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Viewpoint: Genicular Nerve
Hydrodissection for Knee
Osteoarthritis Pain Management

Mary Monica N. Bernardo-Bueno, MD,'
Consuvelo B. Gonzalez-Suarez, MD, PhD,? Steve Milanese, PhD?

ABSTRACT

Knee pain secondary to knee osteoarthritis is one of
the most common reasons for consultation in patients
50 years old and above. Due to limitations of
current management options for knee osteoarthritis,
studies seeking alternative treatment techniques
have emerged, including procedures targeting
knee innervation. The effectiveness of nerve
hydrodissection for managing neuropathies such as
carpal tunnel syndrome has been demonstrated but
has not been applied to nerves that innervate the
knee to manage osteoarthritis. This article discusses
the potential application of ultrasound-guided
nerve hydrodissection to the anterior innervation of
the knee, known as the genicular nerves, for pain
management in patients with osteoarthritis.
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INTRODUCTION

Knee osteoarthritis (OA) is a significant cause of pain
and disability in individuals 50 years old and above.
The World Health Organization (WHQO) predicts
that the aging population will steadily increase in
size and proportion, with a projected one in six
people worldwide being 60 years old and above
by 2030. An estimated 654 million people were
known to be suffering from knee OA in 2020, and
this number is expected to increase exponentially in
the coming years due to a worldwide shift toward
“living longer.” [1]

The currentmanagement options forknee OA include
conservative management in the form of medication,
exercise, physical therapy, activity adjustment, and
lifestyle modification. Surgical options, such as knee
arthroplasty, are contemplated for severe knee OA.
However, due to the dangers of prolonged medication
use, limitations of conservative management, and
reports of persistent pain even after surgery, [2-4]
other treatment options have been sought.
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In 2011, the first randomized controlled trial
that explored the effectiveness of radiofrequency
neurotomy was published. This procedure targeted
the articular branches of various nerves around the
knee joint, known as genicular nerves, based on
the theory that cutting the nerve supply to a painful
structure may alleviate pain and restore function in
patients with knee OA.[5] Since then, there has been
a growing interest in studying sensory innervation
of the knee joint and how to target these nerves
effectively for pain relief.[6-11]

In this article, we discuss the potential of genicular
nerve hydrodissection as an alternative management
option for knee OA pain.

Innervation of the Anterior Knee Joint

The knee joint is innervated by terminal branches
of the femoral and obturator nerves and articular
branches of the sciatic nerve.[9] Most studies on
knee denervation procedures have focused on
anterior knee innervation because of the proximity
of the sciatic nerve, popliteal artery, and vein to the
posterior aspect of the knee. The posterior innervation
is not targeted with ablation techniques due to the
risk of injury to vital neurovascular structures.[?,10]

The knee is generally divided into four quadrants:
the superomedial, superolateral, inferomedial,
and inferolateral quadrants.[6,8,9,12] The nerves
responsible for innervating the superomedial
quadrant are the nerve to vastus medialis (NVM),
the medial branch of the nerve to vastus intermedius
(NVI), and the superior medial genicular nerve
(SMGN). The nerves responsible for the innervation
of the superolateral quadrant are the nerve to
vastus lateralis (NVL), lateral branch of the nerve to
NVI, articular branch of the common fibular nerve
and the superior lateral genicular nerve (SLGN).
The inferomedial quadrant is innervated by the
infrapatellar branch of the saphenous nerve (IPBSN)
(superiorly) and the inferior medial genicular nerve
(IMGN) (inferiorly). Lastly, the inferolateral quadrant
is innervated by the inferior lateral genicular nerve
(ILGN) and recurrent fibular nerve (RFN).

The nerves of significance to radiofrequency
ablation (RFA) and targets for radiofrequency
neurotomy described in Choi and colleagues’
landmark paper are the SMGN, SLGN, and IMGNEs.
[5] The inferolateral quadrant is often not targeted
because of the proximity of the common peroneal

nerve to the sensory articular branches of the knee,

and ablation of this nerve may result in motor deficit.
[5.10]

Current Knee Denervation Techniques

Several procedures targeting the genicular nerves
have emerged in the past years. The most notable
and studied among them is RFA, a process of
thermal nerve degradation that uses a probe to
provide radiofrequency energy.[13] The use of
RFA for intractable pain is based on the premise
that transmitting radiofrequency currents near
nociceptive pathways will interrupt pain impulses.
The thermal energy associated with RFA leads to
tissue destruction, targeted at the nerves responsible
for transmitting and/or modulating pain sensation.
[14] Different types of RFA procedures for genicular
nerves exist today and include conventional, pulsed,
and cooled RFA. These types differ in the parameters
and temperature of the radiofrequency impulses they
apply to the nerves.

Other  denervation techniques have been
explored thereafter and included cryoneurolysis,
which involves the application of cold temperatures
to induce Wallerian degeneration and subsequent
analgesia;[13,15]  alcohol  neurolysis,  which
entails injection of alcohol to cause iatrogenic
neural  degeneration to  produce  sensory
denervation;[16,17] and genicular nerve block
which uses local anesthesia to provide pain relief.
[16] However, the effectiveness of these techniques
has been less extensively studied than that of RFA.

The study of Choi et al. demonstrated the efficacy
of genicular nerve RFA in improving pain and function
in patients with knee OA, and subsequent studies
and reviews have confirmed these findings.[5,18-
20] However, due to the heterogeneity of patient
characteristics, study protocols, and intervention
parameters because of lack of standardization, the
authors of these studies have advised caution when
interpreting their results.[5,18-20] As studies on
RFA have used varied methodologies with varied
levels of quality, it is too early to conclude if RFA of
the genicular nerves is a superior alternative to knee
procedures currently available.[21-25]

Although some studies have shown the relative
safety of RFA,[20] others have highlighted
possible adverse effects such as local hemorrhage,
hematoma formation, vascular  complications,
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injury to surrounding soft tissue structures,
thermal injury, infection, and failure rate of over
25%[17,18,21,22,26,27] that may outweigh the
benefit of its use. Aside from these potential side
effects, application to local clinical practice is
limited by the high procedure and equipment cost
and longer procedural time posed by RFA.

The search for a safe, effective, and practical
management  option that provides consistent
results and long-term pain relief is still underway.
Considering that targeting the genicular nerves is a
worthwhile strategy, nerve hydrodissection may be
an alternative worth investigating.

Nerve Hydrodissection

Nerve hydrodissection is a technique used to manage
peripheral nerve entrapments. It is an ultrasound-
guided technique that involves the injection of fluid
to relieve pressure around the entrapped nerve.
[28] The fluid separates the nerve from surrounding
tissues to relieve neuropathic pain symptoms. This
technique has been reported to be effective in several
types of focal neuropathies and is most known for its
use in carpal tunnel syndrome[29-35] and has been
included in the 20th edition of Harrison’s Principles
of Internal Medicine as a treatment option for carpal
tunnel syndrome.[29]

The detailed mechanism of action of this technique
is still poorly understood, but several theories have
been suggested to explain its effect. The first theory
is the improvement of mobility of the entrapped
nerve. Peripheral nerves are said to be susceptible
to compression during injury, mechanical stretching
or movement against prominences, and morphologic
derangement. When a nerve is impinged, free nerve
endings supplying the main nerves and small blood
vessels around the nerves may also be compressed.
Nerve hydrodissection releases the pressure around
these structures, thereby preventing further nerve
damage and relieving nerve impingement symptoms
such as pain.

Aside from mechanical dissection of the area
around the nerve, it is believed that the injectate
is also crucial to the mechanism of action of nerve
hydrodissection, which leads to the second theory,
which is the correction of perineural/intraneural
glycopenia. Peripheral nerves, like the brain, are
known to have a high requirement for glucose.
Neuropathic pain, especially when prolonged, may

signify perineural or intraneural glycopenia. The
commonly used injectates for nerve hydrodissection
are 5% dextrose water (D5W), saline, anesthetic,
steroid, and combinations of these fluids.[36] The
injection of D5W around the entrapped nerve
corrects this low glucose state, decreasing or
relieving pain.[37]

The third theory involves the transient receptor
potential vanilloid receptor-1 (TRPV1). The precise
regulation of TRPV1 is still poorly understood, but
studies have shown that chronic neuropathic pain
is strongly associated with persistent opening of
the TRPV1 ion channel.[38] This ion channel is
known as the capsaicin receptor and is said to
be responsible for the “burning sensation” that
patients with neuropathic pain report. Glucose
indirectly inhibits the capsaicin-sensitive receptor,
TRPV-1, and blocks the secretion of substance P and
calcitonin gene-related peptide (CGRP), which are
pro-nociceptive substances involved in neurogenic
inflammation.[39] Interestingly, mannitol, which
has the same structure as glucose, has been shown
to decrease burning sensation when applied as a
cream in patients with capsaicin-induced lip pain,
implying indirect inhibition of the TRPV-1 receptor.
[37,39] A direct effect has not been postulated since
no glucose or mannitol binding points to the TRPV-1
receptor have been found.[39,40]

Further indirect evidence to support nerve
hydrodissection is what is known as perineural
injection therapy (PIT). This injection technique
refined by Llyftogt is used for the management of
persistent and recurrent pain. In this treatment, 5%
buffered dextrose is injected subcutaneously near
peripheral nerve tracts to restore nerve function. Like
nerve hydrodissection, PIT targets peptidergic small
fibers with TRPV1 expression in the skin and fascial
tissues.[4 1] This procedure, however, is done blindly
and is only guided by theoretical surface anatomy
maps of nerves. This technique is being used for
trigger point injection, radial nerve palsy, carpal
tunnel syndrome, chronic low back pain and chronic
postsurgical pain after total knee arthroplasty. To
our knowledge, PIT has not been used for knee OA
either. Still, compared to nerve hydrodissection,
the latter may be a better technique to translate to
knee OA management, as nerve localization will be
guided by ultrasound and not done blindly.

There is currently a lack of knowledge on the
mechanisms underlying nerve hydrodissection, but
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its effectiveness in neuropathic pain validates further
investigation into its possible application to other
pain syndromes.

Nerve hydrodissection is a relatively simple
and costeffective procedure that only requires a
diagnostic ultrasound machine for guidance and
simple, readily available materials to be performed.
lts accessibility and decreased procedural cost
would make this easily adaptable to local clinical
practice. Since heat, cryotherapy, or chemicals such
as alcohol are not involved, it is predicted that nerve
hydrodissection would have fewer adverse events
than those found in denervation procedures. As it
has been proven effective for neuropathic pain, it is
a promising technique to be explored for managing
knee OA pain.

CONCLUSION

Knee OA is a complex disease that causes significant
pain and disability worldwide. The limitations of
currently available management options in patients
with knee OA underscore the need to investigate
alternatives that may provide better symptom control.
Nerve hydrodissection targeting the genicular

nerves, a potentially cheaper and safer alternative
fo current techniques, is a promising option that
warrants further research and exploration.
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