
     There are numerous methods of administering 
drugs into the body, both passive and active.  Active 
methods include the use of penetration enhancers 
and assisted drug delivery (phonophoresis and 
iontophroesis).  A recent review of the literature on 
phonophoresis reports that 75% of the studies 
reviewed reported positive effects of ultrasound on 
local subcutaneous drug diffusion, with some 
systemic effects being reported.  
     Ultrasound consists of inaudible, acoustic, high-
frequency vibrations that may produce either 
thermal or non-thermal physiologic effects.  
Traditionally, it is used for the purpose of elevating 

tissue temperatures and is referred to as a deep-
heating modality.  Ultrasound is unlike traditional 
electric modalities because it involves the longitudi-
nal waveform associated with sound and is not 
electromagnetic in nature.  Sound waves represent 
a compression and refraction of a vibrating medium 
and require a medium for transmission, where as 
electromagnetic waveforms can be transmitted 
across a vacuum.  Sound waveforms obey rules of 
physics concerning reflection, absorption, 
refraction and dispersion.

Ultrasound uses a high-frequency generator that 
provides an electrical current through a coaxial 
cable to a transducer contained within an applicator 
wand or device.  The ultrasonic waves are actually 
produced by a piezoelectric crystal within the 
transducer converting electrical energy to acoustic 
energy through a mechanical deformation process 
via the piezoelectric effect.
     Ultrasound energy can travel through body 
tissues as a beam that is focused but non-uniform 
in intensity.  The actual intensity delivered is depen-
dent upon the quantity of energy delivered to the 
applicator or wand head.  The energy is expressed 

as the number of watts per square centimeter 
(W/cm_), ranging from about 0.1 to 3 W/cm_ in 
medicine.
     The ultrasound emitted from the unit is actually 
sound waves that are outside the normal human 
hearing range.  The ultrasonic unit sound 
transducer head is generally set to emit energy at 1 
MHz at 0.5 to 1 W/cm_.  As ultrasound waves, they 
can be reflected, refracted and absorbed by the 
medium, just like regular sound waves.
     Ultrasound can induce four basic physiologic 

effects in the body, including chemical reactions, 
biologic responses, mechanical responses and 
thermal effects.  Enhancement of chemical 
reactions by ultrasound can result in enhanced 
healing.  Biologic responses are enhanced with 
ultrasound increases the transfer of fluids and 
nutrients into the tissues.  Mechanical responses 
involve cavitation and tendon extensibility and the 
thermal effects include treatment referred to as 
ultrasonic diathermy.
     Ultrasound has been indicated in tissue healing, 
acute and chronic inflammation, joint contractures, 
muscle spasm, scar tissue, trigger points, myositis 
ossificans and plantar warts.  Due to potential heat 
buildup, ultrasound can be administered in a pulsed 
mode, rather than continuous.  The use of pulsed 
ultrasound results in a reduced average heating of 
the tissues. Interestingly enough, either pulsed or 
continuous low intensity ultrasound can produce 
nonthermal or mechanical effects that are associ-
ated with soft-tissue healing.
     Another modality should be mentioned for 
completeness; that of infrasonic therapy.  Normal 
human hearing is in the range of 60 to 20,000 Hz; 
ultrasound uses the frequencies of 3 and 5 MHz; 
infrasound uses oscillations below the hearing 
range, at 8 to 14 Hz.  Infrasound is used primarily as 
a therapeutic massage modality.
     When ultrasound is used to drive molecules of a 
topically applied medication, it is called phonopho-
resis.  Iontophoresis primarily involves delivery of 
“ions” (as well as some molecules through the 
process of electroenoosmosis) whereas phonopho-
resis involves the delivery of “molecules”.  Although 
the exact mechanism is not known, drug absorption 
may involve a disruption of the stratum corneum 
lipids allowing the drug to pass through the skin.  
Phonophoresis (therapeutic ultrasound, sonophore-
sis, ultrasonophoresis, ultraphonophoresis) is 
actually a combination of ultrasound therapy with 
topical drug therapy to achieve therapeutic drug 
concentrations at selected sites in the skin. It is 
widely used by physiotherapists.  Generally, it is 
said that phonophoresis will result in greater depth 
of penetration than iontophoresis; ultrasound 
waves have been reported to penetrate up to 4 to 6 
cm into the tissues.  Both pulsed and continuous 
ultrasound are used in phonophoresis. 
     Phonophoresis is commonly used in the 
treatment of muscle soreness, tendonitis and 
bursitis.
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