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Background: The purpose of this study was to assess the effectiveness of transcutaneous electrical nerve stimulation (TENS) in chronic low back pain and neuropathic pain.
Methods: Seventy-four patients aged 18-65 with chronic low back pain were included in the study. Baseline measurements were performed, and patients were
randomized into three groups. The first group received burst TENS (bTENS), the second group conventional TENS (cTENS), and the third group placebo TENS (pTENS),
all over 15 sessions. Patients’ visual analogue scale (VAS) scores were evaluated
before treatment (preT), immediately after treatment (postT), and in the third month
after treatment (postT3). Douleur Neuropathique 4 Questions (DN4), the Modified
Oswestry Low Back Pain Disability Questionnaire (MOS), the Beck Depression Inventory (BDI), and sympathetic skin response (SSR) values were also evaluated preT
and postT3.
Results: A statistically significant improvement was observed in mean VAS scores
postT compared to preT in all three groups. Intergroup comparison revealed a significant difference between preT and postT values, that difference being assessed in
favor of bTENS at multiple comparison analysis. Although significant improvement
was determined in neuropathic pain DN4 scores measured at postT3 compared to
preT in all groups, there was no significant difference between the groups. No statistically significant difference was also observed between the groups in terms of
MOS, BDI, or SSR values at postT3 (P > 0.05).
Conclusions: bTENS therapy in patients with low back pain is an effective and safe
method that can be employed in short-term pain control.
Key Words: Chronic Pain; Depression; Electromyography; Low Back Pain; Neuralgia; Pain Management; Surveys and Questionnaires; Sympathetic Nervous System;
Transcutaneous Electric Nerve Stimulation.
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INTRODUCTION
Low back pain is a widespread global public health problem and cause of disability resulting in increased medical
spending and workforce losses. Eighty percent of the population experience low back pain attacks at some time in
their lives. Low back pain initially exhibits a good prognosis, and 54%-90% of patients improve within a few months.
However, recurrence develops in 24%-80% of patients in
the first year, and chronic problems capable of causing
disability are seen in a mean 20% of patients [1-3].
Chronic back pain is defined as persistence for longer
than three months, and progresses together with psychosocial and functional impairment [4]. Mechanical low
back pains are those deriving from anatomical structures
such as the vertebral column, intervertebral disks, and
soft tissue, and in which underlying inflammatory, malignant, and infectious pathologies have been excluded [5].
Mechanisms causing nociceptive and neuropathic pain
are involved in the pathophysiology of low back pain [6].
Nociceptive pain derives from inflammatory responses
associated with tissue injury [7], while neuropathic pain
has been defined as those deriving from primary lesions,
dysfunction, or temporary impairment of the peripheral
or central nervous system [8,9]. Four percent of the adult
population experiences neuropathic chronic low back
pain at some time in their lives. Epidemiological studies
show that the incidence of neuropathic pain in patients
with low back pain ranges between 17% and 54%. The most
common neuropathic pain presentation is chronic lumbar
radiculopathy [6,10,11].
In addition to various conservative therapies such as
medical therapies, physiotherapy, exercise, and complementary procedures in the treatment of low back pain,
multidisciplinary approaches such as behavioral cognitive
therapy and, if necessary, invasive methods, can also be
employed [12,13]. Transcutaneous electrical nerve stimulation (TENS), which is frequently applied in clinical practice, is a widely employed non-invasive, easily applied, and
safe method with a low side-effect profile [14,15].
Various effect mechanisms have been proposed for
TENS. According to Melzack and Wall’s ‘gate control’ theory, cells in the medulla spinalis substantia gelatinosa are
stimulated by nociceptive and sensory signals. The ‘gate
control theory’ proposes that pain sensation commencing from nociceptors is prevented from being transported
to the higher centers of the brain where pain is perceived.
According to the theory, the stimulation of large-diameter
A-β sensory afferents activates inhibitor interneurons in
the substantia gelatinose in the posterior horn of the spinal cord, thus weakening the transmission of nociceptive
signals transmitted by small-diameter A-δ and C fibers.
Korean J Pain 2021;34(2):217-228
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In addition, a series of cascades including endogenous
opioids involving supraspinal mechanisms also play a role
in pain control [16,17]. TENS can be applied in different
forms, depending on intensity and frequency (high frequency is > 50 Hz, and low frequency < 10 Hz) [17]. Different therapeutic effects can thus be achieved by modifying
the frequency, duration, and amplitude of the electric current [18]. Conventional TENS (cTENS) involves the application of a high-frequency and low-intensity current, while
burst TENS (bTENS) consists of a low-frequency current
applied at a high frequency in burst form [19].
The primary aim of this study was to investigate the effectiveness of TENS therapy in mechanical type low back
pain, and to assess the efficacy of different methods of application on pain, neuropathic pain, functional status, and
attitudes and symptoms in the light of electrophysiological
findings.

MATERIALS AND METHODS
The research was planned as a prospective, randomized,
single-blind, placebo-controlled study. The study was performed in compliance with the Helsinki Declaration, and
approval was granted by the Istanbul University Medical
Faculty Clinical Research Ethical Committee (no. 2012/1295-1167).
The patients included in the study were informed about
the aim of the study, its duration, the therapeutic methods
to be applied in the scope of the research, and potential
problems and side-effects during follow-up, both verbally
and in writing, using a ‘Volunteer Information Form.’ All
patients agreeing to participate gave written consent by
signing a ‘Volunteer Consent Form.’

1. Patients
Seventy-four patients (27 female, 47 male, mean age 43.3
± 11.3) aged 18-65, presenting to the Physical Medicine
and Rehabilitation Clinic between January and June 2013,
with mechanical type low back pain persisting for more
than three months, were invited to take part in the study.
Patients aged 18-65 years with mechanical chronic low
back pain persisting for longer than 12 weeks and with
no underlying inflammatory or neoplastic disease were
included. Participants included in the study were selected
from patients with lumbar disc disease without radicular
compression. Thirty-two patients had degenerative disc
disease and 42 had disc herniation without radiculopathy.
In order to exclude neuropathic pain caused by radiculopathy, pre-treatment conduction and needle electromyography (EMG) examinations were evaluated. Patients with
https://doi.org/10.3344/kjp.2021.34.2.217
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diabetes mellitus, inflammatory disease, hypothyroidism, vitamin B12 deficiency, major depression, comorbid
diseases capable of affecting sympathetic skin response
(SSR), or history of major trauma or surgery to the low back
region were excluded from the study. In order to achieve α
< 0.05 and β = 80%, according to the visual analogue scale
(VAS) scores, we calculated that 21 participants would be
required for each group, as described by Topuz et al. [20].
This research was designed as a single-blind study.
The participants were not informed whether they were
being given the main treatment or a placebo. Patients’
demographic data such as age, sex, body mass index, and
occupation were recorded together with their clinical
characteristics. Detailed histories were taken, and clinical
examinations were performed. Existing laboratory and radiological tests were also assessed. Patients were evaluated
immediately after treatment (postT) for short term effects,
and the third month after treatment (postT3) for long term
effects. The study CONSORT (Consolidated Standards of
Reporting Trials) flow diagram is summarized in Fig. 1.

2. Assessment methods
1) Pain measurement
A VAS was employed to assess the severity of low back
pain [21]. Patients were asked to mark a point on a 10cm line, on which 0 represented no pain and 10 the worst
possible pain, corresponding to the severity of their pain.
Patients were asked about the mean pain level felt during
the day and night-time pain before treatment, at the end of
treatment, and at follow-ups in the third month. VAS was

applied in the early period, in contrast to the other assessment methods employed in the study, since neurological
pain mechanisms are more complex, and we anticipated
that a longer time would be required until significant improvement occurred.
2) Neuropathic pain evaluation
The severity of neuropathic pain was assessed at the
start of treatment and in postT3 using the Douleur Neuropathique 4 Questions (DN4) scale. DN4 consists of four
questions using seven items related to symptoms, three of
which are associated with neurological examination. Total
scores were calculated, with scores above 4 indicating the
presence of neuropathic pain [22].
3) Functional status evaluation
The Modified Oswestry Low Back Pain Disability Questionnaire (MOS) consisting of 10 questions scored 0-5 was
used to assess patients’ functional status. The scale investigates intensity of pain, and degree of change in pain
during personal care, lifting, walking, sitting, standing,
sleeping, social life, and traveling. Patients’ MOS values
were evaluated at the start of treatment and in postT3 [23].
4) Evaluation of symptoms of depression
The Beck Depression Inventory (BDI) was applied for the
purpose of measuring physical, emotional, and cognitive
signs encountered in depression, such as pessimism, irritability, fatigue, and weight loss. BDI scores are evalu-

Assessed for eligibility (n = 210)
Excluded (n = 136)
Not meeting inclusion criteria (n = 88)
Declined to participate (n = 48)
Randomized (n = 74)

Allocation
bTENS group (n = 25)

cTENS group (n = 25)

pTENS group (n = 24)

Intervention
Lost to follow-up (n = 0)

Lost to follow-up (n = 0)

Lost to follow-up (n = 1)

Analysis
Analyzed (n = 25)

Analyzed (n = 25)

Analyzed (n = 23)

Fig. 1. CONSORT (Consolidated Standards of Reporting Trials) flow diagram of the patient inclusion process. TENS: transcutaneous electrical nerve
stimulation, bTENS: burst TENS, cTENS: conventional TENS, pTENS: placebo TENS.
www.epain.org
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ated from absence of symptoms to severe symptoms. Total
scores range between 0 (no depression) to 63 (severe depression). Patients’ BDI scores were evaluated at the start
of treatment and in postT3 [24].
5) Electromyographic evaluation
Conduction examinations and needle EMG were performed on all patients before treatment in order to differentiate peripheral neuropathy associated with other
causes and potential peripheral nerve and root lesions.
SSR was subsequently studied from the hands and feet,
with amplitude and latency values being recorded. SSR
evaluation was performed at a room temperature of 25°C,
in a standardized, quiet, and semi-dark environment, at
the Istanbul University Medical Faculty Neurology Department using an EMG device (Dantec Key Point® or twochannel Keypoint v3.03; Medtronic, Skovlunde, Denmark)
permitting computer software SSR measurements. SSR
was measured at a room temperature of 25°C, with patients at rest in a supine position. Six-millimeter silver disk
electrodes were employed as recording electrodes. For SSR
evaluation of the upper extremity, the active (–) electrode
was attached to the palmar region, the reference electrode
(+) to the dorsum of the hand, and the earth electrode to
the forearm. Similarly in the lower extremities, the active
electrode was attached to the sole of the foot, and the reference electrode to the dorsum of the foot. SSR was obtained
from the right upper and lower extremities through stimulation of the median nerve from the second finger or toe.
Duration of stimulation was set to 0.1 msec and intensity
to 15-20 mA. Stimuli were applied at varying intervals and
with > 30 seconds between stimuli in order to avoid habituation. A maximum of five unilateral stimulations were
applied to each patient. SSR was regarded as unresponsive
if no response was achieved to these five stimuli. Latency
was defined as the time to the start of the first deflection
from the start of the stimulus artefact (msec), and amplitude was measured from peak to peak (mV). The shortest
latency and highest amplitude values were included in the
analysis. SSR was re-evaluated postT3.
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tion (50-80 µs), 10-30 mA intensity and bTENS comprises a
baseline low frequency current (1-4 Hz) together with high
frequency trains (50-100 Hz). Patients were informed about
the therapeutic method and potential side-effects before
being taken for treatment. Two channels (four electrodes),
one applied to the right and the other to the left, were used
in treatment. The active electrode emerging from the different channel was attached 1.5 cm laterally to the vertebrae at the L2-L4 level, while the passive electrode was
placed 3 cm distally to the active electrode. TENS therapy
was applied for 30 minutes in the placebo group, with no
current being given to the TENS device, and at moderate
intensity, depending on the patient’s tolerance, in such a
way as not to cause pain or discomfort, in the individuals
receiving burst and conventional therapy. Patients were
not given any regular medical treatment, but were permitted to use tablets containing paracetamol if required, on
the condition that the dosage did not exceed 1 g a day. Pain
diaries were given to all patients, and they were asked to
register their pain intensities and paracetamol consumption at home. Treatment was applied for a total of 15 sessions, five times a week for three weeks. The placement of
the electrodes in the lumbar region is shown in Fig. 2.

4. Statistical analysis
Statistical analysis was conducted on SPSS version 21.0
(IBM Co., Armonk, NY) software. Mean, standard deviation, median, minimum, and maximum values were calculated for all parameters.
The Kolmogorov–Smirnov and Shapiro–Wilk tests were
applied on commencement to evaluate normality of distribution among the three groups. The Student t , Wilcoxon
signed ranks, and Freidman tests were employed to compare intragroup changes. Intergroup comparisons were
performed using the one-way ANOVA and Kruskal–Wallis

3. Treatment method
Patients were divided into three groups — cTENS, bTENS,
and placebo TENS (pTENS). Randomization was performed with a sequential order list using the Microsoft
Excel© 2003 (Microsoft, Redmond, WA) random number
production function.
TENS Intellect ® Advanced (Chattanooga, Mouguerre,
France) device is used in our study. cTENS stimulation
parameters are 60-80 Hz, with a pulse width of short duraKorean J Pain 2021;34(2):217-228

Fig. 2. Electrodes are placed in the lumbar region.
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tests. For multiple comparisons, the Mann–Whitney U
test with Bonferroni adjustment was used, where P < 0.05/
(number of comparsions) indicates a statistically significant difference between two groups. Numerical data were
assessed using the chi-square test. Correlations between
measurements were assessed using Spearman’s rho test
and the Pearson test in the light of the character and
distribution of variables. Results were analyzed at a 95%
confidence interval, and P -values < 0.05 were regarded as
statistically significant.

RESULTS
The 74 patients taking part in the study were assigned into
three groups: bTENS (n = 25), cTENS (n = 25), and pTENS
(n = 24). One patient from the placebo group was excluded
from the analysis due to a failure to attend follow-ups,
and the study was finally completed with 73 patients (25
bTENS, 25 cTENS, and 23 pTENS). Patients’ demographic
data and clinical characteristics are summarized in
Table 1. No TENS-associated side-effect developed in any
patient. No patients reported using paracetamol. Demographic and clinical characteristics were similar between

Table 1. Patients’ demographic data and clinical characteristics by groups
Characteristic
Age
Mean ± SD
Median
Min-Max
Sex (%)
Female
Male
BMI (kg/m2)
Mean ± SD
Median
Min-Max
Occupation (%)
Retired
Housewife
Manual worker
Clerical worker
Student
Other

bTENS

cTENS

pTENS

Total

P valuea

45.6 ± 9.4
45.0
24.0-64.0

43.2 ± 12.8
43.0
24.0-63.0

40.8 ± 11.5
40.0
20.0-64.0

43.3 ± 11.3
44.0
20.0-64.0

0.346

16 (64.0)
9 (36.0)

13 (52.0)
12 (48.0)

18 (78.0)
5 (22.0)

47 (64.4)
26 (35.6)

0.165

28.6 ± 4.8
28.1
20.5-39.5

27.4 ± 4.1
26.0
21.7-37.8

29.9 ± 4.6
29.3
22.0-40.5

28.6 ± 4.6
28.6
20.5-40.5

0.173

2 (8.0)
12 (48.0)
5 (20.0)
1 (4.0)
0 (0.0)
5 (20.0)

3 (12.0)
9 (36.0)
5 (20.0)
1 (4.0)
1 (4.0)
6 (24.0)

0 (0.0)
11 (48.0)
5 (22.0)
3 (13.0)
1 (4.0)
3 (13.0)

5 (7.0)
32 (44.0)
15 (20.0)
5 (7.0)
2 (3.0)
3 (4.0)

TENS: transcutaneous electrical nerve stimulation, bTENS: burst TENS, cTENS: conventional TENS, pTENS: placebo TENS, SD: standard deviation, Min:
minimum, Max: maximum, BMI: body mass index.
a
Kruskal–Wallis test, analysis of variance test.

Table 2. Intragroup comparison of preT, postT, and postT3 VAS scores
VAS scores
Mean VAS scores
preT
postT
postT3
P valuea
Night-time VAS scores
preT
postT
postT3
P valuea

bTENS (n = 25)

cTENS (n = 25)

pTENS (n = 23)

6.8 ± 1.5
2.8 ± 2.1
4.2 ± 2.9
< 0.001

7 (4-10)
3 (0-9)
4 (0-10)

6.2 ± 1.7
4.0 ± 2.3
3.7 ± 2.9
< 0.001

6 (4-9)
4 (0-9)
4 (0-10)

6.6 ± 1.1
4.5 ± 1.6
5.0 ± 1.9
0.016

7 (5-8)
5 (1-8)
5 (1-8)

4.6 ± 3.0
1.8 ± 2.4
2.2 ± 2.5
< 0.001

5 (0-9)
0 (0-9)
1 (0-10)

4.4 ± 3.3
2.7 ± 2.9
3.1 ± 2.3
0.003

5 (0-9)
2 (0-9)
2 (0-10)

2.2 ± 2.5
2.9 ± 3.0
3.6 ± 3.0
< 0.001

6 (0-8)
3 (0-8)
4 (0-8)

Values are presented as mean ± standard deviation or median (minimum-maximum).
preT: before treatment, postT: after treatment, postT3: third month after treatment, VAS: visual analogue scale, TENS: transcutaneous electrical nerve
stimulation, bTENS: burst TENS, cTENS: conventional TENS, pTENS: placebo TENS.
a
Freidman test. α = 0.05.
www.epain.org
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TENS modality
bTENS
cTENS
pTENS

10

*
Night-time VAS scores

Mean VAS scores

10

TENS modality
bTENS
cTENS
pTENS

8
6

*
4
2
0

8
6
4
2
0

preT

postT

preT

postT3

Measurement time

postT

postT3

Measurement time

Fig. 3. Intergroup comparisons of mean and night-time visual analogue scale (VAS) scores. Asterisk (*) indicates statistically significant differences between the time points within the group. For the lines in a box and whisker plot: error bars are the 95% confidence interval, the bottom and top of the box
are the 25th and 75th percentiles, the line inside the box is the 50th percentile (median), and any outliers are shown as open circles or asteriks. TENS:
transcutaneous electrical nerve stimulation, bTENS: burst TENS, cTENS: conventional TENS, pTENS: placebo TENS, preT: before treatment, postT: after
treatment, postT3: third month after treatment.

Table 3. Intergroup comparison of preT, postT, and postT3 VAS scores
VAS scores
Mean VAS scores
postT-preT
postT3-postT
postT3-preT
Night-time VAS scores
postT-preT
postT3-postT
postT3-preT

bTENS (n = 25)

cTENS (n = 25)

pTENS (n = 23)

P valuea

–3.9 ± 2.4
–2.6 ± 2.7
–1.3 ± 2.7

–4 (–10-0)
–3 (–2-7)
1 (–2-7)

–2.2 ± 1.9
–0.2 ± 2.1
–2.5 ± 2.7

–2 (–7-0)
0 (–5-3)
–2 (–9-3)

–2.0 ± 1.7
–0.4 ± 2.3
–1.6 ± 2.0

–2.0 (–6-0)
0.0 (–4-6)
–2.0 (–6-3)

0.012
0.260
0.358

–2.8 ± 2.9
0.4 ± 1.5
–2.4 ± 2.7

–2 (–9-1)
0 (–2-6)
–2 (–8-1)

–1.6 ± 1.9
0.1 ± 1.5
–1.5 ± 2.4

–1 (–5-0)
0 (–3-3)
–1 (–6-2)

–2.3 ± 2.4
–0.4 ± 2.3
–1.8 ± 2.4

–2 (–8-0)
0 (–5-2)
–2 (–8-6)

0.463
0.943
0.569

Values are presented as mean ± standard deviation or median (minimum-maximum).
preT: before treatment, postT: after treatment, postT3: third month after treatment, VAS: visual analogue scale, TENS: transcutaneous electrical nerve
stimulation, bTENS: burst TENS, cTENS: conventional TENS, pTENS: placebo TENS.
a
Kruskal–Wallis test. α = 0.05.

the three groups (P > 0.05).
The preT, postT, and postT3 mean, standard deviation, median, and min-max values for the mean VAS and
night-time VAS scores are shown in Table 2. Intragroup
comparisons revealed significant improvement in mean
and night-time pain severity measured using VAS in postT
and postT3 mean values compared to preT (Table 2). PreT,
postT, and postT3 VAS score changes are shown in Fig. 3.
Intergroup comparison revealed that this significance was
between postT and preT values (Table 3). A Mann–Whitney
U test significance level with Bonferroni correction of P
< 0.05/3 (0.0167) was adopted. Significant differences between postT and preT values were observed between the
bTENS and pTENS groups (P = 0.007). Multiple compariKorean J Pain 2021;34(2):217-228

sons of postT and preT VAS scores among the groups using
the Mann–Whitney U test (with Bonferroni correction)
revealed significant improvement in favor of bTENS (Table
4).
Neuropathic pain assessment was performed on 74
patients included in the study before treatment using
the DN4 scale. The 40 patients subsequently diagnosed
with neuropathic pain (DN4 > 4) were then subjected to
subgroup analysis based on treatment groups. PreT and
postT3 mean, standard deviation, median, and min-max
DN4 values are shown in Table 5. Intragroup analysis revealed statistically significant improvement in all groups
in DN4 measurements in postT3 values. However, no statistically significant difference was observed in intergroup
https://doi.org/10.3344/kjp.2021.34.2.217
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comparisons.
Third-month intragroup analysis of MOS values revealed significant improvement in all the treatment
groups, but no statistically significant difference was observed between them (Table 6). No statistically significant
improvement was observed in BDI depressive symptoms
at postT3 at intragroup analyses, and no significant difference was also determined among the three groups (Table
6).
Intragroup comparisons revealed no statistically sig-

nificant difference at postT3 in terms of SSR latency and
amplitude values obtained from the upper extremity, or
of SSR latency values recorded from the lower extremity.
Similarly, there was no statistically significant difference
between the groups. Intragroup analysis of SSR amplitude
values recorded from the lower extremity increased significantly in the bTENS and pTENS groups, but no significant
difference was observed between the three study groups
(Table 7).

DISCUSSION

Table 4. Intergroup multiple comparison analysis of postT and preT VAS
scores
postT-preT VAS
bTENS-cTENS
bTENS-pTENS
cTENS-pTENS

This study evaluated the efficacy of TENS on pain and
neuropathic pain in chronic back pain in a placebo-controlled manner. The primary outcome of this study was
that bTENS treatment was significantly more effective in
short-term pain control compared to cTENS and pTENS
in terms of pain severity capable of measurement using
VAS scores. The secondary outcome was that bTENS and
cTENS treatments were no different from the placebo in
terms of neuropathic pain control.
Although data exist for the short-term effectiveness of
TENS therapy, which has been employed in clinical prac-

Mann–Whitney U test (Bonferroni correction)
Z

P value

–2.375
–2.685
–0.348

0.018
0.007a
0.728

preT: before treatment, postT: after treatment, VAS: visual analogue
scale, TENS: transcutaneous electrical nerve stimulation, bTENS: burst
TENS, cTENS: conventional TENS, pTENS: placebo TENS.
a
P values indicate a statistical significance at P < 0.0167, after Bonferonni adjustment.

Table 5. Intra- and intergroup comparison of preT and postT3 DN4 scores
DN4 scores
preT
postT3
P valueb

bTENS (n = 13)
5.4 ± 1.5
2.5 ± 2.3

5 (4-8)
2 (0-7)
< 0.001

cTENS (n = 14)
5.1 ± 1.3
3.4 ± 2.2

4 (4-8)
3 (0-7)

pTENS (n = 13)
5.0 ± 1.1
3.1 ± 2.1

< 0.001

5 (4-7)
2 (0-7)

P valuea
0.479

< 0.001

Values are presented as mean ± standard deviation or median (minimum-maximum).
preT: before treatment, postT3: third month after treatment, DN4: Douleur Neuropathique 4 Questions, TENS: transcutaneous electrical nerve stimulation, bTENS: burst TENS, cTENS: conventional TENS, pTENS: placebo TENS.
a
Kruskal–Wallis test. bt -test.

Table 6. Intra- and intergroup comparison of preT and postT3 MOS and BDI values
MOS and BDI
values
MOS
preT
postT3
P valueb
BDI
preT
postT3
P valueb

bTENS (n = 25)

32.0 ± 6.3
25.4 ± 9.4

31 (18-45)
25 (11-45)
0.001

15.4 ± 7.3
14.2 ± 8.5

16 (3-29)
14 (1-29)
0.428

cTENS (n = 25)

pTENS (n = 23)

30.6 ± 8.2
32 (14-47)
26.0 ± 10.6
28 (10-48)
0.003

32.6 ± 6.3
28.3 ± 7.9

10.0 ± 6.1
10.7 ± 7.7

10.7 ± 5.5
9.3 ± 6.1

9 (0-26)
11 (0-30)
0.594

P valuea

33 (18-44)
29 (14-43)

0.476

10 (1-23)
8 (1-26)

0.283

0.002

0.160

Values are presented as mean ± standard deviation or median (minimum-maximum).
preT: before treatment, postT3: third month after treatment, MOS: Modified Oswestry Low Back Pain Disability Questionnaire, BDI: Beck Depression Inventory, TENS: transcutaneous electrical nerve stimulation, bTENS: burst TENS, cTENS: conventional TENS, pTENS: placebo TENS.
a
Kruskal–Wallis test, ANOVA test. bt -test.
www.epain.org
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Table 7. Intra- and intergroup comparison of preT and postT3 SSR values
SSR values
Upper extremity
Latency (ms)
preT
postT3
P valueb
Amplitude (mV)
preT
postT3
P valuec
Lower extremity
Latency (ms)
preT
postT3
P valuec
Amplitude (mV)
preT
postT3
P valuec

bTENS (n = 25)

cTENS (n = 25)

pTENS (n = 23)

1.4 ± 0.2
1.4 ± 0.2

1.4 (1.2-1.8)
1.4 (0.7-1.8)
0.993

1.3 ± 0.2
1.3 ± 0.1

1.3 (0.9-1.6)
1.3 (0.9-1.6)
0.542

1.3 ± 0.2
1.4 ± 0.1

1.4 (0.8-1.8)
1.4 (1.2-1.5)
0.821

2.7 ± 2.6
2.7 ± 1.9

2.0 (0.8-10.9)
1.9 (0.9-8.0)
0.937

2.9 ± 1.7
2.8 ± 1.4

1.7 (0.8-7.4)
2.6 (1.2-4.9)
0.575

2.7 ± 1.6
3.6 ± 2.1

2.4 (0.4-5.2)
3.0 (1.2-8.4)
0.508

2.1 ± 0.3
1.9 ± 0.4

2.0 (1.7-2.7)
1.8 (1.2-2.6)
0.367

1.7 ± 0.2
1.7 ± 0.2

1.8 (1.2-2.0)
1.7 (1.2-2.1)
0.484

1.8 ± 0.3
1.6 ± 0.2

1.9 (1.1-2.1)
1.7 (1.2-2.0)
0.314

0.9 ± 0.4
2.0 ± 1.6

0.8 (0.3-1.7)
1.3 (0.5-5.9)
0.016

1.1 ± 0.6
1.2 ± 0.9

1.0 (0.3-2.0)
0.8 (0.4-2.9)
0.575

1.5 ± 1.3
2.3 ± 1.4

0.9 (0.4-4.8)
1.8 (0.8-4.9)
0.037

P valuea

0.913

0.660

0.903

0.275

Values are presented as mean ± standard deviation or median (minimum-maximum).
preT: before treatment, postT3: third month after treatment, SSR: sympathetic skin response, ms: millisecond, mV: millivolt, TENS: transcutaneous electrical nerve stimulation, bTENS: burst TENS, cTENS: conventional TENS, pTENS: placebo TENS.
a
ANOVA. bt -test. cWilcoxon test.

tice for many years, the data for long-term effectiveness
are inconsistent [14,25-27]. Marchand et al. [28] compared
the effectiveness of cTENS and pTENS in chronic low back
pain. Those authors reported that cTENS application was
significantly more effective than placebo in the control
of early period pain, but that no difference was detected
between the two therapies at the third and sixth months
after treatment. Jarzem et al. [29] reported that cTENS was
superior to a placebo in the control of short-term pain.
Topuz et al. [20] also concluded that cTENS was more effective in the control of short-term pain than a placebo in
chronic low back pain.
The superiority of cTENS over a placebo reported in
these studies shows that active TENS application is effective in the control of short-term pain. Although the active
TENS treatment bTENS was superior to placebo in shortterm pain control, cTENS was not superior to placebo in
the control of short-term pain in the present study. This
discrepancy between the present study and previous research may derive from methodological differences. The
cTENS method stimulates group II (Aβb) fibers and provides analgesia through spinal segmental mechanisms
providing inhibition of type IV (C) fibers and type III (Aδd)
fibers. The bTENS method stimulates group III (Aδd) nociceptive fibers to release endogenous opiate at the spinal
and supraspinal levels [30]. bTENS provides spinal analgesia, and may also provide stronger analgesia by binding to
opioid receptors in the brain by releasing the body’s own
Korean J Pain 2021;34(2):217-228

endorphins. While the effectiveness of TENS in chronic
low back pain has previously been evaluated in conventional or acupuncture mode, to the best of our knowledge
there have been no studies investigating burst, and the
present research is thus the first from that perspective.
The great majority of studies involving TENS have focused on healing in the nociceptive component of pain,
and very few studies have examined its effectiveness on
the neuropathic component. The majority of those studies
that have been conducted have considered diabetic peripheral neuropathies and trigeminal neuralgias, and have
reported that TENS is effective in controlling pain in these
diseases [31-35]. Forst et al. [36] compared active TENS and
a placebo in the treatment of diabetes-related neuropathic
pain and reported that active TENS was superior to the
placebo at 6 and 12 weeks. Active TENS may have emerged
as superior to the placebo on neuropathic pain scores, in
contrast to the present study, due to the use in that study
of a questionnaire, a subjective evaluation tool. In another
study, Jin et al. [32] reported that active TENS administered to patients with diabetic peripheral neuropathy
resulted in a significantly greater improvement in shortterm neuropathic pain scores compared to a placebo, but
observed no statistically significant difference between
the groups in the third month. The long-term results of the
present research are consistent with these previous studies. In addition, due to different pathophysiology, clinical
findings and healing processes involved in neuropathic
https://doi.org/10.3344/kjp.2021.34.2.217
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pains, the treatment results for neuropathic pain developing in association with diabetes and low back pain are not
suitable for comparison.
Of the 74 patients included in the present study, 40 had
neuropathic pain detected using the DN4 scale. Epidemiological studies show that the incidence of neuropathic pain
in patients with low back pain ranges between 17% and
54% [10]. The neuropathic pain rates for each group in the
present study were thus consistent with the previous literature. The effect of TENS treatment on neuropathic pain
being no different from that of the placebo in this study
may be due to the insufficient number of patients. In addition, improvement may not have been adequately defined
due to the broad spectrum of neuropathic pain symptoms
and the relatively limited content of the DN4 scale compared to other scales evaluating neuropathic pain. To the
best of our knowledge, very few studies have investigated
the effectiveness of TENS in terms of the neuropathic pain
component of low back pain [37], and the present research
is the first such extensive placebo-controlled study. The
absence of any neurological or systemic disease or vitamin
deficiency in our patients, and the use of objective EMG
examinations for assessment purposes all enhance the reliability of this study.
Numerous studies have assessed pain together with
functional status, but no statistically significant improvement has been determined following TENS therapies
[20,29]. Similarly, in the present patient group, active TENS
had no statistically significant effect on functional status.
Pain is known to be correlated with functional restriction
[38]. The lack of a significant decrease in pain at the third
month controls in the present study may have resulted in
the lack of significant improvement in functional restriction.
Psychological and social dimensions may be affected in
addition to the presence of physical symptoms in patients
with chronic pain. The reported prevalence of major depression in patients with pain is 13%-85% [39]. The presence of anxiety, stress, and somatization symptoms in
patients with chronic pain has been linked to pain development [40,41]. It should be remembered that while pain
may be a symptom of depression, depressive disorders
triggered by pain may also be encountered [42]. One systematic review detected no difference between the effects
of a placebo and TENS applied for chronic pain control on
depression scales [14]. This is also consistent with the findings of the present study. The lack of any major change in
BDI values after treatment may be due to the fact that patients diagnosed with major depression were not included
in the study. In addition, the exclusion of patients with
major depression also made it possible to exclude pain
emerging in association with depression.
www.epain.org
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Electrophysiological reflections of diseases associated
with neurological involvements are highly important in
terms of diagnosis, prognosis and treatment. In addition to
nerve conduction studies and needle EMG, SSR assessing
the autonomous nervous system reveals momentary potential changes reflecting sudomotor changes on the skin
surface [43]. Although SSR has been evaluated in numerous diseases, few studies have examined the relationship
between chronic low back pain and SSR. Some studies
have determined abnormal sympathetic system findings in SSR measurements in patients with lumbosacral
radiculopathy [44,45], and these impairments have been
reported to be capable of contributing to pain exhaustion
and chronicization [45].
The number of studies evaluating neurophysiological
responses, in terms of treatment methods employed in
low back pain, is limited. Perry et al. [46] reported that active manipulation therapies directed toward the lumbar
region affected simultaneous SSR measurements and increased sympathoexcitatory activities, although another
study reported that active exercise and manipulation resulted in significant changes in SSR [47]. One study of the
effect on SSR of active TENS and sham TENS in healthy
individuals reported no change in post-application latency
values, while amplitude values increased significantly in
the active TENS group [48]. Similarly in the present study,
while no significant change was observed after treatment
in the bTENS group, a significant increase was recorded
in amplitude values. In addition, although the SSR amplitude changes were detected in pTENS, no statistically
significant difference was determined between active and
placebo applications. Although this shows that placebo
administration may be effective, the wide variability in
SSR amplitudes in normal individuals means that this
measurement is not always regarded as a reliable parameter [49]. The fact that, in contrast to other studies, the
present research evaluated long-term results may account
for the inconsistency between the findings. Moreover, no
statistically significant change in SSR values may be due to
the absence of a significant improvement in pain and neuropathic pain scores at third month measurements.
The principal limitation of this study is that DN4, MOS,
BDI, and SSR values were not assessed at the time when
significant improvement was achieved in terms of VAS
scores. Although the effects of TENS methods were no
different from those of the placebo on neuropathic pain
scores, the low sample size means that it is not possible
to conclude that TENS treatment is not effective in neuropathic pain control. In addition, patients with lumbar
discopathy or degenerative disc disease were included in
the study, and, therefore, a homogeneous patient group
was not established. It was also not possible to evaluate
Korean J Pain 2021;34(2):217-228
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disease-related SSR pathologies due to the absence of a
healthy control group.
In conclusion, bTENS treatment aimed at the lumbar
regions in patients with chronic mechanical low back pain
is an effective and safe method capable of use in early
nociceptive pain control. We think that it will be useful
to combine TENS therapies with other physiotherapeutic
modalities in order to achieve long-term effects. We also
think that further studies involving larger case numbers
and permitting analysis of specific diagnostic groups for
chronic low back pain should now be designed to investigate the effectiveness of TENS in neuropathic pain deriving from chronic low back pain.
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