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AB STRACT

Methods: In this quasi-experimental study, 32 patients with CMSP were enrolled. Patients
were randomly assigned into APS group and TENS group, both of them received 6 sessions
of intervention. The study instruments included pain intensity and shoulder Range Of Motion
(ROM), America Surgeons Standardized Shoulder Assessment Form, and Western Ontario
Rotator Cuff Index. The stability of scapula and shoulder function (shoulder dyskinesia) were
measured before and after the intervention. The obtained data were analyzed using t tests by
SPSS19 (P<0.05).

Keywords:
Action potential
Stimulation, TENS, Pain,
Function, Mechanical
shoulder impairment

S

Purpose: Rehabilitation and physiotherapy have a major role in reducing the pain and increasing
the functional ability in patients with shoulder joint pain. This study aimed to evaluate the effect
of Action Potential Simulation (APS) and Transcutaneous Electrical Nerve Stimulation (TENS)
in patients with Chronic Mechanical Shoulder Pain (CMSP).

Results: Pain intensity, shoulder ROM, and stability of scapula decreased in both groups.
However, there were no significant differences between groups (P>0.05). In addition, shoulder
function did not change after intervention in both groups (P>0.05).
Conclusion: With regard to study findings, APS and TENS are effective in pain reduction but
none has preference over the other in treatment approaches.

1. Introduction
houlder is one of the most complex and
important joints in the body. Normal function of shoulder joint is essential for hands

movement in space and easy access to objects and taking
different spatial positions [1]. Because of shoulder joint
overuse in daily activities, its complicated biomechanics, and sensitive surrounding structures, the impairment
of this joint is prevalent. Consequently, most patients re-
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ferring to physical therapy clinics are complaining from
shoulder pain [2-4].
Besides pharmacological treatments for musculoskeletal injuries, rehabilitation and physical therapy have a
leading role in pain reduction and functional improvement of these patients [5]. Common electrical modalities, like Transcutaneous Electrical Nerve Stimulation
(TENS), with the main mechanism of activation of A-beta neural fibers – a mechanoreceptor with low threshold
of skin stimulation – depresses neural pain afferent fibers
irritability in spinal cord (C, A-delta). This phenomenon
might act through pain gait control mechanism [6]. From
perspective of the modern science, electrotherapy has
specific place in physical therapy approaches. Furthermore, investigating the knowledge of practical and theoretical principles of this practice enables physical therapists to alleviate patients’ pain and restore their abilities.
One of the most novel methods for pain reduction in
physical therapy is Action Potential Simulation (APS)
therapy. APS was invented in 1992 and has extensive use
for reduction of chronic pain [7, 8]. APS current is the
combination of rectifier and alternative currents, which
simulates natural provocation of nerve conduction and
is unique in this respect [9]. Electrical potential of each
cell in normal state is completely specific and stable but
variable in abnormal state quantity. In medicine, definition of amount of normal electrical potential and type of
disease and its severity are determined with respect to
deviation from this scale. Therefore, the treatment aims
to convert the abnormal potential to normal one [9].
APS has different pulse wave compared to TENS and its
designers claim several physiological effects for it like
increasing leucine, encephalin, plasma melatonin, and
tissue adenosine triphosphate (ATP); reducing plasma
beta endorphin; and dilating local blood vessels which
all lead to positive effect on pain reduction [9, 10].
Stimulation of C fibers and A-delta fibers by electrical stimulation in favor of pain reduction requires high
frequency and amplitude. The patients cannot tolerate
this current or at most bear it for maximum 1 to 2 minutes. By simulating the action potential in these nerves,
APS current can reduce the pain for long period of time
without unpleasant or severe stimulation [10]. Electrical currents higher than the sensory threshold amplitude
can be applied to motor nerves and muscle stimulation
could reduce spasm and pain, enhance blood circulation,
and eliminate edema. To achieve these goals, the muscle
should be contracted but the electrical muscle contraction is not satisfying for patients. APS can increase endogenous narcotics and release adenosine and endor-
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phin through neuromatrix stimulation without muscle
contraction, which leads to therapeutic effects and pain
suppression [10]. Because of local stimulation quality,
one side ions transportation, and bioelectrical features,
APS is known as the most suitable current in traditional
electrical science [10]. Treatment duration depends on
type of electrical current and therapeutic aims. APS current can be applied in 3 time durations; depending on
the treatment condition it can set as 4, 8, or 16 minutes,
which is a short and proper time for therapeutic centers.
APS therapy has no specific side effect and can be beneficial for several clinical goals such as massage, pain
relief, and inflammation [10].
Because of the novelty of this therapeutic method, limited study has been conducted in this area. Eftekharsadat
et al. reported that there was no notable difference between
APS and interferential therapy in pain reduction of knee
osteoarthritis patients [11]. Sepehri and Akbari reported
the same results; no difference between APS and TENS in
improvement of knee function and pain suppression [12].
The present study aimed to study and compare the effectiveness of 2 therapeutic methods, TENS and APS,
in treatment of shoulder joint impairments. The results
of this study can reveal the positive new therapeutic effects of APS such as no side effects, short time duration,
faster results, and more pleasant sense rather than common treatments.

2. Materials and Methods
In this quasi-experimental study, 32 patients (women
and men) with the range age of 18-45 were participated.
The patients were referred from an orthopedic specialist with diagnosis of Chronic Mechanical Shoulder Pain
(CMSP). The patients had no history of upper limb radicular pain, paralysis, trauma, surgery, and neuromuscular or cardiovascular disorders. The study protocol
was approved by the Ethics Committee of Zahedan University of Medical Sciences.
The patients were classified in 4 groups; hyperactive
with severe pain, hypoactive with severe pain, hyperactive with low pain, and hypoactive with low pain. The
investigated outcomes were patients’ activity, pain, shoulder joint mobility, function, instability, performance, and
scapula position by America Surgeons Standardize Shoulder Assessment Form, Western Ontario Rotator Cuff Index, and Shoulder Dyskinesia [13-18].
For pain assessment, 3 pain states were evaluated; resting pain (0-6 score), night pain (0-6 score), and working
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pain (0-6 score). Shoulder mobility rate was measured
in 3 movements of abduction in scapula (0-5), external
rotation (0-2), and internal rotation (0-10). For shoulder
girdle stability, the space between scapula and spinal cord
was measured in two position; hands on the pelvic with
the thumbs in backward position (0-2 score), and in 90°
abduction with shoulder in full internal rotation (0-2 score).

TENS group, which means that APS was more effective
in pain reduction and improvement of shoulder movement. The paired t test showed that difference of the first
and sixth days was significant indicating the efficiency
of both modalities in pain reduction and improvement of
shoulder movement but the score rise in APS group was
more prominent.

Performing each task was asked in questions such as
reaching the hands above the head, opposite axillary cavity,
etc. Summation of all the points gives a number between 0
and 15 which is the shoulder function score. Scapula position was evaluated as the hands were placed alongside the
body and score of 0-1 was given based on symmetry or
asymmetry of scapula. Sum of all scores were considered
as the shoulder joint performance rate [13-18].

The paired t test analysis showed that shoulder function score was not significant in the sixth day (P>0.05)
and both modalities had the same role in shoulder function enhancement. The difference of first and sixth days
was not significant (P>0.05). The Student t test analysis
showed that average score of APS group was higher than
TENS group indicating the efficacy of APS.

Patients were randomly allocated into two group; APS
or TENS. In the first group, monophasic APS current
(Model APS-MK1 With frequency 150 Hz , voltage 46
V and amplitude 0-24 mA) was used to reduce pain and
for electrodes placement, negative (active) electrode was
placed on the shoulder and the positive
(reference) electrode on the terminal part of pain region. Two electrodes distance was at least 25 cm and
time duration was set for 16 min with dosage 1.2 mA.
Second group benefited from TENS current in burst
mood, frequency of 50-100 Hz and pulse duration of 70
ms. Electrodes were placed on two sides of pain region
and time duration of 20 minutes was selected. Patients in
both group completed 6 therapeutic sessions [12] every
day and reassessment was done at the end of the course.
The normality assumption of the data were checked by
Shapiro-Wilk test. Also paired (within group) and Independent (between group) t tests were used. All statistical
analyses were done by SPSS version 19. The significance level of all variables was considered at 0.05.

3. Results

Scores of scapula position was significant in the first
day (P<0.05) indicating that the APS score is lower than
TENS at the beginning of the study and the patients in
TENS group entered the study with better function. On
the sixth day, the difference was not significant (P>0.05),
but the comparison between the first and sixth day was
significant (P<0.05) indicating that APS was more effective than TENS with regard to the improvement of
scapular position.
Shoulder performance score was not significant in the
sixth day (P>0.05) but the APS score is more than TENS
indicating the efficiency of APS. Comparison between
the first and sixth days was significant (P<0.05) indicating the effectiveness of APS over TENS in improving
the performance.
According to paired t test results, the average difference
of pain, movement, stability, function, and performance
of shoulder were significant in the first and sixth days in
both groups (P<0.05), however, APS group showed major increases. Also mean difference of scapular position in
the first and sixth days was not significant in TENS group
(P>0.05), but not in APS group (P<0.05) which shows higher effectiveness of APS in scapular position improvement.

4. Discussion

In Table 1, the general characteristics of subjects such
as height, weight, and body mass index in the studied
groups are presented. Regarding these characteristics,
two study groups did not show significant differences
(P>0.05). According to Table 2, t test results showed average differences in study outcomes in day 1 and 6 and
also the difference of day 1 and 6 in both group.

The results of the present study supports the effectiveness of APS in pain reduction and improvement of
shoulder joint performance in patients with CMSP, however, there was no significant difference between groups
in particular variables.

The Student t test analysis showed that the score of
shoulder pain and movement is significant in the sixth
day (P<0.05). The mean of APS group is higher than

Different methods are used in physiotherapy program
of patients with CMSP. In recent years, APS has been
increasingly used as a useful method. Since APS does
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Table 1. General characteristics of the study subjects and descriptive information of the research variables.
Variable

APS Group Mean±SD

TENS Group Mean±SD

P-Value

Age (y)

33.1±9.28

35.24±10.1

0.528

Weight (kg)

63.92±8.13

61.65±7.21

0.479

Height (cm)

170.2±8.4

168.3±7.25

0.294

Body mass index (kg/m2)

23.16±4.14

23.78±3.25

0.362
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Table 2. T-test results for average outcome differences on days 1 and 6 and the differences of days 1 and 6 results in both group.
TENS Group

Between
Group

APS Group

Day 1

Day 6

Difference of
the First and
Sixth Day

P-Value

The First
Day

The Sixth
Day

Difference of
the First and
Sixth Day

P-Value

P-Value

Pain

11.5±2.7

8.4±2.4

3.1±0.3

0.002

15.3±4.5

8.8±3.0

7.5±1.5

0.003

0.000

Movement

16.1±4.9

18.2±5.4

2.1±0.5

0.001

11.9±3.9

19.8±4.5

7.9±0.6

0.001

0.000

Stability

1.8±1.1

2.6±1.4

0.8±0.3

0.2

1.3±0.8

3.2±1.1

1.9±0.3

0.4

0.000

Function

9.5±2.1

12±2.8

2.5±0.7

0.07

8.1±1.1

11.7±1.9

3.6±0.8

0.06

0.000

Scapula position

0.73±0.4

0.80±.0.43

0.07±0.03

0.09

0.56±0.3

0.9±042

0.34±0.12

0.06

0.000

Performance

48.4±7.9

53.9±9.0

5.5±1.1

0.08

34.7±7.9

54.2±8.6

0.7±19.5

0.04

0.000
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not stimulate skin and senses, it is offered as a good
treatment for pain relief. This modality brings about its
useful effects through improving blood circulation and
extracting the painful metabolites from pain locus [19].
Devices, which are capable of producing APS waves can
generate various and specific low-frequency currents.
Such currents are different in terms of period and intensity. Generally, three important types of APS waves have
been introduced for medical applications. In one type, the
painful locus is stimulated with a current equal to sensation threshold for 16 minutes, in another type the placebo
effect of electrical stimulation without any current is applied, and in the third type, a current set to the highest
bearable intensity is applied to the pain locus [23].
Shariatpanahi et al. study revealed that APS therapy
can reduce pain in patients suffering from musculoskeletal pain [20]. In Toopchizadeh et al. research, there was
no significant difference between TENS and APS in
knee osteoarthritis treatment [8]. Rahimi et al. arranged
a study, which showed no specific difference between
APS and routine physical therapy in patients with knee
osteoarthritis. According to these findings, APS is rec-
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ommended for reduction of knee pain and swelling that
could be beneficial for knee osteoarthritis [21].
The presented study supports the effectiveness of APS
in pain suppression and shoulder joint function improvement. There are few studies about mechanical shoulder
pain which makes it difficult to compare the presented
study with previous studies. Zizic et al. investigated a
comprehensive study in multiple centers on 78 patients
with knee osteoarthritis, which was a double blind randomized control trial. They evaluated 3 primary outcomes; pain, function, and general assessment as well
as 6 secondary outcomes; joint range of motion, morning stiffness, tenderness, swelling, knee periphery, and
walking duration in 4 weeks by a physician. Patients
were treated by pulse electrical stimulation and placebo, which leads to significant improvement of pain and
function but no specific difference was seen in tenderness, swelling, and walking duration [22].
Berger utilized 3 method of TENS, APS, and placebo
on pain and swelling of patients with knee osteoarthritis. The results showed the efficacy of 8 minutes APS
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administration on knee pain and swelling reduction
[23]. Papendorp studied the effects of APS therapy on
285 patients with chronic pain, which proved significant
subjective and objective improvement of patients’ movement and pain [6].
There are some possible mechanisms for medical
benefits of APS and TENS techniques. It has been clinically shown that there are neurohormonal changes following APS therapy, which have a therapeutic effect on
the biochemical balance in the treated area. Thus, when
the physiological functions are impaired due to a breakdown in biochemistry and nerve function, it is feasible
to attempt to reactivate those physiological functions
electronically by using APS therapy. APS leads to an increase in specific neurohormones such as melatonin and
leu-enkephalin, which reduces anxiety, pain, and sleep
disorders. This achievement is gained without creating
any clinically relevant changes in serotonin or cortisol
concentrations, which are important hormones to maintain other important neural functions. It also creates an
increase of oxygen around the positive electrode by
breaking down electrolytes [6, 23].
Akbari, Forough, and Berger et al. reported sustainable signs of improvement one month after termination
of therapy [19, 23]. Akbari and Forough reported positive effect of action potential stimulation on knee pain
[23]. Pyszora et al. reported the positive effect of APS on
chronic pain [9]. Johnson et al. introduced the electrical
stimulation as a proper treatment to cure musculoskeletal
pains [24]. Similarly, the our study results are in line with
the findings of Zizic et al. and van Papendrop et al studies. The mentioned studies have attributed the analgesic
effects of APS to higher secretion of beta-endorphins
and leu-enkephalin and improved ATP release [6, 22].
With regard to the study results, various types of APS
play similar roles in alleviating symptoms and improving function of patients with mild to moderate chronic
mechanical shoulder pain, thus, applying any type of
such treatments along with other non-drug therapies can
be effective in improving the problems of such patients.
APS is a useful current for pain reduction and improvement of shoulder complex function at a short duration.
Our results showed that APS current is useful for mechanical injuries, including shoulder pain.
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