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RIGINAL ARTICLE

timulation of Acupoint ST-34 Acutely Improves Gait
erformance in Geriatric Patients During Rehabilitation:
Randomized Controlled Trial

laus Hauer, PhD,* Isabel Wendt, MA,* Michael Schwenk, MA, Christina Rohr, MA, Peter Oster, MD,
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ABSTRACT. Hauer K, Wendt I, Schwenk M, Rohr C, Oster
, Greten J. Stimulation of acupoint ST-34 acutely improves
ait performance in geriatric patients during rehabilitation: a
andomized controlled trial. Arch Phys Med Rehabil 2011;92:
-14.

Objective: To determine whether a specific regimen of acu-
oint stimulation improved gait performance in geriatric patients.

Design: Multiple-blinded, randomized, controlled intervention
rial.

Setting: Geriatric ward rehabilitation.
Participants: 60 geriatric patients during rehabilitation.
Interventions: Both groups received a 1-time acupoint stim-

lation according to randomization. Stimulation of a verum
cupoint (verum treatment) according to principles of tradi-
ional Chinese medicine was compared with a technically iden-
ical needle application on a nonacupoint (control treatment) in
he control group.

Main Outcome Measures: Descriptive parameters were doc-
mented by valid, established tests. Gait performance was objec-
ively measured by an electronic walkway before needling and
fter needling.

Results: All gait parameters showed statistically significant
mprovement after verum treatment compared with control
reatment (velocity, cadence, stride length, cycle time, step
ime, single support, double support: P values all �.05) except
or the base of support (P�.163). Effect sizes achieved by
-time stimulation of an acupoint were low and ranged from
08 to .24. No severe adverse clinical events related to the
ntervention occurred.

Conclusions: Study results showed that a 1-time administra-
ion of a specific acupoint stimulation regimen statistically signif-
cantly improved gait performance during geriatric ward rehabil-
tation. If sustainability of effects can be documented, acupuncture
ay prove to be an inexpensive intervention that may mildly

mprove motor performance in frail geriatric patients.
Key Words: Acupuncture therapy; Aged; Gait; Rehabilita-

ion.
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DEQUATE GAIT MOBILITY is an important quality of
life issue in older patients and important to preserve func-

ional independence.1 Gait disorders represent high-impact risk
actors for falls/fall injuries,2,3 severe mobility limitation, hos-
italization, and mortality4 in older people.

Rehabilitation strategies to improve walking performances
n older persons have been developed based on established
raining programs such as progressive resistance or functional
raining,5,6 which have been shown to be effective in reducing
alls in older people.7 However, participation in strenuous
hysical exercise is limited in frail older persons for a number
f different reasons. Limitations relate to medical causes such
s adverse training-associated events including musculoskele-
al impairment and pain,5,8 fatigue and decreased functional
apacity because of progressed frailty or multiple morbidities,
r psychological reasons such as the perception of negative
ealth status and the perception of future health problems.9

Alternative therapeutic approaches such as acupuncture after
CM principles may hold options for those who cannot follow
trenuous training regimens or may fortify benefits already
chieved by established rehabilitative programs. However, de-
pite the widespread use of acupuncture in recent years, its
fficacy remains controversial in different areas of application.
urthermore, methodologic deficiencies such as a lack of ad-
erence to international recommendations for quality of re-
earch,10-12 insufficient sample size,13 and publication bias14

educe the credibility of published results. A major concern has
een the insufficient blinding of patients, assessors, and ther-
pists. Patient blinding seems especially important because
atient beliefs on the effect of acupuncture may be more
trongly related to pain perception rather than specific effects
f acupuncture.15 A recent review of clinical trials using sham
evices to allow blinding of patients and therapists showed that
ffects of acupuncture may relate to a placebo response.10

urther methodologic pitfalls are the lack of standardization,
he large number of different therapeutic approaches, and the
ifferent control treatments used in RCTs.10,16 It remains con-
roversial whether acupuncture’s clinical benefits are caused by
onspecific physiologic effects of needling or the effects of

List of Abbreviations

ADLs activities of daily living
GDS Geriatric Depression Scale
MMSE Mini-Mental State Examination
RCT randomized controlled trial
TCM traditional Chinese medicine

VAS visual analog scale
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8 EFFECT OF ACUPUNCTURE ON GAIT, Hauer

A

timulating specific acupoints selected based on TCM diagnos-
ic methods16 as beneficial clinical effects of treatment have
een documented in verum and sham acupuncture groups.12

herefore, effective sham acupuncture has been regarded as a
ower-grade or minimal acupuncture.12 Other methodologic
spects of acupuncture such as the length of time for needle
nsertion; optimal/minimal frequency of therapeutic sessions;
r intensified stimulation by manual, laser, or electric stimula-
ion increase the diversity of interventions.16 Acupuncture’s
nderlying mechanisms are incompletely understood.
Although some studies support neuronal mechanisms caused

y analgesia-related effects, other mechanisms suggest hor-
onal, anti-inflammatory, or other pathways.10,16,17 Studies

ave shown contradictory results for acupuncture’s effects on
lpha motor neurons, whereas an increase of excitability of
lpha motor neurons has been proposed as a mechanistic model
f motor effects of acupuncture.18,19 Placebo response has been
iscussed as a relevant cause of treatment effects.10,20 Despite
hose methodologic flaws and controversial study results, there
s evidence for the beneficial effects of acupuncture in 28
edical conditions.10,12,21

Motor effects induced by acupuncture such as improved
trength, endurance, or functional performance have so far not
ndergone rigorous research despite the fact that acupuncture
as been used for improving motor performances in older
ersons22 and has been suggested to improve results in high-
erformance sports.23 In poststroke rehabilitation, overall im-
rovements because of acupuncture on balance, mobility, ac-
ivities of daily living, quality of life, and length of hospital
tay have been found24,25 although other studies18,26,27 could
ot confirm the improvement in functional and motor outcome
or spasticity. Interventions targeted at physical performance
apacity and hemodynamic parameters related to endurance
erformances have also shown inconsistent results.28,29 Posi-
ive effects of acupuncture on muscle strength have been re-
orted for young, unimpaired persons30 and on functional
tatus of middle-aged persons with lower back pain.31 To our
nowledge, only 1 small study22 reported on the long-term
ffect of acupuncture on gait performance in older people; no
tudy has been performed on the acute effects of acupoint
timulation in impaired, older patients on geriatric wards.

Therefore, the objective of the present study was to observe
he acute effects of a single acupoint stimulation based on TCM
riteria in frail, multimorbid patients during geriatric rehabili-
ation. A rigorous multiple blinding design and objective tech-
ical measurements were used to ensure that any effects of
ntervention were free of bias of patients, therapists, or asses-
ors. Based on the study hypothesis, we expected significant
ffects on different parameters of gait performances only in the
roup undergoing the real acupoint stimulation as defined by
CM criteria (verum) in comparison to nonacupoint skin stim-
lation (control).

METHODS

tudy Design
The study was designed as a multiple-blinded, randomized,

lacebo-controlled intervention trial. The study protocol was
ased on the declaration of Helsinki and approved by the ethics
ommittee of the medical department of the local university.

ritten informed consent either of the participant or legal
epresentative was obtained.

articipants
Patients were consecutively recruited during rehabilitation at
geriatric hospital. Inclusion criteria were the following: writ- o

rch Phys Med Rehabil Vol 92, January 2011
en informed consent, older than 65 years of age, ability to walk
m without support, no amputation of lower limbs, no leg casts
r braces restricting mobility, full weight bearing status, no use
f vitamin K antagonists, and no cognitive impairment
MMSE�24).32 Patients meeting the inclusion criteria were
andomly assigned to either the intervention group or the
ontrol group using an urn design for clinical trial (numbered
ontainers), not stratified for subgroups.33 The sequence was
oncealed until interventions were assigned after baseline mea-
urements. A person unrelated to the study performed the
andomization procedure and assigned participants to their
tudy group.

easurements
Descriptive parameters such as age (years), functional status

ADLs, Barthel score),34 mobility status (independent outdoors
s indoors), psychological status (GDS),35 fear of falling,36

ognitive status (MMSE),32 social status (dependent vs inde-
endent), comorbidity (number of diagnoses documented at
ischarge in patient charts), and pain (VAS)37 were assessed by
alid, established tests. All assessments had been interview
ased for the descriptive parameters described earlier.

ait Measurement
For objective assessment, we used an electronic walkway

GAITRite-Systema). The GAITRite is an electronic gait anal-
sis system (4.9-m length) based on embedded pressure sen-
ors that show high concurrent validity relative to a 3-dimen-
ional motion analysis system.38 Maximal gait speed was
hosen as the primary study endpoint. Other temporal and
patial gait performances related to dynamic postural control
nd performance-based measures were used as secondary out-
omes. The mean of 2 consecutive pre- and postinterventional
rials was used in data analysis. No use of assistive devices was
llowed during testing.

est Proceeding/Blinding
For maximal blinding, we used a blinding and assessment

rocedure as developed in previous studies.39 In step 1 (blind-
ng of the patient), a trained acupuncturist marked nonacupoint
control treatment) and real acupoints (verum treatment) on the
atients’ skin by using 2 different colors. Patients were in-
ormed that all patients would receive an effective, new treat-
ent. In step 2 (blinded assessor, baseline measurement), the

ype of intervention was invisible to the GAITRite operator,
esulting in the blinding of the test assessor. After 2 test walks,
he baseline measurement was performed. In step 3 (random-
zation), an independent randomization center then allocated
he participant to 1 of the 2 study groups. In step 4 (blinding of
he acupuncturist), a person not trained in TCM and being a
ovice to acupuncture performed the treatment using the skin
oint marked with the respective color according to the ran-
omization code. In step 5 (postintervention measurement), 2
alks were performed to document effects of the intervention

fig 1).

reatment
Commercially available sterile standard disposable injection

eedles (BD Micro-Fine�,b 0.30mm [30G] � 8mm) were used
or treatment of the acupoints. Bilateral needling was per-
ormed on both the verum and control acupoints in the so-
alled sparrow-pecking technique, which basically consists of

rapid skin penetrations within approximately 3 seconds
ithin a line of 2 cun (Chinese inches, equivalent to the width

f the thumb of the patient) downward from the real acupoint
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9EFFECT OF ACUPUNCTURE ON GAIT, Hauer
r the nonacupoint, respectively. The depth of skin penetration
as 0.5 cm and limited by the shape of the needles. This type
f technique is also known as the leopard spot technique and
elongs to the “5 kinds of punctures” as named in the classic
extbook Ling Shu and is recommended for the “numbness of
uscles.”40

ntervention
For verum treatment, the acupuncture point stomach 34

, liáng-qiu�-xué, monticulus septi) was used, located 2
un proximal the superior lateral border of the patella. This
cupoint was chosen according to the theory of Chinese Med-
cine as described by the Heidelberg Model of TCM.41 This
oint, besides its analgetic effect, has traditionally been used
or weakness of the legs and neurologic deficits in the lower
xtremities as induced by palsy or hemiplegia. Control treat-
ent was performed at a nonspecific skin point with no direct

elation to any conduit (meridian) between the felleal conduit
gallbladder meridian) and the lateral posterior border of the
emur and at the same height as the verum point (fig 2).

The sample size was calculated for the increase of maximum
ait speed after acupuncture using results of a pilot study
unpublished data, Hauer 2008) based on a statistical power of
0% and a significance level of 0.05 to verify a significant
ntervention effect.

tatistical Analysis
Statistical procedures were performed on SPSS 17.0 for
indowsc by an intention-to-treat analysis. Exploratory anal-

sis determined the variability and distribution of outcome
ariables. Unpaired t tests, Mann-Whitney U tests, and chi-
quare tests were used for baseline comparison as appropriate.
ffects of intervention between group were analyzed by 2-way
nalysis of variance for repeated measures (group � time). A
-sided P value �0.05 indicated statistical significance. Effect
izes for change within groups were calculated as mean
hanges between groups divided by pooled standard deviation
t baseline.42 Effect sizes represent a method for reporting the
agnitude of change without unit of measurement.43 Data are

Fig 1. Illustration of test proceeding and blinding:
resented as means (standard deviation) or medians (range).
F
c

RESULTS

ecruitment
Sixty older patients were consecutively recruited between

ovember 2008 and July 2009 and tested within the last 2 days
f their 3-week geriatric ward rehabilitation (fig 3). Study
articipants represented a sample of multimorbid, older per-

iple blinding according to a 5-step test procedure.
ig 2. Location of acupoint ST-34 and the nonacupoint used for
ontrol treatment.

Arch Phys Med Rehabil Vol 92, January 2011
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A

ons with limited gait performance typical for patients of a
eriatric rehabilitation ward. The main causes of admission
ere falls/fall-related fractures/orthopedic impairment (n�31,
2%), acute cardiovascular events (n�21, 35%), or internal
iseases (n�8, 13%).
Patients were excluded because of gait performance less than

m without support (31%), vitamin K antagonist medication
27%), premature discharge home or transfer to another med-

Fig 3. Flow chart for patien

Table 1: Comparison

Characteristic Intervention

Age (y) 79.8
Sex, female, n (%) 22
GDS (scores) 4.6
MMSE (scores) 26.6
ADLs (scores) 83.5
VAS (scores) 3.4
Fear of falling, n (%) 23
Use of ambulatory device, n (%) 14
Numbers of diagnosis 8.2
Mobility before rehabilitation, n (%) 22
Social status (independent), n (%) 17
Cardiovascular disease, n
Internal disease, n
Fractures/orthopedic impairment, n
OTE. Data are presented for mean values � SD or as otherwise indicate
ome to very much fear. P values are given for baseline differences betw

rch Phys Med Rehabil Vol 92, January 2011
cal department (14%), acute infection/quarantine (6%), and
MSE less than 24 (6%). Of those patients who met inclusion

riteria (17% of the total population screened), 62% took part
n the intervention. The reasons not to take part included
nconvenience of treatment, general unwillingness to partici-
ate in an intervention study, unwillingness to sign the partic-
pant’s agreement, and a lack of interest. Study groups accord-
ng to randomization did not significantly differ with respect to

ening and randomization.

seline Characteristics

p (n�31) Control Group (n�29) P

4 81.90�4.39 .180
21 (72.4) .901

9 4.07�2.88 .450
3 26.62�2.01 .988
6 80.00�11.42 .200
0 2.31�2.14 .085

17 (58.6) .201
14 (48.3) .809

7 9.45�4.36 .223
23 (79.3) .556
22 (75.9) .098

8 .493
4

17
of Ba

Grou

7�6.9
(71.0)
8�3.2
1�1.9
5�9.7
8�3.0
(74.2)
(45.2)
6�3.0
(71.0)
(54.8)
13
4

14
d. For fear of falling, categories are dichotomized as no fear versus
een groups.
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11EFFECT OF ACUPUNCTURE ON GAIT, Hauer
aseline descriptive parameters (table 1) as well as baseline
ait parameters (table 2). No patient randomized dropped out,
nd all patients remained in the intention-to-treat analysis.

ffect of Intervention
The single stimulation of the acupoint ST-34 increased gait

erformance in all documented gait parameters including the
rimary study endpoint (maximal gait speed), except for the
idth of the base of support. The stimulation of the nonacu-
oint produced no effects (ie, gait performance measures re-
ained unchanged in the control group. However, the effect

izes achieved by the intervention were low. More pronounced
ffects were found for temporal (such as cadence) compared
ith spatial parameters (such as stride length) (table 3).
No adverse effects of needling occurred except minor bleed-

ng, which required no specific treatment. The intervention was
ell accepted and feasible in frail older patients during reha-
ilitation, and no participant discontinued the assessment or
ntervention. The application was easy to deliver, did not
equire any special treatment location, was low-cost, used
ommercial needles, and took only minutes to administer.

DISCUSSION

ffects of Intervention
The results showed a significant improvement in gait per-

ormance in the verum treatment group compared with control
reatment in multimorbid, frail patients at the end of geriatric
ehabilitation. These beneficial effects were not caused by

Table 2: Baseline Comparison of Gait Parameters

Characteristic
Intervention

Group (n�31)
Control Group

(n�29) P

Velocity (cm/s) 79.57�26.13 87.93�33.78 .287
Cadence (ms) 107.39�19.99 112.84�21.09 .308
Stride length (cm) 89.02�22.72 91.72�27.23 .678
Cycle time (cm) 1.15�0.22 1.11�0.27 .449
Step time (ms) 0.58�0.13 0.57�0.19 .861
HH base support (cm) 11.97�4.19 12.76�4.85 .505
Single support

(% of GC) 34.82�4.82 34.60�6.08 .917
Double Support

(% of GC) 30.46�8.05 30.71�10.70 .402

OTE. Data are presented as means of 2 consecutive tests � SD.
values are given for baseline differences between groups.
bbreviations: GC, gait cycle; HH, heel to heel.

Table 3: Effec

Characteristic

Intervention Group (n�31)

T1 T2

Velocity (cm/s) 79.57�26.13 85.19�26.6
Cadence (steps/min) 107.39�19.99 112.24�20.4
Stride length (cm) 89.02�22.72 90.88�21.5
Cycle time (cm) 1.15�0.22 1.10�0.20
Step time (ms) 0.58�0.13 0.55�0.11
HH base support (cm) 11.97�4.19 11.13�4.41
Single support (% of GC) 34.82�4.82 35.68�4.47
Double support (% of GC) 30.46�8.05 29.07�7.19

OTE. Data are presented as means of 2 consecutive tests � SD. P

etween groups.
bbreviations: HH, heel to heel base support; GC, gait cycle; T1, baseline
lacebo effects because the assessor, therapist, and patients had
ll been blinded. Therefore, the effect of the selected acupoint
ST-34) can be regarded as a specific effect of this point in
omparison to the nonacupoint skin region taken as placebo
ontrol. The results indicate an overall impact on the different
imensions of gait including performance-based measures such
s gait speed or step frequency as well as gait parameters
elated to dynamic postural control such as increased single
upport and decreased double support. The latter results sug-
est an enhanced efficiency of balance control during gait.44

Significant changes could be obtained for all temporospatial
ait parameters in the intervention group. Changes in gait
peed averaged 0.056 m/s, representing a low but meaningful
hange in physical performance. Previous studies45-47 in dif-
erent samples of older, partly impaired people indicated sim-
lar changes as clinically meaningful ranging from .04 to .10
/s depending on the methodology and population included.
s in the present study, older, impaired persons were included;

hus, even a lower value for meaningful change might be used
or comparison, indicating clinical relevance of the achieved
ait improvements.
Interestingly, larger effects were found for temporal com-

ared with spatial parameters. Temporal gait parameters such
s cadence are related to power, mechanical work, and the total
nergy generated and absorbed by the individual joint.48 After
he treatment, cadence was increased by 5.5 steps/min, indi-
ating that acupuncture may also have positively influenced the
nergy generation of joints during walking.

The design used in this study did not allow deeper explora-
ion into the underlying mechanisms, which have been dis-
ussed controversially for other positive effects of acupunc-
ure.10,16 However, acupuncture is widely regarded as a reflex
herapy with involvement of both local and central as well as
egetative mechanisms. Studies18,19 have reported contradic-
ory results of acupuncture’s effects on motor neurons, includ-
ng increased excitability of alpha motor neurons. Activated
lpha neurons in quadriceps motor units may result in the
mproved control of posture and movement and increased
ower generation. Increased microcirculation and augmented
xygen in different tissues induced by acupuncture49,50 may
ave contributed to the documented functional improvement.

ethodologic Aspects
To avoid such controversial methodologies and results as
entioned previously, here we developed a methodology and

esign presenting solid methodologic evidence for the effects
f the described intervention. Needling was brief, and only
pper tissue layers (skin) were targeted to prevent adverse or

Intervention

Control Group (n�29)

P Effect SizeT1 T2

87.93�33.78 86.99�35.40 .002 0.21
112.84�21.09 112.83�21.04 .014 0.24
91.72�27.23 90.61�28.50 .025 0.08
1.11�0.27 1.11�0.26 .005 0.24
0.57�0.19 0.57�0.19 .045 0.19

12.76�4.85 12.74�4.51 .163 0.20
34.60�6.08 34,52�5.75 .046 0.18
30.71�10.70 31.03�10.60 .020 0.17

s for time � group effects and effect sizes are given for differences
ts of

8
4
2

value
values before intervention; T2, postinterventional values.

Arch Phys Med Rehabil Vol 92, January 2011
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A

nspecific effects in both groups not related to specific acu-
uncture mechanisms, such as activation, irritation, or harm of
ody structures.23,51

No additional stimulus such as laser or electrical stimulation
as administered to keep the intervention as feasible and easy

o apply as possible. We selected a high-impact acupoint for
otor effects according to classic TCM criteria although not

pecified on an individualized TCM diagnosis.
Multiple categorization of individual impairment types rep-

esent a major feature of TCM diagnosis but is not yet strictly
tandardized. A previous study52 showed limited interobserver
eliability. With the use of 1 common acupuncture point for all
atients of the intervention group, we prevented effects of
nclear or unreliable individualized diagnosis. This strategy
as chosen because the study participants were frail geriatric
atients with different admission diagnoses for rehabilitation
nd high comorbidity.

Study results confirmed the study hypothesis that stimulation
f a specific acupoint is superior to stimulation to a nonspecific
kin region (nonacupoint) and are in line with the results of a
revious study22 on effects on gait and ADLs using less ad-
anced and less detailed motor assessment. In accordance with
previous study,53 in this investigation we could not identify a

ignificant effect of needling the nonacupoint because the gait
erformance remained unchanged in the control group.
Placebo effects may be caused by increased patient-

hysician contact54 or patient belief in the effectiveness of
reatment,10,15 which have been postulated to relate to insuffi-
ient blinding.10,16,20 To address this issue, we used robust and
ultiple blinding of patients as well as assessors/therapists in

he present study. Both study groups received identical contact,
tandardized treatment, and objective motor assessment. With
his study protocol, we were able to exclude placebo effects in
atients and contamination by assessors.
Sustainable acupuncture applied repeatedly over a certain

ime period, additional stimulation of needles, or specific
eedle location based on individual TCM diagnosis may
nhance the effects of acupuncture.16,55 In this study, we
hose a 1-time application to document the acute effects of

feasible, low-impact, easy-to-administer acupuncture
reatment not based on a comprehensive individual diagno-
is. Therefore, our results may represent a lower estimate
ound for the effectiveness of acupuncture to improve gait
erformances in older people. Although TCM is not com-
only used by older, impaired people, almost two thirds of

he geriatric population who met this study’s inclusion cri-
eria chose to participate in the protocol. As reviewed for
revious studies,10 the treatment in this study had no serious
dverse effects including patients with vitamin K antago-
ists.56 No participant discontinued the application when
nitial informed consent was given. Study results may con-
rm attitudes reported in observational studies that acupunc-

ure is perceived as a serious alternative for conventional
herapies in the general population57 and that it is recom-

ended as an effective therapy by almost a quarter of
hysicians in the United States and the United Kingdom.58,59

Because no specialized location or equipment is needed and
he needling takes little time and training, the acupuncture
ould be administered during regular rounds on the rehabilita-
ion ward. Depending on medical effectiveness and cost-eval-
ation models, this methodology may therefore represent a
ost-effective treatment as documented in recent studies.60,61

tudy Limitations
Based on the study design and sample size, we could not
ocument underlying mechanisms of the intervention or report on

rch Phys Med Rehabil Vol 92, January 2011
he effects of potentially associated factors such as fear of falling
nd pain, which may have influenced study results. Although
ffects were achieved by a single-application treatment only, rep-
esenting lower-bound estimates, low effect sizes limit the clinical
elevance of the improved gait performances. The sustainability of
ffects was not followed up within this first study and should be
easured in consecutive studies. However, the significant im-

rovements as achieved by a 1-time application, which so far have
imited clinical relevance, need to be confirmed by a sustainable
pplication to guarantee an impact on function and quality of life
n older persons.

CONCLUSIONS
This is the first double-blind study to show statistically signif-

cant and potentially clinically relevant effects of needle acupunc-
ure on gait performance in unselected geriatric patients on a
ehabilitation ward. It will be a worthwhile research goal to relate
linical research to applied TCM practice to unveil underlying
echanisms and optimize intervention strategies by a prolonged

ime period of application and modified frequency, duration, and
uality of stimulation or acupuncture based on individual TCM
iagnosis for different indications.

Acknowledgments: We thank Andrew Remppis, MD, and Arne
troehlein, MD, for support in design of the study and preparation of

he manuscript.

References
1. Gill TM, Williams CS, Tinetti ME. Assessing risk for the onset of

functional dependance among older adults: the role of physical
performance. J Am Geriatr Soc 1995;43:603-9.

2. American Geriatrics Society, British Geriatrics Society, and
American Academy of Orthopaedic Surgeons Panel on Falls Pre-
vention. Guideline for the prevention of falls in older persons.
J Am Geriatr Soc 2001;49:664-72.

3. Tinetti M. Doucette J, Claus E, Marottoli R. Risk factors for
serious injury during falls in community dwelling elderly. J Am
Geriatr Soc 1995;43:1214-21.

4. Cesari M, Kritchevsky SB, Newman AB, et al. Added value of
physical performance measures in predicting adverse health-
related events: results from the Health, Aging And Body Compo-
sition Study. J Am Geriatr Soc 2009;57:251-9.

5. Liu CJ, Latham NK. Progressive resistance strength training for
improving physical function in older adults. Cochrane Database
Syst Rev 2009;3:CD002759.

6. Hauer K, Rost B, Rütschle K, et al. Exercise training for
rehabilitation and secondary prevention of falls in geriatric
patients with a history of injurious falls. J Am Geriatr Soc
2001;49:10-20.

7. Gillespie LD, Robertson MC, Gillespie WJ, Lamb SE, Cumming
RG, Rowe BH. Interventions for preventing falls in older people
living in the community. Cochrane Database Syst Rev 2009;2:
CD007146.

8. Latham NK, Bennett DA, Stretton CM, Anderson CS. Systematic
review of progressive resistance strength training in older adults.
J Gerontol A Biol Sci Med Sci 2004;59:48-61.

9. Allison KR. Predictors of inactivity: an analysis of the Ontario
Health Survey. Can J Public Health 1996;87:354-8.

0. Ernst E. Acupuncture—a critical analysis. J Int Med 2006;259:
125-37.

1. Birch S. Clinical research on acupuncture: part 2: controlled
clinical trails—an overview of their methods. J Altern Comple-
ment Med 2004;10:481-98.

2. Park J, Linde K, Mannheimer E, et al. The status and future of
acupuncture research. J Altern Comp Med 2008;14:871-81.

3. Linde K, Vickers A, Hondras M, Vickers A, Saller R, Melchart D.

Systematic review of complementary therapies- an annotated bib-



1

1

1

1

1

1

2

2

2

2

2

2

2

2

2

2

3

3

3

3

3

3

3

3

3

3

4

4

4

4

4

4

4

4

4

4

5

5

5

5

5

5

13EFFECT OF ACUPUNCTURE ON GAIT, Hauer
liography. Part 1: acupuncture. BMC Complement Altern Med
2001;1:3.

4. Vickers A, Goyal H, Harland R, Rees R. Do certain countries
produce only positive results—a systematic review of controlled
trials. Control Clin Trials 1998;19:159-66.

5. Bausell RB, Lao L, Berman, Lee WL, Berman BM. Is acupunc-
ture analgesia an expectancy effect? Preliminary evidence based
on participants’ perceived assignments in two placebo-controlled
trials. In: Bausell RB, ed. Evaluation and the health professions.
Thousand Oaks, Sage Publications; 2005. p 9-26.

6. Napadow V, Ahn A, Lonhurst J, et al. The status and future of
acupuncture mechanism research. J Altern Comp Med 2008;14:
861-9.

7. Kavoussi B, Ross BE. The neuro-immune basis of anti-
inflammatory acupuncture. Integr Cancer Ther 2007;6:251-7.

8. Fink M, Rollnick JK, Bijak M, et al. Needle acupuncture in
chronic post-stroke leg spaciticity. Arch Phys Med Rehabil 2004;
85:667-72.

9. Chan AK, Vujnovich A, Bradnam-Roberts L. The effect of acu-
puncture on alpha neurons excitability. Acupuncture Electron Res
2004;29:53-72.

0. Melchart D, Weidenhammer W, Streng A, Hoppe A, Pfaffenrath
V, Linde K. Acupuncture for chronic headache—an epidemiolog-
ical study. Headache 2006;46:632-41.

1. Marvick C. Acceptance of some acupuncture applications. JAMA
1997;278:1725-7.

2. Seki T, Kurusu M, Arai H, Sasaki H. Acupuncture for gait
disorders in the elderly. J Am Geriatr Soc 2004;52:643-44.

3. Pelham TW, Holt LE, Stalker R. Acupuncture in human perfor-
mance. J Strength Cond Res 2001;15:266-71.

4. Johansson K, Lindgren I, Widner H, Wiklund I, Johansson BB.
Can sensory stimulation improve the functional outcome in stroke
patients. Neurology 1993;43:2189-92.

5. Sallstrom S, Kjendahl A, Osten PE, Stanghelle JK, Borchgrevink
CF. Acupuncture in the treatment of stroke patients in the sub-
acute stage: a randomized controlled study. Complement Ther
Med 1996;4:193-7.

6. Johansson K, Haker ZE, von Arbin M. Swedish Collaboration on
Sensory stimulation after Stroke. Acupuncture and transcuteanous
nerve stimulation in stroke rehabilitation: a randomized, con-
trolled trial. Stroke 2001;32:707-13.

7. Schuler M, Durdak C, Hösl R, et al. Acupuncture treatment of
geriatric patients with ischemic stroke: a randomised, double-
controlled, single-blind study. J Am Geriatr Soc 2005;53:
549-50.

8. Karvelas BR, Hoffman MD, Zeni AI. Acute effects of acupunc-
ture on physiological and psychological response to cycle ergom-
etry. Arch Phys Med Rehabil 1996;77:1256-9.

9. Ehrlich D, Haber P. Influence of acupuncture on physical perfor-
mance capacity and haemodynamic parameters. Int J Sports Med
1992;13:486-91.

0. Huang LP, Zhou S, Lu Z, et al. Bilateral effects of unilateral
electroacupuncture on muscle strength. J Altern Complement Med
2007;13:539-46.

1. Witt C, Jena S, Selim D, et al. Pragmatic randomized trial
evaluating the clinical and economic effectiveness of acupunc-
ture for chronic low back pain. Am J Epidemiol 2006;164:
487-96.

2. Folstein MF, Folstein SE, McHugh PR. Mini-mental state. A
practical method for grading the cognitive state of patients for the
clinician. J Psychiatr Res 1975;12:189-98.

3. Wei LJ. A class of designs for sequential clinical trials. J Am Stat
Assoc 1977;72:382-6.

4. Mahoney F, Barthel D. Functional evaluation: the Barthel Index.

Md Med J 1965;14:56-61.
5. Yesavage JA, Brink TL, Rose TL, et al. Development and vali-
dation of a geriatric depression screening scale: a preliminary
report. J Psychiatr Res 1983;39:37-49.

6. Maki BE, Holiday PJ, Topper AK. Fear of falling and postural
performance in the elderly. J Gerontol 1991;46:M123-31.

7. Price DD, McGraith PA, Rafi A, Buckingham B. The validation of
visual analogue scales as ratio scale measures for chronic and
experimental pain. Pain 1983;17:45-56.

8. Menz HB, Latt MD, Tiedemann A, Mun San Kwan M, Lord SR.
Reliability of the GAITRite walkway system for the quantification
of temporo-spatial parameters of gait in young and older people.
Gait Posture 2004;20:20-5.

9. Sertel S, Bergmann Z, Ratzlaff K, Mun San Kwan M, Lord SR.
Acupuncture for nasal congestion: a prospective, randomized,
double-blind, placebo-controlled clinical pilot study. Am J Rhinol
Allergy 2009;23:e23-8.

0. Gongwang L. Techniques of acupuncture and moxibustion. Other
needle instruments and their manipulations in acupuncture ther-
apy. Beijing: Hua Xia Publishing House, 1998. p 18.

1. Greten J. Kursbuch traditionelle chinesische medizin. 1st ed. Thi-
eme: Stuttgart; 2003, p 123-30 and 345-50.

2. Kazis LE, Anderson JJ, Meenan RF. Effect size for interpreting
changes in health status. Med Care 1989;27:178-89.

3. Cohen J. Statistical power analysis for the behavioural sci-
ences. 2nd ed. Hillsdale, NJ: Lawrences Erlbaum Associates;
1988. p 11-12.

4. Winter DA, Patla AE, Frank JS, Walt SE. Biomechanical walking
pattern changes in the fit and healthy elderly. Phys Ther 1990;70:
340-7.

5. Kwon S, Perera S, Pahor M, et al. What is a meaningful change in
physical performance? Findings from a clinical trial in older adults
(the LIFE-P study). J Nutr Health Aging 2009;13:538-44.

6. Perera S, Mody SH, Woodman RC, Studenski SA. Meaningful
change and responsiveness in common physical performance mea-
sures in older adults. J Am Geriatr Soc 2006;54:743-9.

7. Palombaro KM, Craik RL, Mangione KK, Tomlinson JD. Deter-
mining meaningful changes in gait speed after hip fracture. Phys
Ther 2006;86:809-16.

8. Teixeira-Salmela LF, Nadeau S, Milot MH, Gravel D, Requião
LF. Effects of cadence on energy generation and absorption at
lower extremity joints during gait. Clin Biomech (Bristol, Avon)
2008;23:769-78.

9. Sandner-Kiesling A, Litscher G, Voit-Augustin H, James RL,
Schwarz G. Laser doppler flowmetry in combined needle acu-
puncture and moxibustion: a pilot study in healthy adults. Lasers
Med Sci 2001;16:184-91.

0. Litscher G, Schwarz G, Sandner-Kiesling A, Hadolt I, Eger E.
Effects of acupuncuture on the oxygenation of cerebral tissue.
Neurol Res 1998;20:28-32.

1. Toma K, Conatser RR, Gilders RM. The effects of acupuncture
needle stimulation on skeletal muscle activity and performance. J
Strength Conditioning Res 1998;12:253-7.

2. Sung JJ, Leung WK, Ching JY, et al. Agreements among Tradi-
tional Chinese Medicine practitioners in the diagnosis and treatment
of irritable bowel syndrome. Aliment Pharmacol Ther 2004;20:1205-10.

3. Diener HC, Kronfeld K, Boewing G, et al. Effect of acupuncture
for the prophylaxis of migraine: a multicentre randomised con-
trolled trial. Lancet Neurol 2006;5:310-16.

4. Streng A, Linde K, Hoppe A, et al. Effectiveness and tolerability
of acupuncture compared with metoprolol in migraine prophy-
laxis. Headache 2006;46:1492-1502.

5. Karst M, Scheinichen D, Rueckert T, et al. Acupuncture has no
immediate effects on the neutrophil respiratory burst: a random-
ised single-blinded two period crossover study. Brain Behav Im-

mun 2002;16:813-6.

Arch Phys Med Rehabil Vol 92, January 2011



5

5

5

5

6

6

a
b

14 EFFECT OF ACUPUNCTURE ON GAIT, Hauer

A

6. Greten J. Acupuncture under anti-coagulation therapy. In: Römer,
A, editor. Acupuncture therapy in obsterics and gynaecology,
Stuttgart: Hippokrates; 1998. p 54-68.

7. Barness PM, Powell-Griner E, McFann K. Complementary and
alternative medicine among adults. United States, 2002. Advance
data from vital and health statistics. Hyattville: National Center
for Health Statistics; 2004. p 343.

8. White AR, Resch KL, Ernst E. Complementary medicine: use and
attitudes among GPs. Fam Pract 1997;14:302-6.

9. Berman BM, Singh BB, Hartnoll SM, Singh BK, Reilly D. Pri-
mary care physicians and complementary—alternative medicine
training attitudes and practice patterns. J Am Board Fam Pract

1998;11:272-81. c

rch Phys Med Rehabil Vol 92, January 2011
0. Witt CM, Reinhold T, Jena S, Brinkhaus B, Willich SN. Cost-
effectiveness of acupuncture treatment in patients with headache.
Cephalagia 2008;28:334-45.

1. Witt CM, Jena S, Selim D, et al. Pragmatic randomized trial
evaluating the clinical and economic effectiveness of acupunc-
ture for chronic low back pain. Am J Epidemiol 2006;164:
487-96.

Suppliers
. CIR Systems Inc, 60 Garlor Dr, Havertown, PA 19083.
. Becton Dickinson GmbH, Tullastrasse 8-12, 69126 Heidelberg,

Germany.

. SPSS Inc, 233 S Wacker Dr, 11th Fl, Chicago, IL 60606.


	Stimulation of Acupoint ST-34 Acutely Improves Gait Performance in Geriatric Patients During Rehabilitation: A Randomized Controlled Trial
	METHODS
	Study Design
	Participants
	Measurements
	Gait Measurement
	Test Proceeding/Blinding
	Treatment
	Intervention
	Statistical Analysis

	RESULTS
	Recruitment
	Effect of Intervention

	DISCUSSION
	Effects of Intervention
	Methodologic Aspects
	Study Limitations

	CONCLUSIONS
	Acknowledgments
	References
	Suppliers


