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Interferential Therapy Produces
Antinociception During Application in
Various Models of Inflammatory Pain

Background and Purpose. Although interferential therapy (IFT) is used
widely in the management of many painful conditions, the effective-
ness and the mechanism of action of IFT in animal models of
inflammatory pain have not been evaluated. The aim of this study was
to evaluate the effectiveness of IFT in reducing inflammatory pain and
edema in rats. Subjects. Sixty-nine male Wistar rats were used in the
study. Methods. The effect of IFT application (4,000-Hz carrier fre-
quency, 140-Hz amplitude-modulated beat frequency, pulse dura-
tion=125 milliseconds, current intensity=5 mA) for 1 hour on the
formalin-induced nociceptive response and edema and on
carrageenan-induced mechanical hyperalgesia and edema was evalu-
ated. Results. Interferential therapy significantly reduced the formalin-
evoked nociceptive response when applied to the paw immediately
after but not before the formalin injection. Interferential therapy
application at 2 hours after the carrageenan injection significantly
prevented a further increase in carrageenan-induced mechanical
hyperalgesia only immediately after discontinuation of the electrical
current application. The antinociception induced by IFT was not
attributable to a reduction in inflammation because IFT did not
significantly reduce the edema induced by either formalin or carra-
geenan. Discussion and Conclusion. The results suggest that, despite its
short-duration effect, IFT is effective in reducing inflammatory pain
and should be considered primarily for use in the control of acute
inflammatory pain. [Jorge S, Parada CA, Ferreira SH, Tambeli CH.
Interferential therapy produces antinociception during application in
various models of inflammatory pain. Phys Ther. 2006;86:800-808. ]
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nflammatory pain is a pervasive problem and usu-

ally results in both spontaneous pain and hyper-

algesia. Hyperalgesia is characterized by a periph-

eral sensitization of pain receptors (nociceptors)—
that is, an increase in neuronal membrane excitability—
by inflammatory mediators.!'=7 Although the hyperalge-
sic state does not necessarily involve ongoing pain, the
nociceptive threshold is lowered in this state, and the
application of a nonnoxious mechanical, thermal, or
chemical stimulus induces a nociceptive behavior
response.2® However, spontaneous inflammatory pain is
characterized by a continuous endogenous stimulation
of nociceptors caused by the release of inflammatory
mediators that directly stimulate them. Postsurgical or
traumatic pain usually is referred to as spontaneous pain
in a hyperalgesic state.

The inflammatory mediators released at the site of tissue
injury, such as prostaglandins, sensitize nociceptors.?-46
The current focus of treatment is on the blockade of
prostaglandin synthesis through the use of nonsteroidal
anti-inflammatory drugs (NSAIDs) to prevent the periph-
eral sensitization of pain receptors.!:> Because many sub-
jects are intolerant of prolonged treatment with NSAIDs,
the use of electrotherapy in the management of inflamma-
tory pain conditions has gained popularity.?

Compared with other methods of transcutaneous elec-
trical nerve stimulation (TENS), interferential current is
a form of electrical therapy that delivers currents to deep
tissues through the use of kilohertz-carrierdfrequency
pulsed or sinusoidal currents to overcome the imped-
ance offered by the skin. Because very-high-frequency
currents are not uncomfortable for subjects, 2 currents
can be delivered out of phase; these currents interfere
with each other within tissues at the point at which the
currents cross.!®!! The resultant amplitude-modulated
interference wave has beat frequencies of between 1 and

250 Hz, which have been reported to induce analgesia in
humans.12-15

Although interferential therapy (IFT) is used widely in
the management of many painful conditions, the effec-
tiveness and the mechanism of action of IFT in animal
models of inflammatory pain have not been evaluated
yet.!6-18 Thus, the aim of the present investigation was to
evaluate the effectiveness of IFT in reducing inflamma-
tory pain and edema. The specific aims were to investi-
gate the analgesic effect of IFT on carrageenan-induced
mechanical hyperalgesia and formalin-induced sponta-
neous nociceptive behavior®19-2% and to investigate the
anti-inflammatory effect of IFT on carrageenan- or
formalin-induced edema.2!.23.24

Method

Subjects

The study was carried out with male Wistar rats (150—
250 g) maintained in a temperature-controlled room
(23°£1°C [mean=*SD]) with a 12-hour light-dark cycle.
All experiments were approved by the Animal Care Com-
mittee at the University of Campinas and were conducted
in accordance with ethical guidelines for investigations of
experimental pain in conscious animals.?5

Procedure

Animals were anesthetized briefly by inhalation of 2.5%
isoflurane for electrode placement. The distal half of the
left hind limb was depilated, and a bipolar stimulating
electrode consisting of 2 superficial 6-mm-diameter pre-
gelled surface electrodes was applied, with the 2 elec-
trodes located approximately 2 cm apart, between the
lower third of the hind limb and the proximal portion of
the dorsum of the hind paw. The electrodes were fixed
in place with tape. Animals regained consciousness
approximately 1 minute after discontinuation of the
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anesthetic. The stimulating electrodes were connected
to a model ET9702 ENDOPHASYS-I electrical stimula-
tor.* The stimulator was set to produce an interferential
current with a 4,000-Hz carrier frequency, a 140-Hz
premodulated beat frequency, and a pulse duration of
125 milliseconds.?® Animals were treated at a sensory
amplitude of 5 mA, which does not cause muscle con-
traction or discomfort in rats.?” Methods used in noci-
ceptive tests were similar to those previously
described.?1-2328.29

Formalin-Evoked Nociceptive Behavior

Introduced by Dubuisson and Dennis in 1977, the
formalin test is used widely to evaluate analgesic drugs,
and it is well known as an animal model of tonic
inflammatory pain.2° Subcutaneous injection of forma-
lin into the rat hind paw evokes an array of stereotyped
behaviors. Among these behaviors, flinching (consisting
of an elevation and shrinking back of the injected paw)
is a reliable parameter of pain behavior.?? The nocicep-
tive response to formalin occurs in a biphasic pattern;
there is an initial acute period (phase 1, duration of
7210 minutes) and, after a short period of remission,
phase 2 begins and consists of a longer period (1 hour)
of sustained activity.!928-31 It has been demonstrated
that the nociceptive behaviors evoked by formalin injec-
tion are associated with the local release of histamine
and serotonin, which directly activate nociceptors.2?2

After a 30-minute habituation period in a test chamber
(30X30X30 cm mirrored wood chamber with glass at
the front side), each animal was given a subcutaneous
injection of 50 uL of 1% formalin (1:100 dilution of
stock formalin solution; 37% formaldehyde in 0.9%
saline) in the dorsum of the hind paw and then was
returned to the test chamber for a l1-hour observation
period.

The recording time was divided into 12 blocks of 5
minutes, and a pain score was determined for each block
by measuring the number of flinches of the affected limb
during the observation time.?230 The formalin-evoked
nociceptive flinching behavior was divided into phase 1
(0-10 minutes) and phase 2 (15-60 minutes).”-22

Because the administration of 1% formalin evokes
prompt nociception for approximately 1 hour, IFT was
applied for 1 hour immediately after the formalin injec-
tion. Additional experiments were performed to verify
whether IFT application during the 1 hour before the
formalin injection was able to reduce the nociceptive
response. When the electrical current was applied before
the formalin injection, the electrodes were kept in place

* KLD Biosistemas, Europa 610, Jardim Camanducaia, Amparo, Sio Paulo, Brazil
13900-909.
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for 2 hours (1 hour before and 1 hour after the formalin
injection), and when it was applied immediately after the
formalin injection, the electrodes were kept in place
only during the 1 hour after the formalin injection. The
same protocol was used for the control groups, except
that the electrical stimulator was maintained in the off
position. To control for the possibility that the elec-
trodes could affect the formalin-evoked flinching behav-
ior by themselves, subcutaneous injections of formalin
also were given to animals that had no electrodes placed
on the hind paw. All formalin tests were performed by
the same experimenter, who was unaware of whether a
rat had undergone IFT or not, and all rats were used
only once.

Carrageenan-Induced Mechanical Hyperalgesia
Inflammation induced by carrageenan is acute, non-
immune, and highly reproducible. Cardinal signs of
inflammation, such as edema, hyperalgesia, and ery-
thema, develop immediately after the subcutaneous
injection of carrageenan.?®

The sensitization of primary nociceptive neurons (hyper-
algesia) is measured in animal tests either by a decrease
in the nociceptive behavior threshold or by a shortening
of the time to the induction of the behavioral end point.
In the present work, the time until a typical reaction
appeared after the application of constant pressure in
normal or sensitized paws was measured as previously
described.?? Briefly, mechanical hyperalgesia was tested
in rats by use of a constant pressure of 20 mm Hg, which
was applied via a syringe piston moved by compressed air
to a 15-mm? area on the dorsal surface of the hind paw
and which was discontinued when the rat presented a
typical “freezing reaction”; this reaction was signaled by
brief apnea concomitant with a retraction of the head
and forepaws and a reduction in the escape movements
that animals frequently make to escape from the posi-
tion imposed by the experimental situation. For each
animal, the latency to the onset of the freezing reaction
(from the time of the first pressure application) was
measured before the carrageenan injection (zero time,
defined as baseline) and at 2, 3, and 4 hours after the
carrageenan injection. Carrageenan (100 ug, 50 wl) was
injected subcutaneously into the hind paw immediately
after the baseline measurements were obtained.

The intensity of mechanical hyperalgesia was quantified
as the reduction in the reaction times and was calculated
by subtracting the values measured at 2, 3, and 4 hours
after carrageenan injection from the baseline value, that
is, change in the reaction time = baseline value —
posttreatment value.

Because carrageenan induces maximal hyperalgesia and
edema 3 hours after its subcutaneous injection, IFT
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application was initiated 2 hours after the carrageenan
injection. The same protocol was used for the control
groups, except that the electrical stimulator was main-
tained in the off position.

Formalin- or Carrageenan-Induced Edema

In separate groups of animals, paw edema was deter-
mined by volume displacement of an electrolyte solution
in a plethysmometer." The hind paw was immersed to
the hairy skin, and volumes were read from a liquid
crystal display. Values were determined in triplicate
before and 1 hour after the formalin injection and at 2,
3, and 4 hours after the carrageenan injection; these
values were subtracted from baselines values to quantify
edema as volumes (in milliliters). Because formalin
induces spontaneous flinching behavior, rats were anes-
thetized by inhalation of 2.5% isoflurane immediately
before the edema measurements were obtained.

Experimental Design

For nociceptive behavior tests, rats were divided into the
following groups: group 1, IFT applied before formalin
injection (n=7); group 2, IFT sham control applied
before formalin injection (n=8); group 3, IFT applied
immediately after formalin injection (n=6); group 4,
IFT sham control applied immediately after formalin
injection (n=6); group 5, no electrode placed on the
hind paw treated with formalin (n=6); group 6, IFT
applied 2 hours after carrageenan injection (n=6); and
group 7, IFT sham control applied 2 hours after carra-
geenan injection (n=6).

To investigate the effect of IFT on edema, rats were
divided into the following groups: group 8, IFT applied
immediately after formalin injection (n=6); group 9,
IFT sham control applied immediately after formalin
injection (n=6); group 10, IFT applied 2 hours after
carrageenan injection (n=6); and group 11, IFT sham
control applied 2 hours after carrageenan injection
(n=6).

The duration of IFT application was 1 hour in all
experimental groups; however, IFT application was ini-
tiated 2 hours after the carrageenan injection and 1
hour before or immediately after the formalin injection
for the reasons explained above. Immediately after the
formalin test, rats were anesthetized by inhalation of
2.5% isoflurane to allow the edema measurements to be
obtained.

Data Analysis
A ¢ test was used to determine whether there were

significant differences in formalin-evoked phases 1 and 2
of nociceptive flinching behavior between the IFT-

T Ugo Basile, Via G Borghi 43, 21025 Comerio VA, Italy.
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treated group and the IFT sham control group when
these treatments were applied before or immediately
after the formalin injection; only the total number of
flinches in each period (phase 1 and phase 2) of the
formalin test was used for the statistical analysis.

A l-way repeated-measures analysis of variance
(ANOVA) was used to determine whether there were
significant differences in phases 1 and 2 of formalin-
evoked nociceptive flinching behavior among animals
with electrodes kept in place for 1 hour, animals with
electrodes kept in place for 2 hours, and animals without
electrodes. When there was a significant difference
among groups, the Tukey post hoc test was used to
determine the basis of the significant difference.

A 2-way repeated-measures ANOVA with 1 between-
subjects factor (ie, treatment) and 1 within-subject factor
(ie, time) was used to determine whether there were
significant differences in carrageenan-induced hyper-
algesia or edema between the IFT-treated group and the
IFT sham control group. Because the effect of time and
the time X treatment interaction were not significant in
virtually all cases, these results are not shown. When
there was a significant between-subjects main effect of
treatment group, a ¢ test with an alpha level adjusted with
a Bonferroni-type correction (eg, P=.05/3=.01666 for 3
time points) was used to identify the time points at which
there were significant differences among groups. A P
level of less than .05 was considered to indicate statistical
significance. Data are plotted in figures as mean*=SEM.

Results

Effect of IFT on Formalin-Induced

Nociceptive Behavior and Edema

The electrical current application during the 1 hour
after the formalin injection (Fig. 1A) but not before the
formalin injection (Fig. 1B) significantly (P <.05, ¢ test)
reduced both phases 1 and 2 of the formalin-evoked
flinching behavior compared with the results obtained
for the sham-stimulated control group. There was no
significant difference (P>.05, Tukey test) in phases 1
and 2 of the formalin-evoked nociceptive flinching
behavior between animals with electrodes kept in place
for 1 hour (mean=SEM for phases 1 and 2, respectively:
69.0+12.5 and 299.0%£46.8), animals with electrodes
kept in place for 2 hours (60.4*15.9 and 261.8*£12.3),
and animals without electrodes (56.2+7.5 and
246*34.4). These results rule out the possibility that the
electrodes by themselves could have affected the
formalin-induced nociceptive flinching behavior. The
electrical stimulation did not change the behavior of
naive rats (rats that were not challenged with inflamma-
tory agents), evaluated by licking behavior associated
with self-cleaning (data not shown).
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Figure 1.

Effect of interferential therapy (IFT) on the formalin-induced nociceptive
response and edema. Results are shown as mean=SEM. (A and C)
Application of IFT for 1 hour after the formalin injection significantly
reduced formalin-induced flinching (A) but not edema measured at 1
hour after IFT (C). The asterisk indicates a significant reduction in phases
1 (P=.010, t test) and 2 (P=.017, t test) of the formalin-induced
nociceptive response compared with the results obtained for the control
group. (B) Application of IFT for 1 hour before the formalin injection did
not significantly affect phases 1 (P=.703, ttest) and 2 (P=.346, t fest)
of the formalin-induced nociceptive response.
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Although IFT significantly reduced formalin-induced
nociception, the same current parameters applied for
1 hour immediately after the formalin injection did not
significantly (P>.05, ¢ test) change the edema measured
immediately after discontinuation of the electrical cur-
rent application (Fig. 1C).

Effect of IFT on Carrageenan-Induced Mechanical
Hyperalgesia and Edema

The subcutaneous injection of carrageenan (100 ug per
paw) induced mechanical hyperalgesia and edema that
were maximal between 3 and 4 hours after the carra-
geenan injection. The 1-hour application of IFT at 2
hours after the carrageenan injection significantly
(P=.012, ¢ test) prevented a further increase in mechan-
ical hyperalgesia measured immediately after but not 1
hour after discontinuation of the electrical current
application (Fig. 2A) and did not significantly (P>.05,
2-way repeated-measures ANOVA) prevent the develop-
ment of edema (Fig. 2B). There were no changes either
in the baseline reaction times in naive animals after IFT
application or in carrageenan-induced mechanical
hyperalgesia when IFT was applied to the contralateral
hind paws (data not shown).

Discussion and Conclusion

In the present investigation, we were able to demon-
strate, for the first time, that interferential electrical
stimulation is effective in producing antinociception in 2
experimental models used to mimic human inflamma-
tory pain states: carrageenan-induced mechanical hyper-
algesia and formalin-induced nociceptive behavior.
From a clinical perspective, the experimental use of
carrageenan or formalin as an inflammatory agent satis-
fies the criteria for mimicking inflammatory pain in
humans. Nonsteroidal anti-inflammatory drugs inhibit
carrageenan-induced hyperalgesia and partially reduce
formalin-induced nociception. Furthermore, both mod-
els of inflammatory pain are completely blocked by
morphine.2?33-37 Thus, these models serve as valid
screens for testing the efficacy of pharmacological agents
and similarly can be used to test the efficacy of nonphar-
macological agents.?3:38

Although the local administration of carrageenan causes
neutrophil migration, edema, and NSAID-sensitive hyper-
algesia, the local administration of 1% formalin causes
ordinary mast cell degranulation.?2:233% Thus, the major
inflammatory mediators involved in the inflammatory
pain induced by carrageenan are eicosanoids and sym-
pathomimetic amines, whereas the major inflamma-
tory mediators involved in the inflammatory pain in-
duced by formalin are serotonin and histamine, both of
which directly activate sensitized nociceptors.?2 This
fact explains why NSAID pretreatment only partially
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Figure 2.

Effect of interferential therapy (IFT) application on carrageenan-induced mechanical hyperal-
gesia and edema. Results are shown as mean=SEM. Interferential therapy was applied for 1
hour beginning 2 hours after the carrageenan injection. (A) The asterisk indicates a significant
reduction in carrageenan-induced mechanical hyperalgesia (P=.012, ttest) compared with the
results obtained for the control group. A=change in. (B) There was no significant difference in
carrageenan-induced edema between the groups (P>.05, 2-way, repeated-measures analysis
of variance).

relative levels of importance of these
inflammatory mediators in the inflam-
matory pain models are not the
same.224445 In fact, the relative partici-
pation of inflammatory mediators,
including cytokines, depends on the
inflammatory stimulus and on the
affected tissue.>16

Importantly, different inflammatory
mediators may produce different pain
responses. In line with this idea, the
subcutaneous injection of formalin
induces “overt” pain, characterized by
nociceptive behaviors, such as flinching
and licking the injected paw, whereas
the subcutaneous injection of carra-
geenan increases the pain response
induced by noxious stimulation or
induces pain in response to an ordinarily
nonnoxious stimulation of peripheral tis-
sue. Thus, the pain response induced by
formalin mimics postsurgical or trau-
matic pain, which is usually referred to as
spontaneous pain, and the pain response
induced by carrageenan mimics the
hyperalgesia that usually follows post-
surgical or traumatic pain.

The clinical literature demonstrates
IFT to be either effective or ineffective,
depending on the pain condition. In line
with this idea, IFT has been reported to
be effective for cold-induced pain and
experimentally induced ischemic pain
but ineffective for recurrent jaw paint’
and for the RIII nociceptive and H
reflexes in humans.!>48-50 However, it is
important to emphasize that different
types of pain may respond to IFT in very
different ways.

Despite the distinct mechanisms
involved in the inflammatory pain
induced by carrageenan and that
induced by formalin, IFT was effective
in decreasing both, even when the cur-
rent was applied after the initiation of
the inflammatory pain (Figs. 1A, 2A).
Although some in wvitro experiments

reduces phase 2 of formalin-induced nociceptive  have shown that IFT can modulate the release of inflam-
behavior.21:85:40-43 matory mediators, the mechanism underlying the effect

of IFT on inflammatory pain remains unclear.>!-52 Inter-
Although the involvement of serotonin and histamine in  ferential therapy may produce analgesia via the pain gate
carrageenan-induced inflammation and of eicosanoids = mechanism.?® According to this theory, the stimulation
in formalin-induced nociception has been reported, the  of large-diameter afferent fibers inhibits input from
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small-diameter afferent fibers. This theory is in line with
the idea that high-frequency stimulation (>100 Hz)
tends to stimulate A fibers but tends to have relatively
little impact on C fibers.>® Furthermore, under the same
experimental conditions as those used to verify the IFT
effect on the nociceptive response induced by formalin
and on mechanical hyperalgesia induced by carra-
geenan, IFT did not significantly reduce the edema
induced by the local administration of formalin
(Fig. 1C) or carrageenan (Fig. 2B). These results suggest
that its analgesic effect is not mediated by an anti-
inflammatory action. This factor has clear clinical value,
in that analgesia does not always include decreased
inflammation. For example, opioids, such as morphine,
promote analgesia not through an anti-inflammatory
action like that of an NSAID that inhibits the cyclooxy-
genase enzyme but by directly counteracting the sensiti-
zation of the primary afferent nociceptors or by blocking
nociceptive transmission in the spinal cord. It is well
established that opioids administrated either peripher-
ally or in the subarachnoid space block inflammatory
hyperalgesia.>*-57

In agreement with our findings, it has been demon-
strated that TENS applied at a high frequency (130 Hz)
similar to that used in this study induces transient
inhibition of carrageenan-induced hyperalgesia. In con-
trast, TENS applied at a low frequency (10 Hz) induces
a long-lasting and opioid-mediated inhibition of inflam-
matory hyperalgesia.®® In addition, neither high- nor
low-frequency TENS is able to reduce carrageenan-
induced edema in rats.58%° Although the analgesia
induced by low-frequency TENS is associated with mu
opioid receptor activation, it has been suggested that
high-frequency TENS reduces the release of glutamate
via the activation of presynaptic delta opioid receptors
associated with the transmission of thermal hyperalgesia
in the spinal cord.®®-52 However, this mechanism may
not be the only one involved in the analgesic effect of
high-frequency TENS, because the delta opioid receptor
antagonist naltrindole does not reverse its analgesic effect
in carrageenan-induced mechanical hyperalgesia.>®

The antinociceptive effect documented in this study with
only 1 session of 1 hour of IFT application occurred
during and immediately after stimulation, similar to that
of a 20-minute high-frequency TENS application.*® In
contrast, some clinical investigations have demonstrated
that IFT is an effective method for producing pain relief
for up to 1 week and for up to 6 months when used with
a twice-daily exercise program in some subjects with
osteoarthritic knee pain.®3-6* These studies failed, how-
ever, to include controls for placebo effects, and subjects
received approximately 10 sessions of IFT. Nevertheless,
despite the duration of its effects, it is important to
emphasize that, in contrast to the traditional pharmaco-

806 . Jorge et al

logical approaches used to manage inflammatory pain,
IFT produces immediate and strong analgesia. The lack
of a long-lasting effect in this study could be attributable
either to its mechanism of action or to the parameters
and application time used.

In summary, we provide evidence that IFT is effective in
reducing inflammatory pain in controlled animal mod-
els. This effect, which does not appear to be the result of
an anti-inflammatory action, warrants future studies to
better understand the mechanism by which this com-
monly used nonpharmacological treatment reduces
pain. Furthermore, despite its short-duration effect, IFT
is effective in immediately reducing inflammatory pain
and should be considered for use in the control of acute
inflammatory pain.

References
1 Ferreira SH. Prostaglandins, aspirin-like drugs and analgesia. Nat New
Biol. 1972;240:200-203.

2 Gold MS. Tetrodotoxin-resistant Na™ currents and inflammatory
hyperalgesia. Proc Natl Acad Sci U S A. 1999;96:7645-7649.

3 Kidd BL, Urban LA. Mechanisms of inflammatory pain. Br | Anaesth.
2001;87:3-11.

4 Sommer C, Kress M. Recent findings on how proinflammatory
cytokines cause pain: peripheral mechanisms in inflammatory and
neuropathic hyperalgesia. Neurosci Lett. 2004;361:184-187.

5 Ferreira SH. Peripheral analgesic sites of action of anti-inflammatory
drugs. Int | Clin Pract Suppl. 2002;128:2-10.

6 Aley KO, Messing RO, Mochly-Rosen D, Levine JD. Chronic hyper-
sensitivity for inflammatory nociceptor sensitization mediated by the
epsilon isozyme of protein kinase C. J Neurosci. 2000;20:4680—-4685.

7 Shibata M, Ohkubo T, Takahashi H, Inoki R. Modified formalin test:
characteristic biphasic pain response. Pain. 1989;38:347-352.

8 Lai ], Porreca F, Hunter JC, Gold MS. Voltage-gated sodium channels
and hyperalgesia. Annu Rev Pharmacol Toxicol. 2004;44:371-397.

9 Payne R. Limitations of NSAIDs for pain management: toxicity or
lack of efficacy? The Journal of Pain. 2000;1:14-18.

10 Hansjuergens A. Interferential current clarification. Phys Ther.
1986;66:1002.

11 Johnson MI, Tabasam G. An investigation into the analgesic effects
of interferential currents and transcutaneous electrical nerve stimula-
tion on experimentally induced ischemic pain in otherwise pain-free
volunteers. Phys Ther. 2003;83:208-223.

12 Bircan C, Senocak O, Peker O, etal. Efficacy of two forms of
electrical stimulation in increasing quadriceps strength: a randomized
controlled trial. Clin Rehabil. 2002;16:194-199.

13 Cheing GL, Hui-Chan CW. Analgesic effects of transcutaneous
electrical nerve stimulation and interferential currents on heat pain in
healthy subjects. | Rehabil Med. 2003;35:15-19.

14 Jarit GJ, Mohr K], Waller R, Glousman RE. The effects of home
interferential therapy on post-operative pain, edema, and range of
motion of the knee. Clin J Sport Med. 2003;13:16-20.

15 Johnson M, Wilson H. The analgesic effects of different swing
patterns of interferential currents on cold-induced pain. Physiotherapy.
1997;83:461-467.

Physical Therapy . Volume 86 . Number 6 . June 2006

220z 1aquianoN 0g uo 1senb Aq £205082/008/9/98/8101e/fid/woo dno olwepede//:sdiy woly pspeojumoq



16 Almeida TF, Roizenblatt S, Benedito-Silva AA, Tufik S. The effect of
combined therapy (ultrasound and interferential current) on pain and
sleep in fibromyalgia. Pain. 2003;104:665-672.

17 Alon G. Interferential current news. Phys Ther. 1987;67:280-281.

18 Goats GC. Interferential current therapy. Br | Sports Med. 1990;24:
87-92.

19 Puig S, Sorkin LS. Formalin-evoked activity in identified primary
afferent fibers: systemic lidocaine suppresses phase-2 activity. Pain.
1996;64:345-355.

20 Dubuisson D, Dennis SG. The formalin test: a quantitative study of
the analgesic effects of morphine, meperidine, and brain stem stimu-
lation in rats and cats. Pain. 1977;4:161-174.

21 Ferreira SH, Zanin T, Lorenzetti BB, etal. Increased vascular
permeability, oedema and hyperalgesia caused by carrageenin in the
rat’s paw. Agents Actions. 1978;8:159.

22 Parada CA, Tambeli CH, Cunha FQ, Ferreira SH. The major role of
peripheral release of histamine and 5-hydroxytryptamine in formalin-
induced nociception. Neuroscience. 2001;102:937-944.

23 Morris CJ. Carrageenan-induced paw edema in the rat and mouse.
Methods Mol Biol. 2003;225:115-121.

24 Doak GJ, Sawynok J. Formalin-induced nociceptive behavior and
edema: involvement of multiple peripheral 5-hydroxytryptamine
receptor subtypes. Neuroscience. 1997;80:939-949.

25 Zimmermann M. Ethical guidelines for investigations of experimen-
tal pain in conscious animals. Pain. 1983;16:109-110.

26 Hogenkamp M, Mittelmeijer E, Smits I, Stralen CV. Manual de
Terapia Interferencial. Delft, the Netherlands: Enraf-Nonius; 1986.

27 Leem JW, Park ES, Paik KS. Electrophysiological evidence for the
antinociceptive effect of transcutaneous electrical stimulation on
mechanically evoked responsiveness of dorsal horn neurons in neuro-
pathic rats. Newrosci Lett. 1995;192:197-200.

28 Wheeler-Aceto H, Porreca F, Cowan A. The rat paw formalin test:
comparison of noxious agents. Pain. 1990;40:229-238.

29 Teng (], Abbott FV. The formalin test: a dose-response analysis at
three developmental stages. Pain. 1998;76:337-347.

30 Taylor BK, Peterson MA, Basbaum Al. Persistent cardiovascular and
behavioral nociceptive responses to subcutaneous formalin require
peripheral nerve input. J Neurosci. 1995;15:7575-7584.

31 McCall WD, Tanner KD, Levine JD. Formalin induces biphasic
activity in CAibers in the rat. Neurosci Lett. 1996;208:45—48.

32 Ferreira SH, Nakamura M. Prostaglandin hyperalgesia, a cAMP/
Ca®* dependent process. Prostaglandins. 1979;18:179-190.

33 Abram SE, Olson EE. Systemic opioids do not suppress spinal
sensitization after subcutaneous formalin in rats. Anesthesiology. 1994;
80:1114-1119.

34 Manning BH. A lateralized deficit in morphine antinociception
after unilateral inactivation of the central amygdala. | Neurosci. 1998;
18:9453-9470.

35 Yamamoto T, Nozaki-Taguchi N. The role of cyclooxygenase-1 and
-2 in the rat formalin test. Anesth Analg. 2002;94:962-967.

36 Ferreira SH, Lorenzetti BB, Correa FM. Blockade of central and
peripheral generation of prostaglandins explains the antialgic effect of
aspirin like drugs. Pol | Pharmacol Pharm. 1978;30:133-140.

37 Tonussi CR, Ferreira SH. Mechanism of diclofenac analgesia: direct
blockade of inflammatory sensitization. Fur | Pharmacol. 1994;251:
173-179.

Physical Therapy . Volume 86 . Number 6 . June 2006

38 Cowan A. Buprenorphine: new pharmacological aspects. Int | Clin
Pract Suppl. 2003;133:3-8, 23-24.

39 Secco DD, Paron JA, de Oliveira SH, et al. Neutrophil migration in
inflammation: nitric oxide inhibits rolling, adhesion and induces
apoptosis. Nitric Oxide. 2003;9:153-164.

40 Nakamura M, Ferreira SH. A peripheral sympathetic component in
inflammatory hyperalgesia. Eur | Pharmacol. 1987;135:145-153.

41 Cunha FQ, Lorenzetti BB, Poole S, Ferreira SH. Interleukin-8 as a
mediator of sympathetic pain. Br J Pharmacol. 1991;104:765-767.

42 Rosland JH, Tjolsen A, Machle B, Hole K. The formalin test in mice:
effect of formalin concentration. Pain. 1990;42:235-242.

43 Torres-Lopez JE, Ortiz MI, Castaneda-Hernandez G, et al. Compar-
ison of the antinociceptive effect of celecoxib, diclofenac and resvera-
trol in the formalin test. Life Sci. 2002;70:1669-1676.

44 Parada CA, Reichling DB, Levine JD. Chronic hyperalgesic priming
in the rat involves a novel interaction between cAMP and PKCepsilon
second messenger pathways. Pain. 2005;113:185-190.

45 Ferreira SH, Lorenzetti BB, Bristow AF, Poole S. Interleukin-1 beta
as a potent hyperalgesic agent antagonized by a tripeptide analogue.
Nature. 1988;334:698-700.

46 Cunha JM, Cunha FQ, Poole S, Ferreira SH. Cytokine-mediated
inflammatory hyperalgesia limited by interleukin-1 receptor antago-
nist. Br | Pharmacol. 2000;130:1418-1424.

47 Taylor K, Newton RA, Personius W], Bush FM. Effects of interfer-
ential current stimulation for treatment of subjects with recurrent jaw
pain. Phys Ther. 1987;67:346-350.

48 Stephenson R, Johnson M. The analgesic effects of interferential
therapy on cold-induced pain in healthy subjects: a preliminary report.
Physiother Theory Pract. 1995;11:89-95.

49 Johnson MI, Tabasam G. A single-blind placebo-controlled investi-
gation into the analgesic effects of interferential currents on experi-
mentally induced ischaemic pain in healthy subjects. Clin Physiol Funct
Imaging. 2002;22:187-196.

50 Chung JM. Antinociceptive effects of peripheral nerve stimulation.
Prog Clin Biol Res. 1985;176:147-161.

51 Sontag W, Dertinger H. Response of cytosolic calcium, cyclic AMP,
and cyclic GMP in dimethylsulfoxide-differentiated HIL-60 cells to
modulated low frequency electric currents. Bioelectromagnetics. 1998;19:
452-458.

52 Sontag W. Modulation of cytokine production by interferential
current in differentiated HL-60 cells. Bioelectromagnetics. 2000;21:
238-244.

53 Watson T. The role of electrotherapy in contemporary physiother-
apy practice. Man Ther. 2000;5:132-141.

54 Hao JX, Xu IS, Wiesenfeld-Hallin Z, Xu X]J. Anti-hyperalgesic and
anti-allodynic effects of intrathecal nociceptin/orphanin FQ in rats
after spinal cord injury, peripheral nerve injury and inflammation.
Pain. 1998;76:385-393.

55 Ma QP, Allchorne AJ, Woolf CJ. Morphine, the NMDA receptor
antagonist MK801 and the tachykinin NKI receptor antagonist
RP67580 attenuate the development of inflammation-induced progres-
sive tactile hypersensitivity. Pain. 1998;77:49-57.

56 Nakamura M, Ferreira SH. Peripheral analgesic action of clonidine:
mediation by release of endogenous enkephalin-like substances. Eur
J Pharmacol. 1988;146:223-228.

Jorge et al . 807

220z 1aquianoN 0g uo 1senb Aq £205082/008/9/98/8101e/fid/woo dno olwepede//:sdiy woly pspeojumoq



57 Parada CA, Vivancos GG, Tambeli CH, et al. Activation of presyn-
aptic NMDA receptors coupled to NaVl.8-resistant sodium channel
C-fibers causes retrograde mechanical nociceptor sensitization. Proc
Natl Acad Sci U S A. 2003;100:2923-2928.

58 Resende MA, Sabino GG, Candido CR, et al. Local transcutaneous
electrical stimulation (TENS) effects in experimental inflammatory
edema and pain. Eur | Pharmacol. 2004;504:217-222.

59 Sluka KA, Bailey K, Bogush J, et al. Treatment with either high or
low frequency TENS reduces the secondary hyperalgesia observed after
injection of kaolin and carrageenan into the knee joint. Pain. 1998;77:
97-102.

60 Sluka KA, Deacon M, Stibal A, etal. Spinal blockade of opioid
receptors prevents the analgesia produced by TENS in arthritic rats.
J Pharmacol Exp Ther. 1999;289:840—846.

808 . Jorge et al

61 Kalra A, Urban MO, Sluka KA. Blockade of opioid receptors in
rostral ventral medulla prevents antihyperalgesia produced by transcu-
taneous electrical nerve stimulation (TENS). J Pharmacol Exp Ther.
2001;298:257-263.

62 Sluka KA, Vance CG, Lisi TL. High-frequency, but not low-
frequency, transcutaneous electrical nerve stimulation reduces aspar-
tate and glutamate release in the spinal cord dorsal horn. | Neurochem.
2005;95:1794-1801.

63 Shafshak TS, el-Sheshai AM, Soltan HE. Personality traits in the
mechanisms of interferential therapy for osteoarthritic knee pain. Arch
Phys Med Rehabil. 1991;72:579-581.

64 Quirk A, Newman R, Newman K. An evaluation of interferential
therapy, shortwave diathermy and exercise in the treatment of osteo-
arthrosis of the knee. Physiotherapy. 1985;71:55-57.

Physical Therapy . Volume 86 . Number 6 . June 2006

220z 1aquianoN 0g uo 1senb Aq £205082/008/9/98/8101e/fid/woo dno olwepede//:sdiy woly pspeojumoq



