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MSK Embolization:
From the Established
to the Emerging

Emerging evidence supporting integration of embolization into contemporary care for

musculoskeletal conditions.

By Yuji Okuno, MD, PhD

mbolization therapy has recently been adapted
for nonmalignant, pain-related disorders, reflect-
ing advancements in interventional radiology
and an increasing emphasis on nonsurgical treat-
ment strategies. In particular, embolization has emerged
as a novel treatment option for various musculoskeletal
(MSK) conditions, including adhesive capsulitis (AC),
overuse sports injuries, and knee osteoarthritis (OA).
This article explores the emerging evidence support-
ing its integration into contemporary MSK care. As a
rapidly evolving field, embolization therapy represents
a paradigm shift in managing refractory joint pain
and dysfunction, warranting further investigation and
broader clinical application.

KNEE OA

Knee OA is a leading cause of disability worldwide,
affecting > 250 million people and imposing a significant
economic burden.! With aging populations and increasing
obesity rates, its impact is expected to grow, highlighting
the need for effective interventions.

Over the past 2 decades, pharmaceutical companies
have made significant investments in developing novel
drugs for knee OA, underscoring the vast market poten-
tial of this condition. Among these efforts, nerve growth
factor inhibitors emerged as a promising avenue in 2010.2
However, despite substantial financial backing and exten-
sive research over a decade, the development of nerve
growth factor inhibitors was ultimately halted due to sig-
nificant safety concerns.® This reflects the high stakes and
challenges associated with advancing the treatment land-
scape for knee OA. As a result, the field has seen limited
breakthroughs beyond well-known interventions, such as
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physical therapy and corticosteroid injections, the latter
of which has been in clinical use for > 40 years.

Recently, a novel, minimally invasive procedure—genic-
ular artery embolization (GAE)—has gained traction as
a promising treatment for knee OA. GAE, which targets
and embolizes inflammatory blood vessels in the knee,
received FDA approval in 2022 and is becoming increas-
ingly popular.

Reported Outcomes

The technical success rate of GAE for knee OA is
reported to be high—99.7%.% Clinical success, which var-
ies depending on its definition, has been summarized in
recent meta-analyses as reaching up to 78%. The pooled
mean reduction in visual analog scale (VAS) scores has
been reported as -39 mm at 6 months. For patients with
mild to moderate degenerative changes (Kellgren-Lawrence
grade 1-3), these therapeutic effects are maintained in
many cases over a 2-year follow-up period.® This informa-
tion is particularly valuable for younger patients seeking to
delay the timing of total knee arthroplasty.

Regarding safety, common complications include subcu-
taneous hematomas at the puncture site and allergic reac-
tions. Specific adverse effects of GAE have also been report-
ed, such as mild skin ulcers and transient nerve injuries,
including numbness and foot drop. These complications
have been associated with the use of permanent spherical
embolic agents. Notably, nerve injuries are more likely to
occur when embolic agents smaller than 100 um are used.®’

ADHESIVE CAPSULITIS
AC of the shoulder is a common condition marked
by pain and restricted glenohumeral motion, affecting



2% to 5% of the general population.? Previously regarded
as a self-limiting disease resolving within 18 to 24 months,’
recent studies indicate a less optimistic outlook. Long-term
follow-up reveals that 30% to 40% of patients experience
persistent pain after 3 years, and 30% report residual pain
even after 7 years."” These findings underscore the need for
effective minimally invasive treatments for patients unre-
sponsive to standard therapies.

Abnormal hypervascularity in AC has been well-
documented through contrast-enhanced MRI,"""?
surgical observation,'>'* and histologic studies.’
Sasanuma et al found dynamic contrast-enhanced
MRI enhancement in 100% of AC patients com-
pared to 53% with symptomatic rotator cuff tears."
Histopathologic analyses further revealed increased
abnormal vascularization and associated nerve growth
within capsular tissues in AC,' highlighting its role in
the disease’s pathophysiology.

Reported Outcomes of Transarterial Embolization

In a multicenter, prospective study of 100 cases, 80% of
patients reported significant nocturnal pain relief within
1 month post—transarterial embolization (TAE).® Another
study reported that significant improvement in night pain
was observed in 67% of patients within 1 week and in 87%
within 1 month. Additionally, range of motion markedly
improved at 1 year, with forward elevation increasing from
77° to 165° and external rotation from 8° to 58°, with most
patients achieving near-normal mobility.””

Similar outcomes were reported in three Spanish
studies. A study of 20 patients found significant pain
reduction and functional improvement, with only one
case of transient wrist/forearm edema.’® Another study
of secondary stiff shoulders reported a median VAS pain
reduction from 8 to 2 and increased range of motion
(flexion/abduction from 70° to 150°), with transient
erythema in four cases.” A larger study of 40 patients
showed that median VAS scores decreased from 8 to 0.5,
with significant gains in flexion (79.5° to 133°) and abduc-
tion (72.4° to 129.7°) and without major complications.?’

These findings confirm that TAE is an effective and
safe treatment for AC, offering substantial pain relief
and improved mobility.

OVERUSE SPORTS INJURIES

Overuse injuries, defined as MSK chronic conditions
without a single traumatic event,2' are common among
professional athletes, often causing missed playtime and
career setbacks.?? Tendinopathy, a frequent overuse
injury, results from excessive tendon loading, leading to
structural degeneration.?® These injuries rarely resolve
with rest or physical therapy,”** highlighting the need
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for effective treatments to ensure rapid recovery and
return to peak performance. Therapeutic interventions,
including nonsteroidal anti-inflammatory drugs, taping,
cryotherapy, shockwave therapy, platelet-rich plasma
injections, and surgery, offer varying success.?* However,
challenges like limited effectiveness, tissue damage risks,
and extended recovery times remain.??

Patient Selection and Informed Consent

Imaging plays a crucial role in selecting patients for
TAE in overuse sports injuries by identifying hypervas-
cular regions through ultrasound or MRI. Key findings
include edema, swelling, thickening, increased Doppler
signals on ultrasound, and contrast enhancement on
MRI. In patellar tendinitis, a tendon thickness > 7 mm on
ultrasound is considered an indication for TAE, while in
plantar fasciitis, a fascia thickness > 4 mm at its attach-
ment site is used as a criterion.” For proximal hamstring
tendinopathy, MRl is preferred, with findings such as
peritendinous edema, tendon thickening, or high signal
intensity within the bone marrow of the ischial tuberos-
ity indicating eligibility. Severe cases, as characterized
by significant thickening or increased Doppler signals
throughout the tendon, may require informing patients
about the possibility of two treatment sessions, as report-
ed in some cases of tennis elbow and plantar fasciitis.?>?

Reported Outcomes

A systematic review and meta-analysis on TAE for
painful and refractory tendinopathy of the rotator cuff,
elbow extensor and flexor, Achilles, and patellar tendons
reported a decline in the VAS ratio of means at vari-
ous time points: 0.53 (95% Cl, 0.31-0.88) at 1 day, 0.51
(95% Cl, 0.32-0.79) at 1 week, 0.45 (95% Cl, 0.29-0.71) at
1 month, 0.33 (95% Cl, 0.22-0.48) at 3 to 4 months, and
0.18 (95% Cl, 0.13-0.26) at 6 months following emboliza-
tion.?’ In our recent data, the majority of patients with
refractory patellar tendinopathy resistant to conservative
treatments returned to full training after TAE (unpub-
lished data, 2025; submitted for publication).

HAND OA

Hand OA commonly affects the distal and proximal
interphalangeal (DIP/PIP) joints, with a 40% lifetime risk
for symptomatic OA in at least one hand.”® Symptoms
such as pain, stiffness, and limited movement signifi-
cantly impair daily activities and quality of life.?’ The
trapeziometacarpal (TM) joint is another frequently
affected site in the hand, with radiographic OA pres-
ent in 15% of adults aged > 30 years and one-third of
postmenopausal women, often causing debilitating func-
tional limitations.® Conservative treatments, including
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education, exercise, orthotics, and analgesics, are first-line
approaches for hand OA, with surgery reserved for severe
cases unresponsive to these methods.?'

Reported Outcomes

Recent studies highlight the potential of minimally
invasive intra-arterial treatments for refractory hand
OA. A TM OA study reported significant improve-
ments in QuickDASH (49.2 to 19.5) and numeric rating
scale (NRS) scores (7.2 to 2.5) over 24 months, with
77% of patients reporting improvement.3? In DIP/PIP
joint OA, intra-arterial injections reduced NRS scores
(7.8 to 4.0) and improved QuickDASH scores (27 to
19) at 12 months, with a 77% clinical success rate.>
A TAE study for hand OA demonstrated significant pain
relief (VAS, 76 to 18 mm) and functional improvement
(AUSCAN [Australian Canadian Osteoarthritis Hand
Index], 22.0 to 9.3) at 6 months.34 These studies reported
no major adverse events, suggesting that minimally inva-
sive treatments can effectively relieve pain and restore
function in refractory hand OA.

CONCLUSION

Although current evidence supports the efficacy and
safety of embolization therapy for symptom manage-
ment in various MSK conditions, further research is nec-
essary to define optimal patient selection criteria, pro-
cedural protocols, and long-term outcomes. Large-scale,
randomized controlled trials will be critical for validating
its role within clinical practice and establishing standard-
ized guidelines for its application.

As interventional radiology continues to evolve,
embolization therapy can potentially transform the
management of MSK disorders. It could offer patients a
less invasive and highly effective treatment alternative.
Ongoing collaboration between clinicians, researchers,
and industry stakeholders will be essential to fully har-
ness its potential and integrate it seamlessly into multi-
disciplinary care models. m
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