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Ultrasound-Guided Knee Injections Are More
Accurate Than Blind Injections: A Systematic Review

of Randomized Controlled Trials

William H. Fang, M.S., Xiao T. Chen, M.D., and C. Thomas Vangsness Jr., M.D.
Purpose: To review the current literature to determine which injection technique and needle portal placement provide
the greatest accuracy for intra-articular access to the knee. Methods: This study followed Preferred Reporting Items and
Systematic Reviews and Meta-Analyses guidelines. A comprehensive literature search was conducted in March 2020 and
repeated in May 2020 using electronic databases PubMed, MEDLINE, and the Cochrane Library. Data on the accuracy of
intra-articular knee injection (successful injections/total number of injections) were collected. Only Level I studies were
included. Study design, demographic variables, needle sizes, and method of validating accuracy were recorded. The Jadad
score was used to assess methodologic quality, and a risk-of-bias assessment was performed. Results: A total of 12 Level I
human studies (1431 patients, 1315 knees) were included in this review. Seven of the studies did a direct comparison
between ultrasound-guided and blind knee injections. Ultrasound-guided injections were more accurate compared with
blinded knee injections in every study. The most accurate anatomical approach was an isometric quadricep contraction
method with the superolateral approach. Conclusions: This study showed that ultrasound-guided knee injections
were more accurate across every anatomical needle injection site compared with blind injections. Injections made by a
blind/anatomically guided method had inconsistent accuracy rates that seemed highly dependent on the portal of entry.
Level of Evidence: Level I, systematic review of Level I studies.
ntra-articular knee injections (IAKIs) are a common
Ialternative to systemic pharmaceutical treatments.
Injections of various compounds are designed to reduce
inflammation, possibly slow the increasing degenera-
tion of the joint, and decrease pain. Commonly injected
agents include corticosteroids, hyaluronic acid, blood-
derived products such as platelet-rich plasma, and bio-
logic cellular products from the bone marrow, placenta,
and/or adipose tissue.1 It is essential for these com-
pounds to directly enter the intra-articular joint to
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Arthroscopy, Sports Medicine, and Rehabilitation,
achieve maximum efficacy.2 Complications can arise
from misplaced injections that include pain or swelling
at the site of injection, inflammation of the synovium,2

and septic arthritis.3

There are many different techniques for injecting the
knee, with the most common being an anatomical-
based approach. This method uses various visualized
and palpated anatomical landmarks. For example, with
the superolateral injection technique, the patient is
positioned supine with legs extended. The physician
then palpates the patella and inserts the needle on the
supralateral surface of the patella, aimed toward the
center of the patella and directed slightly posteriorly
and inferomedially into the knee joint.4 To identify the
correct trajectory and depth for needle placement,
physicians also can elect to use other methods to
confirm needle placement, including fluoroscopy,5 air
arthrogram,6 backflow technique,7 and ultrasound de-
vices.8 There is also no clear consensus on the “best”
technique or the most accurate approach portal (needle
insertion site) for knee aspiration and injection. The
purpose of this study was to review the current litera-
ture to determine which injection technique and needle
portal placement provides the greatest accuracy for
intra-articular access to the knee. We hypothesized that
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Fig 1. Flow diagram on the pro-
cess of literature search, screening,
full-text review, and study inclu-
sion based on PRISMA guidelines.
(PRISMA, Preferred Reporting
Items for Systematic Reviews and
Meta-Analyses.)
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our literature review would demonstrate that one knee
injection technique and needle portal placement would
be more accurate than others.

Methods

Search Strategies for Study Selection
This study followed the 2009 PRISMA (Preferred

Reporting Items for Systematic Reviews and Meta-
Analyses) guidelines and the PRISMA-IPD statement.9

A comprehensive search of the literature was carried
out in February 2020 using electronic databases
PubMed, MEDLINE, and the Cochrane Library. The
databases were searched individually for all possible
terms and combination of terms to accommodate dif-
ferences in their search engines. The key words used in
the searches were “intra-articular knee” AND “injec-
tion” OR “aspiration” AND “accuracy” filtered by “hu-
man” and “randomized controlled trial.” Two authors
(W.H.F. and X.T.C.) screened studies for eligibility and
any disagreements were resolved through discussion
with a third reviewer (C.T.V.).

Study Selection Criteria
Only Level I evidence studies, defined by the Oxford

Centre for Evidence-Based Medicine,10 published in
English, that reported the accuracy for IAKI with any
technique and portal were considered for inclusion
(Fig 1). W.H.F.-extracted data, including patient popula-
tion, sample size, intervention, evaluation of accuracy,
injection technique, needle size, and results, were recor-
ded but not used as basis of inclusion/exclusion. Basic
science in vitro, animal studies, letters to the editor, edi-
torials, personal correspondence, study protocols, Levels
II toV evidence, and studies investigating patient reported
outcomes after IAKI were excluded.

Quality Assessment
Study quality assessment was carried out using the

Jadad scale.11 This scoring system awards points to trials
for incorporating the following key aspects of trial
design: randomization, blinding, and accounting for
withdrawals. A score of 3 or more classified the study as
high-quality.10 Two reviewers (W.H.F. and X.T.C.)
independently carried out the assessments and scored
the publication for quality. Any discrepancies in the
results were resolved through discussion.

Risk of Bias Assessment
A risk of bias assessment was independently performed

by 2 reviewers (W.H.F. and X.T.C.) using the modified
Cochrane Collaboration Risk of Bias Assessment Tool.12



Table 1. Overview of Studies

Overview Demographics

Study
Number
of Knees Patients per Study Arm Population Country Mean Age Male Female

Park et al., 201314 n ¼ 120 n ¼ 40 for each arm Patients with degenerative OA (K-L 2 or 3) Korea 63.59 21 99
Im et al., 200915 n ¼ 89 n ¼ 45 for sonographically guided, n ¼ 44 for blind

injection
Patients with radiographically confirmed knee OA

(K-L 2 or 3)
Korea 60.10 24 65

Jang et al., 201316 n ¼ 126 n ¼ 44 for ultrasound, n ¼ 41 for out of plane, n ¼ 41
for blind injection

Patients with radiographically confirmed knee OA
(K-L 2 or 3)

Korea 61.55 27 99

Park et al., 201217 n ¼ 99 n ¼ 50 for ultrasound, n ¼ 49 for blind injection Patients with radiographically confirmed knee OA Korea 60.00 28 72
Wiler et al., 201018 n ¼ 66 n ¼ 39 for ultrasound, n ¼ 27 for landmark Patients requiring knee arthrocentesis USA 79.75 43 23
Sibbitt et al., 201219 n ¼ 64 n ¼ 22 for anatomic-guided, n ¼ 22 for ultrasound-

guided with mechanical aspirating syringe, n ¼ 20
for ultrasound-guided with automatic aspirating
syringe

Patients with arthritis (K-L 1-3) and persistent pain in
involved joint

USA N/A N/A N/A

Hashemi et al., 201620 n ¼ 220 n ¼ 100 for ultrasound, n ¼ 123 for blind injection Patients with osteoarthritis diagnosis based on
American College of Rheumatology definition

Iran 64.07 60 163

Cunnington et al., 201021 n ¼ 68 n ¼ 35 for ultrasound, n ¼ 33 for clinical examination
eguided

Patients with a diagnosis of inflammatory arthritis USA 58.15 N/A N/A

Toda et al., 200822 n ¼ 50 n ¼ 50 for modified Waddell, n ¼ 50 for anteromedial
approach, and n ¼ 50 for lateral patellar approach

Patients with medial compartment OA knee USA 66.10 8 42

Wada et al., 201823 n ¼ 150 n ¼ 75 for isometric quadriceps method, n ¼ 75 for
nonactivated quadriceps method

Patients with radiographically confirmed knee OA Japan 73.55 75 75

Chernchujit et al., 201924 n ¼ 132 n ¼ 66 for modified anterolateral, n ¼ 66 for
superolateral

Patients with symptomatic OA without effusion Thailand N/A N/A N/A

Wind et al., 200425 n ¼ 131 n ¼ 44 for superolateral, n ¼ 43 for superomedial,
n ¼ 44 for lateral joint

Patients presenting for routine knee arthroscopy USA 43.00 N/A N/A

K-L, Kellgren-Lawrence; OA, osteoarthritis; N/A, not available.
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Table 2. Overview of Treatment

Study
Sample
Size

Number
of Knees Needle Size Intervention Evaluation of Accuracy

Main
Evaluation

Index

Park et al. 201314 n ¼ 120 n ¼ 120 23-gauge, 1.5-in, or
3.5-in needles

Nonionic contrast
medium

Lateral and
anteroposterior
radiographs

Blinded radiologist
judging

Im et al. 200915 n ¼ 89 n ¼ 89 21-gauge needle,
1.5-in

3 intra-articular
injections of high
molecular weight
hyaluronic acid

Postinjection
radiographic
evaluation

Blinded radiologist
judging

Jang et al. 201316 n ¼ 126 n ¼ 126 23-gauge, 1.5-in
needle or 2-in,
23-gauge needle

Triamcinolone and
nonionic contrast
agent

Postinjection
radiographic
evaluation

Blinded radiologist
judging

Park et al. 201217 n ¼ 99 n ¼ 99 21-gauge needle,
1.5- inch

3 intra-articular
injections of high
molecular weight
hyaluronic acid

Lateral and anterior
posterior radiograph
and postinjection
radiographic
evaluation

Blinded radiologist
judging

Wiler et al. 201118 n ¼ 66 n ¼ 66 18-gauge needle Arthrocentesis Successful aspiration
(>5 mL synovial
fluid), provider sense
of ease of procedure,
and amount of fluid
obtained

Successful aspiration

Sibbitt et al. 201119 n ¼ 64 n ¼ 64 25-gauge 1.5-inch
needle and
18-gauge,
1.5-inch needle

Arthrocentesis Aspirated fluid volume,
successful
aspirations, Pain by
VAS

Successful aspiration

Hashemi et al. 201620 n ¼ 220 n ¼ 220 N/A Hyaluronic acid Postinjection
fluoroscopy
evaluation

Fluoroscopy after
injection

Cunnington et al.
201021

n ¼ 184 n ¼ 68 21-gauge needle 40 mg of triamcinolone
acetonide, lidocaine,
and contrast agent

Postinjection
radiographic
evaluation

Blinded radiologist
judging

Toda et al. 200822 n ¼ 50 n ¼ 50 23-gauge needle,
1.25-in

3 intra-articular
injections of
hyaluronic acid at 0,
2, 4 weeks

Postinjection
radiographic
evaluation

Blinded radiologist
judging and clinical
Lequesne index at
final and at baseline

Wada et al. 201823 n ¼ 150 n ¼ 150 N/A Hyaluronic Acid Ultrasound probe used
to see if solution
diffused within the
joint

Radiographic
measurements

Chernchujit et al.
201924

n ¼ 132 n ¼ 132 25-gauge needle Air and medical agents Mini air-arthrography
and post injection
radiographic
evaluation

Accuracy rate, Pain
VAS

Wind et al. 200425 n ¼ 131 n ¼ 131 18-gauge, 1.5 in
needle

Methylene blue with
normal saline

Examined intra-
articularly for
evidence of
methylene blue
staining during
arthroscopy

Single investigator
looking at staining

N/A, not available; VAS, visual analog scale.
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Each reviewer assigned a value of “high,” “low,” or “un-
clear” bias for each study using the following parameters:
selection bias, performance bias, detection bias, attrition
bias, reporting bias, and other biases. Any disagreements
were resolved by discussion between reviewers. A study
was deemed to be at an overall low-risk of bias if it met
criteria for low-risk within the domains of participant
blinding, selection bias, attrition bias, and reporting bias.13

Statistical Analysis
Only descriptive statistics were performed for the

study cohort characteristics and Jadad scores.



Fig 2. Risk of bias assessment.
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Results

Overview
The initial search yielded 5641 results after duplicates

were removed. Eight studies were identified from bib-
liographies. These results were filtered to only include
“human” species and to include “randomized controlled
trials,” leaving 66 results for full text review. Of the 66
full-text articles reviewed, 54 articles were excluded
because they did not meet the inclusion criteria. Twelve
studies did not report injection accuracy, 32 studies
were determined to be irrelevant based on title and
abstract, 4 studies were cadaver studies, and 6 studies
were Level II evidence. A total of 12 Level I knee
injection studies were available for qualitative synthesis
(Fig 1). A total of 12 Level I human studies (1431 pa-
tients, 1,315 knees) were included in this review
(Table 1). The majority of Level I studies gathered in
this review (8/12)14-21 compared the accuracy of
ultrasound-guided versus blind or landmark injection/
arthrocentesis. Only 4 of 12 studies22-25 compared the
accuracy of anatomical-guided approaches. The ma-
jority of studies recruited patients with radiographically
confirmed knee osteoarthritis (9/12 studies). One study
looked at patients requiring knee arthrocentesis,18 1
study studied patients presenting for routine knee
arthroscopy,25 and 1 study recruited patients with a
diagnosis of inflammatory arthritis.21



Table 3. Jadad Score

Study

1. Was the
Study

Described
as Random?

2. Was the
Randomization

Scheme
Described and
Appropriate?

3. Was the
Study Described
as Double-Blind?

4. Was the
Method of

Double Blinding
Appropriate?

5. Was There
a Description of
Dropouts and
Withdrawals? Total

Park et al., 201314 1 1 e e 1 3
Im et al., 200915 1 1 e e 1 3
Jang et al., 201316 1 1 e e e 2
Park et al., 201217 1 1 e e 1 2
Wiler et al., 201118 1 1 e e e 2
Sibbitt et al., 201119 1 e e e 1 2
Hashemi et al., 201620 1 e e e e 1
Cunnington et al., 201021 1 1 1 1 1 5
Toda et al., 200822 1 1 1 1 1 5
Wada et al., 201823 1 1 - - 1 3
Chernchujit et al., 201924 1 e e e 1 2
Wind et al., 200425 1 e e e 1 2
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Lastly, the evaluation for injection accuracy also
varied between the studies in this comparison. Six
studies (50%) took postinjection radiographs and had a
blinded radiologist judge whether the injected com-
pound was successfully placed in the intra-articular
space.14-17,21,22 Two of 12 studies (16.7%) studied
successful arthrocentesis accuracy based on fluid aspi-
ration and aspirated fluid volume instead of injection
accuracy (Table 2).18,19 The other studies used a variety
of methods to verify accuracy, including injecting
contrast and using fluoroscopy,20 using an ultrasound
probe to verify that the solution diffused within the
joint,23 using mini air-arthrography,24 and injecting
methylene blue dye and grading during arthroscopy.25

Risk of Bias Assessment
Four of the 12 studies (33.3%) were considered “low

risk” of bias, whereas the remaining 8 studies were
graded at “some concerns” or had “high risk” of bias
based on the Cochrane Risk of Bias Tool (Fig 2).14,21-23

The randomization process was poorly reported or not
reported in 2 studies (16.7%).20,25 The remaining 10
studies (83.3%) had appropriate randomization pro-
tocols including envelopes, simple randomization, and
block randomization. Inconsistent blinding was a
source of bias that affected the majority of studies. Six
studies (50%) had a blinded radiologist judging
whether the injections were accurate, whereas the
other 6 studies did not carry out a blinded assessment.
The participants in 5 studies (41.6%) were blinded to
the treatment group to which they were assigned,
whereas participants were aware of which treatment
group they were in 6 studies (50%). One study did not
specify blinding (8%).20

Methodologic Quality: Jadad Score
Five studies (41.6%) had a Jadad score of 3 or

greater11 and were deemed high-quality trials (Table 3).
Many of the studies lost points for failing to double
blind. Only Cunnington et al.21 and Toda et al.22 con-
ducted double-blinded, randomized controlled trials
with appropriate blinding. The remaining 10 studies
were single-blinded trials in which either patients or
clinicians were not blinded to the intervention groups.
Four studies (33%) did not adequately describe the
randomization process19,20,24,25 and 4 studies (33%)
did not describe patient dropouts or withdrawals.16-18,20

IAKI Accuracy
Eight studies did a direct comparison of ultrasound-

guided versus blind injection/arthrocentesis, as shown
in Table 4. Ultrasound-guided injections were more ac-
curate in every study regardless of the portal of injection.
One study, Park et al.,14 compared the accuracy of
ultrasound-guided injections in the midmedial portal,
the superolateral portal, and the midlateral portal
and reported injection accuracies of 95% (38/40), 100%
(40/40), and 98.5% (39/40), respectively. The biggest
difference in injection accuracy was found in Jang
et al.16 and Im et al.’s studies.15 Jang et al.16 compared
accuracy rates through the midmedial portal and found
that ultrasound was 97% accurate (43/44) whereas
blind injections were only 78% accurate (32/41). Im
et al.15 compared accuracy rates through the midpatellar
portal and found that ultrasound-guided injections were
95.6% accurate (43/45) whereas blind injections were
only 77.3% accurate (43/44).
Four studies compared the IAKI accuracy rate from

different anatomical approaches (Table 5). The most
accurate approach was reported in Wada et al.23 at
93.3% (70/75), who used an isometric quadriceps
contraction method through the superolateral approach
into the suprapatellar joint space. Wind et al.25 reported
that their injection accuracy through the superomedial
approach was also high at 93% (40/43). The modified
anteromedial approach was used by 2 studies, Toda
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et al.22 and Chernchujit et al.,24 and had an accuracy
rate of 86% (43/50) and 89% (59/66), respectively. In a
single study looking at the superolateral approach,
Chernchujit et al. reported the accuracy only being
58% (38/66).

Discussion
The results showed that ultrasound-guided knee in-

jections were more accurate across every anatomical
needle injection site compared with blind injections.
Injections made by blind/anatomically guided tech-
niques had inconsistent accuracy rates that seemed
highly dependent on the portal of entry.
There is a need to standardize knee injection pro-

cedures to improve safety and efficacy by employing
the most accurate injection techniques possible. It has
been reported that traditional knee injections have a
relatively low accuracy rate, with 1 of every 4 injections
being delivered extra-articularly.2 Knee injections and
knee arthrocentesis are 2 commonly performed clinical
practices that require entering the joint capsule for
maximum efficacy. It is crucial to deliver the often-
expensive compounds directly into the intra-articular
joint to minimize any side effects. Possible adverse ef-
fects of injecting extra-articularly into the joint include
increased pain, skin rash, flushing, difficulty moving
the knee, and infections.26,27

Numerous imaging modalities can help the physician
visualize the joint capsule and improve injection accu-
racy. However, there is relatively low evidence for the
success of many of these techniques, including the use of
fluoroscopy,2,28,29 computed tomography,30-32 and
magnetic resonance imaging. There is little to no existing
Level I literature on these imaging modalities used to
visualize the joint for injections or arthrocentesis, mak-
ing their effectiveness difficult to generalize to a general
study population. These techniques also have potential
drawbacks of radiation exposure to the patient, use of
contrast, equipment expense, lack of portability, and
specialized room requirements. Ultrasonography is one
of the most practical options because it is a noninvasive
imaging method that can provide real-time visualization
of the needle directed into the target structure being
injected.33 Ultrasound devices are also accessible, rela-
tively inexpensive, and highly accurate in experienced
hands.34 Studies also have found that ultrasound injec-
tion guidance was more cost-effective to patients, with a
58% ($224) reduction in cost per responder per year.35

In addition, there is no risk of radiation and no need for
injected contrast material.
Other non-Level I studies have compared the accu-

racy rate of IAKI and have generally found significantly
greater accuracy rates and improved patient-reported
outcomes compared with blind injections. Maricar
et al.36 found that the accuracy rate of image-guided
injections was more accurate compared with blinded



Table 5. Anatomical Accuracy Comparison

Modified
Anteromedial
Approach Anteromedial

Lateral
Patellar
Approach Superolateral Superomedial

Lateral
Joint Line

Toda et al., 200822 86% (43/50) 62% (31/50) 70% (35/50)
Wada et al., 201823 Activated quads: 93.3% (70/75)

Nonactivated quads: 80% (60/75)
Chernchujit et al., 201924 89% (59/66) 58% (38/66)
Wind et al., 200425 89% (39/44) 93% (40/43) 75% (98/131)

NOTE. Successful injection % (number of intra-articular injections / total number of knees).
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injections and reported that guided injections through
the lateral sites had excellent accuracy (95%-100%).
When comparing blinded injections, they reported that
injections through the superolateral patellar as being
the most accurate, and that about 1 in 5 blinded IAKI
were inaccurate. These results were limited by the in-
clusion of nonrandomized controlled trials and cadaver
studies where altered tissue properties may affect the
accuracy of the knee injections. Wu et al.37 compared
ultrasound-guided versus landmark injections in knee
arthrocentesis and found statistically significant differ-
ences in favor of ultrasound guided for accuracy and
lowered procedural pain scores. In their methodology
for inclusion of studies, they included nonrandomized
controlled trials and cadaver studies that could be
subject to bias and have a greater risk of systematic
errors. Hermans et al.38 compiled anatomical accuracy
studies and reported that the superolateral approach
resulted in high accuracy rates with the highest pooled
accuracy of 91%. Berkoff et al.39 focused on the clinical
utility of ultrasound guidance and found that using
ultrasound-guided injections directly improved patient
reported clinical outcomes and was most cost-effective.
They however, had a small sample size and compared
injections in both the knee and shoulder.
In our level I analysis, ultrasound-guided injections

had excellent accuracy (>95%) through every
anatomical approach in the knee. Comparatively, the
blinded injection had a variable accuracy that ranged
between the lowest of 77.3% (34/44)15 with the mid-
patellar approach and the highest of 95.74% (45/47)20

with the supralateral approach. In Hashemi et al.’s
study, they also compared the differences in injectors’
experience on the accuracy of IAKI. Their study reported
much greater missed injection rates in the inexpert blind
injections 79% (60/76), with no significant differences
in the inexpert ultrasound-guided injections 94% (47/
50) and the expert ultrasound group 94% (47/50).
Other non-Level I studies have also reported that in-
jector’s experience influenced the accuracy rate. Curtiss
et al.40 found in a cadaver study that inexperienced in-
jections with the superolateral patellar approach only
had an accuracy rate of 55%, whereas more experienced
injectors had an accuracy rate of 100%. Cunnington
et al.21 used an inexperienced rheumatology trainee for
all ultrasound-guided injections and still had relatively
high accuracy rates, 91% (32/35), compared with clin-
ical examinationeguided IAKI performed by rheuma-
tology consultants (median 15 years’ experience), 82%
(27/33). Interestingly in the anatomical accuracy com-
parison chart in Table 5, Chernchujit et al.24 reported
that the accuracy for blind IAKI to superolateral
approach only was 58% (38/66).
Injections and aspirations are commonly used

throughout musculoskeletal medicine. However, nee-
dle usage often causes patients to feel unsatisfied with
treatment from the resulting pain and anxiety. To
combat this issue, smaller needle diameters, new safety
technology, and needle-free injection techniques have
been proposed.41 The appropriate needle gauge and
length are determined by several factors, including the
target tissue and injection formulation.42,43 For intra-
articular knee aspirations, conventional syringes can
cause “traumatic tap,” or frank blood, in the aspiration
and may lead to tissue damage. Moorjani et al.44 found
that by changing from a conventional syringe to a
mechanical reciprocating procedure device (RPD),
improved needle control and lead to decreased patient
pain, and improved fluid aspirate yields. Additionally,
aspirations need to balance between the vacuum force
generated and the type of syringe used. Haseler et al.45

found that if a needle or syringe size was too small, not
enough force could be generated, which would lower
the biopsy sample yield. The authors recommended to
use larger syringes (10 or 20 mL) with 2 hands, or
mechanical syringes (RPD) with one hand to make
aspiration easier and improve needle control. The use of
RPD technology has also led to statistically significant
lower levels of patient-reported outcomes on the visual
analog scale, as well as physician satisfaction.46

The studies in this analysis used varying sized needles
and syringes for the injection/aspiration procedure. The
two studies that studied arthrocentesis both used large
18-gauge needles to maximize fluid collected.18,19 The
remaining injections studies used much thinner nee-
dles, with 3 studies using 25-gauge needles, 3 studies
using 21-gauge needles, 2 studies did not report needle
size, and one study with a 25-gauge needle. Larger
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needle sizes could potentially lead to a greater chance of
missed injection, with reports stating that larger needle
size had a greater chance of causing pain.42 The length
of the needle is also important for reaching inside the
joint capsule. Jackson et al.2, in a Level II fluoroscopy
study, stated that a shorter 1.5 in needle through the
anterolateral portal caused (9/13) injections to end up
in the extra-articular space.2 They went back and
evaluated the size of the fat pad using magnetic reso-
nance imaging scans and determined that an appro-
priate needle size to be 2 inches. The additional 0.5
inches of the needle would help clear the intra-articular
fat pad and reach the intra-articular space. Almost all
the included studies used a needle size shorter than 2
inches when injecting to determine accuracy.14,16

Lastly, many studies did not report the type of syringe
used in either aspiration or injection, adding an addi-
tional point of variability.
This current study did not look at patient-reported

outcomes, but future studies should analyze whether
difference in guided injections or knee portals affect
patient-reported outcomes. In randomized controlled
trials, Kianmehr et al.47 compared the difference in
effect of sonographic-guided and blind injections and
found statistically significant changes in both short-
term and long-term follow-up for Western Ontario
and McMaster Universities Osteoarthritis Index pain
and functional scores for guided injections. This was
also confirmed in other trials that compared patient-
reported outcomes. Sibbitt et al.35 found that sono-
graphic guidance not only led to reduction in injection
pain but also increased responder rate and therapeutic
duration. When comparing only anatomical guided
injections, Dávila-Parrilla et al.48 found that accuracy
rates did not affect patient-reported visual analog scale
and Western Ontario and McMaster Universities Oste-
oarthritis Index scores as much as injecting through the
superolateral portal compared with the anterolateral
portal. In contrast, when Wagner et al.49 compared the
efficacy of anatomical guidance through the supero-
lateral, anteromedial, and anterolateral approach, they
found no significant differences in patient-reported
outcomes.

Limitations
This study has limitations. In 2 of the studies,

randomization methods were not described clearly in
the manuscript, leading to potential bias. In addition, it
is difficult to conclude where and how to inject into the
knee because of the heterogeneity of the included
studies. The materials injected, patient population, and
needle size all varied considerably among the included
studies, which can influence the outcome of the
assessment. The procedural methods used in these knee
injection studies also varied: 5 studies injected hyal-
uronic acid,14,15,20,22 23 3 studies injected corticosteroid
followed by a contrast agent,14,17,21 and 2 studies per-
formed arthrocentesis.18,19 One study injected air and
medical agents,24 and 1 study injected methylene blue
dye directly into the joint.25 The differences in injected
agents could lead to variability in detection, potentially
confounding accuracy. As mentioned before, the eval-
uation of injection accuracy was not consistent. Most of
the studies used a blinded radiologist to judge, which
would be the least biased method. However, several
studies only had a single unblinded investigator that
judged accuracy through ultrasound,23 fluoroscopy,20

mini air arthrography,24 or staining.24 Studies have
shown that having an unblinded outcome assessor can
lead to biased estimates of treatment effect and can
skew results.50,51

Conclusions
This study showed that ultrasound-guided knee in-

jections were more accurate across every anatomical
needle injection site compared with blind injections.
Injections made by a blind/anatomically guided method
had inconsistent accuracy rates that seemed highly
dependent on the portal of entry.
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