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Abstract—Past studies have suggested that acupuncture may
reduce spasticity in stroke survivors. We do not know, how-
ever, whether acupuncture may enhance the effect of strength
training on motor function. This study compared upper-limb
motor functional improvement in chronic stroke survivors who
received a combination of acupuncture and strength training
with that of subjects who received strength training alone. A
total of 10 chronic stroke patients with moderate or severe
wrist muscle spasticity were recruited for this study. The study
used a crossover design with a random order of either com-
bined electroacupuncture and strength training or strength
training alone. Each subject received one of the two types of
treatment twice a week for the first 6 weeks and switched to the
other for another 6 weeks. Quantitative measurements of wrist
spasticity, active wrist extension range of motion, isometric
wrist strength, and clinical evaluation with Fugl-Meyer (FM)
upper-limb motor scores were conducted before and after
either treatment. After the combined treatment, the quantitative
spasticity level, active wrist extension range of motion
(increased by a mean of 16.3 degrees), and FM upper-limb
motor score (increased by a mean of 4.9 points) changed sig-
nificantly (p < 0.01) but no significant changes were noted in
isometric wrist strength. The strength training alone resulted in
no significant changes to any measured variable. The results of
the current study indicate that the combined acupuncture and
strength training treatment reduced muscle spasticity and may
have improved motor function for chronic stroke survivors
with moderate or severe muscle spasticity.

Key words: acupuncture, electroacupuncture, motor function,
muscle spasticity, range of motion, rehabilitation, spasticity,
strength training, stroke, wrist strength.
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INTRODUCTION

Acupuncture has been used in stroke rehabilitation in
China from ancient times. Results from recent clinical
studies, however, have been conflicting. Some past studies
have demonstrated the effectiveness of acupuncture treat-
ment in stroke rehabilitation [1-7]. Other studies reported
different findings [8-11]. For instance, a recent meta-
analysis of past clinical trials in the literature concluded
that acupuncture had no additional effect on motor recov-
ery but did have a positive effect on disability [12]. The
discrepancy in the literature on the effects of acupuncture
treatment in stroke rehabilitation may be partially due to
the broadly defined objectives used in past studies. For
instance, motor functional recovery after stroke is a motor
relearning process. The improvement in motor learning is
dependent on the amount of practice [13]. The cortical
plasticity that accompanies motor recovery after a brain

Abbreviations: AS = acupuncture and strength training treat-
ment, ASRT = average speed-dependent reflex torque, FM =
Fugl-Meyer, LI = large intestine, ROM = range of motion, S =
strength training treatment, SI = small intestine, TW = triple
warmer, VASRT = velocity sensitivity of ASRT.
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lesion has been shown to depend strongly on training and
repetitive practice [14-17]. Acupuncture treatment alone,
usually applied while resting, may not bring direct benefits
to motor functional recovery.

The effect of acupuncture in stroke rehabilitation
may be better demonstrated when a subgroup of people
with a specific type of stroke impairment is the target
[18]. Existing clinical data, empirical studies, and anec-
dotal evidence have suggested that acupuncture may
release spasticity in individuals after stroke [19-24].
Recent studies indicated that muscle spasticity occurs in
only a portion of stroke survivors [25-27]. Acupuncture
treatment may be used in this subgroup of stroke survi-
vors to reduce muscle spasticity and probably further
improve motor function if used in combination with a
motor training program. Muscle weakness is common
and has been shown to be a more disabling factor in
stroke survivors than spasticity [28-30]. Some past stud-
ies have reported a positive effect of strengthening exer-
cises in stroke rehabilitation [31-33]. A combination of
acupuncture treatment and strength training may be a bet-
ter treatment option for stroke survivors with both muscle
weakness and spasticity. The question is whether or not
acupuncture treatment can result in additional benefit
to individuals® motor function when combined with a
strength training program.

The purpose of this study was to assess the effect of
combined acupuncture and strength training treatment
(AS) in a group of chronic stroke survivors based on clini-
cal and quantitative measurements of motor function.

Table.

METHODS

Ten chronic stroke survivors with average age of
60.1 years (range 35-75) were recruited for the study
(Table). Each study candidate received an explanation of
the study protocol and signed an informed consent prior
to participating in the study. All subjects had a docu-
mented diagnosis of stroke for more than 2 years, with an
average of 7.6 years. The subjects all had a modified
Ashworth score of >3 in the wrist joint in the baseline
measurement. Upper-limb Fugl-Meyer (FM) sensorimo-
tor assessment prior to the start of training revealed a
mild motor impairment in one subject, moderate impair-
ment in six subjects, and severe impairment in three sub-
jects (Table).

All subjects participated in a crossover design of two
types of treatment: AS and strength training treatment (S)
alone. Each treatment lasted for a total of 6 weeks, with
two treatment sessions a week on two different days. The
order of the two treatments was randomly assigned. The
AS phase consisted of 40 minutes of electroacupuncture
treatment and 30 minutes of strengthening exercises. The
S phase included only the strengthening exercises.

The electroacupuncture protocol was similar to a pre-
vious study [21] with some modification, including two
more acupressure points and a different stimulation fre-
guency; these modifications were based primarily on the
personal experience of a member of the research team who
is also a licensed acupuncturist. The areas of skin selected
for needling were cleaned with 75 percent alcohol. The
needles were single-use, disposable steel acupuncture
needles (Seirin, OMS Medical Supplies Inc; Braintree,

Subject information including age, sex, time poststroke, type of stroke, affected side, and upper-limb Fugl-Meyer motor score at baseline. Fugl-
Meyer motor score indicated different levels of motor impairment. Among them, 3 subjects had baseline motor score <20, 6 subjects 20 > 50, and

1 subject >50.

Subject Age Sex Time Poststroke Type of Stroke Lesion Side Fugl-Meyer
51001 61 Male 5yr Hemorrhagic Right 26
51002 60 Male 4yr Embolic Left 22
51003 61 Female 3yr Ischemic Right 59
51004 58 Male 12 yr Hemorrhagic Left 21
51005 54 Female 31lyr Ischemic Right 25
51006 64 Male 3yr7mo Hemorrhagic Right 28
51007 69 Male 2 yr 6 mo Hemorrhagic Right 30
51008 75 Female 9yr Ischemic Left 16
51009 35 Female 4yr Hemorrhagic Left 19
51010 65 Female 2yr Ischemic Left 19
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Massachusetts), with a diameter of 0.2 mm and a length of
60 mm. The needles were inserted into the following acu-
pressure points on the subject’s hemiparetic arm: (1) Hegu
(large intestine [LI] 4), (2) Houxi (small intestine [SI] 3),
(3) Waiguan (triple warmer [TW] 5), (4) Quchi (LI 11),
(5) Shousanli (LI 10), and (6) Jianyu (LI 15) (Figure 1).
During insertion, the needles were inserted perpendicu-
larly into all six acupuncture points, forming a 90° angle
with the skin surface. Depth of needle insertion was
approximately 10 mm for LI 11 and TW 5 and 15 mm for
all other acupuncture points. After insertion of needles into
the tissue, alternating current was passed between the two
nearest needles (LI 4 with SI 3, TW 5 with LI 11, and
LI 10 with LI 15) with a commercial electroacupuncture
device (model 1TO-4107, OMS Medical Supplies Inc;
Braintree, Massachusetts). Current pulses were set at
2 Hz. The intensity of the current was increased to the
point where the patient reported the needling reaction and
then it was reduced slightly to an unpleasant but tolerable
intensity. The “needling reaction” is the characteristic
response of a subject to acupuncture needle insertion and
manipulation. The subject reports an acute, strongly aver-
sive sensation that is restricted to the site of needle inser-
tion. After a period of 5 to 10 minutes, when the subject

Figure 1.
Illustration of acupuncture needle insertion sites on affected arm.
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had become sensitized to the stimulus, we increased it
slightly and then maintained the current at that level for 30
minutes. We used electroacupuncture rather than manual
acupuncture in this study to ensure that all the needle stim-
uli were handled in the same manner.

During the combined AS phase, subjects performed a
strengthening exercise regimen on a Biodex Multi-Joint
System 3 Pro (Biodex Medical Systems; Shirley, New
York) following the acupuncture treatment. The exercise
regimen included active assisted, maximal isokinetic, and
maximal isometric exercises. We made the exercises pro-
gressively more difficult to perform and increased the sub-
ject’s required muscle strength and active range of motion
(ROM). Strengthening exercises were conducted for about
30 to 45 minutes, with rest periods taken whenever neces-
sary. During the S phase, subjects performed the same
strengthening exercise without the acupuncture treatment.

Subjects were evaluated before (pre) and after (post)
each of the two treatments. The posttreatment assessment
values for the first treatment phase were taken as the pre-
treatment assessment values for the second treatment. We
measured muscle spasticity at the wrist joint using a quanti-
tative measurement following a previously established pro-
cedure [34] with minor modifications. In our procedure, the
subject’s wrist joint was manipulated passively with the
Biodex machine. The test was performed in a sitting posi-
tion, with the subject strapped into the chair to prevent
trunk movement during the experiment. The affected arm
of the subject rested on a flat surface that was attached to
the subject’s chair so that the shoulder was at 0° of flexion
and 10° to 15° of abduction. The elbow was positioned at
90° of flexion. The forearm was strapped onto the resting
surface in a prone position. The subject held the hand
attachment of the dynamometer so that its axis of rotation
aligned with an imaginary line joining the ulnar and the
radial styloid processes. The fingers of the subject were
strapped around the handle and therefore only the wrist
joint was free to move in a vertical plane. Wrist extension
movements were made against gravity and flexion move-
ments toward it. Gravity corrections were performed before
analyzing the data. The subject’s wrist was moved pas-
sively through flexion and extension at five different angu-
lar velocities: 5°, 20°, 45°, 60°, and 75°. At each velocity,
the wrist joint went passively from flexion to extension five
times. During the passive wrist movement, the resistance
torque and angular motion of the wrist were recorded
through transducers in the machine and stored in a com-
puter. Recorded resistive torque at very slow motion of the
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wrist joint at 5°/s was taken as the baseline. At each of the
following velocities, 20°/s, 45°/s, 60°/s, and 75°/s, we
determined the average speed-dependent reflex torque
(ASRT) as the difference between the resistive torque at
each velocity and the baseline. The slope of the regression
line for the ASRT values for the four angular velocities was
determined as the velocity sensitivity of ASRT (VASRT).
Following the spasticity measurement, we measured the
isometric muscle strength of wrist extensors and flexors
under the same experimental setup. The isometric wrist
strength was measured at two wrist positions: neutral and
20° of flexion. During testing, the Biodex machine was
locked at the neutral and 20° of wrist flexion positions. At
each locked joint position, the subject was instructed to per-
form three trials of maximum isometric flexion and exten-
sion contractions. Each contraction lasted for 5 seconds.
Short breaks were provided between trials. Muscle forces
were recorded from a torque transducer to a computer and
stored for later use. The peak muscle forces recorded during
each trial of maximum isometric muscle contraction were
averaged to obtain the muscle strength.

We measured the active ROM of the wrist joint and
index finger using goniometry while the subject tried to
actively extend his or her wrist and index finger. We per-
formed the FM assessment for the upper limb following
standardized protocols [35]. All tests and strengthening
treatments were conducted by the same researcher.
Dependent variables in this study included VASRT, wrist
joint extension ROM, index finger extension ROM, FM
score for the upper limb, and wrist joint isometric
strength in flexion and extension. We used paired t-tests
to determine the effect of both treatments.

RESULTS

Spasticity measurement data from two of our subjects
were excluded from data analysis because of technical
problems encountered during data acquisition. The data
analysis of spasticity reported here came from the remain-
ing eight subjects. The VASRT values showed a significant
(p < 0.05) change from 0.0092 + 0.0068 to 0.0068 + 0.0057
after the AS phase (all data presented as mean + standard
deviation unless otherwise noted). The changes in VASRT
values before and after the S phase were not significant (p =
0.24), with a small decrease in mean values from 0.0067 +
0.0057 to 0.0058 + 0.0033. A previous report included
more details on the changes in spasticity [36].

The mean wrist extension ROM values are presented in
Figure 2. The baseline value was the mean of the first
measurements of all subjects. The pre-AS and post-AS
were the means of measurements of all subjects before and
after the combined treatment. The pre-S and post-S were
the means of measurements of all subjects before and after
the strengthening treatment alone. No significant difference
was noted between baseline (17.0° = 19.2°) and pre-AS
(20.2° £ 19.8°), but post-AS (36.5° + 30.6°) was signifi-
cantly different from baseline and pre-AS (p < 0.05). No
significant difference was noted between pre-S (27.0°
29.1°) and post-S (28.7° £+ 27.1°) but both were signifi-
cantly different from baseline (p < 0.05). Only two subjects
had observable active extensional motion in the index fin-
ger of the affected upper limb. The mean change in the
extension ROM for these two subjects was 30° after the
combined treatment and 0° after the strength training alone.

The accumulated FM upper-limb sensorimotor score
increased in eight subjects, remained the same in one sub-
ject, and decreased in one subject after the combined
treatment (Figure 3(a)). After the strengthening treatment
alone, FM scores of five subjects increased; the other five
subjects” FM scores decreased (Figure 3(b)). No signifi-
cant difference was noted between baseline (26.5 £ 12.2)
and pre-AS (27.6 = 11.8), but a significant difference was
found between pre-AS and post-AS (32.5 + 11.9) (p <
0.05). No significant difference was noted between pre-S
(29.5 £ 13.3) and post-S (30.2 = 12.3) but both were sig-
nificantly different from baseline (p < 0.05).
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Figure 2.

Active wrist extension range of motion (ROM) (mean + standard error
of the mean) at baseline and before and after each treatment phase.
Baseline value was mean of first measurements of all subjects. Pre-AS
and post-AS were mean of measurements of all subjects before and
after combined acupuncture and strength training treatment (AS). Pre-
S and post-S were mean of measurements of all subjects before and
after strengthening treatment (S) alone. *Significant difference from
baseline (p < 0.05). TSignificant difference from pre-AS (p < 0.05).
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Figure 3.

Accumulated Fugl-Meyer sensorimotor score for upper limb of each subject before and after each treatment phase. After (a) combined
acupuncture and strength training treatment (AS), score increased in eight subjects, remained same in one subject, and decreased in one subject.
After (b) strengthening alone (S), scores increased in five subjects and decreased in remaining five.

Wrist joint flexion strength at 20° of wrist flexion
showed a small insignificant increase from 1.8 N-m before
to 2.6 N.m after the strength training (p = 0.33) and no
change at 2.3 N-m both before and after the combined treat-
ment. At 20° of wrist flexion, only small changes in wrist
extension strength were observed in the four subjects
despite the treatment; therefore, no statistical analysis was
conducted for changes in wrist extension strength. Mean
extension strength in those four subjects was 0.3 N-m
before and 0.5 N-m after the combined treatment and
0.4 N-m before and 0.3 N.m after the strength training
alone. Similar results were found for wrist strength at the
neutral wrist position.

DISCUSSION

A decrease in spasticity and increases in joint ROM
and FM upper-limb scores were found in a group of

chronic stroke survivors after combined treatment with
electroacupuncture and strengthening exercise. In com-
parison, the strengthening exercise alone did not show
any significant changes in those measurements. This
result indicates that acupuncture may be effective not
only at reducing muscle spasticity but also at improving
motor function in stroke survivors. Several previous stud-
ies have shown the benefit of acupuncture for motor
improvement in stroke rehabilitation [1-7]. However, the
effectiveness of acupuncture on motor functional recov-
ery has been seriously challenged by the results reported
in recent clinical trials [8-11]. In the current study, we
targeted stroke survivors with moderate to severe muscle
spasticity in the affected wrist joint. Our results in the
present study are promising. Acupuncture treatment
reduced spasticity and offered additional benefits of func-
tional motor recovery when combined with strengthening
exercises. Future studies with larger numbers of partici-
pants will be required to further confirm this pilot finding.
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The difference in the measurement between the two
treatments supported the main finding of the study. The
random order in this crossover design resulted in six sub-
jects starting with the combined treatment and the rest of
the subjects (n = 4) with the strengthening alone. For the
wrist extension ROM and FM upper-limb motor score
measurements (Figures 2-3), the mean value before the
combined treatment was not different from the baseline
value. However, the mean value before the strengthening
treatment alone was significantly different from the base-
line value. This difference suggests that those six subjects
who first went through the combined treatment had sig-
nificantly changed their motor scores.

The improved motor function in the current study was
the result of the combination of acupuncture treatment and
strengthening exercises. The results from the S phase
showed that strengthening alone did not change the motor
function of the subjects. The subjects were all chronic
stroke survivors at a minimum of 2 years poststroke (aver-
age 7.6 years) (Table). All of them had reached a plateau in
their motor functional recovery prior to participating in the
study. We were therefore not surprised that conventional
strengthening exercise brought minimal benefit to their
motor function. Furthermore, although not necessarily a
result of the current study, the functional motor improve-
ment in the subjects was not likely a direct benefit of acu-
puncture treatment. Motor recovery after stroke is a motor
relearning process that depends strongly on the amount a
subject practices [14-17]. Practice is simply defined as per-
forming the same movement(s) repeatedly. Acupuncture
was applied to the subjects while they sat and were relaxed
without moving the limb under the treatment. Without
movement practice, enough stimulation to elicit or promote
the cortical reconstruction that is required for motor recov-
ery would probably not have been present. We anticipated
during the design phase of the current study that the acu-
puncture treatment alone would not directly affect the
motor recovery. Acupuncture was therefore applied in
combination with a strength training program. Furthermore,
since the focus of the present study was to observe motor
improvements rather than changes in muscle spasticity,
combining an intervention such as strengthening exercises
with acupuncture treatment made sense. We believe that
during the AS phase, the acupuncture treatment reduced
muscle spasticity, which in turn enhanced subjects’ per-
formance during the motor training tasks and therefore
improved their motor function. This hypothesis, of course,
needs to be examined further in future studies.

Decreased muscle spasticity in stroke survivors may
not necessarily lead to motor functional recovery. Antispas-
tic medications, such as botulinum toxin, have been used
successfully to reduce muscle spasticity, but their effects on
motor functional improvement are still under debate [37—
40]. Antispastic medication usually paralyzes the spastic
muscle by disrupting the muscle motor-unit pathway.
Stroke survivors would have difficulty performing motor
training tasks when their muscles were paralyzed. Unlike
antispastic medications, acupuncture treatment reduced
muscle spasticity without paralyzing the affected muscles.
Reduced muscle spasticity without nerve blockage might
make it easier for the subjects to perform strength training
tasks and thereby improve their motor function.

Motor functional improvement after the combined
treatment in the current study showed mainly in the FM
scores and active wrist joint ROM but not the isometric
wrist strength, even though the strengthening exercise in
the current study included the isometric strength training.
The literature on muscle strength training or resistance
training in stroke rehabilitation has presented mixed
results [41-45]. We observed during strength training
sessions that most of the subjects attempted maximum
effort during isometric maximal contraction trials. How-
ever, their efforts were mostly visible in the proximal
trunk and shoulder muscles rather than the wrist muscles,
even though the instruction was to rotate the handle
around the wrist joint. Subjects might have evoked either
antagonistic muscles that tightened up the wrist joint or
abnormal muscle synergy when making their maximum
effort. Our results would, as some past studies did, ques-
tion the effectiveness of maximal strength training in
chronic stroke patients with muscle spasticity.

One of the limitations of the current study was a lack
of blinding of the tester to avoid potential bias. Interpre-
tation of the results, especially the clinical scores,
requires caution, even though the quantitative spasticity
measurements, strengthening exercises, and active joint
ROM might be influenced minimally by a tester’s bias.
Another limitation of the current study is the lack of a
control or placebo effect for acupuncture treatment. A
sham procedure may be used in future studies. Finally,
the clinical significance of the results may be questioned.
For instance, the mean change in FM upper-limb motor
score (total of 60 points) was 4.9 after the combined
treatment. Although statistically significant, the clinical
significance of this change is not certain. A 10 percent
change in FM motor scores has been suggested to have a
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clinical significance, even though no commonly accepted
value for such judgment has been established [46]. Future
studies with longer treatment periods may result in larger
improvements. Nevertheless, the current pilot study
showed promising results in motor functional improve-
ment when acupuncture was combined with a strength
training program in a group of chronic stroke survivors
within a relatively short time period.

CONCLUSIONS

In conclusion, the current study showed a significant
decrease in muscle spasticity and increases in active
ROM of wrist joint and FM upper-limb motor scores
after a combined acupuncture treatment and strengthen-
ing exercise intervention. The strengthening alone did not
show any beneficial effect on the same subjects. It is pre-
mature to draw any firm conclusion given the limitations
of this pilot study. It is, however, reasonable to state that
the results of the current study indicate a hope that acu-
puncture treatment may improve motor function if com-
bined with a motor training program in chronic stroke
survivors with moderate or severe muscle spasticity.
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