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ABSTRACT. Fink M, Rollnik JD, Bijak M, Borsta¨dt C,
äuper J, Guergueltcheva V, Dengler R, Karst M. Nee
cupuncture in chronic poststroke leg spasticity. Arch P
ed Rehabil 2004;85:667-72.

Objective: To determine whether needle acupuncture
e useful in the reduction of leg spasticity in a chronic st
Design: Single-blind, randomized, placebo-controlled tr
Setting: Neurologic outpatient department of a med

chool in Germany.
Participants: Twenty-five patients (14 women) sufferi

rom chronic poststroke leg spasticity with pes equinov
eformity (Modified Ashworth Scale [MAS] score,�1), aged
8 to 77 years (mean� standard deviation, 58.5�10.4y), were
nrolled in the study. The mean time from stroke to inclu

n the study was approximately 5 years (mean, 65.4�48.3mo;
ange, 7–180mo).

Interventions: Participants were randomly assigned to
ebo treatment (n�12) by using a specially designed place
eedling procedure, or verum treatment (n�13).
Main Outcome Measures: MAS score of the affected a

le, pain (visual analog scale), and walking speed.
Results: There was no demonstrated beneficial clinica

ects from verum acupuncture. After 4 weeks of treatm
ean MAS score was 3.3�0.9 in the placebo group vers
.3�1.1 in the verum group. The neurophysiologic measu
-reflex indicated a significant increase of spinal motone
xcitability after verum acupuncture (H-response/M-resp
atio: placebo, .39�.19; verum, .68�.41; P�.05).

Conclusions: This effect might be explained by affere
nput of A delta and C fibers to the spinal motoneuron.
esults from our study indicate that needle acupuncture ma
e helpful to patients with chronic poststroke spasticity. H
ver, there was neurophysiologic evidence for specific
uncture effects on a spinal (segmental) level involving n
eptive reflex mechanisms.
Key Words: Acupuncture; H-reflex; Motor neurons; Mu

le spasticity; Rehabilitation; Spasticity; Stroke.
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LTHOUGH ACUPUNCTURE HAS been used for mo
than 2000 years in China and Japan, traditional Chi

edicine (TCM) has just begun to gain influence in Wes
ivilizations in the last decades. In Europe, 12% to 19% o
opulation report using acupuncture,1 and the US Food an
rug Administration estimates that 9 to 12 million acupunc

reatments are performed annually in the United States.2 Al-
hough acupuncture has captured the public interest an
ome to be widely practiced, there is an obvious lack
igorous research in this field: acupuncture literature is d
ated by articles from China that are positive but often of p
cientific quality.3
Only a few studies have investigated the use of acupun

ystematically in central nervous system conditions suc
troke. Johansson et al4 performed a randomized study on
atients with severe hemiparesis within 10 days of stroke o
orty patients in the control group received daily physiot
py, and 38 received acupuncture, in addition, twice weekl
0 weeks. Patients given acupuncture recovered both fast

o a greater extent than did the control group and had sig
ant differences in improvement of balance, mobility, activ
f daily living (ADLs), quality of life (QOL), and lengths o
tay in hospital.4 That study has been substantially criticiz
ecause the control group did not receive any placebo
ent. Another randomized controlled study, involving 45

ients, was performed in the subacute stage of stroke.5 Sall-
trom et al5 examined hemiparetic patients 40 days (med
fter stroke. All participants had individually adapted reha

tation therapy, and the 24 who were randomized to acup
ure received 20 to 30 minutes of classical acupuncture
ents 3 to 4 times a week for 6 weeks. Although both gro

mproved significantly in motor function and ADLs, the i
rovement was significantly greater among the acupun
roup.5 In another study by the Johannsson group,6 acupunc

ure and transcutaneous nerve stimulation were applie
troke rehabilitation, starting 5 to 10 days after stroke, tota
0 treatments during a 10-week period. Johannsson cou
nd any beneficial effects on functional outcome or life sa
action.6

So far, no controlled randomized studies are available
oncentrate on the effects of acupuncture in the chronic
f poststroke spasticity; in particular, there are no stu

ncluding neurophysiologic techniques. Our study was dev
o examining the efficacy and safety of needle acupunctu
hronic poststroke leg spasticity.

METHODS

articipants

Twenty-five patients (14 women), aged 38 to 77 years (m
standard deviation [SD], 58.5�10.4y), were enrolled in

ingle-blind study and randomly assigned to placebo (n�12) or
erum treatment (n�13). The mean time from ischemic stro
o inclusion in the study was approximately 5 years (m
5.4�48.3mo). Time from stroke onset was at least 7 mo
range, 7–180mo). All patients had hemiparesis and sp
quinovarus deformity of the affected leg. Causes for the re
troke were identified as (1) cerebral thrombosis, mostly o
Arch Phys Med Rehabil Vol 85, April 2004
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A

iddle cerebral artery (14 cases); (2) brain hemorrhage (8
ases); and (3) other causes (3 cases). Both groups did not
iffer with respect to age, sex, severity of spasticity, and time
rom stroke at baseline (table 1). Patients were informed about
he purpose of the research study and gave written informed
onsent to the experimental procedure. The study was ap-
roved by a local ethics committee. Main exclusion criteria
ere anticoagulation, pregnancy, history of epileptic seizures,

cute or chronic infectious diseases, and autoimmune diseases
eg, multiple sclerosis, collagenosis). Concomitant medication
eg, baclofen) was allowed during the study and was docu-
ented carefully, but patients were required to keep the dose

table throughout the whole study. Threshold Modified Ash-
orth Scale (MAS) score required for admittance to this study
as 1 or more.

cupuncture Treatment
After randomization, the patients underwent 2 treatments a

eek for a total of 8 treatments. The initial treatment was
erformed by a well-experienced acupuncture teacher (MB)
rom the Ludwig-Boltzmann-Institute for Acupuncture, Vi-
nna, Austria. Further treatments were performed by well-
rained acupuncturists (MF, MK) from the Medical School of
annover, Germany. The acupuncture points used at study

ntry did not vary throughout the study (table 2). Most fre-
uently, verum needles (Seirin B-type needle no. 8
0.3�0.3mm] and no. 3 [0.2�0.15mm]) were inserted at acu-
oints GB34 (in the depression anterior and inferior to the head
f the fibula), GB39 (3 cun above the tip of the external
alleolus, in the depression between the posterior border of the
bula and the tendons of the peroneus longus and brevis
uscles), LR3 (first interosseus muscle of the lower limb), and
I4 (first dorsal interosseus muscle of the upper limb) of the
ffected limbs, and, depending on additional symptoms, ac-
ording to TCM criteria, at ST36 (lateral to the tibia at the level
f the tuberositas tibiae) and LI10 (2 cun below the lateral end
f the elbow fold) of the affected limbs, and at SP6 (3 cun
irectly above the tip of the medial malleolus, on the posterior
order of the medial aspect of the tibia) and LU9 (at the radial
nd of the transverse crease of the wrist, in the depression on
he lateral side of the radial artery), bilaterally. In addition,
V20 was needled in 10 of 13 patients. The needles (maximum
f 15 needles per patient and treatment) were left in place for
0 minutes after insertion without further manipulation. The
xact localization of the acupoints used in our study is de-
cribed in table 3.

lacebo Condition
To avoid transdermal stimulation, placebo needles were in-

erted at defined nonacupoints (middle of the ventral surface of
he affected thigh, middle of the medial side of the affected

Table 1: Demographic Data of Placebo and Verum Group
(at study entry)

Placebo Verum Statistics*

Age (y) 61.3�8.4 56.0�11.8 NS
Gender (F/M) 6/6 8/5 NS
Time from stroke (mo) 64.2�48.3 66.5�50.2 NS
Height (cm) 170.6�11.6 170.8�10.0 NS
Weight (kg) 78.6�19.3 75.1�15.2 NS

OTE. Values are mean � SD.
bbreviations: F, female; M, male; NS, not significant
Mann-Whitney U tests resp. �2 test for sex distribution.
rch Phys Med Rehabil Vol 85, April 2004
ower leg, middle of the affected foot, and middle of the back
f both hands). The tip of the needle is blunt, and when it
ouches the skin patients feel a pricking sensation, simulating
uncturing of the skin.7-9 To place the needle, we used a
ube-shaped elastic foam fixed on the skin. Therefore, it is not
isible that the blunt placebo needle is not inserted into deeper
issue layers, but the blunt tip on the skin may be felt by the
olunteers. Further, the needle appears to be shortened because
f the elasticity of the foam. The investigator (who performed
utcome measures), as well as the patients, was blind to treat-
ent condition (placebo vs verum). Blinding the acupuncture

ractitioner was impossible, for methodologic reasons. None of
he patients was able to distinguish between verum and placebo

Table 2: Treatment Scheme of Verum-Treated Patients

Patients
Age
(y)

Spastic
Hemiparesis Sex Acupuncture Points

1 46 Right F Bilaterally: HT4, SI3, LI4, KI3,
GB39

Right only: ST36
2 51 Left F GV20

Bilaterally: GB20, GB39, LR3,
LI4

Left only: SI3, LI15, GB 34,
ST36, SP6

3 44 Left F GV20
Left only: LI10, GB34, GB39,

KI6, BL62, SP6, SP9, ST36,
LI3

4 54 Right F GV20
Bilaterally: KI3, LR3, LR9, ST36
Right only: GB34, GB39, LI4,

LI10, LI15
5 45 Right M Right only: LI4, LI10, SI3, GB34,

GB39, LR3, SP6, ST36
6 60 Left M GV20

Bilaterally: BL10
Left only: LI10, LU9, GB34,

GB39, LR3, SP6, ST36
7 63 Left F Bilaterally: KI6, LU7, GB39, LR3

Left only: LI4, ST36; GB34
8 74 Right F GV20

Bilaterally: LU9, LR3, KI3, GB39
Right only: ST36, GB34, LI4

9 51 Left M GV20
Bilaterally: LR3, ST40, SP6
Left only: GB39, ST36, LU9, LI4

10 77 Left M GV20
Bilaterally: KI3, LR3, LU9
Left only: ST36, GB34, GB39,

LI4, SI3
11 38 Right F GV20

Bilaterally: LI4, LU7, LR3
Right only: GB34, GB39, ST36,

SP6
12 65 Left F GV20

Bilaterally: SP6, ST36, LI4, LU7,
GB3

Left only: LR3, GB34, GB39
13 60 Right M GV20

Bilaterally: SP6, ST36, LI4, LU7,
GB3

Right only: LR3, GB34, GB39
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cupuncture. This was controlled by a questionnaire (credibil-
ty of treatment), used in earlier studies by our group.8,10

linical and Psychologic Outcome Measures
The patients were carefully examined at baseline (assess-
ent 0); reexamined immediately after the first acupuncture

reatment (assessment 1); again immediately after the last treat-
ent (4wk after first acupuncture; assessment 2); and finally,

ome of the efficacy variables were recorded about 3 months
fter completion of the study (assessment 3). Patients were
xamined neurologically (cranial nerves, motor and sensory
ystem). The date of the current stroke, stroke etiology, leg
ffected, and number of falls the patient had experienced
uring the previous 4 weeks were recorded.
In addition, a 2-minute walk test (2MWT) was performed.11

atients were asked to walk continuously for 2 minutes, using
heir regular aids or orthoses, but with no support from the
nvestigator. The walk took place over a distance of 10m, and
atients were required to change direction of their own accord.
he distance walked in a 2-minute interval was recorded. If the
atient was not able to walk for 2 minutes, the distance and
ime walked was recorded.

A Rivermead Motor Assessment (RMA) test (leg and trunk
ection) was performed to evaluate motor function.11 In addi-
ion, an assessment of patients perceived function (Rivermead

obility Index [RMI]) was documented.11

Step length, cadence, and mode of initial foot contact were
lso documented.11 Step length was defined as the distance

Table 3: Abbreviations, Meridians, and Acup

Abbreviation Meridian

LU Lung LU7: 1.5 cun above the most d
radius

LU9: on the most radial end of
LI Large intestine LI3: on the dorsum of the hand

bone
LI4: first dorsal interosseus mu
LI10: brachioradialis muscle, 2

elbow is flexed)
LI15: at the antero-inferior part

ST Stomach ST36: tibialis anterior muscle,
ST40: 8 cun above the anterior

SP Spleen SP6: 3 cun directly above the t
aspect of the tibia

SP9: under the medial condyle
HT Heart HT4: 1.5 cun above HT7 (along

flexor carpi ulnaris muscle)
SI Small intestine SI3: on the ulnar side proxima

the transverse crease of the
BL Bladder BL10: right on the natural line

of the trapezius muscle
BL62: in the depression below

KI Kidney KI3: in the depression between
KI6: in the depression directly

GB Gallbladder GB3: on the anterior part of th
GB20: below the occipital bone
GB34: in the depression anteri
GB39: 3 cun above the tip of th

of the fibula and the tendons
LR Liver LR3: on the depression distal t

LR9: 4 cun above the medial e
muscles

GV Governor vessel GV20: at the highest tip of the
etween initial foot strike of 1 lower limb and the initial foot
trike of the opposite limb. Cadence was defined as the number
f steps per minute. The mode of initial foot contact of the
ffected side was classified as follows: fore-foot versus sole
ersus heel.
A goniometry for the affected ankle was performed (based

n the neutral-0 method), with the knee flexed and straight, and
ngles of active and passive movement were recorded.

Spasticity present at the ankle (spastic pes equinovarus) was
ated clinically using the MAS. This scale allows a rating from
(no increase in muscle tone) to 4 (affected part rigid in flexion
r extension).11 A 2MWT, step length, and cadence was mea-
ured to obtain gait measures. Pain intensity (visual analog
cale [VAS]: range, 0– 10cm; 0, no pain; 10, strongest pain)
nd pain localization (pain due to spasticity) were documented.
urthermore, patients and investigator were required to give a
ating of their impression of improvement on a Clinical Global
mpressions (CGI) scale12 when followed up. To evaluate QOL
arameters and coping strategies, subjects were asked to com-
lete the Nottingham Health Profile,13 the Everyday Life Ques-
ionnaire13 (ELQ), the Freiburg Questionnaire of Coping with
llness,14 and the von Zerssen Depression Scale.13

europhysiologic Measures
For the quantitative neurophysiologic assessment of spastic-

ty, H-reflex measurements of the affected and unaffected leg
ere obtained by using a Nicolet Viking II device.a The Hoff-
ann reflex, or H-reflex, is the neurophysiologic correlate of

ure Point Localization Used in Our Study23

Localization of Points

transverse crease of the wrist, above the styloid process of the

ransverse crease of the wrist, lateral border of the radial artery
he radial side of the proximal part of the second metacarpal

of the upper limb
elow the external end of the elbow transverse crease (when

e acromion
l to the tibia at the level of the tuberositas tibiae
of the lateral malleolus
the medial malleolus, on the posterior border of the medial

e tibia, on the medial side below the knee
most distal skin crease of the wrist, on the radial side of the

e metacarpophalangeal joint of the little finger, at the end of

hair at the back of the head, on the lateral part of the margin

ateral malleolus
tip of medial malleolus and tendocalcaneus

the medial malleolus
and the upper margin of the zygomatic branch
he depression on the outer part of the trapezius muscle
d inferior to the head of the fibula
ternal malleolus, in the depression between the posterior border
e peroneus longus and brevis muscles

ction of the first and second metatarsal bones
dyle of the femur, in between the sartorial and vastus medialis
unct

istal

the t
, at t

scle
cun b

of th
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ip of

of th
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he Achilles’ tendon reflex. Electric stimuli of increasing in-
ensities are applied to the tibial nerve in the hollow of the knee
ith conventional surface electrodes (starting with 10mA stim-
lus intensity, increasing in steps of 1–2mA until the H re-
ponse disappears; duration of the electric stimulus, 0.3ms).
ompound muscle action potentials (CMAPs) were recorded

rom the ipsilateral soleus muscle by using conventional sur-
ace electromyographic electrodes (different electrode in be-
ween the lateral and medial head of the gastrocnemius muscle,
ndifferent electrode on the Achilles’ tendon). The H response
ppeared approximately 30ms after submaximal stimulation.
ith increasing intensities, the M response was evoked

CMAP evoked by orthograde nerve stimulation) and the H
esponse decreased (fig 1). The relation between maximal H
esponse and M response is called Hmax/Mmax ratio and
eflects the excitability of the spinal alpha motoneuron. The
igher the state of excitability (and the more severe the leg
pasticity), the higher the Hmax/Mmax ratio.9 The schedule of
linical and neurophysiologic assessments can be found in
able 4.

tatistics
Statistical analyses used Mann-Whitney U tests. Outcome

arameters (MAS, VAS, CGI, 2MWT, RMA, RMI, step
ength, cadence, goniometry, QOL measures, depression scale)
ere used as dependent variables, and treatment condition

placebo vs verum) was used as independent variable. Differ-
nces were regarded as significant at P less than .05. Results
re reported as means and SDs. Further, bivariate Pearson
orrelations were done to correlate neurophysiologic measures
ith MAS score.

RESULTS

MAS scores (as a clinical measure of spasticity) did not
how significant differences between placebo and verum in any
f the follow-up examinations. The MAS scores at baseline
ere 3.1�0.8 in the placebo group and 3.0�1.2 in the verum
roup. At the first follow-up (immediately after the first treat-
ent), the MAS score remained unchanged (placebo: 3.3�0.8;

f Assessments

eatment

2
Immediately After
End of Treatment

3
3 Months After Completion

X

X
X
X
X
X
X X
X
X X
X X
X X

X X
X
X

ig 1. Recording of H-reflexes: electric stimuli of increasing inten-
ity are applied to the tibial nerve in the hollow of the knee (stim-
lation intensities are displayed in microamperes). CMAPs are re-
orded from the ipsilateral soleus muscle by using conventional
urface electromyography electrodes. The H response appears after
5 to 40ms (after submaximal stimulation). Then, with increasing
ntensities, the M response can be evoked and the H response
ecreases.
Table 4: Schedule o

Assessment
0

Baseline
1

After First Tr

Informed consent X
Inclusion/exclusion criteria X
Demographics X
Physical examination X
Medical and recent stroke history X
2MWT X X
RMA X
Step length, cadence X X
Goniometry X X
MAS X X
Pain score (VAS) X X
RMI X
CGI X
Adverse events X X
QOL (NHP, ELQ, VAS) X
Freiburg Questionnaire X
Depression scale X
Credibility of treatment
Neurophysiologic examination X X
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671ACUPUNCTURE IN LEG SPASTICITY, Rollnik
erum: 2.9�1.3). After the last treatment (4-wk follow-up),
here was no significant difference between placebo and verum
roups, either (placebo: 3.3�0.9; verum: 3.3�1.1).

The CGI patient rating indicated significantly worse results
t assessment 2: although placebo-treated patients gave a mean
ating of 1.1�1.2 points (equal to a “slight improvement” ),
erum-treated subjects reported only a mean of 0.3�0.6 points
equal to “no change” ; z��1.98, P�.05; fig 2).

From analyzing the neurophysiologic data, we found that the
max/Mmax ratio of the spastic leg indicated significant dif-

erences between both groups in assessment 2 (fig 3), but no
ignificant differences at baseline or assessment 1. Baseline
ssessment (assessment 0) was .59�.28 for placebo-treated
atients versus .75�.52 for verum-treated patients. Assessment
was .68�.37 for placebo group versus .87�.61 for verum

roup. Assessment 2 was .39�.19 for placebo subjects versus
68�.41 for verum subjects (z��2.11, P�.05). The Hmax/

max ratio of the unaffected leg did not show any significant
ifferences between the 2 groups. Bivariate Pearson correla-
ions did not reveal any significant correlation between Ash-
orth score and Hmax/Mmax ratio at baseline or at assessment
.

ig 2. The CGI patient rating. There is a significant difference only
n assessment 2 (immediately after end of treatment), which indi-
ates a significantly worse result for the patients treated with
erum acupuncture. NOTE. Values are mean � SD. *P<.05.

ig 3. Hmax/Mmax ratio of the affected (spastic) leg indicates
ignificantly higher values in assessment 2 for verum-treated pa-
ients. NOTE. Values are mean � SD. *P<.05.
None of the other efficacy variables indicated significant
ifferences between placebo and verum conditions at any of the
ollow-ups.

DISCUSSION
Needle acupuncture may be beneficial in the rehabilitation of

oststroke patients in an acute or subacute phase.5 Although
any patients and acupuncturists believe in the beneficial

ffects of needle acupuncture in chronic poststroke leg spas-
icity, there are no controlled trials. This lack of data inspired
s to perform a study focusing on the effects of acupuncture in
he chronic state after stroke. From a methodologic point of
iew, it was essential to use a placebo method of needling with
he same psychologic impact as verum needling. Streitberger
nd Kleinhenz,7 Park et al,15 and our own group8,10 have
eveloped and introduced a placebo needle in which a mounted
lunt needle strikes the skin without penetrating it. This pla-
ebo needle permits a valid control of the placebo effect in
cupuncture studies.7,8,10,15

As a major result, we did not find any beneficial, spasticity-
educing effect from verum acupuncture. Indeed, verum-
reated patients reported significantly worse CGI after the end
f treatment (assessment 2).
An explanation for these poor clinical results may be derived

rom the neurophysiologic data. Hmax/Mmax ratio as an ob-
ective measure of the severity of spasticity9 indicated a higher
alue for verum-treated than placebo-treated patients after 4
eeks of acupuncture (assessment 2). This ratio reflects spinal

lpha motoneuron excitability9 and indicates that verum acu-
uncture induced a facilitation of the lower motoneuron, prob-
bly on a spinal (segmental) level. How can this facilitation be
xplained? Among other mechanisms, segmental analgesic ef-
ects of needle acupuncture are based on a stimulation of A
elta or group III small myelinated primary afferents and C
bers.16 Hori et al17 have examined synaptic actions of cuta-
eous A delta and C fibers of primate hindlimb alpha motoneu-
ons (as a model of the so-called withdrawal or nociceptive
eflex). They found that A delta volleys caused motoneurons to
re in several instances, and some motoneurons discharged
epetitively during the depolarizations evoked by activities in C
bers.17 Very similar results have been reported by Cook and
oolf,18 which suggests that activation of A beta, A delta, and
fibers produce excitatory postsynaptic potentials at progres-

ively longer latencies in alpha motoneurons. Woolf and
wett19 studied the responses of these efferents to stimulation
f A beta, A delta, and C fiber cutaneous afferents in the sural
erve. Short latency reflexes were elicited in all efferents by A
eta inputs, longer latency reflexes were elicited in 64% by A
elta inputs, and very-long latency responses with long after-
ischarges were found in 73% of the units to C inputs.19

Thus, a higher Hmax/Mmax ratio (indicating a higher excit-
bility of spinal motoneurons) might be explained on a seg-
ental level by nociceptive reflex mechanisms involving A

elta and C fiber input. Because motoneuron excitability was
levated in verum- (vs placebo-) treated patients, one might
onclude that this finding delivers evidence of a specific needle
cupuncture effect (modulated by nociceptive reflex mecha-
isms). This neurophysiologic effect might also account for the
orsening of clinical symptoms (CGI), which could be ob-

erved in the verum-treated group.
Another explanation for the negative results of our study

ould be the technique of needle acupuncture. It should be
oted that acupuncture per se is not one entity and that there are
everal other acupuncture techniques—for example, electro-
cupunture20 and auricular acupuncture.21 In particular, electro-
cupunture is an interesting technique, which combines acu-
Arch Phys Med Rehabil Vol 85, April 2004
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uncture and transcutaneous electric nerve stimulation.20 Thus,
he negative results reported in this article (focusing on needle
cupuncture only) do not imply that all acupuncture techniques
ould induce the same negative effects.

CONCLUSIONS

Needle acupuncture may be helpful in a variety of chronic
iseases and pain conditions, for example, chronic epicondy-
itis.22 However, the results from our study suggest that needle
cupuncture in the chronic state after stroke may not reduce
pasticity. Although clinical effects were rather discouraging,
europhysiologic examinations revealed specific segmental
cupuncture effects mediated through nociceptive reflex mech-
nisms. Because we have very little scientific evidence for
pecific modes of action, further studies focusing on these
europhysiologic effects of needle acupuncture are strongly
ncouraged.
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