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Objectives

• Elucidate scientific principles governing Radiofrequency Ablation (RFA) 
and Cooled RFA.

• Understand ablation targets for innervation of major joints.

• Apply current technological concepts to understand relevant advantages, 
limitations, and complications.



Radiofrequency: What is it?

• Electromagnetic Energy Spectrum

• Typically: 400-500 kHz

• Low inferference with human 
electrical conduction systems (e.g. 
cardiac).

• Able to produce ionic frictional 
heating

http://en.wikipedia.org/wiki/Image:EM_Spectrum_Properties_edit.svg


Conventional Radiofrequency Ablation (RFA)

Ahadian FM. Current Pain and Headache Reports 2004;8:34-40

Cosman ER. Neurosurgery 1984;15(6): 945-950



Creating Lesions in Tissue
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Organ LW. Applied Neurophysiology 1976/77;39:69-76 

Cosman ER. Neurosurgery 1984;15(6): 945-950
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More is Better? Quest for Larger Lesions

• Larger Gauge, Longer Active Tip

• Ionic Fluid Pre-Injection

• Palisading Monopolar Lesions

• Bipolar Lesions, Palisading Bipolar

• Cooled RFA

• Multi-tined RFA

• Multipolar RFA
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Livraghi T, et al. Radiology. 1997 Jan;202(1):205-10.
Provenzano DA, et. al. Reg Anesth Pain Med. 2015 Mar-Apr;40(2):112-24.



Example: Multi-tined Probes
• Monopolar Conventional RFA

• Functionally Larger Active Tip

9Finlayson RJ, et. al. Reg Anesth Pain Med. 2017 Jan/Feb;42(1):45-51.



Cooled (not COLD!) 
Radiofrequency
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Cooled RF

Cooled 
RF

RF

• Cooled RF now applied to spine ablation
• Has been used elsewhere for increasing size of solid organ lesions to 30-50mm.

• Applied to joint denervation for pain management.

• Fluid Pre-injection may not affect lesion size1

1. Wang H, et. al. Spine (Phila Pa 1976). 2016 Jun 15.



Bipolar Cooled RFA

• Large Strip Lesions

• Diminishing returns             
>24 mm

Kang SS, et. al. Korean J Pain. 2012 Jul;25(3):151-4.



Clinical Applications of Cooled RFA

• Disc Biacuplasty
• Best quality evidence among Thermal/RF disc ablation

• Lateral Branch Ablation (SI joint)
• Superior results to conventional

• Spine and Major Joints
• Potentially better efficacy, more data emerging

• Spine Tumors
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Pauza K. Pain Physician 2008 Nov-Dec;11(5):669-76.  Patel N. Pain Med. 2012 Mar;13(3):383-98.
Kapural L, et. al. Pain Med. 2015 Mar;16(3):425-31.  McCormick ZL, et. al. Pain Med. 2017 Apr 19.
Stelzer W, et al. J Pain Res. 2017 Jan 13;10:183-190.
McCormick ZL, et al. Pain Med. 2017 Apr 19.



Examples: Spine Cooled RFA
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Lumbar Medial Branch Thoracic Medial Branch Cervical Medial Branch



Genicular Nerve Ablation



Genicular Nerves

• Choi 2009 (RFA)

• Ikeuchi 2009 (RFA)

• Protzman 2013 (RFA post TKA)

• Menzies 2015 (CRFA post TKA) 

• Franco 2015

• Bellini 2015 (CRFA) 

• Shen 2016 (RFA) 

Sensory branches that provide innervation of 
knee joint and ligaments.

Many are of sciatic origin

Saphenous, and Nerve to Vastus Medialis
probably contribute to a genicular nerve 
network, with a small amount from Obturator N.

Tibial Nerve Origin Common Peroneal Nerve 
Origin

-Superior medial genicular n

-Inferomedial genicular n

-Superolateral genicular n

-Inferolateral genicular n

Burckett-St Laurant D, Peng P, Girón Arango L, Niazi AU, Chan VW, Agur A, Perlas A. The Nerves of the 
Adductor Canal and the Innervation of the Knee: An Anatomic Study. Reg Anesth Pain Med. 2016 May-
Jun;41(3):321-7.





Genicular nerves of the Knee

Franco CD, et. al. Reg Anesth Pain Med. 2015 Jul-Aug;40(4):363-8.



Genicular Nerves and Arteries



Genicular Conventional RFA

Choi WJ, et. al. Pain. 2011 Mar;152(3):481-7.



Genicular Conventional RFA



Genicular Radiofrequency Targets



Genicular Cooled RFA Case Series (n=9)

Anaesthesiology Intensive Therapy 
2015, vol. 47, no 1, 30–333 patients underwent TKA during this period



Emerging Data for Genicular Cooled RFA



Importance of Prognostic Blocks



Complications

Pain Physician. 2016 Jul;19(5):E697-705

(Analysis of Reported Complications from Knee Surgery)



Genicular Branch (and Artery) Ultrasonography

Yasar E, et. al. Pain Physician. 2015 Sep-Oct;18(5):E899-904. Kesikburun S, et. al. Pain Physician. 2016 Jul;19(5):E751-9.

Kim SY, et. al. Pain 
Physician. 2016 
Jul;19(5):E697-705.



Genicular Block/RFA Ultrasound
Source:Dr.Vincente Roques
H.Universitario Virgen de la Arrixaca.Unidad de Dolor Quiron Murcia



Genicular Block/RFA Ultrasound
Source:Dr.Vincente Roques
H.Universitario Virgen de la Arrixaca.Unidad de Dolor Quiron Murcia



Genicular Block/RFA Ultrasound
Source:Dr.Vincente Roques
H.Universitario Virgen de la Arrixaca.Unidad de Dolor Quiron Murcia



Ultrasound Views for Genicular Block
Superomedial
(Coronal/Longitudinal)                     (Transverse View)

Inferomedial
(Coronal/Longitudinal)                     (Transverse View)

Superolateral
(Coronal/Longitudinal)                     (Transverse View)

Superior Mid-Femoral                          Inferolateral* (Caution) 



Obturator and Femoral 
Articular Nerve Ablation



• Anteromedial joint: obturator nerve

• Anterolateral joint: femoral nerve

• Posterosuperior joint: sciatic nerve

• Posteroinferior joint: nerves to quadratus 

femoris muscle

• Posterolateral joint: superior gluteal nerve



Percutaneous Radiofrequency Lesioning of Sensory Branches of the Obturator 
and Femoral Nerves for the Treatment of Non-Operable Hip Pain 

Atif Malik, MD, Thomas Simopolous, MD, Mohamed Elkersh, MD, Musa Aner, MD, and Zahid H. Bajwa, MD 

• Case series: 4 patients

• Single diagnostic nerve block: 1ml Marcaine 
0.25%

• SRFA treatment 

• All 4 had reduction in VAS

• 3 had improved function

• 2 had reduction in pain meds

• One patient reported numbness at the hip



Anterior Hip Articular Branches

Kawaguchi M, et. al. Reg Anesth Pain Med. 2001 Nov-Dec;26(6):576-81.

Malik A, et. al. Pain Physician. 2003 Oct;6(4):499-502.

Chye CL, et. al. Clin Interv Aging. 2015 Mar 16;10:569-74.
Wu H, Groner J. Pain Pract. 2007 Dec;7(4):341-4.



Percutaneous Radiofrequency Lesioning of Sensory Branches of the 
Obturator and Femoral Nerves for the Treatment of Hip Joint Pain 

Masahiko Kawaguchi, M.D., Keiji Hashizume, M.D., Toshio Iwata, M.D., and Hitoshi Furuya, M.D. 
Regional Anesthesia and Pain      2 Medicine, 2001

• N: 14 patients

• Single diagnostic block: nerve/joint

• RF: obturator in 9, obturator and femoral 
in 5

• VAS: 6.8 to 2.7

• 86% had 50% relief for 1-11 months



Outcomes Continued

• 16 pts

• 8 pts ≥ 50% pain relief at 6 months.

• Statistically improvement in WOMAC scores.

Orthopedics. 2012 Mar 7;35(3):e302-5. 

Percutaneous radiofrequency denervation in patients with 
contraindications for total hip arthroplasty.
Rivera F1, et al.



Results

• The articular branches of the obturator nerve vary in location 
over a wide area. 

• Because optimal coagulation requires parallel placement, a 
perpendicular approach probably produced only a minimal 
lesion. 

• In addition, MRI demonstrated that a perpendicular approach 
is likely to puncture femoral vessels. 

• Suggests oblique pass to prevent puncture of vessels, minimize 
the angle between the target nerves and the electrode and 
increase the likelihood of the nerve being captured by the 
lesion. 

• Multiple lesions need to be made in order to accommodate the 
variability in location of the articular nerves.

• 10 cadavers, 4 bilateral 
• The obturator nerve and its articular branches were 

marked by wires. 
• Their radiological relationship to the bone structures 

on fluoroscopy was imaged and analyzed. 
• A MRI on 20 patients to confirm soft tissue in 

pathway.



RFA Approach, Femoral and Obturator Branches



• Anatomic study (n = 6)

• Purpose: Describe a novel approach to the obturator articular branch to reduce 
risk for neurovascular injury

• Method: Nerve branches identified, overlaid with steel wire, and correlated 
with radiographic landmarks 

• Anatomy: Obturator branch traverses anterior ischia (Fig 1) and enters capsule 
1-3 cm deep to femoral bundle, visible on true PA radiograph (Fig 2)

• Technique: 

• Patient supine

• Abduction for true PA of femoral head, acetabulum, and incisura

• Line drawn from incisura to ischial tuberosity – extended to medial thigh to 
mark needle entry

• Needle steered to target site (Fig 3) following ischial surface.

ASRA 2015 ( http://epostersonline.com/asrapain2015/node/307, poster 108)

http://epostersonline.com/asrapain2015/node/307


Anterior Hip Innervation



Future: Posterior Hip Innervation

1) Superior Gluteal N
?) Inferior Gluteal N
2) Nerve to Quad Fem

1

2

1

2

?

?



Complications

Gooding I, et al. Pain Pract. 2016;16(S1):147.



Complications summary, published and verbal 
reports

•Genicular CRFA
•Hematoma
• Skin Burns

•Hip Articular CRFA
• Femoral Artery Cannulation / Hematoma
• Femoral Nerve Injury



More is Better?
• 61 y/o patient

• T1-4 thoracic facet pain

• H/O posterior fusion C3-T1

• Probes placed at superiorlateral aspect of 
T2-T5 transverse process

• RFA 60 deg C, 150 seconds

• During RFA, patient complains of severe 
local pain at 90 sec

• Skin blanching noted

• Healing ultimately took 5 months

Walega D, Roussis C. Pain Pract. 2014 Jul;14(6):e154-8.

Eckmann MS, et. al. Reg Anesth Pain Med. 2015 May-Jun;40(3):270-5.



Shoulder Nerve Ablation?



Hilton’s Law and Neurologic Innervation

• Hilton’s Law (1863)

“The same trunks of nerves whose branches supply the groups 

of muscles moving a joint furnish also a distribution of nerves to the 

skin over the insertions of the same muscles; and—what at this 

moment more especially merits our attention—the interior of the joint 

receives its nerves from the same source.”



Hilton’s Law Applied to Glenohumeral Joint

Hébert-Blouin MN, et al. Clin Anat. 2014 May;27(4):548-55. 



• Subscapular Branches

• Axillary Nerve (Anterior Branch)

Neurologic Innervation: Joint Capsule

Anterior Shoulder Joint
• Lateral Pectoral Nerve (Articular 

Branch)

Aszmann OC, et al. Clin Orthop Relat
Res. 1996 Sep;(330):202-7.



• Suprascapular Nerve
• Superior Articular Branch

• Inferior Articular Branch

• Axillary Nerve

Neurologic Innervation: Joint Capsule
Posterior Shoulder Joint

• Suprascapular Nerve
• Superior Articular Branch

• Lateral Pectoral Nerve

Aszmann OC, et al. Clin Orthop Relat Res. 
1996 Sep;(330):202-7.

Superior Shoulder Joint



Lateral Pectoral Nerve Block

• Indications
• Anterior superior shoulder capsule, AC joint, lateral 

clavicle, subacromial bursa

• Landmarks
• Deltopectoral groove
• Clavicle
• Coracoid Process

• Technique
• At confluence of these 3 landmarks
• Medial aspect of coracoid
• Just under the clavicle
• (Upper subscapular N can be reached 2 cm beyond and 

lateral)

• Ultrasound Guided
• Has been described for breast surgery but techniques 

appear distal to articular fibers

Aszmann OC, et al. Clin Orthop Relat Res. 1996 Sep;(330):202-7.







First Cases, UT Health San Antonio (in press)
Posterior Anterior



Posterior



Possible arterial injury – use finder needle/US?

Anterior



Summary: Technical Advances in RFA

•Beginning: Reliability
• Closed loop temperature control

• Later: Versatility
• All shapes and sizes

•Current: Larger and Larger Lesion Sizes
• Possibly improved outcomes
• New complications
• Safe trajectories are needed
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Thank you!


