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Effectiveness of anodal transcranial direct current
stimulation in patients with chronic low back
pain: Design, method and protocol for a
randomised controlled trial
Kerstin Luedtke2*, Alison Rushton1, Christine Wright1, Tim P Juergens2, Gerd Mueller3 and Arne May2

Abstract

Background: Electrical stimulation of central nervous system areas with surgically implanted stimulators has been
shown to result in pain relief. To avoid the risks and side effects of surgery, transcranial direct current stimulation is
an option to electrically stimulate the motor cortex through the skull. Previous research has shown that transcranial
direct current stimulation relieves pain in patients with fibromyalgia, chronic neuropathic pain and chronic pelvic
pain. Evidence indicates that the method is pain free, safe and inexpensive.

Methods/Design: A randomised controlled trial has been designed to evaluate the effect of transcranial direct
current stimulation over the motor cortex for pain reduction in patients with chronic low back pain. It will also
investigate whether transcranial direct current stimulation as a prior treatment enhances the symptom reduction
achieved by a cognitive-behavioural group intervention. Participants will be randomised to receive a series of 5
days of transcranial direct current stimulation (2 mA, 20 mins) or 20 mins of sham stimulation; followed by a
cognitive-behavioural group programme. The primary outcome parameters will measure pain (Visual Analog Scale)
and disability (Oswestry Disability Index). Secondary outcome parameters will include the Fear Avoidance Beliefs
Questionnaire, the Funktionsfragebogen Hannover (perceived function), Hospital Anxiety Depression Scale,
bothersomeness and Health Related Quality of Life (SF 36), as well as Patient-Perceived Satisfactory Improvement.
Assessments will take place immediately prior to the first application of transcranial direct current stimulation or
sham, after 5 consecutive days of stimulation, immediately after the cognitive-behavioural group programme and
at 4 weeks, 12 weeks and 24 weeks follow-up.

Discussion: This trial will help to determine, whether transcranial direct current stimulation is an effective
treatment for patients with chronic low back pain and whether it can further enhance the effects of a cognitive
behavioural pain management programme. Trial registration: Current Controlled Trials ISRCTN89874874.

1. Background
A literature review [1] on the epidemiology and eco-
nomic burden of non-specific chronic low back pain
reported estimates of prevalence ranging from 6% to
11%. In a cross-sectional survey with 9267 respondents,
average total back pain costs per patient per year in
Germany have been reported as €1322 [2]. Chronic low
back pain (CLBP) seems to account for the majority of

these expenses, with annual direct costs of > €7000 per
patient [1].
Imaging studies have revealed that pain is accompa-

nied by an extensive reorganisation of the brain.
Changes in chronic back pain patients are structural
[3,4] and functional [5] and reversible if the pain sub-
sides [6-8].
If a chronic pain conditions is regarded as non-specific

[9] and does not provide a peripheral tissue target for
treatment, the medical treatment approach needs to be
directed towards altering these central mechanisms by e.
g. prescribing opioids and antidepressants. Surgical
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interventions include implantation of electrical stimula-
tors in the brain. Deep brain stimulation [10-12], and
motor cortex stimulation [13,14] have demonstrated
pain reduction.
Transcranial direct current stimulation (tDCS) is a

non-invasive alternative that applies weak electrical cur-
rents (1-2 mA) through the skull to modulate the activ-
ity of neurons in the brain [15].
A current systematic review of the literature (Luedtke

et al., Clin. J. Pain, accepted) concluded that anodal
tDCS had a pain reducing effect in patients with chronic
pain due to spinal cord injury [16,17], fibromyalgia
[18,19], chronic pelvic pain [20], multiple sclerosis [21]
and various chronic pain conditions [22,23] when
applied with an intensity of 1-2 mA over the motor cor-
tex for 20 minutes on a minimum of 2 consecutive days.
However, the level of evidence was rated as “low”. A risk
of bias assessment of the 8 published trials showed that
only one trial was of an overall low risk of bias [21].
Four trials met the minimum criteria for the inclusion
in the meta-analysis of the results [16,18,21,23].
Although effects for pain were reported as statistically
significant across all trials, the pooled effect of -2.29
with a 95% confidence interval of -3.5 to -1.08 only just
reached minimal clinically important difference
recommendations.
A trial with high methodological quality is needed to

determine whether tDCS is effective in the reduction of
pain in chronic pain patients.
This trial will evaluate the effect of tDCS on pain and

disability of patients with non-specific CLBP and investi-
gate whether tDCS as a prior treatment enhances the
symptom reduction achieved by a cognitive-behavioural
group intervention.

2. Methods/Design
2.1 Design
Double-blind single-centre randomised controlled trial
with two study arms (real and sham stimulation) (Figure 1).
Participants will be allocated to groups (real or sham

tDCS) using computer generated randomisation lists,
stratified for high (51-100) and low (20-50) average pain
intensities over the past 24 hours. Block randomisation
(blocks of 20) was chosen to allow for equal numbers in
each group at regular time intervals.
Allocation concealment and blinding (patient and

therapist providing the intervention) is secured, since
the randomisation lists consist of 70 different number
codes for each group. Following consent at recruitment,
participants will be given the next available code from
the randomisation list. The stimulation code will be
entered into the tDCS device to initialise the stimulation
procedure. According to the entered code the device
produces an active or a sham stimulation paradigm.

Only the independent researcher (CW) will have access
to the list that unblinds the allocation to either tDCS or
sham stimulation group.
The stimulation period is followed by a four week

cognitive-behavioural group therapy.

2.2 Participants
Patients will be recruited and treated at a back pain
clinic in North Germany.
Patients will be eligible if they satisfy the following cri-

teria:

• Aged 18 - 65 years
• Categorised as suitable for a pain management
programme
• Have non-specific CLBP

◦ with a minimum of 3 months of low back pain
without any relevant ongoing pathologies such as
acute disc prolapse, acute inflammation, bone
fractures, spondylolisthesis or general health
restrictions that require medical attention

• Are waiting to attend a cognitive-behavioural
group programme at a back pain clinic in North
Germany.
• Provide written consent

Potential participants will be excluded if they have any
of the following:

• Other chronic pain syndromes
• spinal surgery in the past 6 month

Figure 1 Trial design.
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• Neurological disease
• Psychiatric disease
• Does not understand German
• Pregnant or likely to become pregnant during the
trial
• Alcohol-, drug-, medication abuse

Medication intake is not listed as an exclusion criter-
ion but type and dosage of medication will be recorded
and any change in medication documented.

2.3 Interventions
tDCS
tDCS is produced by a battery driven small stimulator
box and is applied to the skull via sponge electrodes.
The equipment is portable and of relatively low cost.
Application is easy and safe [24,25]. Across reported
trials on tDCS, authors have not observed any serious
adverse effects. Side effects have included mild burning
or tingling at the site of stimulation, headaches and
tiredness [24,26].
All participants will receive 20 mins of anodal tDCS

(anode placed over left motor cortex, reference electrode
supraorbital on right side) with an intensity of 2 mA, on
5 consecutive days. This dosage has been identified in a
systematic review of the current available evidence as
the stimulation parameters used in the majority of trials
(Luedtke et al., Clin. J. Pain, accepted). Large size (35
cm2) sponge electrodes, soaked in a saline solution will
be placed over the stimulation sites and held in place by
an elastic bandage. The anode (positively charged elec-
trode) will be placed over the left primary motor cortex
(M1), while the cathode (negatively charged electrode)
will be placed above the right eyebrow. This electrode
arrangement has been shown to induce excitability
changes in the primary motor cortex [27] and has been
used in previous trials on tDCS for the relief of chronic
pain [16-23]. The participant will be positioned in
supine with legs elevated, during the stimulation.
To accurately determine the site of stimulation, single-

pulse magnetic stimuli (TMS) will be applied over the
motor cortex on the left side of the skull, until a twitch-
ing of the right index finger is observed.
Control intervention
An identical procedure will be used for the sham stimu-
lation, but the DC stimulator will not deliver an active
stimulation paradigm.
The sham paradigm initially produces a direct current,

but switches off automatically after 30 seconds. Partici-
pants perceive a tingling sensation identical to that per-
ceived during the real stimulation. This short
stimulation does not result in any neurophysiological
changes. The method has been shown to be a reliable
placebo condition [28]. However, recent studies applying

2 mA stimulations have stated that blinding at this
intensity may be less reliable [21]. Therefore blinding
will be assessed by asking the participant after the sti-
mulation which mode of stimulation he believes he has
received.
Cognitive-behavioural group programme
This pain management programme is the standard care
for patients at the back pain clinic involved in the
study. The effectiveness of interdisciplinary group pro-
grammes for the treatment of non-specific CLBP has
been demonstrated by a number of publications
[29-31]. A maximum of 9 patients per group will
receive physically challenging sessions, such as cardio-
vascular exercises and machine assisted muscle
strength training, specific muscle stabilisation exercises
for the trunk muscles, as well as information sessions
on the neurophysiology of pain, pain coping strategies
and relaxation classes. Individual sessions can be
added in the case of specific needs, such as acute addi-
tional pain that limits the capability to exercise, or bio-
feedback sessions if a patient finds it impossible to
relax in the group sessions. Patients will attend 5
hours of therapy daily (from Monday to Friday) as
outpatients.
The programme will be delivered by an interdisciplin-

ary team of orthopaedic consultants, physiotherapists,
psychologists and sports therapists who deliver this pro-
gramme routinely to patients at the clinic.

2.4. Outcome measures
Primary outcome measures
tDCS and the cognitive-behavioural group programme
aim to influence different factors associated with non-
specific CLBP. While tDCS is believed to directly influ-
ence pain processing within the central nervous system,
the cognitive-behavioural programme is targeting dis-
ability, beliefs and other psychosocial aspects of the pain
experience. Therefore, two primary outcome measures
will be used to assess the effect of tDCS as well as of
the cognitive-behavioural group programme:

• Pain: Visual analogue (VAS 0-100) or numerical
rating scale (NRS 0-10) over the past 24 hours. 0
indicates no pain and 100 or 10 indicates the worst
imaginable pain.
VAS was used in previous trials on tDCS for the
relief of chronic pain [16,18,21]. Minimum clinically
important change for visual und numerical pain
scales in chronic pain patients has been described as
15 on a 0-100 VAS or 1.5 on a 0-10 NRS [32] or as
high as 2.4 in a recent publication [33].
• Disability: Oswestry Disability Index [34]. The
maximum score is 50 points with a high score indi-
cating a high level of disability.
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Validated in German [35]. The cut off point for
clinically important change in Oswestry Disability
index has been proposed as 10 points [32].

Secondary outcome parameters
• Patient-perceived satisfactory improvement
(PPSI): Participants’ perceived global rating of over-
all change (from baseline) will be recorded on a 5-
point Likert-type scale (1 = much worse, 2 = slightly
worse, 3 = no change, 4 = slightly better, 5 = much
better) [36]. This measurement is a global indicator
for change.
• Bothersomeness: A second global score that will
be used is “bothersomeness”. This single question
("how bothersome is your pain today?”) tool gives 5
answering options: “not at all,” “slightly,” “moder-
ately,” “very much,” and “extremely” [37].
• General health and health-related quality of life:
SF 36 has been widely used in study populations
with chronic pain [38-40]. It has been translated and
validated into German [41].
• Perceived restriction of function: The Funktions-
fragebogen Hannover (FfbH-R) consists of 12 items
that ask about the patient’s capacity to perform daily
life activities. It has been designed to reflect the lim-
itations, a back pain patient may typically experience.
The answers are rated in a 3 point scale ("no, can’t
perform activity”, “yes, with difficulties”, “yes”).
Validity and reliability has been established [42].
• Fear avoidance beliefs: Fear avoidance beliefs
questionnaire (FABQ) developed by Waddell et al.
[43,44] translated into German [44] and evaluated
for its psychometric properties [45]. Fear avoidance
beliefs has been strongly associated with chronic
back pain in the past [46] although its role has
recently been questioned [47]. Since patients with a
high level of fear avoidance may respond differently
to the intervention, it is included in this study as a
secondary outcome parameter.
• Anxiety and Depression: Hospital anxiety and
depression scale (HADS) [48]. Analog to fear avoid-
ance beliefs, depression may hinder the effectiveness
of the intervention and needs to be documented for
the purpose of this trial.

2.5 Sample size
The sample size calculation was based on published
minimum clinically relevant change recommendations of
15 mm on a 0-100 mm VAS [32] and 8 points for the
ODI [33]. Standard deviations were taken from a pre-
vious publication on a comparable study population
[49]. With 90% power and a = .01 and anticipated
drop-out rates of 10% during the intervention phase and

15% between intervention and final follow-up, the
required sample size was calculated as 135.

2.6 Data analysis
Data will be digitalised from the paper version (source
data) into Microsoft excel spreadsheets by a blinded
investigator.
Data analysis will be conducted using SPSS 18 for

Apple Macintosh. The primary analysis will use a gen-
eral linear model to compare between-group effects on
the primary outcome measure, at 4 weeks, 12 weeks and
24 weeks follow-up, with baseline values as covariate.
Similar analyses will be conducted on appropriate sec-
ondary outcomes, or non-parametric tests as appropriate
(e.g. on PPSI).

2.7 Ethical aspects
Conduct of the study will be in accordance with the
Declaration of Helsinki [50]. The project has been
approved by the ethics committee of the Ärztekammer
Hamburg on 04.01.2010 (responsible body for studies
conducted on patients in the region of Hamburg). Ethi-
cal approval and was provided by the university ethics
committee at the University of Birmingham.

3 Discussion
The proposed study presents the first high quality ran-
domised controlled trial on tDCS for the reduction of
chronic pain. As identified in a recently published
Cochrane review [51] and a systematic review and
metaanalysis conducted by our group (Luedtke et al.,
Clin. J. Pain, accepted), only 8 studies have investigated
tDCS for chronic pain reduction [16-23]. None of
these was adequately powered to allow valid conclu-
sions on it’s effectiveness. Additional risk of bias was
introduced by methodological issues, such as invalid
randomisation procedures and unclear blinding, lead-
ing to a grading of the current level of evidence as
“low” (Luedtke et al., Clin. J. Pain, accepted) according
to the GRADE system [52]. Computer generated ran-
domisation lists and a tDCS device that produces pre-
programmed stimulation paradigms (verum and sham)
initialised by 5 digit number codes, will address these
issues in the proposed study. The sample size estima-
tion ensures adequate power (90%) to allow valid con-
clusions regarding the effectiveness of tDCS on the
two primary outcome parameters pain intensity (VAS)
and disability (ODI).
Chronic low back pain patients have been included in

two of the existing trials on various chronic pain condi-
tions [22,23] but no study has exclusively focused on
this patient group. With the high prevalence of low
back pain and the socioeconomic burden of chronic
pain, there is a demand for effective, safe, non-invasive
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and low cost treatment options for this specific patient
group.
The choice of outcome parameters was based on the

review of previous publications on comparable study
populations/interventions. A range of identified mea-
surement tools was monitored over a 3 month period in
the back pain clinic. These included the Short Form
McGill Pain Questionnaire [53], the Visual Analog
Scale, the Roland Morris Disability Questionnaire [54]
and the Oswestry Disability Index [34]. This monitoring
phase showed that the Visual Analog Scale and the
Oswestry Disability Index had the best responsiveness
and the least ceiling effects in the anticipated target
population.
However, the study is limited to investigate the short

term effects of tDCS and the combination of tDCS and
a cognitive-behavioural group programme. Since all
patients will receive the group programme following the
stimulation period, no long term effects of tDCS alone
can be measured. The group programme is currently
the standard care for patients attending the back pain
clinic and ethical as well as health insurance reasons
required that all patients receive the group programme
as soon as possible. It was therefore not feasible to
include a third group receiving tDCS alone or to post-
pone the group programme until long term measure-
ments were taken.

Acknowledgements and Funding
This work was supported by a grant from the DFG (MA 1862/10-1) and
NeuroImageNord. None of the authors has a conflict of interest to declare
associated with this review.

Author details
1School of Health and Population Sciences, College of Medical and Dental
Sciences, 52 Pritchatts Road, University of Birmingham, Edgbaston B15 2TT,
UK. 2Institute of Systems Neurosciences, University Hospital Eppendorf,
Martinistr.52, 20246 Hamburg, Germany. 3Back Pain Clinic “Am Michel”,
Ludwig-Erhard-Str.18, 20459 Hamburg, Germany.

Authors’ contributions
KL participated in the study design and drafted the manuscript. AR
participated in the design and helped to draft the manuscript. CW
participated in the design, helped to draft the manuscript, and performed
the statistical analysis. TPJ participated in the sequence alignment. GM
participated in the study coordination. AM conceived of the study, and
participated in its design and coordination and helped to draft the
manuscript. All authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 15 November 2011 Accepted: 28 December 2011
Published: 28 December 2011

References
1. Juniper M, Le TK, Mladsi D: The epidemiology, economic burden, and

pharmacological treatment of chronic low back pain in France,
Germany, Italy, Spain and the UK: a literature-based review. Expert Opin
Pharmacother 2009, 10(16):2581-2592.

2. Wenig CM, Schmidt CO, Kohlmann T, Schweikert B: Costs of back pain in
Germany. Eur J Pain 2009, 13(3):280-286.

3. Apkarian AV, Sosa Y, Sonty S, Levy RM, Harden RN, Parrish TB, Gitelman DR:
Chronic back pain is associated with decreased prefrontal and thalamic
gray matter density. J Neurosci 2004, 24(46):10410-10415.

4. Schmidt-Wilcke T, Leinisch E, Ganssbauer S, Draganski B, Bogdahn U,
Altmeppen J, May A: Affective components and intensity of pain
correlate with structural differences in gray matter in chronic back pain
patients. Pain 2006, 125(1-2):89-97.

5. Flor H, Diers M, Birbaumer N: Peripheral and electrocortical responses to
painful and non-painful stimulation in chronic pain patients, tension
headache patients and healthy controls. Neurosci Lett 1997, 224(1):5-8.

6. Flor H, Diers M: Sensorimotor training and cortical reorganization.
NeuroRehabilitation 2009, 25(1):19-27.

7. Rodriguez-Raecke R, Niemeier A, Ihle K, Ruether W, May A: Brain gray
matter decrease in chronic pain is the consequence and not the cause
of pain. J Neurosci 2009, 29(44):13746-13750.

8. Tsao H, Galea MP, Hodges PW: Driving plasticity in the motor cortex in
recurrent low back pain. Eur J Pain 2010, 14(8):832-839.

9. Waddell G: The Back Pain Revolution. Edinburgh: Churchill Livingstone;
2004.

10. Coffey RJ: Deep brain stimulation for chronic pain: results of two
multicenter trials and a structured review. Pain Med 2001, 2(3):183-192.

11. Rasche D, Rinaldi PC, Young RF, Tronnier VM: Deep brain stimulation for
the treatment of various chronic pain syndromes. Neurosurg Focus 2006,
21(6):E8.

12. Kumar K, Toth C, Nath RK: Deep brain stimulation for intractable pain: a
15-year experience. Neurosurgery 1997, 40(4):736-746, discussion 746-737.

13. Tsubokawa T, Katayama Y, Yamamoto T, Hirayama T, Koyama S: Chronic
motor cortex stimulation for the treatment of central pain. Acta
Neurochir Suppl (Wien) 1991, 52:137-139.

14. Velasco F, Arguelles C, Carrillo-Ruiz JD, Castro G, Velasco AL, Jimenez F,
Velasco M: Efficacy of motor cortex stimulation in the treatment of
neuropathic pain: a randomized double-blind trial. J Neurosurg 2008,
108(4):698-706.

15. Trivedi B: Electrify Your Mind - Literally. New Scientist 2006, , April 15: 34-37.
16. Fregni F, Boggio PS, Lima MC, Ferreira MJ, Wagner T, Rigonatti SP,

Castro AW, Souza DR, Riberto M, Freedman SD, et al: A sham-controlled,
phase II trial of transcranial direct current stimulation for the treatment
of central pain in traumatic spinal cord injury. Pain 2006, 122(1-
2):197-209.

17. Soler MD, Kumru H, Pelayo R, Vidal J, Tormos JM, Fregni F, Navarro X,
Pascual-Leone A: Effectiveness of transcranial direct current stimulation
and visual illusion on neuropathic pain in spinal cord injury. Brain 2010,
133(9):2565-2577.

18. Fregni F, Gimenes R, Valle AC, Ferreira MJ, Rocha RR, Natalle L, Bravo R,
Rigonatti SP, Freedman SD, Nitsche MA, et al: A randomized, sham-
controlled, proof of principle study of transcranial direct current
stimulation for the treatment of pain in fibromyalgia. Arthritis Rheum
2006, 54(12):3988-3998.

19. Valle A, Roizenblatt S, Botte S, Zaghi S, Riberto M, Tufik S, Boggio PS,
Fregni F: Efficacy of anodal transcranial direct current stimulation (tDCS)
for the treatment of fibromyalgia: results of a randomized, sham-
controlled longitudinal clinical trial. J Pain Manag 2009, 2(3):353-361.

20. Fenton BW, Palmieri PA, Boggio P, Fanning J, Fregni F: A preliminary study
of transcranial direct current stimulation for the treatment of refractory
chronic pelvic pain. Brain Stimul 2009, 2(2):103-107.

21. Mori F, Codeca C, Kusayanagi H, Monteleone F, Buttari F, Fiore S,
Bernardi G, Koch G, Centonze D: Effects of anodal transcranial direct
current stimulation on chronic neuropathic pain in patients with
multiple sclerosis. J Pain 2009, 11(5):436-442.

22. Antal A, Terney D, Kuhnl S, Paulus W: Anodal transcranial direct current
stimulation of the motor cortex ameliorates chronic pain and reduces
short intracortical inhibition. J Pain Symptom Manage 2010, 39(5):890-903.

23. Boggio PS, Amancio EJ, Correa CF, Cecilio S, Valasek C, Bajwa Z,
Freedman SD, Pascual-Leone A, Edwards DJ, Fregni F: Transcranial DC
stimulation coupled with TENS for the treatment of chronic pain: a
preliminary study. Clin J Pain 2009, 25(8):691-695.

24. Poreisz C, Boros K, Antal A, Paulus W: Safety aspects of transcranial direct
current stimulation concerning healthy subjects and patients. Brain Res
Bull 2007, 72(4-6):208-214.

Luedtke et al. BMC Musculoskeletal Disorders 2011, 12:290
http://www.biomedcentral.com/1471-2474/12/290

Page 5 of 6

http://www.ncbi.nlm.nih.gov/pubmed/19874246?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19874246?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19874246?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18524652?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18524652?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15548656?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15548656?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16750298?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16750298?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16750298?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9132689?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9132689?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9132689?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19713616?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19889986?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19889986?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19889986?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20181504?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20181504?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15102250?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15102250?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17341052?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17341052?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9092847?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9092847?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18377249?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18377249?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16564618?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16564618?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16564618?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20685806?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20685806?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17133529?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17133529?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17133529?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21170277?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21170277?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21170277?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20633407?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20633407?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20633407?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20018567?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20018567?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20018567?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20471549?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20471549?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20471549?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19920718?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19920718?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19920718?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17452283?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17452283?dopt=Abstract


25. Nitsche MA, Liebetanz D, Lang N, Antal A, Tergau F, Paulus W: Safety
criteria for transcranial direct current stimulation (tDCS) in humans. Clin
Neurophysiol 2003, 114(11):2220-2222, author reply 2222-2223.

26. Nitsche MA, Liebetanz D, Antal A, Lang N, Tergau F, Paulus W: Modulation
of cortical excitability by weak direct current stimulation–technical,
safety and functional aspects. Suppl Clin Neurophysiol 2003, 56:255-276.

27. Nitsche MA, Paulus W: Sustained excitability elevations induced by
transcranial DC motor cortex stimulation in humans. Neurology 2001,
57(10):1899-1901.

28. Gandiga PC, Hummel FC, Cohen LG: Transcranial DC stimulation (tDCS): a
tool for double-blind sham-controlled clinical studies in brain
stimulation. Clin Neurophysiol 2006, 117(4):845-850.

29. Bendix AF, Bendix T, Vaegter K, Lund C, Frolund L, Holm L:
Multidisciplinary intensive treatment for chronic low back pain: a
randomized, prospective study. Cleve Clin J Med 1996, 63(1):62-69.

30. Dufour N, Thamsborg G, Oefeldt A, Lundsgaard C, Stender S: Treatment of
chronic low back pain: a randomized, clinical trial comparing group-
based multidisciplinary biopsychosocial rehabilitation and intensive
individual therapist-assisted back muscle strengthening exercises. Spine
(Phila Pa 1976) 2010, 35(5):469-476.

31. Lamb SE, Hansen Z, Lall R, Castelnuovo E, Withers EJ, Nichols V, Potter R,
Underwood MR: Group cognitive behavioural treatment for low-back
pain in primary care: a randomised controlled trial and cost-
effectiveness analysis. Lancet 2010, 375(9718):916-923.

32. Ostelo RW, Deyo RA, Stratford P, Waddell G, Croft P, Von Korff M,
Bouter LM, de Vet HC: Interpreting change scores for pain and functional
status in low back pain: towards international consensus regarding
minimal important change. Spine (Phila Pa 1976) 2008, 33(1):90-94.

33. Maughan EF, Lewis JS: Outcome measures in chronic low back pain. Eur
Spine J 2010, 19(9):1484-1494.

34. Fairbank JC, Couper J, Davies JB, O’Brien JP: The Oswestry low back pain
disability questionnaire. Physiotherapy 1980, 66(8):271-273.

35. Mannion AF, Junge A, Fairbank JC, Dvorak J, Grob D: Development of a
German version of the Oswestry Disability Index. Part 1: cross-cultural
adaptation, reliability, and validity. Eur Spine J 2006, 15(1):55-65.

36. ten Klooster PM, Drossaers-Bakker KW, Taal E, van de Laar MA: Patient-
perceived satisfactory improvement (PPSI): interpreting meaningful
change in pain from the patient’s perspective. Pain 2006, 121(1-
2):151-157.

37. Dunn KM, Croft PR: Classification of low back pain in primary care: using
“bothersomeness” to identify the most severe cases. Spine (Phila Pa 1976)
2005, 30(16):1887-1892.

38. Bergman S, Jacobsson LT, Herrstrom P, Petersson IF: Health status as
measured by SF-36 reflects changes and predicts outcome in chronic
musculoskeletal pain: a 3-year follow up study in the general
population. Pain 2004, 108(1-2):115-123.

39. Elliott TE, Renier CM, Palcher JA: Chronic pain, depression, and quality of
life: correlations and predictive value of the SF-36. Pain Med 2003,
4(4):331-339.

40. Ahrens C, Schiltenwolf M, Wang H: [Health-related quality of life (SF-36) in
chronic low back pain and comorbid depression.]. Schmerz 2010,
24(3):251-256.

41. Bullinger M: German translation and psychometric testing of the SF-36
Health Survey: preliminary results from the IQOLA Project. International
Quality of Life Assessment. Soc Sci Med 1995, 41(10):1359-1366.

42. Kohlmann T, Raspe H: [Hannover Functional Questionnaire in ambulatory
diagnosis of functional disability caused by backache]. Rehabilitation
(Stuttg) 1996, 35(1):I-VIII.

43. Waddell G, Newton M, Henderson I, Somerville D, Main CJ: A Fear-
Avoidance Beliefs Questionnaire (FABQ) and the role of fear-avoidance
beliefs in chronic low back pain and disability. Pain 1993, 52(2):157-168.

44. Pfingsten M, Kroner-Herwig B, Leibing E, Kronshage U, Hildebrandt J:
Validation of the German version of the Fear-Avoidance Beliefs
Questionnaire (FABQ). Eur J Pain 2000, 4(3):259-266.

45. Staerkle R, Mannion AF, Elfering A, Junge A, Semmer NK, Jacobshagen N,
Grob D, Dvorak J, Boos N: Longitudinal validation of the fear-avoidance
beliefs questionnaire (FABQ) in a Swiss-German sample of low back pain
patients. Eur Spine J 2004, 13(4):332-340.

46. Vlaeyen JW, Linton SJ: Fear-avoidance and its consequences in chronic
musculoskeletal pain: a state of the art. Pain 2000, 85(3):317-332.

47. Leonhardt C, Lehr D, Chenot JF, Keller S, Luckmann J, Basler HD, Baum E,
Donner-Banzhoff N, Pfingsten M, Hildebrandt J, et al: Are fear-avoidance
beliefs in low back pain patients a risk factor for low physical activity or
vice versa? A cross-lagged panel analysis. Psychosoc Med 2009, 6(Doc01).

48. Zigmond AS, Snaith RP: The hospital anxiety and depression scale. Acta
Psychiatr Scand 1983, 67(6):361-370.

49. Kääpä EF, Sarna K, Malmivaara S: Multidisciplinary Group Rehabilitation
Versus Individual Physiotherapy for Chronic Nonspecific Low Back Pain.
Spine 2008, 31(4):371-376.

50. World Medical Association: Declaration of Helsinki 2008 [http://www.wma.
net/en/30publications/10policies/b3/index.html].

51. O’Connell NE, Wand BM, Marston L, Spencer S, DeSouza LH: Non-invasive
brain stimulation techniques for chronic pain in adults (protocol).
Cochrane Database Syst Rev (online) 2010.

52. Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P,
Schunemann HJ: GRADE: an emerging consensus on rating quality of
evidence and strength of recommendations. BMJ 2008,
336(7650):924-926.

53. Melzack R: The short-form McGill Pain Questionnaire. Pain 1987,
30(2):191-197.

54. Exner V, Keel P: [Measuring disability of patients with low-back pain–
validation of a German version of the Roland & Morris disability
questionnaire]. Schmerz 2000, 14(6):392-400.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2474/12/290/prepub

doi:10.1186/1471-2474-12-290
Cite this article as: Luedtke et al.: Effectiveness of anodal transcranial
direct current stimulation in patients with chronic low back pain:
Design, method and protocol for a randomised controlled trial. BMC
Musculoskeletal Disorders 2011 12:290.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Luedtke et al. BMC Musculoskeletal Disorders 2011, 12:290
http://www.biomedcentral.com/1471-2474/12/290

Page 6 of 6

http://www.ncbi.nlm.nih.gov/pubmed/14580622?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14580622?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14677403?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14677403?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14677403?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11723286?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11723286?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16427357?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16427357?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16427357?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8590519?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8590519?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20189241?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20189241?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20189241?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20397032?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6450426?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6450426?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15856341?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15856341?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15856341?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16472915?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16472915?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16472915?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15109514?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15109514?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15109514?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15109514?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14750909?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14750909?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20458502?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20458502?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8560303?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8560303?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8560303?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8455963?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8455963?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8455963?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10985869?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10985869?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14714246?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14714246?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14714246?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10781906?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10781906?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6880820?dopt=Abstract
http://www.wma.net/en/30publications/10policies/b3/index.html
http://www.wma.net/en/30publications/10policies/b3/index.html
http://www.ncbi.nlm.nih.gov/pubmed/18436948?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18436948?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3670870?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12800012?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12800012?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12800012?dopt=Abstract
http://www.biomedcentral.com/1471-2474/12/290/prepub

