2343

—

—

Case series

37

—

100

Jackson et al22

Cohort

240

—

Esenyel et al15

Cohort

39

—

Hermans et al21 Systematic
review

9 studies

—

Daley et al11

Systematic
review

27 studies

99

Curtiss et al10

Cohort

20

100

Berkoff et al4

Meta-analysis 5 studies

Sibbitt et al39

RCT

94

—

Sibbitt et al40

RCT

64

—

Smith et al43
Wisniewski
et al51
Khosla et al23
Goncalves et al18
Wempe et al50
Reach et al35

Cohort
Cohort

12
20

100
100

Cohort
Cohort
Cohort
Cohort

14
31
5
10

Knee joint Lopes et al26

Foot and
ankle

Type of Study

Sample
Size

95.8

NSAID use
4
decreased
48.2% after
USGI.
Pain improvement was
—
1 for accuracy;
noted.
4 for efficacy
—
—
1

71, 75, 93,
approach
dependent
56, 73, 76, 85,
—
—
approach
dependent
67, 72, 85, 91,
—
—
approach
dependent
70, 83, 85,
—
—
approach
dependent
55-100,
injector
dependent
77.8
USGIs were more
—
efficacious.
—
USGIs entailed less
—
procedural pain and
more improvement
and were longer
lasting.
—
USGIs entailed less
Health care
procedural pain and
costs were
better outcomes.
reduced.
58
—
—
85
—
—

100 (ST/TT) 100 (ST/TT)
100
—
100 (MTP)
—
100 (MTP/TT)
—

—
All patients improved.
—
—

—
—
—

2

1

1

2

2
2

2

2
2
2
4
2
2

a
–, not reported; cohort, cohort study; CS, case series; LMGI, landmark-guided injection; MTP, metatarsophalangeal joint; NSAID,
nonsteroidal anti-inflammatory drug; RCT, randomized controlled trial; SR, systemic review; ST, subtalar joint; TT, tibiotalar joint; USGI,
ultrasound-guided injection.
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Hip Joint
Only 2 studies have assessed the accuracy of landmarkguided hip joint injections. Ziv et al 55 and Diracoglu
et al12 separately studied landmark-guided hip joint injections in a total of 56 patients and showed an accuracy of
77.5% and 66.7%, respectively. Studies of ultrasoundguided injections have reported 100% accuracy25,27 with
the exception of Smith et al,44 who reported 97% accuracy
in a group of 28 patients. In this study, the one injection
that was not intra-articular was due to a single episode of
inadvertent needle withdrawal during attachment of
extension tubing for contrast administration.44 The efficacy
of ultrasound-guided injection has been evaluated in
patients with hip pain related to osteoarthritis. A case
series (N ¼ 10) by Pourbagher et al33 in 2005 found that
80% of patients had improved function and less pain at 6
months postinjection. Micu et al27 compared ultrasoundguided injections versus no injection in a group of 61
patients; at 1- and 3-month follow-ups, the authors noted
reduction in pain in those patients receiving injections but
no change in pain in the group that did not receive injections. Yoong et al53 evaluated the utility of ultrasoundguided hip joint injection in predicting surgical outcomes.
In that study, 138 patients underwent ultrasound-guided
injection with local anesthetic to aid in diagnosis of hip
disease prior to surgical hip arthroscopy. Yoong et al53
found that 93% of patients who had pain relief after injection had successful surgical outcomes, compared with 63%
of patients with partial relief; 44 of 49 patients who had no
relief from the injection ultimately did not have hip
surgery.
A retrospective study by Migliore et al28 in 2011 involving 2343 patients showed that ultrasound-guided intraarticular hip joint injection with hyaluronic acid for hip
osteoarthritis decreased consumption of nonsteroidal antiinflammatory drugs (NSAIDs). Consumption was decreased
48.2% at the 3-month follow-up, followed by a 50% decrease
at the 12-month follow-up and a 61% decrease at the 24month follow-up. This could lead to significantly decreased
long-term health care costs as a result of a reduction in
NSAID-induced complications.
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of 13.5 months. The investigators showed that 44% of the
patients had continued relief of symptoms at 1 year after the
injection. No major complications were reported.
In 2006, Blankebaker et al5 conducted a retrospective
study to assess pain relief achieved from anesthetic injection
of the iliopsoas bursa and also assessed the effectiveness of
Kenalog injection into the iliopsoas bursa for long-term pain
relief. For this study, long-term pain relief was interpreted
as improvement of pain for 4 months following injection.
Forty patients were enrolled: 22 received ultrasoundguided injection of the iliopsoas bursa with a 7-mL mixture
containing lidocaine and bupivacaine, while 18 received
ultrasound-guided injection with an 8-mL mixture containing lidocaine, bupivacaine, and Kenalog-40. Injection
response was monitored using an 11-point pain scale that
was assessed 2 days after the procedure. Those patients
undergoing injection with Kenalog were observed for an
additional 4 months after injection. Twenty-nine patients
had complete or partial relief of pain (>50% pain reduction)
from iliopsoas bursal injection 2 days after the injection.
Sixteen of the 18 patients (89%) who underwent Kenalog
injection had improvement of pain after 4 months.
In 1989, Silver et al41 reported a single case where the
patient had complete relief of symptoms related to snapping hip 2 months after image-guided injection with solution of anesthetic and corticosteroid (Depo-Medrol). In a
case series of 3 athletes published in 2004, Wahl et al49
showed that ultrasound-guided injection with anesthetic
and corticosteroid provided short-term relief for all patients
up to 2 weeks after the injection. Two of the 3 patients
experienced long-term relief of symptoms for more than
2 years. In 1995, Vaccaro et al48 showed a similar response
in 8 patients undergoing ultrasound-guided injection of
anesthetic and corticosteroid into the iliopsoas bursa.
Those 8 patients had relief of symptoms for periods ranging
from 2 weeks to 2 years.
The above studies show that ultrasound-guided injection
into the iliopsoas bursa is well tolerated and does not have
significant adverse complications.48,49 Landmark-guided
injections are generally not performed at this location
because of the proximity to the femoral vascular structures.5 A low risk of infection and vascular injuries is found
with ultrasound-guided iliopsoas bursa injection.

Iliopsoas Bursa Injection
Knee
Anterior hip pain is commonly encountered by the orthopaedic and sports medicine provider. Snapping hip is a
cause of anterior hip pain and affects 5% to 10% of the
general population. Snapping hip syndrome can be caused
by tightness and inflammation of the iliopsoas tendon leading to an audible or palpable snap as the hip moves from
flexion to extension. When painful, this condition can
respond to injection.
Few studies have been completed assessing pain relief of
snapping hip with image-guided injections. In 2005, Adler
et al1 completed a retrospective review of ultrasound-guided
injections into the iliopsoas bursa. The investigators enrolled
39 patients and injected an 8-mL solution of anesthetic and
corticosteroid into the iliopsoas bursa. They conducted telephone follow-up to assess pain, with a mean follow-up period

Osteoarthritis is a common condition affecting the knee and
is often treated with corticosteroid injections. Accuracy of
landmark-guided injections is somewhat variable but generally good. Studies from 1993 onward demonstrate a wide
margin of accuracy with respect to landmark-guided injection, ranging from 55% to 100%, which is often dependent
on the approach taken. A case series by Lopes et al26 in
2008, comprising 37 patients, appears to be the only
landmark-guided injection study to report 100% accuracy
as well as efficacy. In 2002, Jackson et al22 showed 93%
accuracy for lateral midpatellar, 75% for anteromedial, and
71% for anterolateral landmark-guided approaches.
In 2007, Esenyel et al15 showed 85% accuracy for an
anterolateral approach and 56% for medial midpatellar
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tendon, with 73% and 76% for anteromedial and
lateral midpatellar, respectively. Systematic reviews of
landmark-guided injections of the knee conducted by Daley
et al11 and Hermans et al,21 both published in 2011, reported
accuracy rates from 67% to 91% based on approach, with a
superolateral approach being most accurate (91%). Daley
et al11 did not find statistically significant differences in
approach.
Curtiss et al,10 in a cadaveric ultrasound-guided versus
landmark-guided study published in 2011, showed a range
of accuracy of 55% to 100% in the landmark-guided group.
The results for landmark-guided injections were dependent
upon the injector, while the ultrasound-guided injections
were 100% accurate regardless of injector.
In other head-to-head studies, ultrasound-guided injections were universally found to be more accurate than
landmark-guided injection. In a 2012 review, Berkoff
et al4 examined 13 relevant studies, with ultrasonography
used in 5 studies and the remaining studies using air
arthrography, fluoroscopy, magnetic resonance arthrography, or magnetic resonance imaging. The accuracy of injection ranged from 63% to 100% with ultrasonography, while
the accuracy ranged from 39% to 100% with landmark guidance. Accuracy was 95.8% with ultrasound guidance versus
77.8% without ultrasound guidance.
Sibbitt et al 39,40 examined both efficacy and costeffectiveness of knee injections in patients with inflammatory arthropathy. First, in 2011, in a prospective,
randomized controlled trial of 94 patients, the investigators showed greater accuracy with ultrasound-guided
injection.39 This study also concluded that ultrasound
guidance improves clinical outcomes by increasing therapeutic duration. The increased therapeutic duration leads
to less utilization of health care resources and overall
reduction in yearly health care costs. Similar findings were
achieved in the 2012 study by Sibbitt et al40 of 64 patients.
These studies were performed in patients with inflammatory arthropathy, and one should be cautious extrapolating
these data to noninflammatory arthropathies.

Foot and Ankle
Several studies have examined the accuracy of landmarkguided and ultrasound-guided foot and ankle joint injections. Accuracy in these studies ranged from 58% to 85%
for landmark-guided injections, while ultrasound-guided
injections were universally 100% accurate in each
study.18,23,35,43,50,51 Of note, Khosla et al23 showed 100%
accuracy in a head-to-head cadaveric study of both
ultrasound-guided and landmark-guided injections (N ¼
14) for the tibiotalar joint and subtalar joints, suggesting
that either modality would be sufficient. With tarsometatarsal joint injections, ultrasound-guided injections were
vastly more accurate than landmark-guided injections, at
64% versus 24%, respectively. Reach et al35 (N ¼ 10) and
Wempe et al50 (N ¼ 5) in 2009 and 2012, respectively, both
showed 100% accuracy in cadaveric ultrasound-guided
injection of the metatarsophalangeal joints. Goncalves
et al18 found excellent efficacy in both tibiotalar joint and
tarsometatarsal joint injections, with 100% of patients
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showing clinical improvement following the procedure. In
addition, Drakonaki et al13 showed that a majority of
patients with midfoot degenerative disease experienced
relief up to 3 months following ultrasound-guided injection.

SUMMARY
As technology improves and the availability of ultrasonography increases, ultrasound-guided procedures for musculoskeletal abnormalities are becoming more popular.
Many of the studies on corticosteroid injections using
ultrasound guidance have shown accuracy superior to that
of landmark-guided injections. Research on the efficacy and
cost-effectiveness of ultrasound-guided injections is less conclusive. This may be due in part to a lack of high-quality
research proving the effectiveness of corticosteroids or other
modalities to treat many of the conditions for which they are
used.3 Evidence also shows that less experienced providers
can be more accurate with ultrasound guidance, potentially
affecting the future of medical education.13 Continued study
of ultrasound-guided injections will be helpful in guiding
practice. In the meantime, given the improvements in accuracy, ultrasound-guided injections certainly have a role for
deeper anatomic structures, for injecting targets that are
close to large vascular structures, and for patients in whom
nonguided injections have failed.
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