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Accuracy and Efficacy of Intra-articular Knee Injections/
Aspirations Under Ultrasound Versus Landmark Guidance

A Systematic Review

Donald Kasitinon, MD, R.MSK,Z Reed Williams, MD, MBS, RMSK,> Veena Peraka, BS,”
Levent Ozgakar, MD,? and Nitin B. Jain, MD, MSPH’

Purpose: The aim of the study was to review the current literature on
the accuracy and efficacy of ultrasound- and landmark-guided intra-
articular knee injections.

Methods: A systematic review was performed following the Cochrane
process from April 2023 to August 2023 utilizing PubMed, Embase,
Web of Science, and Scopus. Branched logic was used to include arti-
cles containing terms regarding the knee AND ultrasound AND injec-
tions. Two authors screened studies for eligibility, and any disagreement
was resolved through discussion with a third reviewer. Risk-of-bias as-
sessments were performed.

Results: A total of 13 studies were included in the review. Cumulative
accuracies amounted to 95.4% (356/373) versus 82.0% (268/327) for
ultrasound-guided and landmark-guided intra-articular knee injections/
aspirations, respectively. All but one study looking at efficacy showed
significantly improved outcomes in the ultrasound-guided injection/
aspiration groups.

Conclusions: This systematic review provides data to support that
ultrasound-guided intra-articular knee injections/aspirations are more
accurate and efficacious than landmark-guided intra-articular knee
injections/aspirations.

Level of Evidence: Level I - systematic review.
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nee pain is extremely frequent in the general population
K and accounts for one third of musculoskeletal complaints
in the primary care setting.' Commonly seen intra-articular
knee pathologies include osteoarthritis, chondral defects, and
meniscal pathology. Conservative treatment includes lifestyle
modification, physical therapy, oral medications, and injections.
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Intra-articular injections can be both diagnostic and therapeu-
tic, and common injectates for the knee include corticosteroids,
hyaluronic acid, blood-derived products such as platelet-rich
plasma, and biologic cellular products from bone marrow, pla-
centa, and/or adipose tissue.” Accurately injecting into the
intra-articular space helps guarantee diagnostic value and max-
imal efficacy,® and given the costs of some of the latter prod-
ucts, this can also have financial implications if not accurately
delivered. Additionally, complications from inaccurate injec-
tions can also include pain or swelling at the injection site, in-
flammation of the synovium, damage to patellar cartilage,* and
septic arthritis.”

There are many different approaches to intra-articular knee
injections: superior lateral, inferior lateral, superior medial, and
inferior medial. There are also many different approaches used
to perform them, that is, landmark (LM)-guided which is the
most common, ultrasound (US)-guided, and fluoroscopy (FL)-
guided. There are studies evaluating the accuracy and efficacy
of each of these injection methods individually or in two arm
studies, but they are limited in sample size to generalize the re-
sults. The objective of this study was to perform a systematic
review of the literature regarding the accuracy and efficacy of
US- and LM-guided intra-articular knee injections. Fl-guided
injections were not included because there were not any studies
that met our search criteria comparing the Fl-guided knee injec-
tions’ accuracy and efficacy compared with the other two mo-
dalities. An understanding of the existing literature is required
before a determination can be made on the necessity of image
guidance for knee injection/aspirations in clinical use.

METHODS

Search Strategy

A systematic review was performed following the Cochrane
process from April 2023 to August 2023. Review guidelines
were established before performing the search. A multisystem
search was performed (PubMed, Embase, Web of Science, and
Scopus) for English published articles. We utilized branched
logic to include articles containing terms regarding the knee
(knee OR knee injuries OR knee osteoarthritis OR tibial me-
niscus injuries OR knee joint OR meniscus) AND ultrasound
(ultrasonography OR interventional ultrasonography OR ultra-
sound OR ultrasound-guided) AND injections (injections OR
steroids OR steroid injection OR saline solution OR placebo
OR local anesthetics OR hyaluronic acid OR orthobiologics
OR platelet-rich plasma OR mesenchymal stem cells OR adi-
pose tissue OR MFAT OR botulinum toxins OR palpation
OR anatomic landmarks OR physical therapy modalities).
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Two authors (DK and RW) screened the studies for eligibility,
and any disagreement was resolved through discussion with a
third reviewer (NBJ).

Outcome Measures

The main outcome measure for this systematic review was
to evaluate the accuracy of each intervention arm. Secondary
outcomes were to evaluate efficacy of each treatment arm
based on the outcome measures used by existing studies. Be-
cause of the limited number of studies that evaluated two dif-
ferent injection techniques and the heterogeneous nature of
efficacy measures, a decision was made to prioritize the evalu-
ation of injection accuracy.

Data Abstraction

Data abstraction was completed by a standardized ap-
proach for each study. We included the following fields when
appropriate: first author, study objective, study design, country
location of the study, age in terms of years of the participants,
eligibility criteria outlined by the study, number of cases and
controls, and results of the study. Results of the studies could
include accuracy of the injection, clinician perception on ease
of performing the procedure, and patient reported outcomes.
See Table 1 for a summary of the included studies.

Assessment of Study Quality

The Newcastle-Ottawa Quality Assessment Scale (NOS)
and the Revised Cochrane Risk-of-bias Tool for Randomized
Trials (RoB 2) were utilized to assess the studies included in
our systematic review. The NOS evaluated the quality of obser-
vational studies. It provides a numerical score evaluating a
study based on three domains: selection bias, comparability
for assessment of confounding, and outcome/exposure. The
RoB 2 evaluated the quality of randomized trials. It evaluates
the given exposure risk and determines whether a study is at
risk of “low,” “some concerns,” or “high risk.”

A Preferred Reporting Items for Systematic Reviews and
Meta-analyses checklist is included as supplemental material, http://
links.lww.com/PHM/C786.

RESULTS

Overview

Initially a total of 9350 articles were identified to include
our search terms; 3812 articles from PubMed, 2078 articles
form Embase, 2052 articles from Web of Science, and 1408 ar-
ticles from Scopus. There were 2503 duplicate records that
were removed before screening. We screened 6847 articles
across all databases. We excluded 6802 articles based on their
title and abstract. A total of 45 articles underwent a full-text re-
view for eligibility. Out of these articles that had a full-text re-
view, 32 articles were excluded because of wrong study design
(systematic review, abstract only, or letter to the editor), wrong
outcomes (not looking at measures of accuracy), or did not in-
clude a comparison group. Thirteen studies were included for
final review after meeting our established criteria (Fig. 1).

Most of the studies (8/13) compared the accuracy of US-
guided versus LM-guided injection/aspirations.®'*> This was
done utilizing postinjection radiographs (contrast was in the
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injectate) in the majority of the studies (5/8).”*'%"'? However,
two of the studies measured accuracy based on successful
aspiration of fluid,®'® while the last study looked at the
amount of colored latex solution in a postinjection dissection
(cadaveric study).”

A total of seven out of the 13 included studies evaluated
efficacy between the two groups,®'>™'® two of which had also
looked at accuracy.®'® The remaining five studies compared
efficacy but did not look specifically at accuracy.'*'® Methods
to measure efficacy were variable, ranging from visual analog
scale (VAS) scores to postinjection arthroplasty rates. See
Table 1 for details.

Risk of Bias Assessment

Out of the 13 studies, three were observational studies and
were therefore assessed using the NOS.*%'> All studies scored
8 out of 9 points, each losing 1 point in comparability as they
did not provide study controls for “additional factors.” The
other 10 studies were assessed using the RoB 2 and all found
to have “low risk of bias.” The summary of those evaluations
can be found in Tables 2 and 3.

Intra-articular Knee Injection Accuracy

Eight of the 13 studies had performed direct comparison
of US-guided versus LM-guided injection/aspirations. In all
of them but one,'® US-guidance led to significantly greater ac-
curacy when compared to LM-guidance. Reported accuracy
for US-guided intra-articular knee injections/aspirations in
these studies ranged from 91.4% to 96.5%, while those for
LM-guided injections/aspiration ranged from 40% to 92.6%.
Curtiss et al.” and Hashemi et al.'® showed that the differences
in accuracy rates were even more exaggerated in providers who
were less experienced. Cumulative accuracies amounted to
95.4% (356/373) versus 82.0% (268/327) for US- and LM-
guided injections/aspirations, respectively. The cadaveric study
conducted by Curtiss et al.” was excluded as absolute numbers
were not provided (with only final percentages).

Intra-articular Knee Injection Efficacy

Seven of the 13 studies included in this systematic review
looked at efficacy between US- and LM-guided intra-articular
knee injections/aspirations. Cunnington et al.* looked at a 100-
mm VAS, modified Health Assessment Questionnaire, EuroQol
5-domain questionnaire, and range of motion using a standard
goniometer and were the only ones to not find a significant dif-
ference in efficacy measures between their US- versus LM-
guided groups.

The other studies measured efficacy with some similar
and some different methods, but all found significant differ-
ences in favor of their US-guided injection/aspiration groups.
Kianmehr et al.'* found significant differences in the Western
Ontario and McMaster Universities Arthritis Index (WOMAC)
scale for pain and function as well as 10-cm VAS scores at 6
and 12 wks between those who underwent US- versus LM-
guided intra-articular knee injections with hyaluronic acid.
Four of the other studies'>'®'® also showed improved
postprocedural pain scores after 2- to 6-wk follow-up in the
US-guided group when compared to the LM-guided group.
They all showed less procedural pain in the US-guided groups
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increased detection of effusion

by 200% and volume of

(4) confounding neuropathy; (5) hemorrhagic
diathesis; (6) use of warfarin or antiplatelet
drugs; or (7) the presence of infection.

aspirated fluid by 337%.

as well. Lundtrom et al.'> looked at patients with knee osteoarthri-
tis undergoing US- versus LM-guided hyaluronic acid injections
and found that those in the US-guided cohort had reduced rates of
knee arthroplasty and subsequent corticosteroid injections.

DISCUSSION

The results showed that US-guided intra-articular knee
injections/aspirations were more accurate than LM-guided
intra-articular knee injections/aspirations. In our Level I analy-
sis, we found cumulative accuracies 0f 95.4% (356/373) versus
82.0% (268/327) for US- and LM-guided injections/aspirations,
respectively. The need for using US guidance can be even more
important in less experienced proceduralists.”'”

Given the growing popularity of orthobiologics that are
expensive, guaranteeing accurate placement into the knee joint
capsule is essential. Additionally, extra-articular injections
with such products can increase the risk of potential adverse ef-
fects, including increased pain, skin rash, flushing, difficulty
moving the knee, and infections.'*° There are multiple imag-
ing modalities available for providers to use for guidance
including fluoroscopy, computed tomography, and magnetic
resonance imaging; but there is little to no existing level I evi-
dence looking at the accuracy with these modalities. US is an
easily accessible option as it can be available in the clinic, does
not give radiation, and allows real-time visualization of the
needle.?! US machines are also relatively inexpensive and
highly accurate in experienced hands. Some potential barriers
include the additional training required to perform these proce-
dures and a steep learning curve. However, studies have found
that US guidance was more cost-effective for patients, with a
58% ($224) reduction in cost per responder per year when
compared to LM guidance.*

In 2015, Finoff et al.>> published an American Medical
Society for Sports Medicine Position Statement, which pro-
vided a strong review of the existing literature evaluating the
accuracy, efficacy, and cost-effectiveness of US-guided injection
in major, intermediate, and small joints, and soft tissues. Wu
etal.** in 2016 and more recently Fang et al.> in 2021 published
systematic reviews looking more specifically at accuracy of
US- versus LM-guided knee injections. Our systematic review
adds to this existing evidence by reporting on comparative-
effectiveness between the two groups and found that knee
injections/aspirations under US guidance had better patient re-
ported outcomes (e.g., WOMAC and VAS scores) or need for
a subsequent corticosteroid injection as compared with
LM guidance.

Limitations

The primary limitation of our systematic review is the het-
erogeneity in the original literature. Some studies also had
smaller sample sizes making it difficult to reach conclusions.
There is also lack of studies reporting on long-term outcomes.

CONCLUSIONS
This systematic review provides data that US-guided
intra-articular knee injections/aspirations are more accurate
than LM-guided intra-articular knee injections/aspirations.
These differences are more pronounced in injectors with less
experience. Additionally, outcomes including VAS scores are
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and registries ]

Records removed before screening:

Duplicate records removed
(n=2503)

Records excluded

(n=6802)

Reports excluded (n=32)
Wrong study design (n=27)

Wrong outcomes (n=2)
Wrong comparator (n=3)

[ ification of studies via
—
Records identified from:
_5 Web of Science (n=2052)
8 Ovid Embase (n=2078)
= SCOPUS (n=1408)
g PubMed (n=3812)
=
—
—
Records screened
(n=6847)
3
c
= l
o
e
&
Reports assessed for eligibility
(n=45)
—
o
2 Studies included in review
= (n=13)
S
=
—

FIGURE 1. Inclusion/exclusion of studies for systematic review.

TABLE 2. Quality assessment using the Newcastle-Ottawa Quality Assessment Scale of the included studies

Selection Comparability Outcome/Exposure
Articles 1 1 1 1 2 1 1 1 Total Score
Balint et al., 2002 1 1 1 1 1 1 1 8
Curtiss et al., 2011 1 1 1 1 1 1 1 8
Lundstrom et al., 2019 1 1 1 1 1 1 1 8

TABLE 3. Quality assessment using the revised Cochrane risk-of-bias tool for randomized trials

Articles Domain 1 Domain 24 Domain 25 Domain 3 Domain 4 Domain 5 Assessment

Bum Park et al., 2011 Low risk Low risk Low risk Low risk Low risk Low risk Low risk of bias
Cunnington et al., 2010 Low risk Low risk Low risk Low risk Low risk Low risk Low risk of bias
Guermazi et al., 2022 Low risk Low risk Low risk Low risk Low risk Low risk Low risk of bias
Hashemi et al., 2016 Low risk Low risk Low risk Low risk Low risk Low risk Low risk of bias
Im et al., 2009 Low risk Low risk Low risk Low risk Low risk Low risk Low risk of bias
Jang et al., 2013 Low risk Low risk Low risk Low risk Low risk Low risk Low risk of bias
Kianmehr et al., 2018 Low risk Low risk Low risk Low risk Low risk Low risk Low risk of bias
Sheth et al., 2020 Low risk Low risk Low risk Low risk Low risk Low risk Low risk of bias
Sibbitt et al., 2012 Low risk Low risk Low risk Low risk Low risk Low risk Low risk of bias
Wiler et al., 2008 Low risk Low risk Low risk Low risk Low risk Low risk Low risk of bias
Wilmer et al., 2009 Low risk Low risk Low risk Low risk Low risk Low risk Low risk of bias

“Effect of assignment to intervention.
®Effect of adhering to intervention.

better in those that undergo injections/aspirations under US

guidance versus LM guidance.
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