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Current Applications of Electrotherapeutics in Collagen Healing
Matthew J. Snyder, BS*, Joel A. Wilensky, PhD*, and Joseph D. Fortin, DO**
Electrical current flow appears to be integral to the healing
of collagen containing tissue, i.e., bone, cartilage, ligaments,
tendons and skin. Accordingly, it is reasonable to hypothesize that externally applied electrical fields should be able
to enhance healing, especially in conditions that have resisted more standard treatments. Nevertheless, applications
of electrotherapeutics is challenging because the precise
mechanism of action is unknown and, accordingly, there is
an almost unlimited combination of stimulation parameters
(e.g., type of waveform, voltage, current, phase, frequency,
etc.) that can be applied to a treatment site. Presently, of
the three major types of electrical stimulation, i.e., direct,
and capacitive and inductive coupling, there is a growing
trend toward utilization of the latter because of its efficacy
and greater margin of safety. Although the mechanisms of
action for enhanced healing of all three types remain elusive there is increasing evidence that electrical stimulation

INTRODUCTION
The modern approach to utilizing electrotherapeutics to
accentuate healing in collagen containing tissue was pioneered by Japanese scientists, Yasuda et al (1) and Fukada
and Yasuda et al (2). They demonstrated that bone formation has electromechanical properties, i.e., stress on bone
leads to biopotentials that presumably stimulate bone formation (Fig 1).

exerts its influence via effects at the cellular and/or molecular levels within the tissue. Utilization of electrotherapeutics
has been most prevalent in bony injuries resistant to healing, but applications to severe lesions of skin and ligaments,
and even to degenerative joint disease seems promising as
cartilage has been shown to be more responsive than bone
to applied electrical energy. We conclude that there is a
clear trend toward greater orthopedic utilization of inductive stimulation and that, despite the lack of definitive guidelines relating specific parameters with specific conditions,
electrotherapeutics appears to be a safe and often effective
treatment for collagen containing tissues in many cases in
which more standard therapies have failed.
Keywords: Electrical stimulation, faradic stimulation, capacitive coupling, inductive coupling, pulsed electromagnetic fields

electrotherapeutics are most beneficial (i.e., why they work
in some cases and not in others) or the optimal type and
parameter settings for each case (i.e., maximum benefit
with minimal risk of deleterious effects). This ambiguity
understandably leads to a certain resistance among physicians to use electrotherapeutics.
TYPES OF STIMULATION
Direct (Faradic) Stimulation

This finding led to the large and continuing body of basic
and clinical research designed to reveal the most efficacious type and amount of externally applied electrical energy for accentuating healing in bone, cartilage, tendon,
ligaments and skin, especially in situations in which natural healing has not occurred. Unfortunately, however, the
exact mechanism of action of electrotherapeutics is still
unknown. Similarly, it is still unclear precisely when
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Direct or Faradic stimulation has been the most commonly
used type of electrical stimulation and is the most basic in its
application. Electrodes are typically placed externally on
the skin near the treatment site or at the site of interest (e.g.,
implanted electrode) and an electrical potential, often supplied by a battery pack is applied across the electrodes.
Direct stimulation is typically divided into several subtypes
based on the potential (i.e., voltage) across the electrodes
and type of current used. These subcategories include DC,
DC interrupted or pulsed, and symmetric/asymmetric timevarying AC (3). The voltages reached within the tissues
are typically low (< 1.5 volts) although high-voltages (6-200
volts) applied in pulsed currents have also been used successfully (4,5). Lampe (4) suggested that high-voltage
pulsed direct current (HVPDC) was much safer to use than
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tor consists of two electrode plates that are separated by an
insulating material. Current applied to a capacitor slowly
builds on either side of the insulating material. Clinically,
the capacitor exists as two electrode plates that are typically
placed on opposite sides of the treatment location (e.g.,
anterior and posterior surfaces of the forearm in a fracture of
the radius/ulna) (3,18). The plates produce a time-varying
electrical field as the potential between the electrodes is
varied. The local voltage gradients in the tissue between
the plates typically equal 1-10mV/cm, which, in turn, produces miniature local current flows. The field is usually
generated by a low power battery pack producing 1-10V at
frequencies ranging between 20-200 kHz (3).

Fig. 1. Yasuda’s Original Hypothesis
continuous DC because the current was applied in short
bursts rather than continuously. Nevertheless, the currents
used in both low- and high-voltage direct stimulation are in
the microampere to nanoampere range. In AC stimulation
via external or implantable electrodes, the frequency typically remains below or near 3kHz (3).
When pulsed current is used, pulse characteristics (duration, rate, and power) are altered to maximize the desired
effect (collagen healing) and minimize adverse effects (e.g.,
overheating the tissue) (4, 6-9). Thus, high-voltage applications are typically of short pulse duration whereas lowvoltage applications are of longer pulse duration (4,5).
Variation in electrode size (5,10), placement (4,5,11-13),
material type (3,5,13-17), and shape (5,10) also has significant effects on collagen healing. For example, silver
electrodes permit higher currents at lower voltages than
do other metals. Silver electrodes also release silver ions,
which may have an antibacterial effect and are of lower
toxicity to mammalian cells than other metals (14). However, Spadero (16) analyzed bone growth around various
metallic electrodes and reported that vitallium and platinum were more osteogenic than silver.
Capacitive Coupling Stimulation
A capacitor is a passive electronic device that stores energy
in the form of an electrostatic field. The most basic capaci-

Numerous parameters exist for controlling capacitive coupling. Many are similar to those of direct stimulation (e.g.,
pulse characteristics), but with the addition of plate orientation and position characteristics. Although biological
effects have been noted to occur when an internal voltage
gradient of 0.5-1.5 mV/cm has been maintained, (3) the
high variability in prior use of the controlling parameters
greatly increases the difficulty in evaluating the efficacy of
capacitive coupling as an electrotherapeutic tool. Further, the recent successes of inductive stimulation have decreased the utilization of capacitive coupling.
Inductive Stimulation (Pulsed Electromagnetic Fields;
PEMF)
Inductive stimulation generates its therapeutic effects by
producing both magnetic fields and secondary electrical
fields around the treatment site, although it remains questionable as to which is most important (3,19-23). These
fields are generated by externally-applied electrical coils
overlying the treatment site (3,5,18,19,23-25). The coils,
which are most commonly a pair of Helmholtz coils, an electromagnet coil, or a spiral air coil, (23) are usually arranged
so that the coil’s axis is near the site to be stimulated (e.g.,
coils overlying an unfused spinal column fracture) (3,26).
Coil design can however be adjusted to better focus on the
injured site. Zimmerman et al (27) proposed that butterfly
and 4-leaf planar coils have a greater focusing ability compared to typical planar coils (planar refers to the type of
electrical field produced, not to the coil itself). They also
proposed that slinky coils, which are more three-dimensional, may have even better distribution advantages over
planar designs. Essentially, by changing the coil alignment,
the three-dimensional distribution of the highest magnetic
field intensity can be varied.
The coils can be powered by battery packs worn by the
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patient or house lines for up to 24 hours/day producing
time-varying voltages (usually between 10-100V), and
magnetic fields of 0.1-50 Gauss (3,7,23,28) The magnetic field within the treatment area induces small currents
in the tissue (3,5,7,19,23,29,30), in particular in the extracellular fluid (21). The local voltage gradients produced
by the induced current are usually between 1-10mV/cm
(3), but can occur outside this range and still have some
beneficial effect (31-33). The induced currents are low,
but may be large enough to stimulate excitable tissues (i.e.,
muscle, nerve) although this is not typically seen or desired (23,34).
Pulse characteristics are extremely important in inductive
stimulation, with different frequencies believed to be most
beneficial for different types of tissues (9,20,24,35-37). However, as yet there is no consensus supporting the use of
specific frequencies for specific tissue types. Typically, the
frequency is between 2 and 300Hz in a complex, asymmetric
form (3,20), but some megahertz frequencies are also known
to have biological activity (i.e., healing effects) (38). Other
pulse characteristics such as amplitude (7,9,23,28,34,36,37)
and duration (9,23,39) have also been considered to be
pertinent for inducing collagen healing.
PEMF stimulation has becoming increasingly more prevalent partly because it has been recognized that it offers wider
latitude in parameter settings relative to minimizing the likelihood of tissue damage. This minimization is partly due to
the placement of the coils some distance from the skin (i.e.,
separated by cast, bandage, towel, etc). PEMFs also do not
appear to cause any discomfort during treatment, which may
be specifically notable with direct stimulation.
Although most PEMF stimulators are non-invasive, internal focusing “gelectrodes” have been developed that are
placed near or within the treatment site to more effectively
localize the induced currents. Tiny computer chips within
these electrode capsules respond to the magnetic fields to
alter waveforms and pulse rates in addition to highly focusing the incoming fields and currents (40). Although
this technique has been sparingly used experimentally in
neuromuscular applications (e.g., spinal cord injury rehabilitation, intraoperative monitoring, electrodiagnostics) it
has yet to be directly applied to clinical orthopedic or rehabilitation conditions presumably because of concern for
inducing concentrated currents that could lead to burns.
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clearly resides in attaining a better understanding of the
precise mechanism of action. Without this understanding,
its application will continue to rely primarily on empirical
findings, thereby leading to reluctance to its usage among
many physicians.
Although there is a demonstrable relationship between
mechanical stress on bone and the development of electrical potentials, it has been suggested that electrical stimulation increases healing only indirectly, through induced
inflammation (9,14,29,41). Electrical stimulation may
produce inflammation because of the electrolysis that occurs at the electrode-tissue interface. Similarly, Spadaro
(29,41) suggested that an added stressor (or induced mechanical deformation) was required in order for direct
stimulation to accentuate bone development. The outside
force needed might merely be the insertion of the electrode into the bone, electrode motion, or the original traumatizing injury itself. However, at least pertaining to the
injury itself acting as a stressor, the lack of responsiveness
of “fresh” fractures to DC stimulation (19,26,42) reduces
the plausibility of the stressor hypothesis.

Extremely low frequency (ELF) EMF, has been shown to
directly boost DNA synthesis (43), transcription (44), and
protein synthesis (44). These effects seem to be mediated
by alterations in membrane receptor conformation, Ca2+
channels located in the cell membranes, or second messenger systems in collagen-producing osteoblasts or related
cells (20,31). Further ELF EMF has been shown to desensitize parathyroid hormone (PTH) receptors (45) and
increase the number of growth factor hormone receptors
(e.g., IGF-II) (31,42,46).
Goodman et al (20) suggested that the most reasonable
hypothesis explaining activation of cells by ELF EMF relates to changes in conformation of cell membrane receptors, including Ca2+ channels, which eventually activate
second messenger systems leading to increased intracellular activity and growth. EMF also affects cAMP levels,
protein kinsases, and other calcium dependent processes
almost certainly through post-receptor events (9). Based
upon these studies, collagen formation would likely be a
product of increased cell activity (by activation of receptors and second messenger systems, which in turn act on
protein synthesis). However, no direct evidence for such
increased cell activity has been completely demonstrated.

MECHANISMS
The key to increasing the utilization of electrotherapeutics

Other studies have suggested that the elevation in healing
may be partially due to angiogenesis (especially if there is
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increased heat production at the treatment site) (11,12,39).
Capacitive coupling stimulation has also been shown to
alter cAMP levels, but the significance of this is not known
(9). At a molecular level, it has been proposed that elevated DNA replication, accelerated protein synthesis (including collagen), and ultimately activation of cell growth
are associated with electrically induced transmembrane
currents (43,47,48).
Many of the mechanisms discussed above for hard tissue
have also been suggested as possible explanations for utilizing electrotherapeutics to accentuate the healing of skin
lesions. However, several other modes have also been proposed that pertain more directly to skin healing. For instance, studies have reported that fibroblasts can be electrically stimulated to enter the cell cycle (DNA replication)
in response to EMF fields (32,34,49,50). Sheffet et al (5)
proposed that electrotherapeutics may generate heat and/
or magnetic fields within soft tissue, thereby leading to
some initial cell activation steps and therein induce healing.
Neoangiogenesis (11,12,39) or increased local circulation
(8,51) also seems to be a factor in the initiation of the therapeutic effects resulting from electrical stimulation of skin
because a continuous supply of oxygen is essential for the
growth of cells and therefore collagen production. Finally,
because voltage gated calcium channels have been isolated in human and mouse fibroblasts (8), it remains possible that this particular receptor/channel has an important
role in electrotherapeutics applications for soft tissues.
TREATMENT
Bone
Electrotherapeutics are used clinically to treat a variety of
orthopedic injuries or disorders including non-union and
stress fractures, pseudoarthroses, spinal fusions, and avascular necrosis of the femoral head (52,53). These clinical
treatments are based on the link between stress in living
bone, measurable electric potentials and bone growth at
the cathode pole. Further, Friedenberg et al (54) found
that in areas of active bone growth/repair (and therefore
collagen formation) an electronegative potential existed.
Guzelsu et al (55) related this electrical activity within bone
to the movement of electrolytes within small channels in
bone. It is noteworthy that, although these currents provide the underlying basis for utilizing electrotherapeutics
in bone, there is still no conclusive proof that these currents are necessary for the healing process (29).
In accordance with the electronegativity of bone repair sites,
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in continuous DC stimulation the cathode is typically placed
at the site of interest (6,18,19). Asymmetric-waveform AC
(biphasic stimulation) appears to correspond better than
DC stimulation to the endogenous potentials in bone (i.e.,
mimics natural currents), and also has been found to stimulate bone formation at the injury site (3,6). Whether using AC or DC current, a significant amount of osteogenesis (i.e., collagen deposition) occurs when a current range
between 5 and 20 microamperes is used (6,56). Values
above this range have produced varied effects including
necrosis and/or tissue destruction whereas values below
this range are ineffective.
There are a limited number of studies pertaining to the use
of capacitive coupling for bone repair, with a few reporting positive result (3,57). Pertaining to parameters, Black
(3) reported that most of the prior experiments conducted
using capacitive coupling stimulation only promoted healing of bone when the internal voltage gradient equaled 0.5
to 1.5mV/cm. Recently, Benazzo et al (57) reported that
capacitive coupling stimulation enhanced bone formation
when applied to stress fractures in athletes, but supportive
studies have apparently not been conducted.
Most of the electrotherapeutic studies conducted during
the last ten years on bone have involved PEMFs or continuous inductive stimulation. Mainly, PEMFs have been
used to stimulate the healing of fractures that have failed
to respond to other treatments. They have been reported
to be 80% effective in this application (7,30). PEMFs
have also been used to accentuate vertebral fusions (52)
and stimulate the repair of avascular necrosis of the femoral head (53).

A typical PEMF configuration is described in O’Conner
(7) in which stimulation was used to treat non-united fractures of varying degrees and time periods. The PEMFs
were generated by elliptical coils that have an output between 10 and 25V. A quasirectangular, asymmetric waveform with 20-22 waveforms each lasting 200 microseconds in bursts of 5 milliseconds was used at 15Hz. The
therapeutically-induced voltage within the tissue was approximately 1.0-1.5mV/cm, which is very similar to that
found to be effective by Bassett et al (30) (i.e., 1.3mV/
cm). Heermeier et al (31) seems to have been successful
with continuous EMFs in vitro, but little, if any, evidence
exists for these results in vivo. They used a coil that produced a continuous sinusoidal signal at a frequency of 20Hz
with a maximal induced voltage of .113mV/cm to successfully improve collagen type I mRNA production. Although
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the induced voltages seem to be important in the outcome
of EMF treatment, pulse characteristics (35) have been
projected as being the most important. For example, pulse
amplitude (7, 58), frequency (6,20,58), and duration (58)
have all been mentioned as essential for an effective clinical outcome. Treatment duration also play a relevant role
in whether a positive outcome will occur with respect to
non-union fractures. Healing has typically occurred after
at least four months of 12 hour/day treatments, but up to
one year may be necessary for complete healing to take
place in complicated cases (7).
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other conditions in which cartilage degeneration is the underlying condition. That electrotherapeutics are not commonly used for these conditions probably reflects the lack
of evidence in its efficacy as well as the great variability in
types of stimulation. Interestingly, compared to bone,
cartilage can be more readily stimulated electrically to produce a measurable mechanical stress, similar to that observed in muscle (60). This suggests that cartilage may
be more responsive to electrical stimulation than bone and
thus further clinical research is warranted.
Tendon & Ligament

Cartilage
Similar to bone, articular cartilage responds to a loading
force by producing electrical current (59,60). Further, when
cartilage is stressed, the electrolytes within the collagen
and proteoglycans matrix exit resulting in a residual negative charge (61). Baker et all (17) attempted to experimentally grow hyaline cartilage on rabbit femoral heads
stimulated with bimetallic implanted electrodes driven by
DC. The experimental group was found to possess more
hyaline cartilage (collagen type II) than the control group
although both showed evidence of healing, with the control showing more fibrous healing. Some alterations have
also been noted in proteoglycan density, articular cartilage
thickness, and glycosaminoglycan content in response to
PEMFs (18).
Despite these encouraging findings, only Trock et al (21)
purposely used electrotherapeutics clinically to enhance
cartilage healing. They attempted to determine the effectiveness of PEMFs in the treatment of osteoarthritis of the
knee and cervical spine. A single annular coil was used to
produce pulsed electromagnetic fields with a coil current of
less than 2 amperes at 120V. The experimental group was
treated in a stepwise fashion at 5Hz (10-15 Gauss), 10Hz (1525 Gauss), and 12Hz (15-25 Gauss), respectively for 10 minutes each. Each treatment lasted 30 minutes with 18 total
treatments during the investigation (3-5 per week). The control group was treated the same, except the PEMF generator
was never powered during the treatment times. A significant improvement in pain was observed in the experimental
group. Although the reasons for improvement are yet to be
determined, a hypothesis provided by Trock et al was that
the PEMFs caused some growth or repair of the articular
cartilage leading to improved absorption of compressive
forces and therefore less pain.
Presumably, the pressure-electric current relationship in
cartilage offers a treatment option for osteoarthritis and

Electrotherapeutics has been used clinically to treat tendon
and ligament damage or sprains for approximately the past
30 years (13,24,28,33,39,62-68). However, few trials have demonstrated efficacy from direct stimulation. Stanish et al (64)
reported that tendons and ligaments exposed to a constant
20mA current showed greater tensile strength than control
groups, but they hypothesized that a foreign body response
(i.e., to the electrode) probably played a significant role in
the study as some of the tendons showed increased amounts
of adhesions. Nessler (13) stimulated rabbit tendon in vitro
using a current of 7mA leading to potentials ranging between 1.3-1.5mV/cm. Significant amounts of hydroxyproline, a precursor to collagen fibril units, as well as new collagen fibrils were found in the experimental groups. However, necrosis was also observed at the cathode in these
groups. They concluded that appropriate electrode material
and placement would have to be determined in order to use
this method for healing.
Studies using EMFs to accentuate tendon/ligament healing have had more promising results than those using direct stimulation. Examples include ankle sprains (67), rotator cuff tendonitis (69), and models using rabbit and
chicken ligament/tendons (24,28,33,62,65,66). However,
Greenough (33), using EMF parameters that had previously been shown to influence new blood vessel growth in
rabbits, found no significant increase in the strength of experimentally treated tendons using amplitudes adjusted to
produce a peak voltage of 15mV. The induced field was
equivalent to 1.5mV/cm, which was found previously to be
effective in bone (7,30). Greenough suggested that the
lack of improvement may have been due to the type of
waveform used for treatment. Robotti et al (24) suggested
that particular waveforms could have a detrimental effect
on early tissue healing. Lin et al (62) found that PEMFs
promoted the early stages of rabbit ligament healing when
exposed to varying field strengths (2, 10, and 50 Gauss)
and, that a dose dependent response was visible in rela-
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tion to field strength and collagen content measured as
hydroxyproline levels (28). Their conclusion indicated that
when proper intensities were maintained, earlier healing
and improved stability following traumatic injuries to ligament or tendon are possible with PEMF stimulation.
Skin
Currently, treatment of skin wounds (e.g., pressure ulcers,
diabetic ulcers, vascular ulcers, traumatic and surgical
wounds, grafting/donor sites, skin and tissue flaps, and
burns) (4) using electrical stimulation is based on research
that revealed that skin has its own “battery,” with the surface being negatively charged and the deeper tissues being
positively charged (70-73). Becker (74) also described a
“current of injury,” which related to his finding that intact
skin surfaces have a negative charge, but an injured area
has a positive charge for a short amount of time (<4 days).
Electrical therapy then, similar to its use for orthopedic
conditions, is designed to mimic the body’s own natural
biopotentials and/or add current where presumably insufficient natural current is being produced (4,12,75).
Recent reviews have detailed modality, waveform, and
parameter information considered successful clinically for
treating skin lesions with direct stimulation, which has typi-
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cally been the type used (Table 1) (4,5). Continuous or
low-volt direct current (LVDC) has been utilized with and
without periodic polarity switching at a current typically
between 20-1000mA and less than 8V. Usually the anode
or cathode (there is not a consensus as to which provides
better results) is soaked in saline and placed in the wound,
which is stimulated 2-4 hours/day for 3-7 days per week.
However, Canseven et al (75) deviated from the ranges provided by Lampe (4) and Shaffer et al (5), utilizing a LVDC
regimen of 8 hrs/day. They too reported a notably efficacious outcome without deleterious effects.
High-voltage pulsed direct current (HVPC) or pulsed direct current (PDC) are more commonly used for skin lesions than is LVDC (4,5). Polarity switching is often used
in these therapies as well, with the cathode primarily acting to stimulate granulation tissue. Currents for HVPC/
PDC range between 300mA-2.5 mA at voltages of 6-200V.
Pulse rate is classically between 80 and 130 pulses/second. Treatment times are short (60 minutes/day, 5 days/
week) in comparison to LVDC.
Pulsed microamperage direct current (PMDC), most commonly from a TENS unit, has been successfully used to
treat skin lesions. Current ranges between 15 and 30mA at
pulse rates between 64 and 128 pulses/second are typical.

Table 1. Comparison of types of stimulation and typical parameter settings for treatment
of skin wounds
Type

Wave form

Fre que ncy Curre nt range Voltage

Polarity

Duration

Periodic
switching
2- 8hrs/day
(cathode
for 3- 7
in wound
days/week
for first 35 days)

Othe r

Low Voltage
DC

Monophasic
Rectangular

NA

High Voltage
DC or Pulsed
DC

Monophasic

80- 130 pps 300mA- 2.5mA 6- 200

Periodic
switching

60min/day for
5 days/week

Pulsed Microampere DC
Monophasic
(TENS unit)

64- 128pps 15- 30mA

9

Switch
every 3
days

30- 45min,
3X daily

Electrodes placed
in web spaces of
hands for lower
extremity ulcers

Low Voltage
AC

40- 85 pps 15- 25mA

<10

NA

2hrs/day

Electrodes at edge
of wound

30min/day,
2X daily

No contact with
wound

Symmetrical
Biphasic

Pulsed ElectroBiphasic
magnetic Fields

8- 600 Hz

20- 1000mA

750mA
(Coil current)

<8

120 (Coil
NA
voltage)

Data adapted and modified from references 4, 5, 75
NA=not applicable
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Treatment usually consists of 30-45 minute sessions, 3
times/day with electrode placement some distance from
the site of injury (Table 1) (4). Lastly, low voltage (<10V)
alternating current (LVAC) with a low frequency (40-85
pulses/second) waveform can be used to treat skin injuries
(5). The current ranges from 15-25mA and are applied
therapeutically for two hours daily with electrode placement near the edge of the wound.
In addition to treatment duration (i.e., minutes/day), the
timing of the onset of treatment has been varied in different treatment regimens. Because fibroblasts do not begin
to appear until at least 3 days post-injury, Canseven et al
(75) and Enwemeka et al (39) suggested application of
electrotherapeutics should be delayed until 3-5 days after
injury. This delay also partially coincides with the reversal of injury potential in 3-4 days (74) and the onset of
collagen production on day 7 post-injury (39). Pulse duration, when applicable, have also been projected as key
to providing an efficacious result in wound healing.
Biedebach (8) reported in a review paper that successful
durations were most often between 50ms and 3.1ms.
Capacitive coupling has apparently not been utilized to
treat skin injuries but Sheffet et al (5) compiled information pertaining to PEMFs and their specific usage in pressure ulcer healing (Table 1). A frequency range of 80600Hz with a pulse duration of 65 pulse per second was
found to be successful. Treatment included two applications daily for 30 minutes until the wound healed. The
non-invasiveness of EMFs is an obvious benefit in treating wounds. The external coils can be applied without
touching the wound or dressing, removing a major risk of
infection and potential complications.
CONCLUSIONS
There is substantial evidence supporting the use of
electrotherapeutics in bone healing. O’Connor (7) and
Bassett (25) have identified specific orthopedic problems
that have been most likely to benefit from
electrotherapeutics, in particular PEMF, although DC current has been and can be used as well (3,9,56). Ununited
fractures, delayed unions, nonunions, failed arthrodesis,
and congenital nonunions are all considered to be responsive to PEMF. The parameter best identified with success
in PEMF has been the induced voltages. It has been suggested by Black (3) that an induced voltage of between 1
and 10mV/cm be used in bone, whereas O’Connor (7) had
suggested a more limited range (1.0-1.5mv/cm). The frequency suggested by O’Connor (7) and Bassett (35) to be
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most effective for nonunion fractures is 15Hz.
Continuous DC current has been used with success in
nonunions when amperage has ranged between the 5 and
20mA (6,56). It seems however that the use of DC current, of any type, in bone healing has decreased due to the
non-invasiveness and ease of use of PEMF.
Table 1 presents some guidelines for the treatment of
skin. Unfortunately, the variability in the listed parameters is very large with no clear consensus relating specific parameters or types of stimulation with specific patients or lesions.
The treatment of other tissues including ligaments, tendons, and cartilage with electrotherapeutics has promise,
but it remains to be discovered which specific injuries or
lesions are most responsive to electrotherapeutics.
Electrotherapeutics clearly can have a positive effect on
collagen healing in calcified and soft tissues. Nevertheless, the precise mechanism of action remains elusive, preventing clear guidelines and parameters for its usage from
being codified. However, because there are now at least
parameter ranges within which no significant deleterious
effects have been reported, physicians should be willing to
use electrotherapeutics in cases in which more standard
therapy has not produced positive results.
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