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KEY POINTS

� Some overuse musculoskeletal injuries can be resistant to standard therapies. Alternative
therapies may be considered earlier in the continuum of care and before surgical options
are pursued.

� Extracorporeal shock wave therapy is becoming a more commonly used treatment
modality in sports medicine and provides a noninvasive treatment option for tendon
and fascia injuries.

� Ultrasound-guided percutaneous tenotomy/fasciotomy is a newer, minimally invasive
technology that provides additional treatment options that may be considered before
more invasive surgical interventions.
By some estimates 10% to 25% of individuals affected by Achilles tendinopathy and
plantar fasciitis fail conservative treatment.1–3 For those individuals who fail nonoper-
ative modalities, operative intervention is often the next option. Recently, 2 other treat-
ment options have shown potential as viable options for treatment of these conditions
before surgery.

EXTRACORPOREAL SHOCK WAVE THERAPY

The use of acoustic energy in the form of unique sets of “high-energy” acoustic pres-
sure waves or sound waves to treat musculoskeletal injuries has been around for
approximately 30 years and the volume of research on effect, potential benefit, and
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mechanism of action continues to grow. Shock wave therapy (SWT) is a relatively new
technology that has become increasingly popular as a treatment for musculoskeletal
conditions, in part because it is noninvasive and clinically and economically effective.
It also allows athletes to remain active during the treatment process. SWT is approved
and/or cleared by the US Food and Drug Administration for treatment of musculoskel-
etal pain, plantar fasciitis, and lateral epicondylitis, and has been used for other off-
label indications, including tendonopathies and other musculoskeletal conditions.4

Overall, research is mixed in terms of the effectiveness of SWT.4–7 A significant limita-
tion to drawing definitive conclusions about the effectiveness of SWT is the variability
in study design and methods, which makes it difficult to pools results. More research
needs to be done to better elucidate effectiveness, optimal methodologies, adjunctive
treatments, and posttreatment protocols.

Background and Technology

In the 1980s, shock waves began to be used to treat kidney stones.8 The research on
animals that preceded this clinical use suggested that there were also potentially
beneficial effects on musculoskeletal structures. Subsequent research on the effects
on bone, cartilage, muscle, tendon and ligaments eventually led to other clinical appli-
cations and SWT has become increasingly popular as a treatment modality. SWT is
often called extracorporeal SWT.
Therapeutic shock waves are unique sets of acoustic pressure waves directed

through a medium. They are typically classified as either focused or unfocused.
Focused waves were used more commonly in the earlier days of clinical application,
but recently unfocussed (or, as they are more commonly called, “radial”) pressure
waves are used with increasing frequency. Radial pressure waves are used increas-
ingly more often because they can be applied without local anesthesia and have the
potential to be less injurious. In addition, improved technology makes the machines
less costly to own and operate, and more convenient to use in clinical settings.3,9 Mul-
tiple investigators have concluded that no evidence clearly favors either focused or
radial shock wave therapy.4,10 Other authors have shown that extracorporeal SWT
delivered without local anesthesia was more effective compared with delivery under
local anesthesia.11,12 Because radial SWT (RSWT) is being used more commonly in
clinical settings and can be delivered without local anesthesia, it is the focus of this
review.
Ogden and colleagues13 described therapeutic shock wave as a “controlled explo-

sion” that will be reflected, refracted, transmitted, and dissipated as it travels through
tissue. As it travels, a pressure phase is followed by a low-pressure or tensile phase,
and then cavitation follows. Any change in tissue type presents a boundary, and it is at
these boundaries or tissue interfaces where the biological effects of cavitation
occur.14,15 Structures like cartilage and bone reflect the energy of the wave, whereas
structures with high collagen content, such as tendon, ligament, and joint capsule,
tend to absorb the wave.16,17

The shock wave can be generated in a number of different ways, but the most
commonly used and clinically validated method for RSWT is pneumatic. The energy
content of the pressure wave can be varied depending on the selected settings and
equipment; the propagation of the wave will vary with tissue type. With radial acoustic
pressure waves, the skin is subjected to the greatest concentration of energy; as the
wave travels through other tissues, a steep drop off of energy occurs. Structures that
are close to the skin surface are especially impacted by SWT (Fig. 1).4

The acoustic pressure wave can be manipulated in a number of ways, one of which
is by varying the amount of energy per unit area per pulse. This is known as the energy



Fig. 1. Radial wave therapy machine with hand piece positioned to treat plantar fasciitis.
(Courtesy of CuraMedix LLC, Lincoln, RI; with permission.)
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flux density (EFD) and is measured in mJ/mm2. The safe, effective range of EFD is
approximately between 0.14 and 0.5 mJ/mm2.18–20 The pulses per second can be
adjusted as well and are measured in Hertz (Hz). The total number of shocks delivered
per treatment session typically varies from 500 to 3000, depending on the tissue being
treated, depth of tissue penetration requirements, clinical judgment, research, and
manufacturer recommendations. Finally, the number of treatments and interval
between treatments has not been standardized, but 3 to 5 weekly treatments are a
common protocol seen for Achilles tendinopathy and plantar fasciitis.
There have not been many studies or consistent recommendations on the proper

“dose” of shock waves for specific pathologies. This is an area that clearly needs
more study, not only to improve understanding of the technology, but also to better
track outcomes. Tam and associates21 proposed calculating a total energy dose by
multiplying the EFD by the number of shocks to quantify treatment dose and provide
objective data for outcomes studies.
Rompe22 stated that level I therapeutic studies have provided evidence for plantar

fasciitis treatment benefits utilizing the following protocol:

1. Application of 1500 to 2000 shocks at an EFD 0.08 to 0.15 mJ/mm2;
2. Application to site of maximal discomfort via patient guidance;
3. No local anesthesia;
4. Three to 4 applications spaced at 1 week between applications; and
5. At least 3 months of follow-up after the last treatment.

Biologic Effects

Research is starting to elucidate some of the mechanisms for how shock waves
promote tissue repair. There have been immediate, short-term, and extended effects
reported, but the mechanism for these effects remain poorly understood. The primary
mechanisms of healing response most often cited in the literature are ones of an initial
inflammatory response followed by neovascularization. Saxena and colleagues23

described RSWT as creating “a controlled, microtrauma to local affected tissue to
stimulate a healing response and micro-vascularization.” The initial microtrauma
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causes a transient inflammatory response that subsides in approximately 1 week and
is followed by a remodeling phase, which occurs at around 3 weeks after treat-
ment.13,14 Some subjects report immediate but often temporary analgesia after treat-
ment. These analgesic effects may be derived from hyperstimulation, depletion of
substance P, or other effects on pain receptors.19,24,25

Weihs and colleagues26 showed that SWT enhances cell proliferation in vitro and
wound healing in vivo. They identified adenosine triphosphate as a trigger of a chem-
ical cascade that then leads to a healing response via purinergic signaling and, even-
tually, increased collagen synthesis.27 Neovascularization effects have been shown
through angiogenesis via cellular mediators, such as vascular endothelial growth fac-
tor, as well as enhanced expression of other proangiogenic cells, including cytokines
and fibroblasts.28–31 The neovascularization effect increased in the first 8 weeks and
was still present at 12 weeks in a rat tendon study reported by Takahashi and
co-workers in 2003.32 Because neovascularization and collagen synthesis are slower
to occur events in healing, it is speculated that maximum benefit of RSWT may be 90
to 120 days, or later, after treatment.
Podiatric Indications

Two common conditions treated by podiatric physicians that can be refractory to con-
ventional treatment are Achilles tendinopathy and plantar fasciopathy. Patients who
have failed conventional therapies are often faced with the prospects of living with
their condition, considering operative interventions, or considering newer and alterna-
tive therapies or treatments. The bulk of the literature on lower extremity conditions
and RSWT is found for these 2 conditions. Potential benefits are best when combining
SWT with tissue-specific stretching and strengthening exercises, as well as tissue
loading changes.5,6,33,34

Achilles tendinopathy
Rasmussen and colleagues,35 in a randomized, double-blinded, placebo-controlled
trial in 2008 found improved function scores in subjects treated with extracorporeal
SWT, stretching, and eccentric exercises versus sham treatment, stretching, and
eccentric exercises at 8 and 12 weeks after treatment. However, the test subjects
had no significant change in pain scores. The combination of radial shock waves
and eccentric loading tended to provide faster symptom relief compared with treat-
ment alone, but no difference in outcome was found after 1 year in a study by Rompe
and associates in 2009.6 In a review of the literature, Foldager and colleagues4 found
that, for both insertional and noninsertional Achilles tendinopathy, shock wave therapy
showed a significant benefit. However, Magnussen and co-workers,36 in a systematic
review, concluded that more research needed to be done before drawing conclusions.
Saxena and colleagues,37 in a prospective study on 74 tendons, showed reduced pain
and improved function in 78% of subjects 1 year after treatment with RSWT. They
noted no adverse events and athletic individuals were able to continue their activity.

Plantar fasciitis
Sems and associates38 review from 2006 concluded that there was a “preponder-
ance” of the evidence to support the use of shock wave for refractory plantar fasciitis
and noted that directing the shock wave at the calcaneal spur or maximal area of pain
provided the most favorable results.
Other studies have shown benefits of shock wave in treating plantar fasciitis as well.

Gerdesmeyer and colleagues,39 in a randomized, double-blinded study with 115 pa-
tients, reported significantly reduced pain scores compared with untreated control
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group. They treated in 3 sessions of 2000 shocks each spaced weekly, at an EFD of
0.16 mJ/mm2, and found significant pain reduction at 12 weeks compared with un-
treated control group. Ibrahim and colleagues40 in 2010 achieved reduced pain scores
on a visual analog scale in 50 patients treated with 2 treatments of 2000 pulses spaced
1 week apart versus a placebo treatment group.
Two small studies failed to show significant benefit of SWT. Mark’s study of 25 sub-

jects failed to show a benefit of 3 treatments spaced 3 days apart using 500 to 2000
shocks.41 Greve and colleagues42 found benefit of SWT, but it was not superior to
plantar fascia stretching exercises in a study with 36 subjects. Hsu and associates43

found reduced pain and improved gait parameters in 12 patients after 3 weekly treat-
ments of SWT.

Adverse Effects

The most common side effects reported are minor, such as petechial bleeding,
swelling, and discomfort during treatment.4,9,12,22,23,34 A case report described an
Achilles tendon rupture after a single shock wave treatment. However, the patient
had also undergone multiple other treatments including calcaneal exostectomy and
cortisone injections.44

Summary

Despite mixed results in the literature, RSWT may be a viable treatment option after
other treatments have failed and before considering surgical intervention for Achilles
tendinopathy and plantar fasciitis. The literature is more conclusive in the benefits
for plantar fasciitis. Although more research needs to be done, shock wave therapy
does show potential to be a safe and effective adjunct treatment option for refractory
conditions.

PERCUTANEOUS ULTRASONIC FASCIOTOMY FOR PLANTAR FASCIOSIS

Recently, percutaneous ultrasonic tenotomy and fasciotomy have become available
to treat chronic tendon disease and plantar fasciosis.45–48 This minimally invasive
technique is based on the physical principles of phacoemulsification, whereby ultra-
sonic energy is utilized to precisely emulsify and remove tissue in the vicinity of a work-
ing tip that oscillates at high frequencies.45,49 Although phacoemulsification was
originally popularized to remove cataracts, the technology has been further developed
to treat tendon and fascial disease percutaneously using a hand piece and portable
console (Tenex Health, Inc., Lake Forrest, CA, USA).45,49

Technology and Instruments

The hand piece contains an 18-gauge, inner, stainless steel tube connected to a series
of piezoelectric crystals electronically driven at high frequencies to produce low-
amplitude oscillations in the working tip (Fig. 2). The central lumen of this tube is
attached to a suction system within the console that aspirates lavage fluid and tissue
debris into a collection bag. The inner tube is surrounded by an outer plastic tube that
is slightly recessed, thus exposing only a small portion of the working tip. Pressurized
lavage fluid emerges between the outer plastic tube and the stainless steel inner tube,
cooling the working tip and providing fluid for lavage and debris removal. The working
tip is controlled by a foot pedal that activates the ultrasonic energy. When activated,
the working tip oscillates while pressurized fluid emerges into the working field and is
aspirated through the central lumen of the inner tube. Tissue within 1 mm of the work-
ing tip is emulsified and aspirated via the process of cavitation.



Fig. 2. The TX1 working tip, demonstrating the distal end of the hand piece and the work-
ing tip. Note the plastic outer tube, through which the 18-gauge, stainless steel inner tube
protrudes slightly. When the piezoelectric crystals in the hand piece are activated by the
foot pedal, the inner tube vibrates with high-frequency, low-amplitude oscillations, emulsi-
fying tissue within 1 mm of the tip. Pressurized fluid flows into the working area between
the plastic outer tube and stainless steel inner tube, and is removed via a vacuum suction
through the lumen of the inner stainless steel tube. The fluid inflow–outflow is continuous
during working tip activating, cooling the tip and removing emulsified tissue, which is
collected in a bag attached to the TX1 desktop console (not shown).
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Percutaneous ultrasonic fasciotomy can be used to treat chronic plantar fasciosis
under ultrasound guidance.50 The most common indication is chronic, refractory
plantar fasciosis unresponsive to standard treatments and accompanied by structural
changes as identified on ultrasonography or MRI. The exact mechanism of action has
not been determined precisely, but percutaneous ultrasonic fasciotomy likely works
primarily by removing the pathologic tissue associated with pain and consequently
facilitating a healing response.45 Koh and colleagues48 reported improvements in
the ultrasonographic appearance of the common extensor tendon after successful
treatment of lateral elbow tendinopathy with percutaneous ultrasonic tenotomy.
Current investigations are ongoing to determine the histologic changes over time after
percutaneous ultrasonic tenotomy.

Treating Plantar Fasciopathy

To perform percutaneous ultrasonic fasciotomy, the plantar fascia is first examined
using standard ultrasonographic techniques.48,50 Plantar fasciosis manifests as
diffuse or focal thickening, heterogeneity, and hypoechogenicity (ie, dark) of the
plantar fascia, typically affecting the central cord (Fig. 3).48,51 In some cases, these
ultrasonographic findings may be accompanied by focal, hypoechoic–anechoic re-
gions representing partial thickness tearing, Doppler flow consistent with neovascula-
rization, and/or cortical irregularities, including plantar calcaneal spurs.49 The affected
region of the plantar fascia is identified and the skin marked with an indelible ink
marker.
The patient is typically placed prone or in a lateral decubitus position for a medial to

lateral approach, short axis to the plantar fascia. However, a long axis approach to the
plantar fascia is possible.48,50 The area is prepared in the usual sterile fashion and the
use of appropriate draping, sterile ultrasound transducer covers and sterile ultrasound
gel can ensure sterile working conditions throughout the procedure. The plantar fascia
is identified in the short axis and local anesthesia is obtained using 1% lidocaine and a
ultrasonographically guided, in-plane, medial to lateral approach with a 25-gauge
needle or equivalent (an ultrasound-guided tibial nerve block may be performed as
an alternative for anesthesia).48,51 Approximately 4 to 8 mL of lidocaine are injected
into the skin, subcutaneous tissue, fat pad, and superficial portions of the plantar



Fig. 3. Correlative short axis ultrasound view of a thickened, heterogenous, hypoechoic
plantar fascia (PFASCIA) typical of chronic plantar fasciosis. Top, Plantar/superficial; bottom,
dorsal/deep; left, medial; right, lateral (LAT). Green arrows identify superficial portion of
plantar fascia. Inset shows correlative long axis (LAX) view, proximal to the left. CALC,
calcaneus.
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fascia at the anticipated point of entry. Thereafter, a small stab incision is completed
(blade oriented parallel to the plantar aspect of the foot) using a #11 scalpel blade to
creating a 2- to 3-mm skin incision. The blade is advanced toward the plantar fascia
using direct ultrasound guidance. After this, the TX1 tip is advanced using a similar
sonographically guided, in plane, medial to lateral approach, until it contacts the
medial aspect of the affected portion of the plantar fascia (Fig. 4). Some users prefer
to precede TX1 placement by passage of a 14-gauge needle to create a wider channel
for the TX1 tip. Once the TX1 tip is placed adjacent to the plantar fascia, the working tip
is activated via the foot pedal. The operator gently moves the TX1 tip into the plantar
Fig. 4. After delivery of local anesthesia as described in the text, a small stab incision is
created with a #11 scalpel blade to create a passage to advance the TX1 working tip to
the plantar fascia under direct ultrasound guidance. Left, distal (toes); right, proximal (heel).
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fascia using direct ultrasound guidance. As the tip enters the fascia, the fascia is cut
via phacoemulsification and the debris and inflow fluid removed via the hand piece
outflow and transferred into the collection bag on the console.45,50 During the fasciot-
omy and debridement process, the operator moves the working tip in low-amplitude,
back-and-forth motions while its position is monitored using orthogonal ultrasound
imaging.45–47,50 Typically, 4- to 5-second pulses of energy are used, with a total
energy time of 30 seconds to 2 minutes, depending on the size of the treated region.
Using ultrasound imaging, all affected areas are treated as dictated by the clinical
scenario.
At the completion of treatment, the TX1 tip is removed, the wound dressed with

adhesive strips, a pressure gauze bandage and sterile occlusive dressing, and post-
procedural instructions are reviewed with the patient.45,50 Edema control, icing, range
of motion, and gentle stretching are recommended for all patients immediately after
the procedure until the initial follow-up. Some patients may benefit from a period of
modified weight bearing in a walking boot and/or crutches as dictated by the extent
of treated pathology and individual clinician’s preference.50 Over-the-counter anal-
gesic and anti-inflammatory medications can be taken as necessary; prescription-
strength medications are not often required. Patients are typically seen 2 to 4 weeks
after the procedure, at which time rehabilitation and return to activities is individualized
based on the extent of structural pathology and patient-specific factors. Many pa-
tients may return to running 6 to 8 weeks after the procedure, although the recovery
course can be highly variable.50 Of note, as is the case for some minimally invasive
procedures, many patients experience early pain relief before adequate tissue healing,
placing them at risk to overstress the healing tissues early in the rehabilitation process.
Patients should be counseled accordingly.
Percutaneous ultrasonic tenotomy and fasciotomy is a well-tolerated, minimally

invasive outpatient procedure that seems to be both safe and effective when applied
to a variety of tendons throughout the body, as well as the plantar fascia.45–47,50 Two
prospective case series including a total of 39 patients have documented satisfactory
results in more than 80% of patients with chronic, refractory elbow tendinosis at 1 year
after treatment.47,48 The total energy time for patients in these series was generally
less than 60 seconds, with total treatment times of approximately 15 minutes,
including preparation and skin marking.46,47 No complications were reported in either
series.46,47 With respect to the plantar fascia, the total procedure time is also typically
less than 15 minutes, patients typically require no more than 10 mL of 1% lidocaine for
anesthesia during the procedure, and the postprocedure recovery and rehabilitation
are uncomplicated. Patel and colleagues49 recently reported 100% satisfactory re-
sults at 2 years among 12 patients (13 feet) with greater than 12 months of refractory
plantar fasciosis who were treated with percutaneous ultrasonic fasciotomy. Percuta-
neous ultrasonic fasciotomy seems to warrant further consideration as a definitive
treatment for chronic, refractory plantar fasciosis.
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