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Abstract
Background/Objective: The aim of this study was to determine whether unilateral manual needling at nonacupoints could result in bilateral
strength gain similar to that found in electroacupuncture at specific acupoints.
Methods: Fifty healthy male volunteers with an age range of 19e27 years were recruited and randomly allocated into five groups: (1) manual
acupuncture and (2) electroacupuncture at two acupoints (ST-36 and ST-39); (3) manual acupuncture and (4) electroacupuncture at two non-
acupoints on the tibialis anterior muscle; and (5) control group. The intervention groups received needling in each session on the right leg for 15
minutes in Week 1, 20 minutes in Week 2, and 30 minutes in Weeks 3e8, three sessions per week. The maximal isometric ankle dorsiflexion
strength and muscle activation (as determined by twitch interpolation) of both legs were assessed pre, post, 2 weeks post, and 3 weeks post the
experimental period.
Results: Mixed models (linear) with repeated-measures analysis identified significant strength gains ( p < 0.01) after the intervention period in
both limbs, while no significant differences were detected between the intervention groups and between the two legs, and no change was found in
the control group. A significant improvement in muscle activation ( p < 0.01) was also observed in both legs in the intervention groups.
Conclusion: It was concluded that both unilateral manual and electric needling caused significant bilateral strength gain, and this effect was not
specific to the selected acupoints or electric stimulation. The strength gain was sustained for at least 3 weeks after the 8-week intervention.
Copyright © 2015, The Society of Chinese Scholars on Exercise Physiology and Fitness. Published by Elsevier (Singapore) Pte Ltd. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

It has been repeatedly reported in the literature that single-
limb resistance exercise can affect muscle strength in both the
muscle under training and the homologous muscle in the
contralateral limb, a phenomenon known as cross education or
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cross transfer.1,2 Furthermore, unilateral electromyo
stimulation has also been shown to increase strength in both
limbs, possibly related to the influence of sensory inputs.3,4

Interestingly, there have been recent reports that unilateral
electroacupuncture and manual acupuncture at selected acu-
points can also induce a crossover effect on the expression of
strength in the contralateral limb, with the magnitude being
similar to that found in resistance training or transcutaneous
electromyostimulation.5,6 These findings may have potential
implications in the practice of physical conditioning and
rehabilitation, as well as in advancement of our understanding
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Table 1

Physical characteristics of participants.

MAcu MSham EAcu ESham CON Total

N 9 8 10 8 10 45

Age (y) Mean 21.6 20.9 22.5 22.1 24.2 22.3

SD 1.7 1.8 2.5 2.2 1.5 2.2

Mass (kg) Mean 62.3 74.8 67.4 69.5 66.3 67.8

SD 8.5 12.3 8.9 7.1 7.1 9.4

Height (cm) Mean 171.3 175.4 172.7 176.1 173.7 173.7

SD 6.1 5.7 6.2 4.7 7.2 6.1

CON ¼ control; EAcu ¼ electroacupuncture on acupoints; ESham ¼ needling

with electric stimulation on sham points; MAcu ¼ manual acupuncture on

acupoints; MSham ¼ manual needling on sham points; SD ¼ standard

deviation.
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of cross education, because most of the previous reports on
cross education were based on voluntary resistance train-
ing.7e9 In this paper, we refer to “acupuncture” as applying
needles at known acupoints following the practice in tradi-
tional Chinese medicine, and “needling” as applying needles
at sham points (points not identified in traditional Chinese
medicine); in addition, we use “cross education” for the effects
of voluntary training and “cross transfer” for the effects of
electromyostimulation training or needling.

Regarding the bilateral effect of unilateral electro-
acupuncture on muscle strength,5 it can be argued that the effect
can be caused by either acupuncture at certain acupoints,10 or
electric stimulation applied through needles. It has been spec-
ulated that the strength gain could be related to the sensory in-
puts associated with electric stimulation.3,4 The effect may not
necessarily be caused by stimulation at specific acupoints, as
reported in some investigations where intramuscular needling
was not used or electric needling was applied to sham points.6

Furthermore, it has been reported that manual acupuncture at
selected acupoints can also induce cross-transfer effect similar
to that induced by electroacupuncture.6 It would be interesting
to find whether manual needling at sham points can induce a
similar effect. Such evidence would be essential in under-
standing whether it is necessary to stimulate certain acupoints
and use electric stimulation to cause cross transfer. If manual
needling at sham points could induce similar bilateral strength
gain, it would support the speculation that sensory input is a
common and critical factor in manifesting cross transfer. In
addition to the implications in therapy or rehabilitation, there
have been increased interests in the field of sport science on the
effect of acupuncture (or needling) as an ergogenic aid to
neuromuscular function and sport performance; however, the
published work in this area is still very limited.11e13

Therefore, the main aim of this study was to determine
whether unilateral manual needling at sham points could
induce similar bilateral changes in muscle strength to that
induced by electroacupuncture or manual acupuncture. A null
hypothesis was proposed that there would be no difference
between the cross-transfer effects induced by manual needling
on sham points and that induced by acupuncture at specific
acupoints. This study also investigated whether the changes in
muscle strength could be maintained after the intervention
period, which had not been determined previously. Such evi-
dence would assist practitioners in selecting an appropriate
method of intervention, aiming to improve muscle strength.

It has been suggested that the phenomenon of cross edu-
cation or cross transfer is mainly due to an adaptation in the
nervous system, because no evidence of muscle hypertrophy
has been reported.1,2,4,14 To determine adaptations to training
in the nervous system, twitch interpolation technique is
frequently used for assessment of individual's capacity in
activating muscles.15,16 The second aim of this study was to
determine whether the capacity of muscle activation could be
improved by acupuncture or needling. A null hypothesis was
proposed that there would be no difference between muscle
activation induced by manual needling on sham points and that
induced by acupuncture at specific acupoints.
Methods
Participants
Fifty healthy men with a mean age of 22.3 years (range
19e27 years) volunteered for the study. The participants were
first given an individual registration number and then randomly
allocated into five groups (n¼ 10 in each group) according to a
random number table. The five groups were as follows: manual
acupuncture at acupoints (MAcu); electroacupuncture at acu-
points (EAcu); manual needling on sham points (MSham);
electric needling on sham points (ESham); and control (CON).

The participants were university students who were physi-
cally active but not athletes. The inclusion criteria for partic-
ipation were that the participants had no musculoskeletal or
neurological disorders, had not been involved in regular
strength training or structured sport training during the 6
months prior to the study, and had no previous experience with
acupuncture or electric stimulation. All participants were
right-foot dominant, as identified using an established ques-
tionnaire.17 The experimental procedures were approved by
the Human Research Ethics Committee of Southern Cross
University and conducted in compliance with the Declaration
of Helsinki. Consent was obtained from all participants prior
to the commencement of the study.

The sample size was determined by a priori estimation,
using the G*Power 3 program (version 3.0.3).18 The predicted
minimum number of participants for analysis of variance with
repeated measures was 25 (5 in each of the 5 groups), with the
assumptions of an effect size of 0.4, a power of 0.80, and an
alpha level of 0.05. Therefore, 10 participants in each group
were thought to have sufficient statistical power to determine
the effect and could accommodate potential dropout in the
present study. Physical characteristics of the participants who
completed the study (there were 5 dropouts) are summarized
in Table 1. Post hoc calculation based on the results of this
study indicated that the effect size was higher than 0.57 in all
experimental groups and the statistical power was 1.0.
Procedures
The dorsiflexion muscle group was chosen as the subject in
this study because its function is essential to normal gait, and



88 L.-P. Huang et al. / Journal of Exercise Science & Fitness 13 (2015) 86e93
the dorsiflexors are often more significantly impaired than the
plantar flexors in patients with hemiparesis.7,19 The acupoints
of ST-36 and ST-39 were used in the electroacupuncture and
manual acupuncture groups for comparison, because these
acupoints are suggested to have the effects of retarding muscle
atrophy, motor impairment, pain, hemiplegia, and paralysis of
the lower extremities, and have been used in previous in-
vestigations on cross transfer.5,6,20

Participants in the experimental groups received corre-
sponding acupuncture or needling on the right leg, three ses-
sions per week, for 8 weeks. All participants were familiarized
with the testing device and procedure on the testing day, and
given 1 minute ankle rotation exercise at a comfortable pace
and intensity prior to each session to warm up, and a similar
exercise after each session to cool down.

The MAcu and EAcu groups received manual acupuncture
or electroacupuncture at the acupoints of Zusanli (ST-36) and
Xiajuxu (ST-39) (Figure 1). The locations of these acupoints
had been described in a previous report.5 For the MSham and
ESham groups, acupuncture needles were applied to the
muscle belly of the tibialis anterior, ~3 cm laterally to the
anterior crest of the tibia, at one point on the top one-third and
another point on the lower one-third of the muscle, respec-
tively, avoiding any known traditional Chinese medicine me-
ridian channels and acupoints (Figure 1).
Figure 1. Locations of the acupoints ST-36 and ST-39, and sham points on the

tibialis anterior muscle. Cun is a unit for relative length used in traditional

Chinese medicine. The breadth of participant's index, middle, ring, and little

fingers, at the level of proximal interphalangeal joint at the dorsum of the

middle finger, is 3 cun. Sham points are located at the top one-third and lower

one-third on the muscle belly of the tibialis anterior muscle, and 3 cm lateral to

the anterior crest of the tibia. Note. The figure is reproduced with permission.
Acupuncture or needling was performed by a qualified
acupuncturist. For all participants in the experimental groups,
a stainless-steel acupuncture needle with a diameter of 0.3 mm
and a length of 50 mm (GB2024-94; Suzhou Medical Appli-
ance Company, Ltd, Suzhou, China) was inserted perpendic-
ularly (90�) to the skin into the muscle at the designated
locations to a depth of 20e30 mm (with consideration of the
leg size and the feeling of Deqi). At the acupoints, a feeling of
“Deqi” was experienced by the participants. Deqi is a mixture
of aching, pressure, soreness, heaviness, fullness, warmth,
cooling, numbness, tingling, and dull pain, but not sharp
pain.21 The participants were asked to describe their feeling
and the acupuncturist determined whether Deqi was achieved.
At the sham points, the needle was inserted to the same depth
as that for the acupoints; however, it was not necessarily to
experience Deqi.

The time of treatment in each session was progressively
increased from 15 minutes for the 1st week to 20 minutes in
Week 2 and 30 minutes in Weeks 3e8. For the MAcu and
MSham groups, twirling and lift-thrusting techniques were
applied for 15 seconds every 5 minutes. For the EAcu and
ESham groups, an electroacupuncture apparatus (SDZ-II;
Suzhou Medical Appliance Company, Ltd) was used to deliver
constant-current square-wave pulses at a frequency of 40 Hz,
pulse width of 1 millisecond, with a gradually increased in-
tensity up to the maximal level that participants could tolerate
(the electric current range was 2.2e2.9 mA). The cathode of
the stimulator was connected to the needle on the proximal
side and the anode to the distal needle. The stimulation was
applied continuously for the same time period in each session
as that for the MAcu group. Participants took a supine position
and were instructed not to voluntarily contract the muscle
during the needling. For safety considerations, dorsiflexion
force was not monitored when needles were in the muscle.
Electroacupuncture induced visible contractions, while
manual acupuncture did not induce any visible muscle
contraction.

The CON and experimental groups maintained their normal
daily activities without being engaged in any specific physical
training. For a more appropriate control of the potential effects
from the experimental environment, all participants in the
CON group also visited the laboratory three times per week.
They participated in the same warm-up and cool-down activ-
ities, but otherwise rested during the session.

Prior to and after the 8-week intervention, all participants
were tested for their maximal voluntary contraction strength
(MVC). The static dorsiflexion contractions were performed
on a custom-built device, during which the participants took a
supine position, with the nontested leg fully extended and
relaxed. The leg under testing was strapped to the testing
device by Velcro belts around the foot, leg, and thigh, with the
ankle joint at 15� plantar flexion and knee joint angle at full
extension. A force transducer (MCL-S; Beijing Zhengkai In-
struments Co., Ltd, Beijing, China) was mounted on a metal
bar with foam padding, which was placed on the back of the
foot at the level of the metatarsophalangeal joint. With the heel
supported, and rotation axis of the device and ankle joint



89L.-P. Huang et al. / Journal of Exercise Science & Fitness 13 (2015) 86e93
aligned, the location of the metal bar was adjusted according
to the foot size. This location was recorded for each individual
for the postintervention test. Signals from the force transducer
were fed into a Medlab data acquisition system (Medlab-U8C;
Nanjing Mei-Yi Science and Technology Co., Ltd, Nanjing,
China) at an analog-to-digital conversion rate of 500 Hz. The
participants were asked to perform three or more maximal
dorsiflexions against the force transducer as quickly and
forcefully as possible. Each contraction was maintained for
3e5 seconds, followed by 1 minute recovery. To ensure
maximal exertion during the MVC test, the guidelines pro-
posed in the literature were considered.22 These included the
following: (1) all maximal efforts were accompanied by
standardized instruction, verbal encouragement, and practice;
(2) visual feedback of performance was given on a computer
monitor; and (3) additional one or two trials were allowed if
the participants felt that they could do better. The highest force
value of successful contractions of each participant was used
in statistical analysis.

After completion of the MVC tests, muscle activation was
assessed using a twitch interpolation technique.15 The motor
point was located by applying percutaneous electrical stimu-
lation, via an electrical stimulator (Digitimer DS-7AH; Digi-
timer, Letchworth Garden City, UK), with the cathode (a metal
bar) placed on the upper part of the anterior tibialis muscle and
the anode on the lower part of the muscle. By repeatedly
adjusting the location of the cathode and gradually increasing
the current, the point where visible twitches were observed
with a minimum current was defined as the motor point. After
carefully cleaning the skin using alcohol wipes, and shaving
the hair if needed, a 4 cm � 4 cm self-adhesive electrode was
attached to the motor point (cathode), and the anode was
attached at ~5 cm below the cathode. Locations of the elec-
trodes were recorded, and the same locations were used in the
postintervention test.

The stimulator (Digitimer) was controlled by the Medlab
system with customized software for this research. The stim-
ulator was triggered once the peak force in a contraction was
detected. When there was no further increase of the force for
200 milliseconds during a contraction, this force was defined
as the peak force, and it was not less than 90% of the MVC
level. Once triggered, a train of 10 square-wave pulses, each
with a pulse width of 200 microseconds, at 50 Hz frequency,
was delivered. Prior to the formal test, the current was grad-
ually increased in repeated trials to the level that the partici-
pants could maximally tolerate (feeling uncomfortable and
pain). In the formal trials, participants were requested to exert
maximal dorsiflexion as quickly and forcefully as they could
and maintain the effort for approximately 3e5 seconds. In
each trial, two stimuli were applied. The first stimulus was
given at 200 milliseconds after the peak force was identified
(automatically by Medlab software), and the participants
relaxed the muscle once they received the stimulus. The sec-
ond stimulus was delivered automatically 5 seconds after the
first stimulation on the relaxed muscle. The additional force
induced by the first stimulus above the peak force during
maximal voluntary contraction was recorded as the
superimposed twitch force A, and the maximal force induced
by the second stimulus on the relaxed muscle was recorded as
the control twitch force B. The muscle activation level was
determined as follows15:

Voluntary muscle activation ð%Þ ¼ ð1 e A=BÞ � 100%

ð1Þ
The result of a successful trial was used in statistical

analysis.
To investigate the “detraining” effect, participants of the

four intervention groups were tested for ankle dorsiflexion
MVC again at the time points of 2 weeks and 3 weeks post the
intervention period. Since the CON group did not show a
significant change in muscle strength and activation during the
8-week experimental period, this group was not tested at these
time points.
Statistical analysis
To determine the effects of the interventions, mixed models
(linear) with repeated measures analysis was performed for the
fixed effects of Group (5 groups), Leg (right and left), and
Treatment (pre and post, with diagonal covariance structure).
A full factorial model with all two- and three-way interactions
was initially considered, and the final model had the three-way
and the Leg by Group interactions excluded. To determine the
“detraining” effects, a similar analysis was performed for the
four experimental groups (CON group did not participate in
this component), and the Treatment factor included four time
points (pre, post, 2-week post, and 3-week post). If a signifi-
cant interaction was detected, Bonferroni adjustment was
applied in post hoc analysis to compare the mean values, with
an alpha level of 0.05 being set for statistical significance.
These statistical analyses were performed using SPSS statis-
tical package (version 20; IBM SPSS Statistics, Armonk, New
York, United States).

Results

Forty-five participants completed the 8-week intervention
successfully. Five participants withdrew from the study due to
personal reasons. The number of participants in each group
who completed the study are shown in Table 1. The control
group did not participate in the “detraining” component of the
study, while all other participants (n ¼ 35) completed the 2-
week posttest, and 32 participants completed the 3-week
posttest (3 participants withdrew from the last test due to
personal reasons) with eight in MAcu, seven in MSham, nine
in EAcu, and eight in ESham groups.

With respect to MVC, results of the mixed models with
repeated-measures analyses indicated that there was a signif-
icant effect of Treatment (pre vs. post, F ¼ 135.431,
p < 0.001), and interactions of Treatment by Group
(F ¼ 12.525, p < 0.001) and Treatment by Leg (F ¼ 5.018,
p ¼ 0.027). Post hoc pair-wise comparisons for the Treatment
by Group interaction indicated that all the four experimental
groups showed significant improvements in dorsiflexion MVC



Table 2

Comparisons of group means between ankle dorsiflexion strength measured

pre and post 8 weeks of intervention.

Group Leg Pre Post Variation (%)

MAcu R 239.2 ± 53.2 269.5 ± 37.7* 12.7

L 228.0 ± 55.9 282.2 ± 36.3* 23.8

Combined 233.6 ± 53.2 275.8 ± 36.4* 18.0

MSham R 244.9 ± 34.2 290.0 ± 35.6** 18.4

L 223.2 ± 50.4 295.9 ± 30.2* 32.6

Combined 234.0 ± 43.1 293.0 ± 32.0* 25.2

EAcu R 229.7 ± 47.8 260.2 ± 36.7* 13.3

L 211.7 ± 38.5 255.6 ± 24.8* 20.7

Combined 220.7 ± 43.3 257.9 ± 30.6* 16.9

ESham R 254.1 ± 20.7 288.5 ± 23.8* 13.5

L 253.3 ± 27.7 296.0 ± 20.3* 16.9

Combined 253.7 ± 23.6 292.2 ± 21.7* 15.2

Control R 255.8 ± 15.2 255.3 ± 11.7 �0.2

L 260.3 ± 24.4 253.9 ± 28.6 �2.5

Combined 258.0 ± 19.9 254.6 ± 21.3 �1.3

Data are presented as mean ± SD in Newton.

*p < 0.01, post compared with pre.

EAcu ¼ electroacupuncture on acupoints; ESham ¼ electroacupuncture on

sham points; L ¼ left; MAcu ¼ manual acupuncture on acupoints;

MSham ¼ manual acupuncture on sham points; R ¼ right; SD ¼ standard

deviation.
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after 8 weeks of intervention (F ¼ 34.928e74.610, p < 0.001),
while the CON group showed no change (F ¼ 0.038,
p ¼ 0.846; Figure 2, Table 2). However, no significant dif-
ferences were found in MVC between the groups, in neither
pre- nor posttests ( p > 0.05). For the Treatment by Leg
interaction, the post hoc comparison found that there were
significant strength gains after the 8 weeks in both the right
(F ¼ 63.900, p < 0.001) and the left (F ¼ 82.462, p < 0.001)
leg in the intervention groups. Furthermore, MVC in the right
leg was slightly higher than that in the left leg in the pretest
(F ¼ 4.085, p ¼ 0.049), but no difference was found between
the two legs in the posttest (F ¼ 1.103, p ¼ 0.299).

Most of the participants in the intervention groups vol-
unteered for the follow-up strength tests at 2 and 3 weeks post
intervention. The results of mixed models with repeated-
measures analyses detected a significant fixed effect of
Treatment (pre, post, post 2 weeks, and post 3 weeks;
F ¼ 16.772, p < 0.001) and Group (F ¼ 8.791, p < 0.001). No
significant interaction was found for Treatment by Group
(F ¼ 0.808, p ¼ 0.601), indicating that all four groups
demonstrated a similar trend of change (Table 3). In addition,
no significant difference between the changes in the two legs
(F ¼ 2.337, p ¼ 0.128) and no significant interactions of
Treatment by Leg (F ¼ 1.121, p ¼ 0.343) were observed,
indicating that the two legs had a similar trend of change. Post
hoc analyses with Bonferroni adjustment showed that the
dorsiflexion strength was significantly increased after the 8-
week intervention, and the strength was maintained for at
least 3 weeks post intervention (results of the 2 legs were
combined because no effect of Leg was detected), while after
3 weeks, the strength became lower than that at the post
( p ¼ 0.004) but still higher than the pre ( p < 0.001; Table 3).
Figure 2. Effects of 8 weeks of unilateral acupuncture at acupoints or needling at s

dots and thick lines represent the group means, and the smaller dots and th

EAcu ¼ electroacupuncture on acupoints; ESham ¼ electroacupuncture on sha

acupuncture on sham points.
With respect to voluntary muscle activation, mixed models
with repeated-measures analysis detected a significant effect
of Treatment (pre to post, F ¼ 33.407, p ¼ 0.001) and a
significant interaction of Treatment by Group (F ¼ 4.296,
p ¼ 0.003). No other significant main effects (Leg and Group)
and interactions were detected. Post hoc analysis with Bon-
ferroni adjustment for the Treatment by Group interaction
showed that there were no significant differences between the
groups in the pretest (F ¼ 0.702, p ¼ 0.593), and a near-
ham points on the right leg on ankle dorsiflexion force of both legs. The larger

in lines represent individual data in each group. *p < 0.05, post > pre.

m points; MAcu ¼ manual acupuncture on acupoints; MSham ¼ manual



Table 3

Comparisons of ankle dorsiflexion strength measured pre, post, 2 weeks post, and 3 weeks post 8-week interventions.a

Leg Pre Post Post 2 wk Post 3 wk

R 241.9 ± 6.97 277.0 ± 5.69** 271.8 ± 5.27** 268.2 ± 4.55*

L 229.1 ± 7.40 282.4 ± 4.78** 266.3 ± 4.99** 257.8 ± 3.70**,***

Combined 235.5 ± 5.09 279.7 ± 3.72** 269.0 ± 3.63** 263.0 ± 2.94**,***

Data are presented as mean ± SD in Newton.

*p < 0.05, compared with pre.

**p < 0.01, compared with pre.

***p < 0.01, compared with post.

L ¼ left; R ¼ right; SD ¼ standard deviation.
a There were no significant interactions for Treatment by Group and Treatment by Leg. Therefore, the strength values of the four groups were combined for each

time point to demonstrate the effect of Treatment.
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significant difference in the posttest (F ¼ 2.509, p ¼ 0.055).
All intervention groups showed a significant increase in
muscle activation (5.3e8.3%) after the 8-week intervention
(all p < 0.01), while the CON group had no change (�1.2%)
during the same period ( p ¼ 0.456) (Figure 3).

Discussion

Both null hypotheses were accepted because no significant
differences were found in the bilateral strength gains and
improved muscle activation between the MSham and other
experimental groups. Sham points have been used as a “con-
trol” for the effect of acupuncture.23e25 In a review of the
literature on the specificity of acupoints, it was reported that
nearly 60% of the trials did not find significant difference in
the outcomes between acupuncture at acupoints and sham
points.25 It has been noted that it is difficult to perform “pla-
cebo” controlled trials for acupuncture, because it is difficult
to find an adjacent point that is placed at a large enough dis-
tance from the acupoint without overlapping with another
acupoint or a meridian channel,26 and both electroacupuncture
and manual acupuncture at acupoints or sham points cause a
level of pain that may produce a “placebo effect.”23,25 The
Figure 3. Effects of 8 weeks of unilateral acupuncture at acupoints or needling

at sham points on muscle activation (mean ± SD), as determined by twitch

interpolation technique. *p < 0.05, post > pre. EAcu ¼ electroacupuncture on

acupoints; ESham ¼ electroacupuncture on sham points; MAcu ¼ manual

acupuncture on acupoints; MSham ¼ manual acupuncture on sham points;

SD ¼ standard deviation.
present study also found no significant difference in the
strength gains between the MAcu, MSham, EAcu, and ESham
groups, which is in line with the above mentioned observa-
tions. Furthermore, the participants of the present study were
healthy men rather than patients. Therefore, we would not
consider interpreting the findings according to the theoretical
framework of traditional Chinese medicine, but simply to
demonstrate the effectiveness of needling at acupoints and
sham points in improving muscle strength, in the paradigm of
cross transfer.

There have been increased interests in the effect of
acupuncture on muscle function and sport perform-
ance.11e13,27 It has been reported that one session of bilateral
acupuncture or electrical stimulation at certain acupoints can
significantly affect muscle strength.13,28 The current study
provided further evidence for the positive effect of long-term
acupuncture or needling on muscle strength. Furthermore,
this study demonstrated that the strength gain caused by
needling did not appear to be specific to the selected acupoints
(ST-36 and ST-39) and electric stimulation, because manual
needling at sham points resulted in similar bilateral strength
gain.

It is beyond the objective of this study to examine the
possible mechanisms for the cross-transfer effect induced by
intramuscular needling. However, we would adopt the view-
point that the bilateral effects of unilateral acupuncture or
needling and electrical stimulation would be related to plas-
ticity of the nervous system,26,29 although the possibility of
peripheral adaptations should not be excluded.1,4,30 Results of
the twitch interpolation test underscored the viewpoint by
demonstrating a significant improvement in muscle activation
after the intervention. The average improvement was
5.3e8.3% in the intervention groups, while no significant
change was found in the control group. It confirms that the
neural adaptation played an important role in the bilateral
strength gain found in this study, although the increased
muscle activation, as determined by the twitch interpolation
method, could not fully account for the 13.3e32.6% increase
in strength.

For the potential neural mechanisms underlying adaptations
to voluntary resistance training, it has been hypothesized that
at the supraspinal levels the contralateral strength gain could
be due to either “crossed activation,” e.g., activation of neural
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circuits on one side that chronically modifies the efficacy of
motor pathways that project to the opposite untrained limb, or
“bilateral-access,” e.g., the untrained limb may access these
modified neural circuits during training, which may subse-
quently lead to an increased capacity to drive the untrained
muscles and thus result in increased strength.30,31 However,
the electrical stimulation or acupuncture applied to the mus-
cles does not involve voluntary activation of the muscle.
Therefore, the above-proposed mechanisms for resistance
training-induced cross education may not fully explain the
current findings. It is speculated that the sensory inputs caused
by the acupuncture or electric stimulation might play a sig-
nificant role in manifesting the cross-transfer effect.

The essential role of sensory afferents in mediating cross
transfer is further supported by the effect of manual needling
as found in this study. The manual needling did not appear to
have activated the motor nerve effectively, because no visible
muscle contraction was observed. Therefore, the cross-transfer
effect caused by manual acupuncture or needling does not
seem to be related to activation of motor nerve fibers and the
contraction intensity, but must be related to the neural plas-
ticity associated with the sensory inputs. Needle penetration
and manipulation are noxious stimuli that may have an
inhibitory effect on pain or certain motor reflexes.32,33

Whether and how acupuncture or needling at various in-
tensities and durations affects sensory and motor functions at
different levels in the nervous system are still unclear. There
have been reports utilizing functional magnetic resonance
imaging to investigate the cortical responses to acupuncture,
with equivocal findings. It has been reported that unilateral
electroacupuncture at ST-36 and ST-39 induced wider bilateral
activation in the brain (primary and secondary somatosensory
cortices, supplementary motor area, prefrontal association
cortex, cingulate gyrus, etc.) than that induced by trans-
cutaneous electric stimulation, while manual acupuncture at
these acupoints did not induce comparable activations ac-
cording to the functional magnetic resonance imaging sig-
nals.34 However, another functional magnetic
resonance imaging study demonstrated that manual acupunc-
ture at ST-36 modulated neural activity at multiple levels of
the cerebro-cerebellar and limbic systems.35 Further research
is needed to determine how the sensory inputs are translated to
cortical plasticity in motor performance. A study that
employed the transcranial magnetic stimulation technique to
investigate the changes in motor-evoked potentials in hand-
muscle response to acupuncture has found that needling at
both an acupoint (ST38) and a nonacupoint on the leg induced
large motor-evoked potential facilitation in abductor dig-
itiminimi and first dorsal interosseous muscles of both sides.
The effect was maintained even after needle extraction, indi-
cating that acupuncture or needling is able to induce plastic
changes in the central nervous system.36

To our knowledge, this was the first study that investigated
the sustainability of the improved muscle strength after several
weeks of intramuscular needling. The results showed that 3
weeks after the “treatment,” the dorsiflexion strength was still
higher than the baseline in both limbs, although there was a
declining trend (Table 3). The participants maintained their
normal physical activity levels, and did not engage in other
specific exercise and training that might affect their muscle
strength. This information would be useful in designing
training and rehabilitation programs with respect to training/
treatment frequency and interval.
Conclusion

This study demonstrated that both unilateral manual
acupuncture and electroacupuncture on tibialis anterior muscle
for 8 weeks caused significant bilateral strength gain in dor-
siflexion, and this cross-transfer effect did not appear to be
specific to the selected acupoints and electric stimulation
because manual needling at sham points induced a similar
outcome. Improved muscle activation partially accounted for
the strength gain; however, the mechanisms underlying the
adaptations to the needling require further study. The strength
gain was sustained for at least 3 weeks after the 8-week
needling intervention.
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