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Purpose: Neuroscience studies suggest that Chronic Low Back Pain (CLBP) is associated
with central sensitization, and maladaptive reorganization of the brain; this introduced a new
target for LBP treatment. Studies revealed that cortical and peripheral electrical stimulation can
be beneficial in regulating brain neuronal activity. However, there is a scarcity of evidence to
support the effects of cortical and peripheral stimulation on brain function in patients with CLBP.
This double-blind randomized controlled trial investigates the immediate and short-term effects
of cortical and peripheral stimulation applied alone and combined on brain activity, pain, and
function in patients with CLBP.
Methods: Twenty-seven patients with CLBP will be randomozed into three intervention groups
using covariate adaptive randomization. The intervention group receives 10 sessions of treatment
for 5 days/week as follows: 1: Real Transcranial Direct Current Stimulation (tDCS) and real
Transcutaneous Electrical Nerve Stimulation (TENS); group 2: Real tDCS and sham TENS; and
group 3: Sham tDCS and real TENS. Brian waves activity, pain intensity, functional ability, and
pain threshold will be assessed before, immediately after the first session of treatment, as well as
one day and 1 month after the interventions.
Conclusion: The findings of this study provide insight into the effects of cortical and peripheral
stimulation applied alone or combined on brain function in patients with CLBP. It also improves
our understanding about potential association between CLBP and cortical plasticity.
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Highlights
● The effects of cortical and peripheral stimulation on brain activity in patients with LBP are unknown.
● The study will provide high-level evidence about cortical effects of transcranial direct current stimulation and transcutaneous electrical nerve stimulation for low back pain treatment.
● Our finding can assist clinical practice and decision-making process for the treatment of low back pain.

Plain Language Summary
This clinical trial will assess the effects of cortical and peripheral stimulation on brain activity in patients with chronic
low back pain. The results of this study may help to find a more effective treatment for chronic low back pain.

C

1. Introduction

hronic Low Back Pain (CLBP) is the most
prevalent chronic pain condition affecting
70-85% of the adult population [1]. Approximately 10-30% develop chronic pain,
which leads to early retirement and tremendous healthcare costs [1, 2]. Despite advances in diagnostic tools and techniques, in most cases,
it is impossible to identify any specific cause responsible
for these symptoms [3, 4]. Moreover, even when anatomical abnormalities are detected, the significance is unclear,
making CLBP a challenging condition to treat [5].
In general, the traditional treatment approach to CLBP
focuses on peripheral and structural abnormalities assumed to be related to the symptoms. For this aim, a
variety of conservative treatments such as medication,
acupuncture, exercise therapy, and peripheral electrical stimulation modalities are applied [6-9]. However,
a modern neuroscience approach indicates the role of
the Central Nervous System (CNS) in the chronicity
and persistence of pain in chronic pain conditions such
as CLBP [10, 11]. Mechanisms such as the central sensitization and maladaptive reorganization of a widely
distributed neural network involved in pain sensation
and perception (i.e. ‘pain neuromatrix’) contribute to the
chronicity of pain [12-16].
Numerous neuroscience studies demonstrated the anatomical
and functional reorganization of sensorimotor cortex in patients
with CLBP [17-19]. Changes in brain electrical activity were
also reported in patients with chronic pain [20]. These findings
have introduced a new biological target: cortical changes, for the
treatment of LBP.
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Transcranial Direct Current Stimulation (tDCS) is a
non-invasive tool, widely used in clinical settings for
cortical stimulation. Additionally, tDCS is beneficial in
regulating brain neuronal activity [21]. Although the
precise mechanism is not completely clear, it is assumed
that tDCS modulates cortical excitability by altering cell
membrane potential [22]. Moreover, Peripheral Electrical Stimulation (PES) using Transcutaneous Electrical
Nerve Stimulation (TENS) device may also reduce cortical and spinal excitability. [23-25]. Human and animal
studies reported that PES reduces pain by blocking nociceptive afferent impulses (the peripheral mechanism),
and activating descending inhibitory pain pathways (the
central mechanism) [25, 26].
However, the effects of cortical and peripheral electrical stimulation on LBP are controversial. In addition, there is a scarcity of
evidence about the effects of cortical and peripheral stimulations
on brain activity in patients with CLBP. Limited studies have investigated the effects of cortical stimulation alone, and combined
with peripheral electrical stimulation on pain, and brain function
in CLBP patients [27-29]. Hazime et al. observed no significant
reduction in LBP using tDCs. Other studies suggested that tDCS
applied alone may significantly reduce LBP. However, the results of Hazime et al. support the short-term effectiveness of
combined tDCS and TENS in reducing CLBP.
To our knowledge, Schabrun et al. are the only to investigate the immediate cortical changes following combined
tDCS and TENS in patients with CLBP. They reported
significant improvement in the motor cortical organization of the brain immediately after one session of combined tDCS and TENS. Therefore, there is still insufficient
information about the immediate and short-term effects of
cortical and peripheral stimulation alone and combined on
brain activity changes in patients with CLBP.
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This randomized controlled trial investigated the immediate and short-term effects of cortical and peripheral
stimulation, applied alone and combined on the brain activity, pain intensity, pain threshold, and function in patients with CLBP. We hypothesized that combined cortical and peripheral stimulation may provide additional
outcomes as well as insight into a more comprehensive
approach for CLBP treatment.

2. Materials and Methods
In this double-blind (patient and tester) randomized trial, 27 study participants with a diagnosis of non-specific
CLPB. They will be allocated to three parallel intervention groups, including: 1: tDCS+TENS; 2: tDCS; and 3:
TENS. Non-specific LBP is described as low back pain
with an unknown cause [30]. The number of participants
was determined based on the results of our pilot study
on 5 subjects in each group (β=0.20 and α=0.05) using
mean score differences in the overall average beta absolute power of the brain activity after the first session of
treatment interventions. Based on this, 7 participants are
required in each group. Considering a 20% attrition, 9
subjects will be included in each group. This study was
approved by the Ethics Committee of Ahvaz Jundishapur University of Medical Sciences (IR.AJUMS.
REC.1396.713) and was registered in Iranian Registry
for Clinical Trials (IRCT20140705018362N3).
Recruitment and eligibility
We have recruited prospective participants from the
rheumatology and orthopedics clinics affiliated to the
university through referrals by the physicians and nurses
working at the clinics. Then, an investigator contacted
the prospective participants to outline the study, ask their
interest for participation, and assess general eligibility
(age, medical conditions such as depression, neurologic
diseases, chronic pain conditions other than CLBP). If interested, an independent physiotherapist will examine the
prospective participants in terms of the inclusion and exclusion criteria. The eligible participants will receive detailed information about the study protocol and provided
written consent before participation. Thus, approximately
6-9 months are required for collecting and analyzing the
data.
The inclusion criteria comprise a history of sustained
LBP for more than six months or recurrent LBP with at
least three frequencies in the last year needing activity
restriction or medical treatment [31]; age range of 30-50
years, and average pain intensity of˃30 based on a 100
mm Visual Analog Scale (VAS). The study participants

will be excluded if they have a systemic metabolic disorder, a history of inflammatory joint disease, neurological
disorders, such as a headache, seizure and polyneuropathy, psychological disorders, trauma to low back in the
last year, herniated disc with pressure effect on nerve
root based on MRI report, spinal surgery, spondylolysis
and spondylolisthesis, pregnancy, the use of medications
affecting on the brain waves activity, alcoholism and addiction, and past physiotherapy experience [29, 32].
Randomization and allocation concealment
A covariate adaptive randomization technique will be
used to allocate the study participants to the intervention
groups [33]. First, an office staff with no other role in
the study randomly assign the first 15 study participants
into the treatment groups, using sequentially numbered,
opaque, and sealed envelopes. Then, Taves thecnique for
balance randomization will be used to balance the study
participants in the groups based on the covariates of gender and age [33]. The envelopes will be kept in a locked
drawer, only accessible to the person in charge of randomization.
Study procedure
The intervention groups will receive 10 sessions of
treatment for 5 days/week. The first group received the
real cortical and peripheral stimulation (real tDCS, real
TENS), the second group real cortical and sham peripheral stimulation (real tDCS, sham TENS), and the third
group received sham cortical and real peripheral stimulation (sham tDCS, real TENS). The cortical stimulation
will be performed by tDCS device (Neurostim 2, Medina
Teb Company, Tehran, Iran). Two sponge electrodes (5×7
cm soaked in physiologic saline) are placed on the scalp
according to the international 10-20 system [22, 34]. The
anode electrode is placed on the cortical representation of
the lumbar paraspinal muscle (C3 or C4: 1 cm forward
and 4 cm lateral to the vertex point), contralateral to the
pain site [35]. The cathode is placed on the supraorbital
area contralateral to the anode electrode [36, 37].
For the study participants with central lumbar pain, the
anode is placed on the contralateral side to the dominant
upper limb [38, 39]. The study participants in the real
tDCS group will receive 20 min of cortical stimulation
with an intensity of 2 mA, density of 0.057 mA/cm2 [37].
The sham tDCS group will only receive real tDCS for
30 s and then the intensity will be reduced to zero after
30 s [36].
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The real TENS group will receive peripheral stimulation using a TENS device (Nu-Tek Med Co., MT2200,
China) for 30 minutes with the asymmetric biphasic rectangular waves, a frequency of 100 Hz, and pulse duration of 200 μs [40]. Four stimulating electrodes (6×4 cm)
are positioned on both sides of the painful lumbar region
in parallel alignment. The intensity is adjusted every 5
min to the sensory threshold. The sham TENS group will
receive TENS only for 30 s, and then, the intensity will
be reduced to zero.
The overall and regional brain waves activities in both EyesOpened and Eyes-Closed conditions (EO, EC), pain intensity,
functional ability, and pain threshold will be assessed before, immediately after the first session of treatment, as well as one day
and 1 month after the interventions.
Data collection
Primary outcome measures
The primary outcomes are the absolute and relative
power of brain waves activity which will be measured
using a quantitative Electroencephalography (qEEG,
Mitsar-EEG-201, Saint Petersburg, Russia, the sampling
frequency: 500 Hz, maximum electrode impedance: 5
K ohms, and the high pass frequency: 70 Hz) machine.
The qEEG is a quantitative diagnostic tool for brain
waves analysis [41]. Absolute power represents the total
energy of each electrode (in microvolt sq) for each frequency band [42]. Relative power is the power of each
frequency band relative to the total spectrum [41]. For
the qEEG recording, the participant sits on a reclining
chair in a semidark quiet room: 19 recording electrodes
will be placed on scalp according to the international 1020 system, with the reference electrodes to the earlobes.
The brain waves activity will be recorded in both EO and EC
conditions for 5 minutes. In the EO condition, participants will
be asked to keep eyes open and look at the fixation mark on the
wall. In the EC condition, participants close their eyes, but not
sleep. All EEG recordings will be obtained in the morning. The
study participants will be instructed to avoid caffeinated drinks
in the recording day [43].
The absolute and relative power for frequency bands
of delta (1.0-4.0 Hz), theta (4.0-8.0 Hz), alpha (8.012.0 Hz), and beta (12.0-25.0 Hz) were determined using Neuroguide software. It eliminates the artifacts and
analysis the raw file of EEG data. This software uses
spectral analysis to create absolute and relative power
indices, compared to a normal database (age- and gender-matched healthy controls) [44, 45]. The database
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contained 625 people with an age range of 2-82 years
(56.8% were male and 43.2% were female) with no history of CNS diseases, psychosis, or physical and mental
abnormalities [45]. Variance from the normal database
is transformed to Z-scores for any point in each banding frequency. Then, for each frequency band, the mean
brain activity score of all 19 sites will be calculated as
"overall averaging." The mean activity value of each frequency band will also be calculated at frontal (Fp1, Fp2,
F3, F4, F7, F8, Fz), central (C3, C 4, C z), parietal (P3, P4, Pz),
occipital (O1, O2) and temporal (T3, T4, T5, T6) regions as
regional average [41].
Secondary outcome measures
The secondary outcome measures include pain intensity, functional capacity; and pressure pain thresholds.
Pain intensity will be assessed using a 100 mm VAS, 0
scores representing no pain and 100 scores very severe
pain. The study participants will rate their mean pain intensity of the last 7 days. The validity and reliability of
VAS are previously reported [46, 47]. In addition, Kelly
et al. indicated the minimum clinically significant difference of 9 mm for VAS (95%CI, 6 to13 mm) [48].
Function includes the sit-to-stand, stand-to-sit test, the
Timed Up and Go (TUG) test, the modified Schober’s
test, and the Oswestry Disability Index (ODI) test to
assess the study participant’s functional ability. In sitto-stand and stand-to-sit test, the participant sits in the
middle of a height adjustable chair with no armrest
while folding arms across the chest. The participant
will be asked to stand up at his/her own pace following
the “Go” command by the tester, return to a complete
sitting position, and repeat the task for 30 s. The number of repetitions in 30 s will be recorded as the test’s
score [49].
Timed Up and Go (TUG) test evaluates balance, and
the risk of falling and functional mobility [50-52]. The
participant will be instructed to sit back on a standard
armchair, stand upon the command “Go” by the examiner, walk to the end of a 3-meters path, turn around and
walk back to the chair and sit down, as quickly as possible. The examiner starts timing on the command “Go”
time since and stop timing when the participant sits back
on the chair. The performance of the participant is based
on the time spent to complete the task.
Modified Schober’s test evaluates the lumbar pain-free
range of flexion by measuring the distance between two
reference lines in the erect standing and trunk flexion po-
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sitions [53]. The examiner marks the lumbosacral junction at the level of the posterior superior iliac spine and
15 cm above. Then, the participant performs full painfree forward flexion. The average of three test trials with
a 20 s time interval will be noted as trunk flexion.

zation, and improve pain and function in patients with LBP. It
can also help to determine which treatment strategy may offer
additional short-term outcomes.

Oswestry Disability Index (ODI) scale is used to score
the level of disability for each participant [54]. This questionnaire has 10 sections concerning limitations in daily
activities, each containing 6 items with a total score of 5.
Overall, the ODI score ranges between 0-50, expressed
as a percentage, with zero scores indicating the ability
to perform daily activities without limitation. The disability score of 0-20% indicates the minimal disability,
21-40% moderate disability, 41-60% severe disability,
61-80% crippling back pain, and 81-100% score suggests that subject is either bedbound or exaggerating the
symptoms [55].
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Sensitization pressure algometry (FG-5020, Taiwan,
probe size 1 cm2) will be used to quantify pressure pain
threshold at the lumbar painful site and the thumbnails
to assess primary and secondary hyperalgesia (a reflection of central sensitization), respectively [56, 57]. To
conduct the tests, the participant lies in a prone position;
the pressure is applied perpendicular to the tissue with a
slow steady rate [58]. The participant will be instructed
to express verbally as soon as feeling pain. The average
value of three test trials performed with a 20 s time interval is recorded as the pressure pain threshold.

Writing of original draft: Maryam Sadat Larie; Review
& editing, funding acquisition, supervision: Fateme Esfandiarpour; Conceptualization, investigation: Maryam
Sadat Larie, Fateme Esfandiarpour; Methodology:
Maryam Sadat Larie, Forough Riahi, Fateme Derisfard,
and Mohamad Parnianpour

Statistical analysis

The authors declare no conflict of interests related to
this manuscript.

A 3 (groups) by 4 (times) mixed Analysis of Variance
(ANOVA) will be used to compare intragroup and intergroup differences for each outcome measures. The level
of significance was set at P<0.05 and the confidence
interval was considered as 95%CI for all analysis. The
obtained data were analyzed using SPSS.

3. Discussion
In this study, we will compare the effects of cortical and peripheral stimulation alone and combined on brain waves activity,
along with clinical symptoms in patients with CLBP. In addition, the sham tDCS and sham TENS will be used to control the
placebo effects of electrical stimulation. To our knowledge, this
clinical trial is the first to evaluate the immediate and short-term
effects of cortical and peripheral stimulation on brain activity
and clinical signs and symptoms. The obtained results may help
physiotherapists in selecting more effective interventions for
CLBP treatment. Our findings may provide insight into whether
cortical and peripheral stimulation can normalize brain organi-
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