
Acupuncture treatment of chronic low-back pain – a randomized, blinded,
placebo-controlled trial with 9-month follow-up
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Abstract

There is some evidence for the efficacy of acupuncture in chronic low-back pain (LBP), but it remains unclear whether acupuncture is

superior to placebo. In a randomized, blinded, placebo-controlled trial, we evaluated the effect of traditional acupuncture in chronic LBP. A

total of 131 consecutive out-patients of the Department of Orthopaedics, University Goettingen, Germany, (age ¼ 48.1 years, 58.5% female,

duration of pain: 9.6 years) with non-radiating LBP for at least 6 months and a normal neurological examination were randomized to one of

three groups over 12 weeks. Each group received active physiotherapy over 12 weeks. The control group ðn ¼ 46Þ received no further

treatment, the acupuncture group ðn ¼ 40Þ received 20 sessions of traditional acupuncture and the sham-acupuncture group ðn ¼ 45Þ 20

sessions of minimal acupuncture.

Changes from baseline to the end of treatment and to 9-month follow-up were assessed in pain intensity and in pain disability, and

secondary in psychological distress and in spine flexion, compared by intervention groups.

Acupuncture was superior to the control condition (physiotherapy) regarding pain intensity ðP ¼ 0:000Þ, pain disability ðP ¼ 0:000Þ, and

psychological distress ðP ¼ 0:020Þ at the end of treatment. Compared to sham-acupuncture, acupuncture reduced psychological distress ðP ¼

0:040Þ only. At 9-month follow-up, the superiority of acupuncture compared to the control condition became less and acupuncture was not

different to sham-acupuncture.

We found a significant improvement by traditional acupuncture in chronic LBP compared to routine care (physiotherapy) but not

compared to sham-acupuncture. The trial demonstrated a placebo effect of traditional acupuncture in chronic LBP. q 2002 International

Association for the Study of Pain. Published by Elsevier Science B.V. All rights reserved.
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1. Introduction

Chronic low-back pain (LBP) is an important health issue

in Western countries and is associated with high medical

expenses, disability, and inability to work (Van Tulder et al.,

1995). There are many therapeutic strategies, but long-term

effects of single therapeutic approaches remain limited (Van

Tulder et al., 1997). Multidisciplinary pain programs have

proven to be an effective option with long-term benefit (Flor

et al., 1992; Pfingsten et al., 1997, Van Tulder et al., 2000b),

but gained only limited acceptance in routine care. LBP is a

frequent reason for using unconventional therapies, espe-

cially acupuncture (Eisenberg et al., 1997; Paramore,

1997). However, the efficacy of acupuncture remains

controversial because of insufficient empirical evidence

and unclear underlying mechanisms (Ramsay et al., 1998).

In traditional Chinese medicine, disease is seen as a sign

of imbalance between two complementary polarities (yin

and yang). Needling the appropriate position of the 361

traditional acupuncture points (World Health Organisation,

1993) is proposed to rebalance the functioning by contacting

the vital energy Qi. Western research has suggested other

mechanisms (Lewith and Kenyon, 1984). For instance, the

stimulation of A-delta afferents by appropriate needling (de

qi) induces a cascade of endorphins and monoamines

(Mayer, 2000a).

Current meta-analyses of randomized-controlled acupunc-

ture trials provided some evidence for the efficacy of

acupuncture in chronic LBP (Ter Riet et al., 1990; Ernst
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and White, 1998; Ramsay et al., 1998; Van Tulder et al., 1999;

Ezzo et al., 2000; Mayer, 2000b; Smith et al., 2000; Van

Tulder et al., 2000a). It remains unclear whether acupuncture

is superior to placebo. The methodological quality of the few

corresponding trials has been criticized, and high-quality

trials have been requested. Insufficient empirical evidence

might be due to problems in defining an appropriate placebo

(Ramsay et al., 1998). Although there is no gold standard,

minimal (sham) acupuncture seems to be the best control

treatment. In minimal acupuncture, needles are inserted

superficially at positions other than the conventional

acupoints, thereby causing slight stimulation (Vincent and

Lewith, 1995).

The present study therefore compares traditional

acupuncture both to sham (minimal) acupuncture and to

active physiotherapy.

2. Methods

2.1. Study design

The randomized, placebo-controlled, prospective study

was conducted at the outpatient clinic of the Department

of Orthopaedics, University Goettingen, Germany, from

January 1996 to July 1998. It was performed according to

the acupuncture guidelines of the World Health Organisa-

tion (World Health Organisation, 1995) and to the proposals

of the National Institute of Health (Ramsay et al., 1998). It

was approved by the local Ethics Committee.

One hundred and fifty out-patients met the entry criteria

(non-radiating pain for more than 6 months) and were

assigned to one of the three treatment groups (traditional

acupuncture, sham-acupuncture, control) using a compu-

ter-based randomization process. Treatment records were

kept separately from assessment records, so that the physi-

cian was unaware of the affiliation of the patients. Patients

were blinded regarding traditional and sham-acupuncture.

The clinician performing the acupuncture (Dr Li) had to

know the group affiliation. The patients were advised to

continue existing medication but not to commence any

new analgesic or treatment.

2.2. Patient selection

A consecutive sample of n ¼ 150 out-patients aged 18–

65 years with non-radiating LBP for at least 6 months were

included initially. Exclusion criteria were an abnormal

neurological status, concomitant severe disease, psychiatric

illness, current psychotherapy, pathological lumbosacral

anterior-posterior and lateral X-rays (except for minor

degenerative changes), rheumatic inflammatic disease,

planned hospitalization, and refusal of participation. The

150 patients gave informed consent and were randomized.

Nineteen patients had to be excluded after randomization,

but prior to treatment. There were no significant differences

between the groups (P ¼ 0:762, Fisher’s exact test, 3 £ 3

table) regarding the reason for exclusion. Six patients with-

drew their given consent (AG:3; SG:1; CG:2), in 11 patients

(AG:5; SG:4; CG:2) exclusion criteria (e.g. painlessness,

hospitalization, severe disease) appeared prior to treatment,

and two patients relocated (AG:2). Thus, the final study

sample included 131 patients.

2.3. Study procedures

At baseline (T0, week 0), all patients underwent a

complete evaluation including a medical history, a routine

physical examination, a comprehensive physical examina-

tion of the lumbar spine, and a neurological investigation.

The physical assessments including evaluation of spine flex-

ion and the other outcome variables were performed by a

blinded physician (Dr Rosenfeldt) at baseline (T0, week 0),

at the end of treatment (T1, week 12), and 9 months after the

end of treatment (T2, 9-month follow-up, week 52). The

data documentation was done by a collaborator (M. Koeh-

ler) of the Department of Medical Statistics, Biometrical

Study Center.

2.4. Interventions

All patients received standardized active physiotherapy

of 26 sessions (each 30 min) over 12 weeks. It was

performed by trained physiotherapists according to the

Bruegger-concept (Bruegger, 1990), in which nociceptive

somato-motoric blocking effects were seen as causal factors

in pain syndromes. The aim was to remove a muscle imbal-

ance through special training of proper posture and motion.

The control group (CG) received active physiotherapy

with no other treatment (routine care). The acupuncture

group (AG) additionally received 20 sessions (each

30 min) of traditional and standardized acupuncture by an

experienced Taiwanese physician (Dr Li) over 12 weeks. Dr

Chien-Kang Li obtained his degrees at the University for

Chinese Culture, Taipeh (Taiwan), and at the University of

Goettingen, Germany. In the first 2 weeks of treatment,

acupuncture was done five times a week, and in the next

10 weeks once a week.

Acupuncture was performed as combined traditional

body- and ear-acupuncture (Stux and Pomeranz, 1990).

No additional intervention or conversation was done, except

for a short explanation about the procedure. Patients were

first treated supine for body-acupuncture, and then seated

for ear-acupuncture. Twenty fixed body acupoints (nine

bilateral, two single points) and six on the ear (alternately

on one ear) were selected according to their function in

traditional Chinese medicine (Stux and Pomeranz, 1990;

World Health Organisation, 1993) and were needled in

every patient (Table 1). We did not conduct a diagnostic

procedure to determine individual acupoints.

Depth of body needling depended on the location of the

acupoints and upon the body build (min to max 10–30 mm).

Needles were correctly inserted and manually stimulated at

the body points until the ‘de qi’ sensation of heaviness and
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numbness was elicited, lasting 5–20 s. Body needles were

left in situ for 30 min, ear needles were not stimulated and

left in situ for 1 week. Wrapped one-way, stainless steel,

sterilized needles, produced by Shenzou, Suzhan Hua Tuo,

China were used. Body needles were 0.3 mm in thickness

and 40 mm in length, ear needles 0.23 mm in thickness and

of standardized size (small, medium). Ear needles were

ring-shaped and fixed by plaster.

The sham-acupuncture group (SG) received 20 sessions

(each 30 min) of minimal acupuncture by the same physi-

cian (Dr Li) over 12 weeks. Sham-acupuncture was done

following the standards of minimal acupuncture (Vincent

and Lewith, 1995). Needles were inserted superficially,

10–20 mm distant to the verum-acupoints, outside the meri-

dians, and were not stimulated (no ‘de qi’).

Each acupuncture procedure (location of the acupoints

and duration of needling) was documented to look for the

compliance to the acupuncture protocol.

2.5. Efficacy

Primary outcome measures were pain intensity, quanti-

fied by a 10 cm visual analog scale (VAS-P, Scott and

Huskisson, 1976) and pain disabilty, measured by the pain

disability index (PDI, Tait et al., 1990). The total score

consisting of seven areas of activity (min to max 0–70)

measures the overall level of disability using numeric rating

scales (0 ¼ no disability; 10 ¼ total disability).

Secondary outcome measures were psychological distress

and spine flexion. Psychological distress was measured by

the hospital anxiety and depression scale (Zigmond and

Snaith, 1983), a 14 item instrument for use in non-psychia-

tric medical patients. The total score (range 0–42) is a

measure of psychological distress. Because there is a strong

relationship between psychological distress and chronic

pain, this is a relevant outcome parameter in the treatment

of chronic pain patients (Craig, 1999). Spine flexion was

measured by fingertip-to-floor distance (min 0 cm).

2.6. Safety

Safety was evaluated on the basis of the physical exam-

inations and the patient-reported study events.

2.7. Statistical analysis

The power calculation was performed for the overall tests

of efficacy (F-test, analysis of variance (ANOVA)). Accord-

ing to the tables of Cohen (1988; table 8.3.13, p. 314) a total

sample size of N ¼ 144 is needed to detect a medium effect-

size (ES) ð f ¼ 0:30Þ with a power of 90% at a ¼ 0:05. This

ES would be represented (Cohen, 1988; p. 276–278) by a

difference between the three groups to detect m ¼ 1:5 cm

regarding the outcome variable VAS-P (average standard

deviation ðSDÞ ¼ 2:0), and m ¼ 8:0 regarding the outcome

variable PDI ðaverage SD ¼ 11:0Þ.

A last-observation-carried-forward (LOCF) strategy was

used in the data analysis for the drop-outs. In the LOCF

analysis, the last value of a patient who dropt out was

carried forward into all subsequent missing timepoints.

Potential biases by this method are discussed later (restric-

tions). Data analyses were performed using the statistical

program package SAS (SAS, 1996). All tests were two-

sided and the level of statistical significance was set at

a ¼ 0:05. P values were reported. Categorial data were

analyzed using Fisher’s exact test. Differences between

groups at baseline and the overall differences between the

changes within the groups were analyzed using an ANOVA

for each outcome measure. When a significant overall effect

was observed, post hoc comparison between the groups

(AG–SG, AG–CG) was performed using the Tukey studen-

tized range test at a procedurewise rate of 0.05.

Empirical ES as a standardized unit of change between

groups were calculated by subtracting the mean of change of

the CG from the mean of change of the experimental

(acupuncture) group, and then dividing the resulting differ-

ence by the SD of the CG change (Cohen, 1988; Flor et al.,

1992).

3. Results

3.1. Patient characteristics

Results are presented for the randomized 131 patients

who started treatment. No differences were found between

the three groups regarding the evaluated variables at base-
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Table 1

Selection of acupoints

Body-pointsa Ear-pointsa

Yaoyangguan (GV 3)b Weizhong (BL 40)c Os sacrum (38)

Mingmen (GV 4)b Kunlun (BL 60)c Parasympathicus (51)

Shenshu (BL 23)c Yanglingquan (GB 34)c Nervus ischiadicus (52)

Dachangshu (BL 25)c Sanyinjiao (SP 6)c Lumbosacrum (54)

Shangliao (BL 31)c Yautungdien (extra meridian, at the back of the hand)c Shenmen (55)

Ciliao (BL 32)c Kidney (95)

a Nomenclature according to WHO (8).
b Single points.
c Bilateral points.



line including sex, age, and duration of pain (Table 2). The

distribution of years of education corresponded to that of the

general German population.

At baseline, there were also no significant differences

between the groups (Table 3) regarding the outcome

measures pain intensity, pain disability, and spine flexion.

There was a significant difference regarding psychological

distress with a higher score in the CG.

The rate of drop-outs (Fig. 1) was not significantly differ-

ent between the groups (AG:7, SG:14, CG:16, 4 £ 3 table,

Fishers’s exact test, P ¼ 0:176).

Side-effects as drop-out reasons occurred in AG only

(painfulness of acupuncture N ¼ 2, problems with circula-

tion during acupuncture N ¼ 1), whereas ineffective inter-

vention (persisting pain) was the reason for drop-out in CG

and SG only (CG:5, SG:5). Painlessness was the reason for

drop-out in two patients (AG:1, CG:1) and in three patients

another severe disease or an accident occurred (SG:3). Two

patients (SG:1, CG:1) wanted to change the group and one

patient wanted to stop physiotherapy (AG:1). Ten patients

failed to return (AG:01, SG:2, CG:7) and six patients (AG:1,

SG:3, CG:2) requested to stop participation because of

external reasons (job, relocation, expense).

3.2. Between group changes-efficacy

The course of the primary outcome criteria pain intensity

(VAS-P) and pain disability (PDI) within the groups is

visualized in Figs. 2 and 3.

The ANOVAs (Table 3) demonstrated significant overall

differences between the within-group changes regarding

pain intensity (T02T1: F ¼ 7:47, P ¼ 0:0009), pain

disability (T02T1: F ¼ 10:97, P ¼ 0:0001; T02T2: 4.98,

P ¼ 0:0083), and psychological distress (T02T1:

F ¼ 4:27, P ¼ 0:0161; T02T2: F ¼ 2:03, P ¼ 0:1354),

but not regarding spine flexion.
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Table 2

Patient characteristics

All patients AG SG CG Statistic P

Sample size 131 40 45 46 – –

Age, mean (SD), y 48.1 (9.7) 47.9 (11.1) 49.0 (9.4) 47.5 (8.9) 0.30a 0.738a

Female sex, no. (%) 76 (58.0%) 22 (55.0%) 27 (60.0%) 27 (58.7%) 0.23b 0.903b

Pain duration, mean (SD), y 9.6 (8.2) 8.7 (7.7) 9.5 (8.3) 10.6 (8.7) 0.55a 0.581a

Body-mass-index, mean (SD) 26.3 (4.4) 26.1 (4.0) 25.9 (3.8) 26.9 (5.2) 0.64a 0.526a

Back surgery in history, no. (%) 11 (8.4%) 4 (10.0%) 2 (4.4%) 5 (10.9%) 1.41b 0.530b

Analgesic medication, no. (%) 66 (50.4%) 24 (60.0%) 20 (44.4%) 22 (47.8%) 2.24b 0.340b

Married, no. (%) 100 (76.3%) 32 (80.0%) 36 (80.0%) 32 (69.6%) 1.80b 0.437b

Employed, no. (%) 107 (81.7%) 33 (82.5%) 35 (77.8%) 39 (84.8%) 0.77b 0.663b

a F-test, ANOVA.
b Fishers-exact test.

Table 3

Groups means (SD) of outcome measures at baseline and within-group changes

AG N ¼ 40 SG N ¼ 45 CG N ¼ 46 F value (P value)a

Primary outcome criterion: pain intensity (VAS-P)

T0 Baseline 4.8 (1.8) 5.3 (1.8) 5.4 (1.9) 1.08 (0.342)

D T02T1b(pre2post) 22.7 (2.2) 22.1 (2.2) 21.0 (1.7) 7.47 (0.0009)

D T02T2b(pre2follow-up) 21.7 (1.8) 21.8 (2.2) 20.9 (2.0) 2.75 (0.068)

Primary outcome criterion: pain disability (PDI)

T0 Baseline 25.2 (13.4) 25.5 (10.4) 24.9 (13.7) 0.03 (0.973)

D T02T1b(pre2post) 213.9 (15.0) 29.7 (10.5) 22.6 (7.8) 10.97 (0.0001)

D T02T2b(pre2follow-up) 29.0 (12.5) 28.5 (11.3) 22.3 (10.0) 4.98 (0.0083)

Secondary outcome criterion: psychological distress (HADS)

T0 Baseline 12.7 (7.9) 12.5 (6.7) 16.2 (8.2) 3.45 (0.035)

D T02T1b(pre2post) 24.0 (5.8) 21.4 (4.7) 21.2 (3.8) 4.27 (0.0161)

D T02T2b(pre2follow-up) 23.6 (4.8) 22.1 (5.2) 21.3 (5.5) 2.03 (0.1354)

Secondary outcome criterion: spine flexion

T0 Baseline 18.8 (14.5) 19.0 (12.1) 14.2 (13.7) 1.84 (0.163)

D T02T1b(pre2post) 26.3 (15.0) 22.8 (11.3) 21.8 (10.7) 1.52 (0.223)

D T02T2b(pre2follow-up) 24.9 (13.7) 24.0 (11.2) 20.2 (11.6) 1.87 (0.158)

a ANOVA, DF ¼ 2, for details see statistics.
b D: differences between timepoints.



Tukey’s studentized range test was conducted to test for

differences between the within-group changes of two

groups (AG–SG, AG–CG) controlling for multiple testing.

The differences of means (T02T1; T02T2) of the AG was

compared to the differences of the other groups (Table 4).

At the end of treatment (T1, week 12) acupuncture was

superior to the CG regarding pain intensity (P ¼ 0:000,

ES ¼ 1:00), pain disability (P ¼ 0:000, ES ¼ 1:45), and

psychological distress (P ¼ 0:020, ES ¼ 0:73). There was

no significant difference in acupuncture and SG regarding

pain intensity and pain disability. There was a significant

difference between AG and SG with a significant reduction

of psychological distress in the AG (P ¼ 0:040,

ES ¼ 0:55).

Nine months after the end of treatment (T2, week 52) AG

was still superior to CG regarding pain disability (P ¼ 0:016,
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ES ¼ 0:68) only. In this period, there were no differences

between AG and SG.

4. Discussion

In this randomized, placebo-controlled trial a sample of

chronic LBP-patients characterized by high pain intensity,

chronicity, and psychological distress was enrolled. Sponta-

neous improvement is unlikely because of these character-

istics and the limited response to former treatments.

Because there were no significant differences regarding

sociodemographic and outcome variables except higher

psychological distress in CG at baseline, successful rando-

mization could be assumed. The exclusion of the 19 cases

prior to treatment seems to be a reasonable strategy, because

the efficacy of realized acupuncture is of main interest.

Furthermore, the exclusion of these cases from analyses

will not have led to a bias, because there are no significant

differences regarding the reasons for exclusion between the

groups.

The acupuncture was safe. Minor unserious adverse

events occurred in three patients. However, possible serious

adverse events in routine care may influence the risk/benefit

relation (Ernst and White, 1997; McCartney et al., 2000).

4.1. Efficacy

We did not find any significant improvement in spine

flexion, measured by fingertip-to-floor distance, but some

authors argued a low reliability of this measure (Merritt et

al., 1986).

In comparison to the CG (active physiotherapy), the

primary outcome criteria pain intensity and pain disability

were significantly improved, but we could find one signifi-

cant difference (psychological distress) comparing tradi-

tional acupuncture to sham-acupuncture only. Furthermore,

the differences between the groups were getting smaller over

time.

Thus, the effect of acupuncture is not due to active

physiotherapy alone. The effect of acupuncture might be

unspecific or a placebo effect, if sham-acupuncture repre-

sents an appropriate control condition. These results are in

accordance with several meta-analyses (Ter Riet et al.,

1990; Ernst and White, 1998; Ramsay et al., 1998; Van

Tulder et al., 1999; Ezzo et al., 2000; Mayer, 2000b;

Smith et al., 2000; Van Tulder et al., 2000a), showing no

or limited effects of verum acupuncture compared to

placebo conditions in high-quality trials. An association of

methodological quality and the estimation of a treatment

effect has been postulated with the most valid trials that

seem to indicate no or small effects of acupuncture

compared to placebo (Ezzo et al., 2000; Mayer, 2000b;

Smith et al., 2000).

4.2. Restrictions and potential biases

All patients agreed to study protocol, so the participa-

tion’s expectations may have affected treatment response.

By building up an SG, we tried to control for the possible

influence of this variable. These groups were balanced also

regarding time and attention. However, sham-acupuncture

did not fulfill all criteria of an appropriate control condition,

since specific elements of needling cannot be separated

completely from non-specific treatment elements.

Minimal acupuncture (Vincent and Lewith, 1995)

mimicked the traditional acupuncture technique and mini-

mized afferent stimulation by superficial insertion of needles

without stimulation and by needling distant to verum

acupuncture points. It might be speculated that most partici-

pants expected pain by needling. Therefore, the elimination

of any afferent stimulation, e.g. by using a local anaesthetic,

may lead to an incomplete blinding of the participants.

The acupuncturist had to know the group assignment of

the patients. To exclude a potential bias, the interaction with

participants was minimized, and evaluation was done by an
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independent physician and by questionnaires. The patients’

stated expectations of pain relief did not correlate with real

efficacy in acupuncture or placebo in former trials (Mendel-

son et al., 1983).

These possible psychological effects may have led to an

over-estimation of the effects of verum acupuncture, but the

possible small effects of afferent stimulation by superficial

needling would lead to an underestimation of verum

acupuncture, so these reversal effects may compensate

each other.

In traditional Chinese medicine, the individualized selec-

tion of acupoints is an important principle. In contrast, the

application of acupuncture at fixed acupoints is necessary in

controlled trials. Therefore, the conclusions of our study are

valid for the acupuncture at fixed acupoints only, and the

outcome might be better with individualized treatment.

At the end of treatment (T1, week 12) the drop-out rate was

13% (17/131), but it increased in the follow-up period (T2,

week 52) to 28.2% (37/131). There are no widely accepted

references to ‘acceptable’ drop-out rates. The use of the

LOCF is generally recommended as a method with no a priori

implication of bias (Gilling and Koch, 1991). It may lead to

biased estimates of outcome, particularly if drop-out rates

differ among groups, and if pronounced changes in outcome

variables are likely (Meyer and Windeler, 1998). With

respect to the high level of pain intensity (VAS-P: 5.2 cm)

and the chronicity (duration: 9.6 years) of our sample, spon-

taneous improvement or rapid worsening of pain seems unli-

kely. Furthermore, we could not find a significant difference

between the drop-out rates in groups. Therefore, the use of

the LOCF method seems to be an appropriate strategy to

handle the drop-out problem in this trial.

5. Conclusions and proposals

There is no effect of traditional acupuncture beyond a

placebo and probably a small unspecific effect of needling.

But placebo analgesia has been proven to be effective and is

also mediated by endogenous opiates (Ter Riet et al., 1990).

Despite the uncertainty in the underlying mechanisms, and

using the placebo and the unspecific effects, acupuncture

may be nevertheless a viable option as an adjunct treatment

in the pragmatic treatment of chronic LBP-patients (Ramsay

et al., 1998). With an initial pain reduction, even caused by

placebo mechanisms, general activation, and multimodal

treatment programs (Van Tulder et al., 2000b) may be

more likely to be accepted by chronic LBP-patients and

may result in an improved outcome.

In future studies, efforts should be made to isolate the

impact of individual components of acupuncture treatment

like needling of different acupoints, kind of stimulation, and

doses of acupuncture (Ezzo et al., 2000). This study did not

test for psychological variables, which possibly influence

the effect of acupuncture like hypnotic susceptibility or

expectation of pain relief, but this may be interesting to

look for in further studies, too.
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AG–CG 24.5 (210.88 to 1.88) 0.216 0.42 24.7 (210.98 to 1.54) 0.174 0.41

a AG, acupuncture group; SG, sham-acupuncture group; CG, control group.
b D: differences between groups regarding changes between baseline (T0) and end of treatment (T1), and between baseline (T0) and 9-month follow-up (T2).
c Differences between the within-group changes, CI, 95% confidence-interval; P, empirical P-value; ES, effect-sizes (see statistics); negative scores

indicating smaller reduction in AG.
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