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Background. Little evidence exists regarding parameter selection for hypoalgesia
using interferential therapy (IFT).

Objective. This study investigated segmental and extrasegmental hypoalgesic
effects of different IFT parameter combinations upon experimentally induced pres-
sure pain threshold (PPT) in pain-free volunteers.

Design. The participants were randomly assigned to 6 groups: control, placebo,
bipolar constant amplitude modulation frequency (AMF), bipolar sweep AMF, quad-
ripolar constant AMF, and quadripolar sweep AMF.

Setting. The study was conducted in a university laboratory.

Participants. One hundred eighty adults who were healthy and pain-free partic-
ipated in the study.

Intervention. Interferential therapy was delivered to all groups at high,
to-tolerance intensity and at high AMF. Stimulation to the dominant forearm was
delivered for 30 minutes, with monitoring for a further 30 minutes.

Measurements. Pain pressure threshold was measured at the area of first dorsal
interosseous muscle of the dominant and nondominant hands (segmental measure-
ments) and over the tibialis anterior muscle (extrasegmental measurement) at base-
line and at 10-minute intervals using a pressure algometer. Square root transformed
PPT data were analyzed using repeated-measures analysis of variance.

Results. There was a significant change in PPT over time, but no significant
between-subjects difference in segmental or extrasegmental PPT between any of the
IFT groups and the placebo or control group. Thus, IFT delivered in any of these
parameter combinations did not significantly affect the PPT of pain-free participants
compared with the control or placebo group.

Limitations. Success of blinding was not evaluated.

Conclusions. This study showed that IFT delivered at high, to-tolerance intensity
and high AMF does not produce significant segmental and extrasegmental hypoalge-
sic effects on PPT in participants who were healthy compared with a control or
placebo group. Further research is warranted to investigate the hypoalgesic effect of
different IFT parameter combinations and to explain its possible mechanism of action.
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Interferential therapy (IFT) is a
popular electrotherapeutic modal-
ity for pain management.1,2 It is

characterized by the interference of
2 medium-frequency currents (ie,
1–10 kHz), which combine to pro-
duce a new medium-frequency cur-
rent whose amplitude is modulated
at low frequency (ie, �1 kHz).3 Inter-
ferential therapy is applied transcu-
taneously via electrode pads, either
in bipolar application (ie, current is
delivered via 2 pads, and amplitude
modulation occurs within the stimu-
lator) or quadripolar application (ie,
current is delivered via 4 pads, and
interference occurs within the tis-
sues). Although the exact mecha-
nism of action of IFT on pain modu-
lation is unknown, selective
stimulation of large- or small-
diameter afferent fibers, by using dif-
ferent doses of amplitude modula-
tion frequency (AMF), has been
proposed as a possible mechanism
for achieving analgesia with IFT.4–6

Other theoretical mechanisms of IFT
analgesia include activation of the
descending pain suppression path-
way with release of endogenous opi-
oids, physiological block of nerve
conduction, increased circulation,
and placebo mechanisms.4–7 Thus,
IFT has loosely been categorized as
another form of transcutaneous elec-
trical nerve stimulation (TENS),
which is traditionally considered to
be a low-frequency electrical stimu-
lation technique.7

The main differences between IFT
and TENS are the carrier frequency
and the AMF. Theoretically, these
characteristics of interferential cur-
rent reduce skin impedance, and
penetration of the current to deeper
tissues is allowed.3,4 This theory was
reinforced by the clinical use of dif-
ferent AMF modes (ie, constant
mode, where AMF remains constant
over time, or sweep mode, where
AMF changes periodically over time)
and different modes of IFT applica-
tion (ie, bipolar or quadripolar).
However, the existing research evi-
dence on the effects of different AMF
modes and different IFT application
modes on pain management is lim-
ited, which questions their potential
role in IFT stimulation.5,8–14

Experimental studies investigating
hypoalgesic effects of different
parameter combinations of modali-
ties such as IFT, using established
pain models on pain-free partici-
pants, can elucidate the mechanisms
of action of the modality and its
hypoalgesic efficacy.15 However,
few studies have been conducted
into IFT parameter manipulation,
and these studies have not reached
consensus on the hypoalgesic effect
of different parameter combinations
and, therefore, the mechanism of
action of IFT.6,13,16–20 Transcutane-
ous electrical nerve stimulation is a
similar modality with a considerable
literature base, which has demon-
strated that a combination of high

frequency (ie, �100 Hz) and high,
to-tolerance intensity is effective in
changing the pressure pain thresh-
old (PPT) of people who are pain-
free through segmental stimulation
(ie, in the area of the experimental
pain induction), or a combination of
both segmental and extrasegmental
stimulation (ie, in a different area
from that of the experimental pain
induction).21 The exact mechanism
of action of this TENS parameter
combination in pain modulation is
not known but may be due to both
local and central effects.22,23 A simi-
lar combination of high AMF and
high, to-tolerance intensity has not
been tested in IFT. Given the
assumption that TENS and IFT
should have comparable physiologi-
cal mechanisms of action within the
tissues, it is plausible to expect sim-
ilar parameter combinations to have
similar outcomes.

Accordingly, this study investigated
the segmental and extrasegmental
hypoalgesic effects of IFT upon
experimentally induced PPT in par-
ticipants who were healthy using
high AMF and to-tolerance intensity
parameters. The study also investi-
gated, secondarily, segmental and
extrasegmental hypoalgesic effects
of different modes of AMF (ie, sweep
or constant mode) and different
modes of application (ie, bipolar or
quadripolar) delivered at high fre-
quency and at to-tolerance intensity.
These effects were investigated to

Table 1.
Summary of Parameters for the 6 Experimental Groups

Group
Active

Electrodes

Mode of
Amplitude
Modulation
Frequency

Frequency
(Hz) Intensity

Bipolar constant 2 Constant 110 To tolerance

Bipolar sweep 2 Sweep 80–110 To tolerance

Quadripolar constant 4 Constant 110 To tolerance

Quadripolar sweep 4 Sweep 80–110 To tolerance

Placebo Inactive

Control Inactive
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determine whether these specific
parameters play an important role in
IFT stimulation.

Method
A randomized, triple-blinded,
placebo-controlled design with
repeated measures was used. The
experimental groups were 4 active
IFT groups with different parameter
combinations, a control group, and a
placebo group (Tab. 1). The random-
ization procedure was based on ran-
dom permuted blocks, with sex as a
blocking factor; random number lists
were generated by computer. The
primary outcome was PPT measured
at the dominant and nondominant
hands to investigate the segmental
hypoalgesic effect (local and derma-
tomal responses) and at the non-
dominant leg to investigate the
extrasegmental effect (generic
response) of the intervention.

Participants
Participants who were healthy and
pain-free were recruited from the
student and staff population of Keele
University. Inclusion criteria were
good general health and age
between 18 and 50 years. To mini-
mize possible performance bias, only
volunteers who had not received
electrical nerve stimulation before
and were unaware of the sensation
produced by the electrical current
applied (electrotherapy naive) were
included in the study. Exclusion cri-
teria were the contraindications and
precautions to electrical nerve stim-
ulation stated by the UK Chartered
Society of Physiotherapy, which
include: active or suspected malig-
nancy; vascular impairment; sensory
loss in the area to be treated; acute
dermatological conditions; devital-
ized tissue; diagnosed neuromuscu-
lar, cardiac, or respiratory disorders;
epilepsy; metal or any active implant
in the area of stimulation; active
epiphysis; recent bleeding or hemor-
rhage; and first 35 weeks of preg-
nancy.24 Because PPT was the out-

come measure, volunteers who were
in pain or taking pain medication or
who were recovering from illness or
an operation were excluded. To
ensure no or minimum damage to
the tissues, volunteers who bruised
easily or had any skin allergies
(including those to metal) also were
excluded. These inclusion and exclu-
sion criteria were assessed via a
screening questionnaire given prior
to the experiment by the main
researcher, who had the role of coor-
dinator during the experiment. Vol-
unteers also were excluded if they
were unable to comprehend the
instructions or unable to cooperate
with the experimental protocol.

Procedure
Participants were informed of the
scope, the procedure, and the dan-
gers of the study at least 24 hours
prior to participation. They were
assured that their participation was
voluntary and they had the right to
withdraw from the experiment at
any time without giving an explana-

tion and that withdrawing from the
experiment would not affect their
relationship with the university, the
school, or the investigators. Partici-
pants were asked to refrain from
intense exercise and from consum-
ing coffee, tea, alcohol, or any anal-
gesic medication in the 12 hours
prior to the experiment due to the
potential confounding influence of
these factors on pain threshold.25–30

They were given an information
sheet describing the study, and those
willing to take part provided written
consent.

Participants were seated in a com-
fortable long-sitting position on a
plinth with the forearms resting on
tables next to the plinth and the legs
in a straight position. The stimula-
tion area was the forearm of the
dominant hand, and the electrodes
were arranged in a diagonal pattern
to permit stimulation of the radial
nerve where it becomes superficial
(Fig. 1). During the quadripolar
application, the electrodes were

The Bottom Line

What do we already know about this topic?

Interferential therapy (IFT) is a popular electrostimulation modality used
by therapists for the treatment of pain. Interferential therapy is delivered
by either 2 or 4 electrode pads placed on the skin. The mechanism of
action of IFT and its clinical effectiveness in reducing pain are not known.

What new information does this study offer?

This study investigated different doses of IFT and the effects on experi-
mentally induced (mechanical) pain in otherwise healthy participants.
The purpose was to determine whether different doses produce pain
relieving effects.

If you’re a patient, what might these findings mean
for you?

This study showed that IFT delivered at different high-intensity doses does
not produce meaningful pain relief under experimental conditions in
healthy participants. This finding suggests that further research is still
needed to clarify the mechanisms and clinical effectiveness of IFT.
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placed as follows: for the first chan-
nel, the first electrode was placed on
the medial border of the forearm 1
cm proximal to the styloid process of
the ulna, and the second electrode
was placed on the lateral border of
the forearm 1 cm distal to the elbow
crest on the muscle belly of the bra-
chioradialis muscle; for the second
channel, the first electrode was
placed on the lateral border of the
forearm 1 cm proximal to the radial
styloid process where the radial
nerve becomes superficial, and the
second electrode of the second
channel was placed on the muscle
belly of the extensor carpi ulnaris
muscle. For all participants, the fore-
arm was in pronation during the
experiment. Prior to stimulation, this
area was cleaned with alcohol wipes
to create good electrical contact.
Stimulation was delivered to the tis-
sues via self-adhesive, single-use, car-
bon rubber, gel electrode pads (PALS
Electrode TPN40 Valutrode [5 � 5
cm], Physio-Med Services, Glossop,
Derbyshire, United Kingdom),
which were secured with tape for
good electrical contact. Based on the
computer-generated random num-
ber lists, the coordinator assigned
participants to groups. The partici-

pants were blinded to their group
allocation, apart from those in the
control group. Accordingly, 4 elec-
trode pads were applied to the dom-
inant forearms of all participants irre-
spective of their group allocation.
During the bipolar application, only
the second channel was active. The
coordinator was responsible for set-
ting the machine to deliver the cur-
rent in a bipolar or quadripolar mode
and in a constant or sweep AMF
mode; the participant was blinded to
these settings.

Interferential current was delivered
using an Endomed-M 433 two-
channel IFT stimulator (Enraf-Nonius
BV, Postbus 12080, 3004 GB Rotter-
dam, the Netherlands), which was
calibrated using an oscilloscope
prior to the experiment. The IFT lit-
erature on the effect of different car-
rier frequencies on sensory stimula-
tion is sparse and inconclusive.31,32

However, both clinical and experi-
mental studies investigating the
effectiveness and efficacy of IFT on
pain show consistent use of 4 kHz as
the carrier frequency, with other
parameters of IFT dose, such as AMF
and intensity, being manipulated.
Specifically, 8 clinical studies using 4
kHz as the carrier frequency but var-
ious combinations of AMF and inten-
sity showed that the IFT intervention
decreased pain.33–40 In 3 laboratory
studies using 4-kHz as the carrier fre-
quency, significant hypoalgesic
effects on ischemic, heat, and cold
pain thresholds were produced by
the IFT intervention.16,41,42 On this
basis, the carrier frequency used in
this study was 4 kHz, and the param-
eters under investigation were high
AMF and high, to-tolerance current
intensity, combined to form a dose
that has not hitherto been tested in
the IFT laboratory literature.

All active experimental groups were
told to expect a “strong and uncom-
fortable” buzzing feeling under the
electrode pads, which might extend

to the dorsal surface of the thumb
and the index, middle, and ring fin-
gers. They were told that muscular
contractions also were normally
expected and that the strong and
uncomfortable feeling should not be
described as painful at any time, but
should be to their tolerance (if a par-
ticipant could not understand a
“strong and uncomfortable” sensa-
tion, the intensity of stimulation was
increased to a painful level and then
decreased to one level lower). The
intensity was checked every 2 min-
utes to maintain the strong and
uncomfortable sensation. The swing
pattern for both AMF sweep groups
was gradual change between bound-
aries of AMF (ie, 80–110) within 6
seconds. The IFT machine was
placed behind the plinth with its
screen facing the opposite side of
the room so that participants could
not see the settings on the machine.
Those participants allocated to the
placebo group were told they might
or might not feel a buzzing sensation
under the electrode pads that had
been placed on their skin. The IFT
machine was turned on, but only the
timer was set. The same procedure
used for the active experimental
groups was followed for the placebo
group. Participants allocated to the
control group were informed of their
group allocation. They had elec-
trodes applied to them to blind the
independent rater, and the machine
was turned on, but only the timer
was set. The success of blinding was
not assessed.

Pressure pain threshold was the
main outcome measure for this
study. Pressure pain threshold is an
established experimental model of
pain, which is atraumatic to mea-
sured tissues (thereby allowing
repeated measurements without
temporal interaction) and can be eas-
ily applied after a short period of
training.18 There is evidence that
both intrarater and interrater reliabil-
ity of PPT measurements with hand-

Figure 1.
Area of stimulation.
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held algometers in various sites in
people who are healthy is moderate
to excellent when trained raters are
used and clear explanations are
given to participants.43–47 For these
reasons, PPT has previously been
used to investigate the hypoalgesic
effects of other electrical stimulation
modalities using experimental
designs similar to that of the present
study and, therefore, was chosen as
the experimental model of pain for
this study.

Measurement of PPT was performed
at 3 sites: (1) at the dorsal surface of
the dominant hand, lateral to the
midpoint of the second metacarpal
bone, in the first dorsal interosseous
muscle (corresponding to acupunc-
ture point LI4), (2) the equivalent
site on the nondominant hand, and
(3) at the midpoint of the muscle
belly of the tibialis anterior muscle,
contralateral to the stimulation site.
These measurement sites were cho-
sen to allow PPT measurements to
be taken at the same site as the area
of stimulation and within the same
dermatomal distribution (ie, first
interosseous muscle of the dominant
hand; segmental ipsilateral mea-
surement site), at the contralateral
site from the area of stimulation but
within the same dermatomal distri-
bution (ie, first interosseous muscle
of the nondominant hand; segmen-
tal contralateral measurement site),
and at a site different from the area of
stimulation (ie, tibialis anterior mus-
cle; extrasegmental measurement
site).

The measurement sites in the area of
the first dorsal interosseous muscles
of both hands were in the same der-
matomal distribution as the superfi-
cial branch of the radial nerve (C7),
which was the primary target of the
electrical stimulation. An increase
in the PPT on these sites would sug-
gest that the mechanism of action
of IFT is related to a local or periph-
eral effect explained by pain modu-

lation mechanisms, such as the gat-
ing system at the dorsal horn level
or the physiological block of nerve
fibers at the periphery.4–6,48 These
measurement sites have been used
previously in similar experimental
designs.21,23,48–50 The measurement
site in the muscle belly of the tibialis
anterior muscle was in a dermatomal
distribution different from that of the
stimulation area; thus, a change in PPT
in this site could suggest a more
generic hypoalgesic response, which,
in turn, could imply activation of cen-
tral pain inhibitory mechanisms that
involve release of endogenous opiates
and activation of the descending pain
suppression system.5,6 All measure-
ment sites were chosen so that mus-
cular tissue existed below them to
avoid variability in PPT measurements
between different tissues.51 The mea-
surement sites were marked as sug-
gested in the literature.52

An independent rater, blind to the
treatment allocation of participants,
took the PPT measurements with a
handheld electronic Somedic type II
pressure algometer (Somedic Pro-
duction AB, Sollentuna, Sweden),
which was calibrated before each
experimental session. The probe tip
area of the algometer was covered
with a flat, metal, circular cup (diam-
eter�1 cm) to avoid skin irritation
from the rubber tip. The scale range
of the algometer for the 1-cm probe
tip diameter size was 0 to 2,000 kPa,
with increments of 1 kPa. The pres-
sure algometer provided a patient-
operated switch that, when acti-
vated by the participant, held the
PPT value in kilopascals. Participants
were instructed to press the switch
and say “stop” at the exact moment
when the sensation from the applied
pressure turned to pain. Demonstra-
tions were allowed prior to the
experiment to ensure participants
had understood the PPT measuring
procedure. The independent rater
followed a standardized application
of the pressure algometer according

to guidelines in the literature.52 Spe-
cifically, the independent rater was
trained to apply the algometer verti-
cal to the measurement sites at a
slow, continuous incremental rate of
approximately 10 kPa/s/cm2 and to
withdraw the algometer immediately
after the participant’s indication of
PPT.52 Due to the large number of
participants, 7 independent raters
were recruited and used based on
their availability.

The experimental protocol included
three 10-minute periods of IFT stim-
ulation followed by three 10-minute
periods of no stimulation. Measure-
ment of PPT occurred 7 times: at
baseline and after each 10-minute
interval until the end of the experi-
ment. Two PPT measurements were
taken on each occasion from each
measurement site. Each measure-
ment session lasted approximately 3
minutes. For all groups, the total
experimental procedure lasted
approximately 1 hour 20 minutes.
This experimental protocol has been
used previously.21,23,48–50

Sample Size
The existing literature on IFT does
not provide information on effect
sizes for a difference in PPT. How-
ever, a 1.5-kg/cm2 (147-kPa) side-to-
side difference has been proposed as
a criterion to discriminate tender
spots from control sites in people
who are healthy.53 Accordingly, 147
kPa was interpreted as an important
difference in PPT between the active
experimental groups and the control
and placebo groups.

The standard deviation of PPT was
estimated from the first 96 partici-
pants, from all 3 measurement sites
(ie, in the dominant hand, the non-
dominant hand, and the leg). The
largest PPT standard deviation esti-
mate was for the leg (161 kPa), and
this figure was used in the sample
size calculation. On the basis of 8
pair-wise comparisons (the 4 active
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experimental groups versus the pla-
cebo and control groups) and assum-
ing a cutoff for statistical significance
of P�.01 (2-tailed), 30 participants
were required in each group to
detect a standardized effect of 0.913
(147/161), with 80% power. Thus, a
total of 180 participants were
required, and recruitment continued
until this number was reached.

Data Analysis
The data analyzed were the mean
values of the 2 PPT measurements
taken at each site for each time
point. Preliminary analysis showed
the residuals were somewhat posi-
tively skewed, and a square root
transformation, therefore, was
applied prior to further analysis.54

The data were analyzed using a
repeated-measures analysis of vari-
ance (ANOVA) model, with time as

the within-subjects factor, group as
the between-subjects factor, sex as
the blocking factor, a group-time
interaction, and baseline PPT values
as a covariate.

As the assumption of sphericity was
violated (Mauchly test, P�.001), P
values for the time factor were cal-
culated for all analyses using the
Greenhouse-Geisser correction. Sta-
tistical significance was set at P�.05
(2-tailed) for omnibus tests, but at
P�.01 (2-tailed) for the 8 a priori
contrasts between each experimen-
tal group and the control and pla-
cebo groups in order to control type
I error inflation. This approach was
preferred to the use of a Bonferroni
correction, which is considered
unduly conservative when the num-
ber of contrasts exceeds approxi-
mately 5.55 Effect sizes were calcu-

lated, as unbiased estimates of
Cohen d (with 95% confidence inter-
vals),56 for the mean difference in
PPT across time points between the
control group and each of the other
groups (the 4 active treatment
groups and the placebo group).

A secondary factorial analysis was
conducted, using the same repeated-
measures ANOVA model, to com-
pare the effect of constant AMF ver-
sus sweep AMF and bipolar IFT
versus quadripolar IFT. Thus, the 2
active groups that received constant
AMF were compared with the 2
active groups that received sweep
AMF, and the 2 groups that received
bipolar IFT application were com-
pared with the 2 groups that
received quadripolar IFT (Fig. 2).
This analysis was conducted to deter-
mine whether any difference in the
effect of AMF mode and IFT mode
was masked through their combina-
tion within the 4 active treatment
groups. The absence of such effect
could not be inferred from an
absence of difference between the
active treatment groups, as the size
of each pooled group (n�60) was
double that of each of the 4 active
treatment groups. Statistical signifi-
cance was set at P�.05 (2-tailed) for
these analyses. All data analysis was
conducted blind to participants’
group allocation using SPSS version
18 (SPSS Inc, Chicago, Illinois).

Results
Descriptive statistics for the baseline
characteristics of the participants are
summarized in Table 2. Untrans-
formed means and standard devia-
tions for PPT in each group at each
time point are shown in Table 3. The
ages of participants were similar
across the groups; therefore, age was
not included in the analyses as a
covariate.

IFT Parameter Combinations
For the baseline-adjusted square root
transformed data, the interaction of

Figure 2.
Schematic presentation of pooled groups for factorial analysis. AMF�amplitude mod-
ulation frequency.

Table 2.
Summary of Baseline Characteristics of Participants

Variable X SD Minimum Maximum n
Missing
Values

Age (y) 23.0 4.5 18.0 43.0 180 0

Height (cm) 173.0 11.2 125.0 204.0 180 0

Weight (kg) 69.2 12.7 44.0 107.0 177 3

Hypoalgesic Effects of Different IFT Parameter Combinations Upon Pressure Pain Threshold
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time and group was not significant
for any measurement site (P�.353,
P�.717, and P�.685 for the segmen-
tal ipsilateral, segmental contralat-
eral, and extrasegmental measure-
ment sites, respectively), showing
that the change in PPT scores over
time does not follow a different pat-
tern in relation to the individual
study groups. Profiles of the adjusted
estimated means of the untrans-
formed PPT scores taken at the 3
measurement sites are shown in Fig-
ure 3.

The PPT scores averaged across
groups showed a main effect over
time points for the segmental ipsilat-
eral, segmental contralateral, and
extrasegmental measurement sites
(P�.021, P�.0005, and P�.0005,
respectively). The main effects of the
group factor were nonsignificant for
the segmental ipsilateral, segmental
contralateral, and extrasegmental
measurement sites (P�.211, P�.463
and P�.325, respectively), indicat-
ing that, averaging over time points,
the means of the groups did not sig-
nificantly differ. The a priori pair-
wise comparisons confirmed the
lack of significant difference
between any of the active IFT groups
and the control and placebo groups.
Table 4 shows values of Cohen d for
each active IFT group and the pla-
cebo group. These values express
differences in the mean adjusted
untransformed PPT values across
time, in relation to the control
group. All of the effects lie in the
region of a “small” effect for a differ-
ence between independent means
(ie, d�0.50).56

Factorial Analysis
This secondary analysis investigated
the effects on PPT of AMF mode (ie,
constant AMF or sweep AMF) and
IFT mode (ie, quadripolar IFT or
bipolar IFT). For the segmental ipsi-
lateral, segmental contralateral, and
extrasegmental sites, interactions
were nonsignificant for time and

Figure 3.
Mean untransformed pressure pain threshold (PPT) (in kilopascals) for the segmental
ipsilateral measurement site (plot A), the segmental contralateral measurement site
(plot B), and the extrasegmental measurement site (plot C). Data are adjusted for
baseline values of PPT and sex. The vertical dashed line marks the transition from the
stimulation period to the poststimulation period. Key to groups: ●�bipolar sweep,
��bipolar constant, f�quadripolar sweep, ��quadripolar constant, Œ�placebo,
‚�control.
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Figure 4.
Left pane: segmental ipsilateral effect of mode of amplitude modulation frequency (plot A) and mode of interferential therapy (plot
B). Middle pane: segmental contralateral effect of mode of amplitude modulation frequency (plot A) and mode of interferential
therapy (plot B). Right pane: extrasegmental effect of mode of amplitude modulation frequency (plot A) and mode of interferential
therapy (plot B). Data are untransformed values of pressure pain threshold (PPT) (in kilopascals), adjusted for baseline values and sex.
The vertical dashed line marks the transition from the stimulation period to the poststimulation period. Although the placebo and
control groups were not included in the corresponding analyses, these groups are shown as reference groups. Key to groups:
●�sweep, ��constant, f�quadripolar, ��bipolar, Œ�placebo, ‚�control.

Table 4.
Differences in Pressure Pain Threshold (PPT) Values (Untransformed, Adjusted for Baseline Values and Sex) in Relation to the
Control Group for Each Active Group and the Placebo Group, Expressed as Unbiased Values of Cohen d, With 95% Confidence
Intervals (CIs)a

Group

Dominant Hand
(Ipsilateral Segmental)

Nondominant Hand
(Contralateral Segmental) Leg (Contralateral)

d 95% CI d 95% CI d 95% CI

Bipolar constant 0.140 �0.366, 0.648 0.169 �0.337, 0.677 0.339 �0.168, 0.852

Bipolar sweep 0.021 �0.485, 0.527 0.097 �0.408, 0.605 0.189 �0.316, 0.698

Quadripolar constant 0.242 �0.264, 0.752 0.119 �0.386, 0.627 0.217 �0.289, 0.726

Quadripolar sweep 0.242 �0.264, 0.752 0.205 �0.300, 0.715 0.132 �0.373, 0.640

Placebo �0.018 �0.524, 0.488 0.038 �0.467, 0.545 0.104 �0.402, 0.611

a Positive values of d represent an increase in PPT (hypoalgesia).

Hypoalgesic Effects of Different IFT Parameter Combinations Upon Pressure Pain Threshold

July 2012 Volume 92 Number 7 Physical Therapy f 919



AMF mode (P�.635, P�.657, and
P�.963, respectively; the upper
panes in Fig. 4) and for time and IFT
mode (P�.220, P�.550, and
P�.574, respectively; the lower
panes in Fig. 4), showing that the
differences in PPT scores across time
were not dependent on the particu-
lar mode of AMF or of IFT. Similarly,
the between-subjects factor analysis
showed that the main effects of AMF
mode and IFT mode were nonsignif-
icant (P�.104. and P�.132, respec-
tively, for the segmental ipsilateral
site; P�.936 and P�.802, respec-
tively, for the segmental contralat-
eral site; and P�.251 and P�.351,
respectively, for the extrasegmental
site).

Summary
Although, averaged across groups,
there was a significant increase in
PPT scores over time, from the
absence of any group � time inter-
actions, it can be concluded that the
pattern of change in PPT scores over
time was independent of the tested
combinations of AMF mode and IFT
mode at each of the measurement
sites. Furthermore, there was no sig-
nificant difference in PPT scores,
averaged over time, between any of
the active IFT groups and the pla-
cebo and control groups at these
sites. The factorial analysis revealed
no significant group � time interac-
tions, and no significant between-
group main effects, for the groups
defined by AMF mode or for those
defined by IFT mode.

Discussion
The findings of this study demon-
strated that all groups showed hypo-
algesia, but the active IFT groups did
not significantly differ from the con-
trol and placebo groups. In addition,
neither AMF mode nor IFT mode
contributed to a significant change
in PPT in participants who were
pain-free. Furthermore, the magni-
tude of the effects in the active IFT

groups relative to the control group
(d�0.399 in each case) was small.

The lack of a significant hypoalgesic
effect of IFT on PPT in this study
suggests that IFT, delivered in the
investigated doses, is not a poten-
tially effective pain-inhibiting elec-
trotherapeutic modality. This finding
might imply either that the investi-
gated IFT doses were incapable of
eliciting a hypoalgesic effect on PPT
in people who were healthy or that
PPT was not an appropriate experi-
mental model of pain to demonstrate
the hypoalgesic efficacy of IFT. In
relation to the investigated dosage,
an extensive search of the IFT liter-
ature demonstrated that the combi-
nation of high AMF (delivered in
either constant or sweep mode) and
high, to-tolerance intensity (applied
in either a bipolar or quadripolar
mode) has not previously been inves-
tigated in a similar IFT experimental
design.10,11,13,14,18,20,41,42,57,58 In view
of the lack of evidence in the IFT
literature, and on the assumption
that IFT and TENS may activate sim-
ilar pain inhibitory mechanisms, the
investigated doses were drawn from
the TENS literature. However, the
current waveform of IFT is different
from that of TENS, which might
explain the inability of similar doses
to produce similar hypoalgesic
effects when tested in comparable
experimental paradigms. The IFT
current waveform is sinusoidal and
amplitude-modulated at low fre-
quency. However, it has been sug-
gested that within the IFT “beat”
formed by the AMF, some phases of
the waveform are below the inten-
sity level set, whereas others are
suprathreshold.59 Hence, the dose of
the effective part of the beat of the
current, in terms of intensity and
duration, would be uncertain and
possibly insufficient to reach the
threshold of the afferent fibers to
achieve a strong hypoalgesic effect.

Thus, even if the dosage in the pres-
ent study achieved high, to-tolerance
intensity—which theoretically could
reach the thresholds of sensory,
motor, and probably pain fibers—
the duration of the suprathreshold
part of the beat might provide insuf-
ficient stimulation of the afferent
fibers to elicit a hypoalgesic
response similar to that observed
with TENS when delivered in similar
combinations of intensity and fre-
quency. Additionally, the IFT wave-
form does not include a rest period
between pulses, and because it is a
medium-frequency current, the bom-
bardment of the afferent fibers con-
tinues during their refractory period.
Therefore, its mechanism of action
might be related to the effects of its
carrier frequency on excitable tis-
sues rather than to its low-frequency
stimulation.8 The hypoalgesic effi-
cacy of dosages of IFT, including dif-
ferent carrier frequencies, remains
to be explored through further
experimental research, which ideally
would include physiological mea-
surements of fiber responses to the
IFT waveform.

Evidence from the IFT experimental
literature demonstrates that other
IFT dosages, including high AMF and
strong and comfortable intensity or
low AMF and strong and comfortable
intensity, also were found to be inef-
fective in changing PPT in people
who were healthy.57,58 Although lim-
ited, this evidence in conjunction
with the present findings suggests
that IFT, applied at any combination
of AMF and intensity, does not sig-
nificantly influence PPT in people
who are healthy. This suggestion, in
turn, might imply either that IFT dos-
age should be manipulated based on
parameters other than AMF and
intensity (ie, carrier frequency),
which would have implications for
the pain-inhibitory mechanism of
action of IFT, or that PPT is not an
adequate experimental model of
pain to demonstrate the potential
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hypoalgesic efficacy of IFT. This lat-
ter implication is reinforced by the
findings of experimental studies on
the hypoalgesic effect of IFT using
other experimental models of pain
such as heat or ischemic pain, which
demonstrated that IFT delivered in
various doses produced significant
hypoalgesic effects compared with
control groups (although the effect
sizes were not reported).16,41 Differ-
ent experimental models of pain
induce different sensations,15,60 and
this finding might explain different
responses to IFT stimulation. Hence,
it is possible that the lack of effect of
IFT on PPT of people who were
healthy demonstrated by the find-
ings of the present study is related to
the experimental model used.

Previous data on the effect size of
IFT on PPT were lacking, and the
power calculation for this study was
based on the authors’ interpretations
of a specific PPT value used as a
criterion to discriminate tender
spots from control sites in people
who were healthy.53 The power cal-
culation, therefore, was based on
detecting a large effect size (ie,
0.913; see sample size calculation).
Retrospectively, it appears that IFT
produces small effects on PPT in
people who are healthy; hence, the
present study was underpowered to
detect such small effects. However,
if a small effect on PPT is to be
detected with IFT, the importance of
this electrotherapeutic modality
compared with others such as TENS
is questionable. In a similar experi-
mental protocol, with similar electri-
cal stimulation doses, TENS pro-
duced large effects on PPT in people
who were healthy.21

Findings in the neurobiology of pain
suggest that the sensation of
mechanically evoked pain—via pres-
sure exerted onto the skin induced
by algometry—may activate nocicep-
tive afferents in several tissues,
depending on the force applied, the

size of the tip of the apparatus, and
the technique used.61 It is debatable
whether PPT is a function of skin or
deep tissue responses, or both, and
to what degree cutaneous and deep
tissue nociceptors contribute to
PPT.51,61–63 There is evidence in the
pressure algometry literature that
pressure pain sensitivity in the skin
influences PPT,62,63 but there also is
evidence that responses from deep
tissues are evoked, depending on the
tool and the force applied.51 How-
ever, the literature is not yet conclu-
sive regarding the relative contribu-
tion of skin and underlying tissues to
PPT. In the present study, electrical
stimulation was applied in such a
way as to mainly target the radial
nerve where the nerve becomes
superficial. The segmental PPT mea-
surements were taken from the dor-
sal webspace of the hands to reflect
dermatomal responses, as this area is
cutaneously innervated by the super-
ficial branch of the radial nerve (C7).
If PPT is partially influenced by the
deep tissue nociceptors (ie, first dor-
sal interosseous muscle), IFT stimu-
lation of the superficial radial nerve
could partially affect segmental PPT.
In that case, the tactile threshold
might be a better reflection of hypo-
algesic response. The lack of effect
of IFT on PPT found in this study,
therefore, might be explained by the
different nerve supplies of skin (ie,
superficial branch of the radial nerve
[spinal nerve C7]) and underlying
muscle (ie, deep branch of the ulnar
nerve [spinal nerve C8]) in the seg-
mental measurement sites. However,
on the basis that the forearm is a
small area, the IFT current distribu-
tion within the tissues is unpredict-
able,9,12 and the actual mechanism of
action of IFT is unknown, the possi-
bility cannot be excluded that other
excitable tissue also was stimulated
and that other physiological
responses were activated. Thus, the
different innervation of skin and
underlying tissue of the segmental
measurement sites may have had lit-

tle effect on the main outcome of
this study.

The present study investigated the
changes produced by specific IFT
doses on an experimental model of
pain in individuals who were
healthy. Thus, extrapolations of the
findings to clinical pain would be
weak, as experimental pain experi-
ence cannot replicate the specific
experience of clinical pain.15 Pres-
sure pain threshold is a transient-
effect model that does not purport to
mimic clinical pain but is helpful in
delineating the effect of different
doses in laboratory trials preceding
clinical work. Also, PPT concerns
only mechanical pain induced by
pressure, which is an acute feeling
different from the sensation of clini-
cal pain.

The findings of the present study
contradict those of 2 randomized
clinical studies, which assessed the
segmental analgesic effectiveness of
IFT delivered in similar parameter
combinations (ie, high AMF and
high, to-tolerance intensity) and
reported pain relief as measured by
visual analog scale.64,65 However,
both studies used suction electrodes,
which might produce vasodilatation
and increased cutaneous blood flow,
which is a possible mechanism of
IFT analgesia.4,5,66 The potential pla-
cebo effect of IFT cannot be ignored
in a clinical study, and neither of
these 2 clinical studies assessed the
placebo effect by including a sham
IFT group in their design. Therefore,
the specific therapeutic element of
IFT remains to be identified.

A recent systematic review and meta-
analysis of clinical trials of IFT in the
management of various types of mus-
culoskeletal pain concluded that
when IFT was applied alone its
effects did not differ from those of
placebo or any other standard inter-
vention.67 The authors concluded
that—due to the limited number of
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clinical trials in this area, the hetero-
geneity across existing studies, and
their methodological limita-
tions—no definite conclusions could
be made regarding the clinical effec-
tiveness of IFT. Although this is a
review of trials in clinical popula-
tions, whose findings are not directly
comparable to those of the healthy
participants in the present study, our
findings nonetheless support its con-
clusion that the hypoalgesic effect of
IFT does not differ from that of a
placebo condition.

Limitations can be identified in the
present study. The study was per-
formed during a single attendance,
and PPT was the only outcome mea-
sure. Although PPT was assessed
using triple blinding (ie, blinding of
the participant, the rater, and the
researcher who analyzed the data),
the success of blinding vis-à-vis the
participants and raters was not
assessed, and possible lack of suc-
cess of blinding could have intro-
duced performance bias.

Conclusion
This study showed that IFT delivered
at high, to-tolerance intensity and
high AMF did not produce significant
segmental and extrasegmental hypo-
algesic effects on PPT in participants
who were healthy compared with a
control or placebo group. This find-
ing was the same regardless of the
sweep AMF and the number of elec-
trodes used. These new findings sug-
gest that the mechanism of action of
IFT for pain relief might not depend
on the AMF or the intensity level,
and further studies should focus on
the role of the carrier frequency in
IFT hypoalgesia. The findings of this
study also have implications for the
role of PPT as an experimental
model of pain used to investigate the
hypoalgesic effects of IFT in people
who are healthy. The measurement
properties of PPT should be further
investigated to determine the degree
of contribution of skin and deep tis-

sues. Further research is needed to
clarify the putative hypoalgesic
effectiveness of IFT, effective doses,
and its mechanism of action.

All authors provided concept/idea/research
design, project management, and consulta-
tion (including review of manuscript before
submission). Dr Dounavi, Dr Chesterton,
and Dr Sim provided writing. Dr Dounavi
provided data collection. Dr Sim provided
data analysis. Dr Chesterton provided fund
procurement. The authors thank Dr Panos
Barlas for advice on the design and conduct
of this study.

The study was approved by the Ethics Com-
mittee of the School of Health and Rehabil-
itation, Keele University.

DOI: 10.2522/ptj.20110104

References
1 Shah SG, Farrow A, Esnouf A. Availability

and use of electrotherapy devices: a sur-
vey. Int J Ther Rehabil. 2007;14:260–264.

2 Tabasam G, Johnson MI. The use of inter-
ferential therapy for pain management by
physiotherapists. Int J Ther Rehabil. 2006;
13:357–364.

3 Nemec H. Interferential therapy. Br J
Physiother. 1959;12:37–42.

4 Goats GC. Interferential current therapy.
Br J Sports Med. 1990;24:87–92.

5 Noble JG, Lowe AS, Walsh DM. Interferen-
tial therapy review, part 1: mechanism of
analgesic action and clinical usage. Phys
Ther Rev. 2000;5:239–245.

6 Fuentes CJ, Armijo Olivo S, Magee DJ,
Gross D. Does amplitude-modulated fre-
quency have a role in the hypoalgesic
response of interferential current on pres-
sure pain sensitivity in healthy subjects: a
randomized crossover study. Physiother-
apy. 2010;96:22–29.

7 Johnson MI. Transcutaneous electrical
nerve stimulation (TENS) and TENS-like
devices: do they provide pain relief? Pain
Rev. 2001;8:121–158.

8 Palmer ST, Martin DJ, Steedman WM,
Ravey J. Alteration of interferential current
and transcutaneous electrical nerve stimu-
lation frequency: effects of nerve excita-
tion. Arch Phys Med Rehabil. 1999;80:
1065–1071.

9 Demmink JH. The effect of a biological
conducting medium on the pattern of
modulation and distribution in a two-
circuit static interferential field. In: Pro-
ceedings of the 12th International Confer-
ence of the World Confederation for
Physical Therapy; June 25–29, 1995;
Washington, DC. 1995:583.

10 Johnson MI, Tabasam G. An investigation
into the analgesic effects of different fre-
quencies of the amplitude-modulated
wave of interferential current therapy on
cold-induced pain in normal subjects.
Arch Phys Med Rehabil. 2003;84:1387–
1394.

11 Johnson MI, Wilson H. The analgesic
effects of different swing patterns of inter-
ferential currents on cold-induced pain.
Physiotherapy. 1997;83:461–467.

12 Lambert HL, Vanderstraeten GG, De
Cuyper HJ, et al. Electric current distribu-
tion during interferential therapy. Eur J
Phys Med Rehabil. 1993;3:6–10.

13 Johnson MI, Tabasam G. A single-blind
investigation into the hypoalgesic effects
of different swing patterns of interferential
currents on cold-induced pain in healthy
volunteers. Arch Phys Med Rehabil. 2003;
84:350–357.

14 Ozcan J, Ward AR, Robertson VJ. A com-
parison of true and premodulated interfer-
ential currents. Arch Phys Med Rehabil.
2004;85:409–415.

15 Gracely RH. Studies of pain in human sub-
jects. In: Wall PD, Melzack R. Textbook of
Pain. 4th ed. London, United Kingdom:
Churchill Livingstone; 1999:385–407.

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

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

18 Noble JG, Lowe AS, Walsh DM. Interferen-
tial therapy review, part 2: experimental
pain models and neurophysiological
effects of electrical stimulation. Phys Ther
Rev. 2001;6:17–37.

19 Shanahan C, Ward A, Robertson VJ. Com-
parison of the analgesic efficacy of inter-
ferential therapy and transcutaneous elec-
trical nerve stimulation. Physiotherapy.
2006;92:247–253.

20 Stephenson R, Walker EM. The analgesic
effects of interferential (IF) current on
cold-pressor pain in healthy subjects: a sin-
gle blind trial of three IF currents against
sham IF and control. Physiother Theory
Pract. 2003;19:99–107.

21 Chesterton LS, Foster NE, Wright CC, et al.
Effects of TENS frequency, intensity and
stimulation site parameter manipulation
on pressure pain thresholds in healthy
human subjects. Pain. 2003;106:73–80.

22 Sluka KA, Walsh D. Transcutaneous elec-
trical nerve stimulation: basic science
mechanisms and clinical effectiveness. J
Pain. 2003;4:109–121.

23 Walsh DM, Lowe AS, McCormack K, et al.
Transcutaneous electrical nerve stimula-
tion: effect on peripheral nerve conduc-
tion, mechanical pain threshold, and tac-
tile threshold in humans. Arch Phys Med
Rehabil. 1998;79:1051–1058.

Hypoalgesic Effects of Different IFT Parameter Combinations Upon Pressure Pain Threshold

922 f Physical Therapy Volume 92 Number 7 July 2012



24 Chartered Society of Physiotherapy. 2006
Guidance for the Clinical Use of Electro-
physical Agents. London, United King-
dom: Chartered Society of Physiotherapy;
2006.

25 Cutter HS, Maloof B, Kurtz NR, Jones WC.
“Feeling no pain” differential responses to
pain by alcoholics and nonalcoholics
before and after drinking. J Stud Alcohol.
1976;37:273–277.

26 Droste C. Transient hypoalgesia under
physical exercise: relation to silent isch-
aemia and implications for cardiac rehabil-
itation. Ann Acad Med Singapore. 1992;
21:23–33.

27 Droste C, Greenlee MW, Schreck M,
Roskamm H. Experimental pain thresh-
olds and plasma beta-endorphin levels dur-
ing exercise. Med Sci Sports Exerc. 1991;
23:334–342.

28 Stewart SH, Finn PR, Pihl RO. A dose-
response study of the effects of alcohol on
the perceptions of pain and discomfort
due to electric shock in men at high
familial-genetic risk for alcoholism. Psy-
chopharmacology (Berl). 1995;119:261–
267.

29 Wu WP, Hao JX, Fredholm BB, et al. Effect
of acute and chronic administration of caf-
feine on pain-like behaviors in rats with
partial sciatic nerve injury. Neurosci Lett.
2006;402:164–166.

30 Yoder KK, Constantinescu CC, Kareken
DA, et al. Heterogeneous effects of alcohol
on dopamine release in the striatum: a PET
study. Alcohol Clin Exp Res. 2007;31:965–
973.

31 Ward AR, Robertson VJ, Makowski RJ.
Optimal frequencies for electric stimula-
tion using medium-frequency alternating
current. Arch Phys Med Rehabil. 2002;83:
1024–1027.

32 Ward AR, Robertson VJ. Sensory, motor
and pain thresholds for stimulation with
medium frequency alternating current.
Arch Phys Med Rehabil. 1998;79:273–
278.

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

34 Adedoyin RA, Olaogun MO, Fagbeja OO.
Effects of interferential current stimulation
in management of osteoarthritic knee
pain. Physiotherapy. 2002;88:493–499.

35 Defrin R, Ariel E, Peretz C. Segmental nox-
ious versus innocuous electrical stimula-
tion for chronic pain relief and the effect
of fading sensation during treatment.
Pain. 2005;115:152–160.

36 Hou CR, Tsai LC, Cheng KF, et al. Imme-
diate effects of various physical therapeu-
tic modalities on cervical myofascial pain
and trigger-point sensitivity. Arch Phys
Med Rehabil. 2002;83:1406–1414.

37 Hurley DA, McDonough SM, Dempster M,
et al. A randomized clinical trial of manip-
ulative therapy and interferential therapy
for acute low back pain. Spine (Phila Pa
1976). 2004;29:2207–2216.

38 Hurley DA, Minder PM, McDonough SM,
et al. Interferential therapy electrode
placement technique in acute low back
pain: a preliminary investigation. Arch
Phys Med Rehabil. 2001;82:485–493.

39 Jarit GJ, Mohr KJ, Waller R, Clousman 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.

40 Zambito A, Bianchini D, Gatti D, et al.
Interferential and horizontal therapies in
chronic low back pain due to multiple
vertebral fractures: a randomized, double
blind, clinical study. Osteoporos Int. 2007;
18:1541–1545.

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

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

43 Antonaci F, Sand T, Lucas GA. Pressure
algometry in healthy subjects: inter-
examiner variability. Scand J Rehabil Med.
1998;30:3–8.

44 Nussbaum EL, Downes L. Reliability of
clinical pressure-pain algometric measure-
ments obtained on consecutive days. Phys
Ther. 1998;78:160–169.

45 Chesterton LS, Sim J, Wright CC, Foster
NE. Interrater reliability of algometry in
measuring pressure pain thresholds in
healthy humans, using multiple raters.
Clin J Pain. 2007;23:760–766.

46 Chaves TC, Nagamine HM, de Sousa LM,
et al. Intra- and interrater agreement of
pressure pain threshold for masticatory
structures in children reporting orofacial
pain related to temporomandibular disor-
ders and symptom-free children. J Orofac
Pain. 2007;21:133–142.

47 Persson AL, Brogardh C, Sjolund BH. Ten-
der or not tender: test-retest repeatability
of pressure pain thresholds in the trape-
zius and deltoid muscles of healthy wom-
en. J Rehabil Med. 2004;36:17–27.

48 Pantaleão MA, Laurino MF, Gallego NL,
et al. Adjusting pulse amplitude during
transcutaneous electrical nerve stimula-
tion (TENS) application produces greater
hypoalgesia. J Pain. 2011;12:581–590.

49 Walsh DM, Foster NE, Baxter GD, Allen
JM. Transcutaneous electrical nerve stim-
ulation: relevance of stimulation parame-
ters to neurophysiological and hypoalge-
sic effects. Am J Phys Med Rehabil. 1995;
74:199–206.

50 Claydon LS, Chesterton LS, Barlas P, Sim J.
Effects of simultaneous dual-site TENS
stimulation on experimental pain. Eur J
Pain. 2008;12:696–704.

51 Rolke R, Andrews Campbell K, Magerl W,
Treede RD. Deep pain thresholds in the
distal limbs of healthy human subjects.
Eur J Pain. 2005;9:39–48.

52 Goulet JP, Clark GT, Flack VF. Reproduc-
ibility of examiner performance for mus-
cle and joint palpation in the temporoman-
dibular system following training and
calibration. Community Dent Oral Epide-
miol. 1993;21:72–77.

53 Fischer AA. Application of pressure algom-
etry in manual medicine. J Man Med.
1990;5:145–150.

54 Keppel G, Saufley TD. Design and Analy-
sis: A Researcher’s Handbook. 4th ed.
Upper Saddle River, NJ: Pearson Prentice
Hall; 2004.

55 Everitt BS. The Cambridge Dictionary of
Statistics. Cambridge, NY: Cambridge Uni-
versity Press; 1998.

56 Cohen JA. Statistical Power Analysis for
the Behavioral Sciences. 2nd ed. Hillsdale,
NJ: Lawrence Erlbaum Associates; 1988.

57 Alves-Guerreiro J, Noble JG, Lowe AS,
Walsh DM. The effect of three electro-
therapeutic modalities upon peripheral
nerve conduction and mechanical pain
threshold. Clin Physiol. 2001;21:704–711.

58 Minder PM, Noble JG, Alves-Guerreiro J,
et al. Interferential therapy: lack of effect
upon experimentally induced delayed
onset muscle soreness. Clin Physiol Funct
Imaging. 2002;22:339–347.

59 Ward AR. Electrical stimulation using
kilohertz-frequency alternating current.
Phys Ther. 2009;89:181–190.

60 Abram SE. Central hyperalgesic effects of
noxious stimulation associated with the
use of tourniquets. Region Anesth Pain
Med. 1999;24:99–101.

61 Treede RD, Rolke R, Andrews K, Magerl
W. Pain elicited by blunt pressure: neuro-
biological basis and clinical relevance.
Pain. 2002;98:235–240.

62 Jensen K, Andersen HO, Olesen J, Lind-
blom U. Pressure-pain threshold in human
temporal region: evaluation of a new pres-
sure algometer. Pain. 1986;25:313–323.

63 Kosek E, Ekholm J, Hansson P. Pressure
pain thresholds in different tissues in one
body region: the influence of skin sensitiv-
ity in pressure algometry. Scand J Rehabil
Med. 1999;31:89–93.

64 Cheing GL, So EM, Chao CY. Effectiveness
of electroacupuncture and interferential
electrotherapy in the management of fro-
zen shoulder. J Rehabil Med. 2008;40:
166–170.

65 Tugay N, Akbayrak T, Demirturk F, et al.
Effectiveness of transcutaneous electrical
nerve stimulation and interferential cur-
rent in primary dysmenorrhea. Pain Med.
2007;8:295–300.

66 Lamb S, Mani R. Does interferential ther-
apy affect blood flow? Clin Rehabil. 1994;
8:213–218.

67 Fuentes JP, Armijo Olivo S, Magee DJ,
Gross DP. Effectiveness of interferential
current therapy in the management of
musculoskeletal pain: a systematic review
and meta-analysis. Phys Ther.
2010;90:1219–1238.

Hypoalgesic Effects of Different IFT Parameter Combinations Upon Pressure Pain Threshold

July 2012 Volume 92 Number 7 Physical Therapy f 923


