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ABSTRACT
Acupuncture has been increasingly used in the treatment of muscle damage associated with sports activities. However, studies on the immediate effects of one-time acupuncture on the muscles of athletes are
clearly lacking. Thus, this study aimed to examine the effects of acupuncture therapy on the maximal voluntary isometric contraction (MVIC) electromyography (EMG) of the rectus femoris and tibialis anterior
muscles. This study was conducted among 20 healthy male college students who had no musculoskeletal
disease. The participants were subjected to 3 different experimental conditions and subsequently grouped
based on these conditions: real acupuncture, sham acupuncture, and control. A 7-day washout period was
implemented to avoid any transient effects on the physiological and psychological conditions of the participants. Subsequently, an electromyogram patch was attached on the most developed area in the middle
of the origin and insertion of the rectus femoris and tibialis anterior muscles. The percent MVIC, which
was used to standardize the signal from the electromyogram, was determined, and the maximal value from
the MVIC of the rectus femoris and tibialis anterior muscles was measured. The MVIC EMG activities of
both femoris (F = 6.633, p = 0.003) and tibialis anterior (F = 5.216, p = 0.008) muscles were significantly
different among all groups. Accordingly, the results of a posthoc test showed that the real acupuncture
group had higher MVIC EMG activities in the femoris (p = 0.002) and tibialis anterior (p = 0.006) muscles
compared with the control group. These results suggest that treatment with real acupuncture resulted in
significantly higher MVIC EMG activities of the rectus femoris and tibialis anterior muscles than the other
treatments. Hence, acupuncture may be helpful in the improvement of muscle strength among athletes in
the physical fitness field.
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Acupuncture was developed 3000 years ago in
China, and since then, it has become one of the most
frequently used alternative medicines worldwide
that are recognized for their positive physiological
effects.1 Recently, the frequency of acupuncture usage
in the treatment of sports-related muscle damage has
increased. For example, 12% of American college
athletes experienced acupuncture treatment, and this
percentage is higher than that of American adults who
utilized the same treatment.2
Additionally, several studies on the effects of
acupuncture on performance improvement of athletes
have been conducted, with strength being the most
frequently studied outcome. For instance, Osborne
et al. reported that treatment with acupuncture in the
middle of a match was effective in increasing strength,
alleviating pain, and improving range of motion.3
Furthermore, Hubscher et al. reported that the isometric extension strength of the knee was improved
through acupuncture on the acupoint.4 Ozerkan et al.
also showed that soccer players who were treated with
acupuncture experienced increased isokinetic flexion
and extension strength of the knee.5 Moreover, Huang
et al. demonstrated that the dorsi and plantar flexion
strengths of the ankle improved by 21.3% following a
4-week acupuncture treatment compared with another
ankle without any treatment.6 Larisa et al. also reported
increased isometric strength and electromyography
(EMG) activation after acupuncture stimulation.7
Nevertheless, studies on the immediate effects of
one-time acupuncture treatment that is directly applied in the field on the muscles of athletes are still
significantly lacking. Therefore, this study aimed to
examine the effects of acupuncture therapy on the
maximal voluntary isometric contraction (MVIC)
EMG activities of the rectus femoris and tibialis
anterior muscles.

To investigate the time effects (before and right
after treatment) of one-time acupuncture treatment,
the participants were randomly assigned into 3 treatments groups: real acupuncture, sham acupuncture,
and control groups. However, this study was also
designed to allow the participants to experience 3
treatment conditions (real and sham acupuncture and
control) through a randomly ordered cross progress. For
example, participant “A” experienced being assigned
in all treatment groups by receiving real acupuncture,
sham acupuncture, and control treatments in order with
1-week washout period in between treatments. This
1-week washout was implemented to ensure the absence
of the accumulative effect of repetitive acupuncture
treatment at each stage of treatment. A placebo effect
was also avoided by informing the participants that
the study was conducted to investigate the differences
between various acupuncture areas, although the study
was actually performed to identify the difference
between real and sham acupuncture in terms of their
effects. A trained Korean medicine doctor provided
the real and sham acupuncture and control treatments.
A double-blind method was applied by ensuring that
the researcher who measures the muscle strength do
not know which kind of acupuncture was applied to
the participant.
Acupuncture Treatment
Various studies reported that sham acupuncture
exerted good effects on the body8 and remained effective although the acupuncture was conducted on
the skin or other areas without an acupoint.9,10 Thus,
designing the treatment plan of this study to include
acupuncture, sham acupuncture, and control treatments is important to clearly investigate the effects
of this therapy.10
The participants of the real acupuncture group
received acupuncture treatment in a comfortable lying position or lying with the face down for 15 min.
The size of the needle was 0.30 × 40 mm (DongBang
AcuPrime® Ltd., Exeter, UK), and the depth of acupuncture was 5–30 mm based on the body structure
of the participants in accordance with the modified
acupuncture protocol developed by Hubscher et al.4
Meanwhile, the participants of the sham acupuncture group received acupuncture treatment on

METHODS
Participants
This study was conducted among 20 healthy male
college students who had no musculoskeletal diseases
(age, 21.35 ± 4.12 years; height, 174.14 ± 7.75 cm,
weight, 73.03 ± 9.91 kg; body mass index, 24.04 ±
2.61 kg/m2; and percent body fat, 16.22 ± 4.58%).
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retest was conducted to minimize the signal error on
the EMG if in doubt as the skin resistance can change
over time. The distance between the electrodes was
1.5 cm. Whether each EMG signals was correctly
measured was determined. Additionally, an electromyogram patch was attached on the most developed
area in the middle of the origin and insertion of rectus
femoris and tibialis anterior muscles. Subsequently,
the percent MVIC, which is used to standardize the
signal from the electromyogram, was determined, and
the maximal value was measured by contracting the
rectus femoris and tibialis anterior muscles maximally.12

an area that is more than 2.5 cm apart from acupoint,
with the needle allowed to stick into the skin layer.
The length of the acupuncture treatment in the sham
acupuncture group was 15 min, similar to that of the
real acupuncture group.
Unlike the participants of the first two group, those
of the control group only received skin stimulation
using the Park Sham Placebo Device (DongBang
AcuPrime® Ltd., Exeter, UK), which has a blunt point
that becomes shorter and does not penetrate the skin.
In short, this device only conducts stimulation using
a magnetic needle.11 This device prevents the occurrence of a placebo effect as the participants felt that
they received real acupuncture although the needle
did not penetrate their skin. The control group also
received the treatment on a skin area that was not an
acupoint and sensitive. Additionally, the control group
comfortably received the treatment by lying with their
eyes closed or face down, similar to that of real and
sham acupuncture groups.

Statistical Analyses
All the data in this study were expressed as mean
and standard deviation. One-way analysis of variance was conducted before and after treatment to
investigate in detail the differences between groups.
Furthermore, Tukey’s honest significant difference
posthoc test was conducted. SPSS Statistics (version
18.0 for Windows; SPSS Inc., Chicago, IL, USA) was
used for all analyses, and p < 0.05 was considered
statistically significant.

EMG MEASUREMENTS
The measurement of the muscle EMG activities
was conducted by removing the body hair and washing
the skin with alcohol to reduce the presence of debris
and lotion to minimize the noise when attaching the
electrode on the selected area. A well-prepared skin
has a resistance degree of 0.2–0.9 kΩ. Moreover, a

RESULTS
Table 1 shows the differences in the MVIC EMG
activities of the rectus femoris and tibialis anterior
muscles after needle withdrawal acupuncture therapy.

TABLE 1 Differences between the Maximal Voluntary Isometric Contraction Electromyography Activities
of the Rectus Femoris and Tibialis Anterior Muscles after Needle Withdrawal Acupuncture Therapy
Muscle

Rectus femoris
(mV)

Tibialis anterior
(mV)

Test

Control
(n = 20)

Sham acupuncture
(n = 20)

Real acupuncture
(n = 20)

Pre

2172.51±556.60

2207.25±579.40

2141.93±552.26

Post

2078.67±567.10

2298.19±461.11

2404.77±580.53

Difference

−93.84±242.45

90.94±290.64N/S

262.85±380.22##

Pre

2033.75±712.68

1995.32±930.66

2082.49±503.96

Post

1865.98±790.60

2167.16±821.07

2590.23±403.55

Difference

−167.77±783.36

171.85±671.84N/S

507.74±497.13##

Overall Overall
F
p

6.633

0.003**

5.216

0.008**

**

p < 0.01 through one-way analysis of variance.
N/S = not significant; ##p < 0.01, when compared with the control group (Tukey’s honest significant difference post-hoc test).
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on the knee when conducting early-stage
rehabilitation after ACL surgery is important.19
Moreover, acupuncture stimulation on the
quadriceps in this rehabilitation phase helps patients
to resume their daily life activities after surgery by
assisting with maximum muscular contraction.
This study has some limitations to consider
when interpreting the results. First, this study did not
include various physical fitness variables, such as
cardiorespiratory endurance, muscular endurance,
flexibility, power, agility, and balance, in the
analysis. Hence, further comprehensive study that
incorporates these physical fitness variables in the
analysis are necessary.
For patients with muscular dystrophy, muscular
contraction exercise on the joints of the limbs can
prevent muscular dystrophy or weakness to some
degree. However, excessive muscular contraction
exercise can cause muscle damage. Hence,
resistance exercise to prevent muscular dystrophy
among patients with muscular atrophy should be
performed.20 Furthermore, performance of isometric
muscular contraction exercise following acupuncture
stimulation can lead to a more stable rehabilitation
among these patients.
Second, the participants in this study do
not represent the entire college student population
in Korea because they were recruited from only
one university in the country. Lastly, this study
only consists of a small sample population (n =
20). Thus, future studies that involve a large
number of participants are needed. However,
despite these limitations, the findings of this
study remains significant because they are
specific to the effects of acupuncture among the
youth.
CONCLUSION
The results of this study suggest that the maximal
EMG activities of the rectus femoris and tibialis anterior muscles significantly increased after

No significant differences in the MVIC EMG activities of both femoris (F = 6.633, p = 0.003) and
tibialis anterior (F = 5.216, p = 0.008) muscles were
observed among all groups. Accordingly, the result
of the posthoc test showed that the real acupuncture
group had higher MVIC EMG activities in the femoris
(p = 0.002) and tibialis anterior (p = 0.006) muscles
than the control group.
DISCUSSION
Acupuncture is a therapy where a sharp needle is
inserted into the skin through an acupoint, a specific
area that is targeted to alleviate pain. Acupoint refers
to a response point that is linked to an internal body
organ and known as an area with decreased bioelectrical resistance and increased conductivity.13,14
Acupuncture originated from ancient China and is
based on the meridian theory. This therapy is used to
manage pain around the magnetic needle area, functional disability in the internal organ, and both pain
and functional disability in distant areas. However,
the effects of acupuncture remain to be clearly investigated, although several studies attempted to reveal
the mechanisms behind the effects of acupuncture.1,15
In the present study, the real acupuncture group
showed significantly increased maximal EMG activity compared with the control group. This finding is
attributed to the effect of the needle stimulation on
the afferent sense and elevated muscle EMG activity
and substances, such as adenosine diphosphate and
calcium ions, which continuously increased until
1 hour of acupuncture treatment, thereby affecting
muscle contraction.16,17 Furthermore, Lo et al. reported that the cerebral motor cortex was activated
through transcranial magnetic stimulation (TMS)18 at
least 15 minutes after needle removal. This finding
supports the result of this study in which the effects
of acupuncture were attributed to the afferent sensory
nerve stimulation.
Additionally, various applications will be
possible considering that the EMG activities of the
muscles was increased following acupuncture
stimulation. Flexing the quadriceps as much as
possible by avoiding flexion and extension motion

J Mens Health Vol 14(1):e1-e5; January 1, 2018
This article is distributed under the terms of the Creative Commons Attribution-Non Commercial 4.0 International License.

e4

Acupuncture Therapy on EMG Activity

10. White AR, Filshie J, Cummings TM. Clinical trials
of acupuncture: consensus recommendations for
optimal treatment, sham controls and blinding.
Complement Ther Med 2001;9(4):237–45.
11. Park J, White A, Stevinson C, Ernst E, James M.
Validating a new non-penetrating sham acupuncture
device: two randomized controlled trials. Acupunct
Med 2002;20(4):168–74.
12. Cram JR. The history of surface electromyography.
Appl Psychophysiol Biofeedback 2003;28(2):81–91.
13. Hwang YC. Anatomy and classification of acupoints.
Probl Vet Med 1992;4(1):12–15.

treatment
with
real
acupuncture.
Hence, acupuncture may be helpful in the
improvement of the muscle strength of athletes
in the physical fitness field.
ACKNOWLEDGEMENTS
The authors have no conflicts of interest to declare.
REFERENCES
1.

2.

3.

4.

5.

6.

Astin JA, Marie A, Pelletier KR, Hansen E,
Haskell WL. A review of the incorporation of
complementary and alternative medicine by
mainstream
physicians. Arch intern Med
1998;158(21):2303–310.
Nichols AW, Harrigan R. Complementary and
alterna-tive medicine usage by intercollegiate
athletes. Clin J Sport Med 2006;16(3):232–37.
Osborne NJ, Gatt IT. Management of shoulder
injuries using dry needling in elite volleyball players.
Acupunc-ture Med 2010;28(1):42–45.
Hubscher M, Vogt L, Ziebart T, Banzer W.
Immediate effects of acupuncture on strength
performance: a ran-domized, controlled crossover
trial. Eur J Appl Physiol 2010;110(2):353–58.
Ozerkan KN, Bayraktar B, Sahinkaya T, Goksu
OC, Yucesir I, Yildiz S. Comparison of the
effectiveness of the traditional acupuncture point,
ST.36 and Omura’s ST.36 point (True ST.36) needling
on the isokinetic knee extension & flexion strength of
young soccer players. Acupuncture Electrother Res
2007;32(1-2):71–79.
Huang LP, Zhou S, Lu Z, et al. Bilateral effect of
uni-lateral electroacupuncture on muscle strength. J
Altern Complement Med 2007;13(5):539–46.

14. Ma SX. Biochemicla physiology of nitric oxide over
acupuncture points and meridians: new approach and
perspectives. Zhen Ci Yan Jiu 2008;33(1):47–48.
15. Harris R, Zubieta J, Scott D, Napadow V, Gracely R,
Clauw D. Traditional Chinese acupuncture and placebo (sham) acupuncture are differentiated by their
effects on µ-opioid receptors (MORs). Neuroimage
2009;47(3):1077–85.
16. Goldman N, Chen M, Fujita T, et al. Adenosine A1
receptors mediate local anti-nociceptive effects of
acupuncture. Nat Neuroscience 2010;13(7):883–88.
17. Gao M, Yang HY, Le K, Liu TY, Gu XJ. Effects of manual
acupuncture and electroacupuncture on Ca2+ content
and Ca2+ -ATPase Activity in sarcoplasmic reticulum
of skeletal muscle cells in rats during acute swimming
exercise. Zhen Ci Yan Jiu 2008;33(1):13–16.
18. Lo YL, Cui SL, Fook-Chong S. The effect of acupuncture
on motor cortex excitability and plasticity. Neurosci
Lett 2005;384:145–49.
19. Biscarini A, Contemori S, Busti D, et al. Knee
flexion with quadriceps cocontraction: A new
therapeutic exercise for the early stage of ACL
rehabilitation. J Biomech 2016;49(16):3855-60.
20. Siciliano G, Simoncini C, Giannotti S, et al. Muscle
exercise in limb girdle muscular dystrophies: pitfall
advantages. Acta Myol 2015;34(1):3-8.

7. Larisa AC, Joao EA. The immediate effects of local and
adjacent acupuncture on the tibialis anterior muscle: a
human study. Chin Med 2008;3:17.
8. Moffet HH. Sham acupuncture may be as efficacious
as true acupuncture: a systematic review of clinical
trials. J Altern Complement Med 2009;15(3):213–16.
9. Pearson S, Colbert AP, McNames J, Baumgartner M,
Hammerschlag R. Electrical skin impedance at acupuncture
points. J Altern Complement Med 2007;13(4):409–18.

J Mens Health Vol 14(1):e1-e5; January 1, 2018
This article is distributed under the terms of the Creative Commons Attribution-Non Commercial 4.0 International License.

e5

