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Materials and Methods: A total of 30 sportswomen in basketball, volleyball, futsal, football,
and tackwondo with the Mean+SD age of 23.5+3.6 years were randomly divided into two
groups: intervention (n=15) and control (n=15). In the intervention group, a single session of
TENS with a frequency of 150 Hz and pulse duration of 150 us was applied for 20 minutes.
The control group received placebo TENS. Isokinetic dynamometer and vertical jump test
were used to assess quadriceps activation and strength. All samples were evaluated at three
different time intervals: before, immediately after, and 30 minutes after the intervention.

Keywords: Results: The mean maximal voluntary isometric contraction, central activation ratio, and
height of jumping in the TENS and control group were not significantly different immediately
and 30 minutes after the intervention (P>0.05).
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muscle activation, Amateur . Conclusion: According to this study, a single session of TENS cannot immediately improve
athlete quadriceps activation and strength in amateur female athletes.
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1. Introduction

ith rising people’s interests in sports
around the world, sports injuries are also
increasing. Knee injuries account for
one-quarter of all sports injuries and take
the longest time and efforts to heal [1].

The chance of injuries in female athletes is higher for
several reasons; for example, females demonstrate great-
er quadriceps activation compared with males during
hopping, cutting, and lunging maneuvers. Also, females
generally have smaller and less developed muscles as
joint stabilizers. Finally, females have weaker hamstring
muscles relative to their quadriceps, and this imbalance
increases the risk of ligaments injuries [2].

Among the intrinsic injury risk factors including age,
sex, phase of the menstrual cycle, ligamentous lax-
ity, muscle strength, flexibility, and the like, “muscle
strength” is a variable that not only reduces the chance of
injury but also plays a role in improving the performance
of the athlete [3]. Because quadriceps activity is high in
most sports’ tasks such as jumping, sprinting, squat, and
son on, physical therapists and sports scientists can focus
on increasing the quadriceps strength to prevent injury
and even to improve athletic performance.

Furthermore, amateurs or semi-professional athletes
generally have lower strength levels compared with pro-
fessional athletes, and thus will gain more benefits from
an effective strength training program. Professional ath-
letes have the advantage of incorporating different train-
ing protocols, but amateur athletes lack this opportunity
because of their responsibilities such as school, occupa-
tion, and family. So a short and effective program that can
enhance lower body strength and performance would be
of great benefit to amateur team sport athletes [4].

Various training modalities can be used for improving
muscular strength. In particular, electromyostimulation
(EMS) is employed as a means of strength training in
healthy humans. An increase in muscle strength was evi-
dent in many muscle groups after EMS training ranging
from 10% to 41%, including quadriceps muscles. More-
over, EMS training improves specific soccer tasks. Thus,
besides traditional soccer training, an EMS training pro-
gram for 3 to 5 weeks would be a viable means for im-
proving force and specific soccer tasks before and during
the play season [5, 6]. It is hypothesized that focal knee
joint cooling may facilitate the quadriceps motoneuron
pool by increasing excitatory afferent stimuli [7].

Journal of

Modern Rehabilitation

Transcutaneous Electrical Nerve Stimulation (TENS)
is a sensory-targeted modality traditionally used to treat
pain, but it is also one of the most successful methods
for increasing quadriceps activation levels after a single
session in patients with quadriceps activation failure [8-
10]. TENS can reduce arthrogenic muscle inhibition by
postsynaptic inhibition of the Ib inhibitory in knee os-
teoarthritis, meniscus tearing, and so on [11]. Although
increasing in quadriceps motoneuron pool excitability
using the Hoffmann reflex or Central Activation Ratio
(CAR) have been reported following the TENS applica-
tion, but no study has examined it in healthy athletes.

An intervention that is successful in disinhibiting the
motoneuron pool, allowing for increased muscle activa-
tion in injured athletes, may be useful for facilitating and
thus leading to more optimal strength and function in
uninjured athletes. So this study was designed to change
Voluntary Quadriceps Activation (VQA) and quadriceps
strength by a single session in healthy amateur female
athletes. We hypothesized that quadriceps CAR and
strength would increase after 20 minutes of TENS com-
pared with a control condition.

2. Methods

A crossover, repeated-measures design was used in
this study. The independent variables were treatment
and time. Treatment had two levels (TENS and control
group) and 3 different time intervals (before the inter-
vention, immediately after the intervention, and 30 min-
utes after the intervention).

The primary outcome measurement was voluntary
quadriceps activation expressed as Central Activation
Ratio (CAR); secondary outcome measurements were
quadriceps knee extension torque or Maximal Voluntary
Isometric Contraction (MVIC) and vertical jump test.
All athletes were blinded to study.

Study subjects

A total of 30 healthy amateur female athletes in bas-
ketball, volleyball, futsal, football, and tackwondo, who
studied at the faculty of physical education, volunteered
for this study.

None of the participants had a history of lumbar or
lower extremities operation, deformity, and injury (dur-
ing the last 6 months). The participants did not use corti-
costeroid or hyaluronic acid injection, neurological, and
analgesics drugs during the previous 24 hours. Subjects
would also be excluded if they felt pain in the trunk or




Journal of

Modern Rehabilitation

lower extremities; were dissatisfied with study; did not
complete the tests or did not tolerate TENS and exog-
enous electrical stimulation.

Study procedure

All of the tests and interventions were performed in a
single session. Subjects warmed up on a stationary bicy-
cle at a self-selected speed for 5 minutes. The dominant
leg, determined by asking the participant with which leg
they preferred to kick a ball, was tested in all partici-
pants.

Maximal voluntary isometric contraction and central
activation ratio

We used a Biodex System 3 (Biodex Medical Sys-
tem INC., Shirley, New York, USA) dynamometer to
calculate the central activation ratio (CAR). Subjects sat
on an isokinetic dynamometer with 85° C hip flexion
and 60° C knee flexion. Their shoulders and pelvis belts
were closed to prevent any additional movements. The
mechanical axis of the dynamometer is aligned with the
anatomical axis of the knee [12]. Two 4.5x6 cm car-
bon electrodes were used to deliver the stimulus to the
femoral nerve. The anode was positioned at the height of
the greater femoral trochanter, and the medial electrode
border was in line with the anterosuperior iliac spine.
The cathode was positioned 3 cm above the patella [13].

Three trials of knee isometric extension with maximal
effort were performed, and participants asked to hold
the contraction for 7 s with a 60-s rest. Then maximum
torque and force were recorded (FMVIC). All MVIC
values were reported as Nm/kg. All participants were
verbally encouraged to use their power during knee
extension. Before starting the test, the participants per-
formed 3 submaximal knee extension to be familiarized
with the test [14]. Equation 1 shows how FMVIC is
computed:

1. Tq MVIC - Momentum leg - Momentum foot

Radian 60°xLever arm Quadriceps

Novin (735x) stimulator produced the exogenous elec-
trical stimulus. A stimulus with a frequency of 50 Hz,
pulse duration of 300 ps and the intensity of muscle
contraction was delivered to the participant’s leg when
quadriceps contraction reaches maximum force plateau
to stimulate a more strong muscle contraction. Three
trials of knee extension with maximal effort were per-
formed, and the participant was asked to hold it for 9 s
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with a 60-s rest. The recorded force, named “superim-
posed burst force” or “FSIB.”

Tg MVIC - Momentum leg - Momentum foot

Radian 60°xLever arm Quadriceps

The central activation ratio was calculated by divid-
ing the Force Measurements of the Maximal Voluntary
Contraction (FMVIC) by that of the Force produced by
the Superimposed Burst (FSIB) plus the maximal volun-
tary contraction (FMVIC) [15]:

FMVIC
FMVIC + F SIB

CAR is used to assess voluntary activation of a muscle
by measuring the recruitment of motor units and fre-
quency of motor unit firing.

CAR =

Vertical jump

A vertical jump was used to assess the explosive
strength of the lower limbs following a stretch of the
agonist muscles [16]. The subject would stand next to a
smooth, dark wall on the floor and was asked to Stretch
out her upper limb and reach as high as possible with
either hand and makes a mark on the wall with chalk
(H1). Holding the desired jump position with the pre-
ferred side to the wall, the subject jumped as high as
possible and made another mark at the peak of the jump
(H2). The vertical jump score was calculated based on
the difference between the two marks. Three trials of the
test were performed with a rest period of 2 minutes, and
the maximum height was recorded [17].

Study intervention

Subjects were randomly assigned into two groups:
intervention (n=15) and control (n=15) after baseline
tests. The TENS unit (Arman Pooya, model FA720)
was used in both the intervention and control groups.
Active TENS consisted of a sensory continuous, bipha-
sic current (frequency of 150 Hz, and pulse duration of
150 ps) [15]. Four separate 4.5x6 cm electrodes were
used on the medial and lateral superior as well as medial
and lateral inferior borders of the patella to deliver the
TENS stimulation to knee joint of the participants for
20 minutes. TENS intensity was increased to the high-
est tolerable sensory stimulation without causing muscle
contraction. Placebo TENS was administered with the
same instruments, but after 30 seconds, the current dis-
continued. All other features of the placebo unit were
identical [14].
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The participants of the two groups were immediately
evaluated after the intervention with the same tests as
before. The results were recorded for the calculations.
Then participants rested and assessed for the third time
30 minutes after the end of the intervention.

Statistical analysis

Three separate Analyses of Variance (ANOVA) of the
group (TENS and placebo TENS) by time (before the
intervention, immediately after the intervention, and
30 minutes after the intervention) were used to evalu-
ate differences in CAR, MVIC and Vertical Jump Test
(VIT). Means and standard deviation were calculated for
all outcome measures before data analysis. P values less
than 0.05 were considered significant in all experiments.

3. Results

Thirty athletes were volunteered to participate in this
study (Mean+SD age: 23.534+0.36 y, MeantSD height:
167+3.4 cm, Mean+SD weight: 60.02+0.3 kg). The
dominant leg of all participants was the right leg.

No significant differences were found between groups
in any of the participants’ demographics (P>0.05).

There were no statistical differences in the baseline, im-
mediately after and 30 minutes after the intervention in
MVIC (P=0.85, F=0.091) and CAR (P=0.190, F=1.766)
and vertical jump (P=0.153, F=2.076).

4. Discussion

This study aimed to investigate the effect of TENS on
quadriceps activation in healthy amateur female athletes.
The results showed that a single application of TENS
does not improve the strength and quadriceps activation
of amateur athletes, and does not affect the sport tasks
such as vertical jump.

TENS is an inexpensive, non-pharmaceutical, non-in-
vasive, and simple intervention. The parameters of TENS
that are used to improve muscle activation are identical
with the parameters used to reduce pain, which indicates
that modality that was used to relieve pain in the past
could have a new and independent application. TENS
can minimize muscle inhibition via postsynaptic inhibi-
tion of the Ib interneuron; in other words, by reducing the
activity of the inhibitory interneurons of the motoneuron
pool, it reduces arthrogenic muscle inhibition [18, 19].
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Applying high-frequency TENS after open meniscec-
tomy and Anterior Cruciate Ligament (ACL) reconstruc-
tion increases quadriceps activation during subsequent
maximal voluntary contractions. Furthermore, Hopkins
and coworkers (2002) have found that high-frequency
TENS (120 Hz, pulse duration of 0.1 s) prevents the
decline in quadriceps H-reflex amplitude seen after the
infusion of fluid into the knee joint. Recently, the appli-
cation of high-frequency (150 Hz, pulse duration of 0.15
s) TENS to osteoarthritis knee joints has been shown to
significantly improve quadriceps activation. Low-fre-
quency (4 Hz, pulse duration of 1 s), acupuncture-like
TENS, has been reported to increase quadriceps force
output by 71% in osteoarthritis patients, but it has re-
mained unknown whether low-frequency TENS may
be effective in reducing Arthrogenic Muscle Inhibition
(AMI) in patients with other knee joint pathologies [20].

In this study, the isokinetic dynamometer was used to
measure quadriceps torque that showed no significant
effect of TENS on the improvement of MVIC. Vander-
thommen et al. used Neuromuscular Electrostimulation
(NMES) with a frequency of 80 Hz and a pulse duration
of 0.35 ms for a single session of 20 minutes to change
quadriceps and hamstring torque. It was not only effec-
tive but also reduced muscle torque and impaired muscle
function [21]. Dehail and colleagues reviewed articles
to identify the effect of the application of EMS on
strength gain and suggested superimposed or combined
EMS techniques are generally more efficient than EMS
alone [22]. In another study, concurrent use of EMS and
plyometric exercise increased quadriceps strength, the
amount of the jump, and speed of a sprint, but a single
application of EMS decreased speed of sprint [23]. The
only study used TENS to increase the strength of the
quadriceps muscle in healthy people is Onigbinde et al.
study. They used TENS current at 80 Hz and pulse du-
ration of 100 ps for 8 weeks, twice per week, and 15
minutes per day. The result was an increase in ipsilateral
and contralateral muscle strength [24].

There are several methods of muscle activation assess-
ment, such as EMG, SIB technique, and Interpolated
Twitch Technique (ITT). In this study, the SIB technique
showed that TENS did not improve quadriceps activa-
tion. Glaviano and colleagues investigated the effect of
using Percutaneous Electrical Nerve Stimulation (PENS)
with a frequency of 50 Hz and a pulse duration of 70 us
on quadriceps and hamstring strength in injured knees.
Measurement of strength and muscle activation by iso-
kinetic indices showed that PENS could not increase
muscle torque and activation compared with the control
group [25]. In another study, a single session of PENS in
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the gluteus medius and vastus medialis improved func-
tional tasks such as step down and single-leg squat in
EMG monitoring [26].

Among several functional quadriceps strength tests,
the vertical jump is a valid test for evaluating quadriceps
strength and performance, especially in soccer and bas-
ketball players [27]. In this study, TENS did not improve
the height of the vertical jump test. Stania et al. used a
single session of NMES and whole-body vibration (both
with a frequency of 40 Hz) on quadriceps and suggested
that electrical or mechanical stimulation cannot improve
the height of vertical jump [28]. Pillard et al. stimulated
quadriceps with NMES for 1 week and then observed
the increase in the height of jump [29].

We hypothesized that TENS with a similar disinhibi-
tory mechanism of injuries could facilitate quadriceps by
increasing presynaptic excitatory potentials and motor
output. Also, the mechanism of focal knee joint cooling
in increasing quadriceps activation in healthy subjects
was the same.

One of the reasons for our negative result may be the
single session of stimulation, and if several sessions of
stimulation were used (with cumulative effect), different
results might be expected. Although the SIB technique
is sensitive to changes in muscle activation after inter-
ventions or treatments, valid CAR estimates rely on
the ability to effectively isolate knee extensors to prevent
contributing muscles other than the quadriceps generat-
ing maximal torque during a voluntary effort. Subopti-
mal electric stimulation settings may also cause invalid
estimates of quadriceps activation if the stimulation fails
to fully activate all motor units in a motoneuron pool
[30]. So if another measurement tool was used, such as
EMG, the results might have been different. Besides, in
this study, criteria for choosing amateur athletes were
based on their words, and the lack of awareness of the
participants’ sports activities level can affect the results.

5. Conclusion:

A single session of TENS could not improve quadri-
ceps strength, activation, and performance in healthy
amateur female athletes.

This $tudy was single-blinded so that results may be
biased. Although participants were selected from differ-
ent sports and no comparison was made between two
genders.
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Given the effect of cryotherapy on quadriceps strength
of healthy athletes, a study could be designed to investi-
gate the impact of concurrent of TENS and cryotherapy.
Also, further research is recommended to determine the
effect of TENS after more sessions with a cumulative
effect.
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