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Abstract The present study investigated the immediate

efficacy of acupuncture compared to sham acupuncture and

placebo laser acupuncture on strength performance. A total

of 33 recreational athletes (25.2 ± 2.8 years; 13 women)

were randomized to receive acupuncture, sham acupunc-

ture (needling at non-acupuncture points) and placebo laser

acupuncture (deactivated laser device) in a double-blind

crossover fashion with 1 week between trials. Assessment

included bipedal drop jumps for maximum rebound height

and quadriceps maximum isometric voluntary force

(MIVF). Furthermore, surface electromyography (EMG)

was used to measure the EMG activity of the rectus femoris

muscle during a 30-s sustained MIVF of the knee exten-

sors. Mean power frequency (MPF) analysis was applied to

characterize muscular endurance. Measurements were

performed at baseline and immediately after treatment by a

blinded investigator. Repeated measures ANOVA and post

hoc paired-sample t test with Bonferroni–Holm correction

were used for statistical analysis. The difference in the

mean change in MIVF from baseline between acupuncture

(46.6 N) and sham laser acupuncture (19.6 N) was statis-

tically significant (p \ 0.05), but no significant difference

was found between acupuncture (46.6 N) and sham acu-

puncture (28.8 N). ANOVA did not show statistically

significant treatment effects for drop jump height or MPF.

The present study shows that a single acupuncture treat-

ment was efficacious for improving isometric quadriceps

strength in recreational athletes. These results might have

implications not only for athletic performance enhance-

ment, but also for rehabilitation programs aimed at

restoring neuromuscular function.
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Introduction

Acupuncture is one of the most frequently used therapies in

complementary and alternative medicine (CAM) (Astin

et al. 1998). Contemporary surveys from the USA and

Germany suggest that between 8 and 9% of the adult

population use acupuncture to prevent or treat a variety of

health problems (Härtel and Volger 2004; Nahin et al.

2009). Furthermore, acupuncture has gained increased

attention in sports medicine and related disciplines

(Meleger and Borg-Stein 2000; Pelham et al. 2001;

Wadsworth 2006). Acupuncture usage is common among

collegiate athletes and the estimated prevalence of 12% is

apparently higher than in the general population (Nichols

and Harrigan 2006).

In sports medicine, acupuncture is preliminarily used to

control pain and relieve common ailments such as exercise-

induced muscle soreness (Hübscher et al. 2008), lateral

epicondylitis (tennis elbow) (Trinh et al. 2004), knee

osteoarthritis (Witt et al. 2005), low back and neck pain

(Manheimer et al. 2005; Trinh et al. 2006), anterior knee

pain (jumper’s knee) (Näslund et al. 2002) or rotator cuff

tendinitis (Kleinhenz et al. 1999). In addition, acupuncture

treatment has been employed for performance enhancement
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in recreational and professional athletes (Akimoto et al.

2003; Huang et al. 2007; Dhillon 2008). Even though the

underlying mechanisms are largely unexplained, recent

studies demonstrating acupuncture-induced alterations in

the excitability of the motor system might provide a suitable

physiological basis for explaining the link between acu-

puncture and motor performance (Lo et al. 2005; Maioli

et al. 2006). However, there is no convincing evidence

either for or against a beneficial effect of acupuncture on

strength performance. The efficacy estimation is mainly

impeded by different acupuncture techniques, treatment

regimens, control conditions, multiple test procedures,

limitations in sample size and methodological study quality.

In considering acupuncture controls, it is crucial to evaluate

the physiological activity of the control intervention, as well

as the placebo response (White et al. 2006). Invasive needle

control (sham acupuncture) involves puncture of the skin at

non-acupuncture sites to test point specificity. However,

penetrating sham controls are not considered to be placebo

interventions given that they probably have some specific

physiological effects. The method of a placebo (deacti-

vated) laser acupuncture device has been shown to be

applicable for the evaluation of the placebo response

because this type of control is physiologically inert.

Furthermore, placebo laser acupuncture enables double-

blinding, which is another methodological problem of

acupuncture studies. The aim of this randomized, controlled

crossover study was to investigate the immediate efficacy of

acupuncture compared to sham acupuncture and placebo

laser acupuncture on muscular strength, power and endur-

ance in recreational athletes.

Methods

Subjects

The a priori power calculation (G*Power 3; Faul et al.

2007) revealed that, for the indented repeated measures

ANOVA, two-sided significance level of 5% and within-

subject correlation of q = 0.4, a sample size of 28 would

have an 80% chance of detecting effects of medium size

(f = 0.25). Assuming a 20% dropout rate, 36 healthy,

recreational athletes were recruited into the study. The

exclusion criteria were cardiovascular, pulmonary, meta-

bolic, neurological, psychiatric and musculoskeletal dis-

eases, hemophilia, muscle soreness, pain, acupuncture

treatment within the last 4 weeks and the use of any

medications. Subjects were instructed to maintain their

normal level of physical activity during the entire study

period and to refrain from any form of physical exercise for

at least 48 h prior to the tests. Food intake was restricted to

a light meal 3 h before the measurement procedure.

Beverages containing caffeine or alcohol were not allowed

for at least 12 h prior to the measurements.

All subjects provided written informed consent to the

protocol that had been approved by the Ethics Committee

of the Department of Medicine, Goethe-University Frankfurt,

Germany.

Study design and randomization

The study adopted a randomized, double-blind, crossover

design, in which all subjects were treated once with acu-

puncture, sham acupuncture and placebo laser acupuncture,

with 1 week between trials. A washout period of 1 week

has been shown to be adequate to avoid carryover effects

(Irnich et al. 2002). On the first day, baseline measure-

ments, including anthropometric data and strength testing,

were performed prior to random assignment of the subjects

to one of the six possible treatment orders. The random list

was generated by a computer program (BiAS for Windows

7.0; Department of Mathematics, Goethe-University

Frankfurt, Germany) and was retained by the principal

investigator until the end of the trial to ensure allocation

concealment.

Treatment

The subjects were blinded to the treatment. They were told

that the purpose of the study was to investigate the effects

of two different modes of needle acupuncture compared to

laser acupuncture, not mentioning terms such as ‘‘placebo’’

or ‘‘sham’’ (Witt et al. 2005). Furthermore, placebo laser

acupuncture was performed double-blind: the subject and

the acupuncturist were not informed that the laser source

(laser diode) remained switched off (Irnich et al. 2002). All

treatments were performed by the same skilled and expe-

rienced acupuncturist (TZ) licensed by the German Medi-

cal Acupuncture Association. The treatment strategy,

including acupuncture points, sham points and needling

technique, was based on expert judgment of qualified and

experienced acupuncturists of the German Medical Acu-

puncture Association.

Acupuncture

The following classical acupuncture points were used in

the order: Zusanli (stomach 36), Sanyinjiao (spleen 6),

Qihai (conception vessel 6) and Shenmen (ear point 55)

(Hecker et al. 2008). Perpendicular needling was carried

out bilaterally (except Qihai) using sterile disposable nee-

dles (body points: Dongbang� 0.3 9 30 mm; ear point:

Seirin� 0.2 9 15 mm). The depth of needle insertion

depended on the anatomical location of the acupuncture

point and on the subjects’ constitution (e.g., skin thickness,
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subcutaneous fat layer thickness) and varied from 1 to

2 mm at the ear point and from 5 to 30 mm at the body

points. De qi sensation was provoked by manual stimula-

tion (rotation) at the beginning of each session. De qi refers

to the sensations of the subject receiving acupuncture,

comprising soreness, numbness, heaviness and distention at

the site of needle insertion (Kong et al. 2007). Needles

were subsequently retained in place for 15 min while

subjects were lying in a supine position.

Sham acupuncture

Sham acupuncture comprised needling at the following

puncture sites that were at least 1 cun apart from the

classical acupuncture points and outside the corresponding

meridians: sham point 1, 1 cun cranial-ventral to San-

yinjiao; sham point 2, 3 cun caudal to a point located

midway between Zusanli and ventral-distal margin of the

head of the fibula; sham point 3, midway on the lateral

border between the iliac crest and 12th costal arch; sham

point 4, ear point at the ventral part of the auricular helix

with the same level of the inferior crus of the antihelix. A

cun is defined according to traditional acupuncture as the

width of the interphalangeal joint of the subject’s thumb

(Melchart et al. 2005). Subject position, needle type and

retention time were identical to those during acupuncture.

Placebo laser acupuncture

The Laserneedle� System (Laserneedle� Systems GmbH,

Germany) was used for placebo laser acupuncture. The

device consists of several optical fibers having a top section

that looks like a small needle. These ‘‘needles’’ were not

inserted into the skin, but were fixed onto the skin at the

above-defined sham points with special adhesive tape.

The main advantage of this method over a laser pen is that

the acupuncture points could be placebo-stimulated

simultaneously rather than consecutively, thus mimicking

the treatment regime of classical acupuncture. The laser

device was switched on to provide visual and acoustic

signals, but the laser diodes remained off-state. The subject

and the acupuncturist had to put on protective glasses

during the treatment and were told that the device emits

invisible infrared laser light. Subject position and treatment

duration were identical to those during acupuncture and

sham acupuncture.

Experimental procedures

Assessment of strength performance included bipedal drop

jumps, maximum isometric voluntary force (MIVF), and

isometric muscular endurance (IME). Measurements were

performed immediately (i.e., \5 min) after treatment, and

15 min recovery periods were allowed between the dif-

ferent tests. Assessors were blinded to the treatment.

Strength testing

Drop jumps from a 32-cm box were used to study power

performance during the stretch–shortening cycle. For this,

the subjects were instructed to drop down the box onto a

contact mat and, upon landing with bilateral foot contact,

perform a vertical jump while keeping their hands at their

hips. The primary goal of this test was to attain maximum

jump height. Before testing, each subject completed two

practice trials to ensure proper drop jumping technique.

After a 2-min rest period, three tests were performed,

separated by 1-min rest intervals, and the highest jump was

recorded for further analysis.

MIVF of the dominant knee extensors was measured

using a commercially available strain gauge force trans-

ducer (ASYS, SPOREG, Germany). The subjects were

seated upright with the knee and hip flexed at 90� and

performed maximum isometric contractions against an

inelastic strap, which was placed around the ankle and

connected to the force transducer (100 Hz sampling rate).

After a specific warmup (two submaximal practice trials),

three tests were performed with contractions lasting 5 s

separated by 2-min rest intervals. The subjects were

encouraged verbally to elicit their maximal effort, and

force was displayed on a screen in real time providing an

immediate feedback. Peak strength values were recorded in

Newtons, and the highest of the three trials was considered

to be representative of MIVF and used for statistical

analysis. Sufficient test–retest reliability of the device has

been shown by Pfeifer et al. (2002).

To assess IME, the subjects performed a 30-s sustained

MIVF of the dominant knee extensors (Halin et al. 2003).

Subject position was identical to that during the MIVF

measurements. The subjects were encouraged verbally to

elicit maximal effort during the entire contraction time.

EMG analysis

Bipolar surface electromyography (EMG) (BIOVISION�,

Wehrheim/Germany, differential instrumentation ampli-

fier; input impedance 10 GX, CMMR 130 db, RTI noise

8 nVHHz, gain 2,500, filter 10 Hz low cutoff, 700 Hz high

cutoff) was used to measure the EMG activity of the rectus

femoris muscle during sustained MIVF (Pfeifer and Banzer

1999). The two electrodes were placed longitudinally in the

middle over the muscle belly after careful preparation of

the skin (cleaning with alcohol, shaving and abrasion)

(Hermens et al. 2000). For the detection of the signals,

Ag/AgCI electrodes (rectangular 4 9 5 mm embedded in

circular gel pad (diameter 10 mm), blue sensor N-00-S,
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Medicotest GmbH, Andernach/Germany, 2 cm interelec-

trode distance) were used with preamplifiers no farther than

100 mm from the recording electrode. The reference

ground electrode was placed in a muscle-free area over the

tibia.

For data analysis (Watscope software, Northern Digital

Inc., Waterloo, Ontario), the first and last 5 s of the EMG

signal were selected, and the mean power frequency (MPF)

was calculated in each segment using the fast Fourier

transformation (FFT) (Hermens et al. 1999). Since during

fatiguing contractions the MPF shifts toward lower values,

the absolute change in MPF over time during sustained

MIVF was used to estimate muscular endurance (Arendt-

Nielsen et al. 1989).

Statistical analysis

A repeated measures ANOVA, with treatment type as a

within-subject factor and treatment order as a between-

subject factor, was used to analyze the mean change from

baseline. If the treatment effect was statistically significant

in the overall model, post hoc paired-sample t tests were

performed with Bonferroni–Holm correction. A two-sided

p value of less than 0.05 was considered as statistically

significant. All statistical computations were made with

SPSS 17.0 (SPSS Inc., Chicago, IL).

Results

A total of 33 subjects (13 women) completed the study and

were included in the analysis. The subject characteristics

(mean ± SD) were as follows: age 25.2 ± 2.8 years;

height 179.1 ± 11.2 cm; weight 74.7 ± 14.2 kg; training

frequency per week 3.9 ± 1.4; training duration per week

6.4 ± 3.4 h. For unknown reasons, two subjects dropped

out before the baseline assessment and one person after the

first two treatments.

All outcome variables recorded at baseline and after

treatment are presented in Table 1. For the mean change

in MIVF (Fig. 1), ANOVA indicated a significant dif-

ference between the three treatments (p = 0.04). No

significant treatment order effect was found, which could

have indicated a breakdown in randomization or carry-

over effects (p = 0.13). Post hoc analysis revealed that

the difference in the mean change between acupuncture

and placebo laser acupuncture (27 N) was statistically

significant (p = 0.04), but no significant difference

(p = 0.05) was found between acupuncture and sham

acupuncture (17.8 N). ANOVA did not show statistically

significant treatment effects for jump height (p = 0.22)

or MPF (p = 0.38).

Discussion

This study aimed at investigating the immediate efficacy of

acupuncture compared to sham acupuncture and placebo

laser acupuncture on strength performance in recreational

athletes. Our main finding is that acupuncture was signifi-

cantly more efficacious in increasing MIVF of the knee

extensors than placebo laser acupuncture. After acupunc-

ture, MIVF increased by 8%, but only 5 and 3% after sham

acupuncture and placebo laser acupuncture, respectively.

However, although acupuncture tended to be superior to

sham acupuncture, this difference did not reach statistical

significance. The efficacy of sham acupuncture might be

explained by its invasiveness (Brinkhaus et al. 2006; Scharf

et al. 2006). Although our study used sham acupuncture at

non-acupuncture points, penetrating the skin could have

elicited physiological effects similar to those achieved

when needling specific acupuncture points. Therefore,

since penetrating sham controls should not be considered

as inert placebos, comparing acupuncture only with sham

acupuncture might underestimate the total treatment effect

(Paterson and Dieppe 2005). Thus, we decided to incor-

porate placebo laser acupuncture as a credible and physi-

ologically inert control condition that mimics the treatment

regime of classical acupuncture (Irnich et al. 2002; White

et al. 2006). An additional advantage of this method is that

it enables double blinding, since placebo laser treatment

cannot be distinguished from real laser treatment. In

summary, even though non-specific, generalized effects of

needling, evidenced by the insignificant difference between

acupuncture and sham acupuncture cannot be excluded, the

comparison of acupuncture and placebo laser acupuncture

suggests that acupuncture had efficacy beyond placebo.

Similar results were obtained by Huang et al. (2007)

demonstrating significant improvements in one repetition

maximum strength of the ankle dorsiflexors after repeated

electroacupuncture that was performed three times per

week for 4 weeks. However, this study included only one

control group receiving no intervention and was therefore

unable to identify whether the increase in muscle strength

was caused by a specific effect of electroacupuncture or

not. In contrast with the present results, Toma et al. (1998)

did not find immediate effects of a one-session acupuncture

treatment on isokinetic maximum strength of the knee and

wrist flexors when compared to superficial needling. Nev-

ertheless, the interpretation of this study is complicated by

the fact that only a single needle was inserted into the

muscle belly regardless of specific acupuncture points.

The physiological mechanisms underlying the beneficial

effects of acupuncture on muscular strength are largely

unexplained. The generation of muscle force relies on the

ability of the nervous system to activate muscles effec-

tively through motor unit recruitment and/or discharge,
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whereas the regulation of motoneuron activity is accom-

plished by spinal as well as supraspinal inputs (Conwit

et al. 1999; Scaglioni et al. 2002). Short- and long-term

changes in neuromuscular excitability at spinal as well at

supraspinal levels may be induced by stimulating somato-

sensory afferents with acupuncture. Fink et al. (2004)

demonstrated a significant increase of spinal motoneuron

excitability after repeated acupuncture using soleus

H-reflex measurements. Several studies using transcranial

magnetic stimulation (TMS) and functional magnetic res-

onance imaging (fMRI) showed that a one-session acu-

puncture treatment led to enduring changes in corticomotor

excitability and plasticity, dependent on the mode and site

of stimulation as well as on the investigated muscle (Chae

et al. 2009; Lo et al. 2005; Maioli et al. 2006). These

findings imply that the increase in MIVF found in our study

might be triggered by acupuncture-induced modulations of

spinal and/or cortical motoneuron excitability. However,

the assessment of the physiological mechanism of acu-

puncture on strength performance was beyond the scope of

our study and should be addressed in future investigations.

Whereas acupuncture improved quadriceps strength, no

effects were observed with respect to drop jump perfor-

mance or muscular endurance. These results are partly in

line with previous investigations showing that a one-ses-

sion acupuncture treatment had no impact on drop jump

performance (Banzer et al. 2007) or muscular endurance of

the knee and wrist flexors (Toma et al. 1998).

In conclusion, the present study shows that a one-session

acupuncture treatment was efficacious for improving iso-

metric quadriceps strength in recreational athletes. Future

prospective studies should evaluate whether acupuncture-

induced strength gains would carry over to athletic per-

formance. Furthermore, the present findings may have

potential implications for rehabilitation programs aimed at

restoring neuromuscular function. For example, it may be

possible to facilitate muscle strength in patients who

exhibit long-term weakness of the quadriceps and func-

tional disability (e.g., total knee arthroplasty, knee osteo-

arthritis, anterior cruciate ligament injury). Therefore, the

short- and long-term efficacy of acupuncture as an adjunct

to exercise therapy in the treatment of musculoskeletal

disorders associated with neuromuscular deficits should be

investigated.
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