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he use of therapeutic modalities such as nitrous oxide; platelet-rich plasma therapy; stem
ell transplantation; and low-intensity, low-frequency ultrasound (LILFU) to enhance
endon regenerative capacity in patients with tendinous insufficiency is in its early stages. Of
hose alternatives, only LILFU studies have provided level 1 evidence of efficacy in bone
ealing [1-4]. In vitro, low-intensity ultrasound, which exerts direct nonthermal effects on
ell physiology, stimulates the expression of numerous genes involved in the healing
rocess, including aggrecan, insulin-like growth factor, transforming growth factor, colla-
en, nitric oxide synthase, cytokines, and angiogenesis [5].

Ultrasound, which is a form of mechanical energy, is transmitted into biologic tissues as
n acoustic pressure wave at extremely high frequencies. Traditionally, therapeutic ultra-
ound is in the 1-3 MHz frequency range and the 0.2-1 W/cm2 intensity range. Long-
uration ultrasound treatments can overheat tissues and cause injury and cavitation.
cientific studies of the effects of ultrasound on the acceleration of tissue healing have shown
hat treatment is beneficial when it is applied in a lower frequency and at a lower acoustic
ntensity (kHz) range, rather than in high-frequency (MHz) ranges [5].

he PainShield Device

he PainShield (NanoVibronix Inc, Farmingdale, NY), which has been cleared by the U.S.
ood and Drug Administration and by the European Union, is a portable, compact,
attery-operated, LILFU diathermy device. It provides safe, low-level energy during the
dministration of therapeutic ultrasound for relatively longer treatment periods and creates
slow-release effect on the targeted area of injury. The surface acoustic waves provide a wide
ffective treatment zone and enable longer treatments while keeping the total energy
xposure of the body at a safe level [5].

The PainShield generates, via a reusable or disposable adhesive patch, continuous-wave
ltrasound at a frequency of 90 kHz, with an acoustic power output of 70 mW/cm2 (0.07
/cm2). The patch incorporates a thin, flexible transducer that directly couples the

ltrasound energy to the underlying tissues without the need for a coupling agent in most
ases.

ETHODS

n the following case reports, the PainShield device was used in a home-treatment regimen.
he recommended use of the device is for 8 hours, usually during the night. Some patients
referred to add daytime hours of treatment. This was also an accepted regimen for
reatment. The device was programmed to a cycle of 30 minutes on, 30 minutes off.

LINICAL CASES

ase 1

37-year-old triathlete presented with chronic left Achilles tendon insufficiency of 18

onths’ duration. Pretreatment magnetic resonance imaging (MRI) revealed a 2.5-cm
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igure 1. (A) Pretreatment T2 magnetic resonance image (MRI) of the Achilles tendon from Case 1, showing a 2.5-cm partial tear.
B) posttreatment T2 fat saturation. Sagittal and coronal MRI study of the Achilles tendon from Case 1 after 5 months of use of the

anovibronix Painshield device for 16 hours a day.
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artial tear (Figure 1A) that was refractory to conventional
are. A daily 8-16–hour treatment regimen with the Pain-
hield yielded a significant improvement within the first
eeks of therapy. An interim MRI, which was performed 5
onths after the initiation of treatment, showed almost com-
lete resolution of the partial tear and a significant reduction

n local edema (Figure 1B). The patient was pain free and
xhibited no disability after 9 months of PainShield therapy.

ase 2

69-year-old tour guide presented with an ultrasonographi-
ally diagnosed 2-cm partial tear of the extensor carpi radialis
endon at the proximal insertion. He had sustained the injury
9 months earlier, and it had not responded to conservative
reatment. The patient applied the PainShield to the tendon 3
ours daily for 6 months and then 1.5 hours (divided into
hree 30-minute treatments) daily for the 7th month. A
omparison of pretreatment and posttreatment Brief Pain
nventory Scale values showed a significant improvement in
is condition and an 80% reduction in his overall pain level,
oth of which occurred during the first weeks of PainShield
reatment. A post-treatment diagnostic ultrasonographic
tudy revealed almost complete healing of the injured ten-
on.

ase 3

32-year-old professional basketball player, presented with
udden onset pain in his left Achilles tendon of 6 months’
uration. A MRI performed 4 months after the injury re-
ealed a partial tear in that tendon that had failed to respond
o conservative care. The patient remained symptomatic and
xperienced diminished power and endurance that greatly
nd adversely affected his athletic performance. Treatment
onsisted of the application of the PainShield for 8 hours
aily overnight. Four days after the initiation of that therapy,
he patient noted a significant improvement in the pain.
hree weeks after the initiation of PainShield treatment, he
tated that he was completely free of pain and disability

aused by his Achilles tendon injury.
ISCUSSION

he PainShield is the first medical device that uses the
hysical properties of surface acoustics to help deliver LILFU
aves along the length of a tendon, thus ensuring a much
ider treatment field than that offered by traditional thera-
eutic ultrasound devices. The unique physical properties of
urface acoustic waves include their propensity to travel
fficiently along elastic surfaces, such as tendons, by induc-
ng the elliptic motion of surface points along the tendon
urface [6].

ONCLUSION

hysicians now have an innovative option for dispensing
afe, home-based, inexpensive, slow-release ultrasound ther-
py for use in patients with painful tendinopathy. In light of
he results of these case reports and the body of literature that
uggests beneficial effects of ultrasound on tendinopathy,
his novel technology merits further study.

CKNOWLEDGMENTS

e thank Dr Daniel London and Dr Iris Eshed, radiologists,
or their kind assistance in helping us interpret the radiologic
tudies on these cases.

EFERENCES
. Pecina M, Vukicavic S. Biological aspects of bone, cartilage and tendon

regeneration. Int Orthop 2007;31:719-720.
. Rubin C, Bolander M, Ryaby JP, Hadjlargyrou M. Current concepts

review: the use of low-intensity ultrasound to accelerate the healing of
fractures. J Bone Joint Surg 2001;83-A;259-270.

. Tsai WC, Pang JH, Hsu CC, et al. Ultrasound stimulation of types I and
III collagen expression of tendon cell and upregulation of transforming
growth factor b. J Orthop Res 2006;24:1310-1316.

. Wu J, Du G. Temperature elevation in tissues generated by finite-
amplitude tone bursts of ultrasound. J Acoust Soc Am 1990;88:1562-
1577.

. Uhlemann C, Heinig B, Wollina U. Therapeutic ultrasound in lower
extremity wound management. Int J Low Extrem Wounds 2003;2:152-
157.

. Campbell CK. Fundamentals of surface acoustic waves and device. In:
Surface Acoustic Wave Devices for Mobile and Wireless Communica-

tions. New York, NY: Academic Press; 1998, 20-25.


