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Abstract
Background: Chronic low back pain it is one of the most common health problems worldwide. Usually is
accompanied by a complex set of symptoms and generates signi�cant direct and indirect socioeconomic
and health costs. From a therapeutic point of view, there are a wide variety of methods to address the
treatment of this pathology, however, these therapies have not been shown de�nitive e�cacy.

To investigate the effect of a mixed treatment with exercise and electrical stimulation versus exercise and
kinesio taping in patients with non-speci�c chronic low back pain.

Methods: A total of 58 patients participated in this single-blinded randomised clinical trial. Participants
were assigned to the exercises- kinesio taping group, or exercises- analgesic current group, both received
12 treatment sessions. Disability, fear of movement, anxiety, depression, sleeps quality, pain, lower limb
mechanosensitivity and pressure-pain thresholds were recorded at baseline and after 4 weeks of
treatment.

Results: The 2x2 mixed analysis of covariance test showed statistically signi�cant differences between
groups for pain (P=0.046). Pair-wise comparisons with baseline demonstrated signi�cant differences for
both groups in pain (P ≤ 0.001), disability (P ≤ 0.001), pressure-pain thresholds (P ≤ 0.044), lower limb
mechanosensitivity, (P ≤ 0.047), anxiety (P ≤ 0.001), depression (P ≤ 0.001) and sleep quality (P ≤
0.010).

Conclusions: Patients with chronic low back pain who received a combined treatment of exercises and
kinesio taping or analgesic current showed an improvement in pain, disability, anxiety, depression and
sleep pattern. Moreover, exercises combined with electrotherapy produces greater improvements over
these variables.

Trial registration number: NCT02812459

Background
Low back pain (LBP) has been one of the biggest public health problems, affecting up to 80% of the
general population at least once in their life.1 Scienti�c literature has demonstrated that LBP is
accompanied by a complex set of symptoms such as physical functional disturbs, pain, fatigue, sleep
de�cits, poor quality of life, and altered emotional well-being2. The probability of being free of pain twelve
months after having lumbar pain is only 42%1, so there is an urgent need for more effective treatments.

Several treatments for LBP have been studied, including education programs3, chiropractic therapy4,
kinesiology5, exercise6, health counseling7, manipulative spinal therapy8, medication9 and
electrotherapy.10 Within the exercise program, lumbopelvic stabilization work is effective in chronic LBP,
fundamentally from the point of view of the disability generated (work absenteeism).11 However, its
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effects are more limited in terms of subjective perception of pain. Therefore, together with the completion
of these exercises, another series of complementary analgesic measures will be required.11

Kinesio taping (KT) has been previously used as a complementary technique for the clinical management
of patients with chronic pain.12,13 Four bene�cial effects of KT have been de�ned: normalization of
muscle function, increase of lymphatic and vascular �ow, reduction of pain and contribution to possible
corrections of misalignments.13 Although the degree to which these mechanisms contribute to some
clinical effects is unknown, some studies have shown a signi�cant bene�cial effect, compared to placebo
applications.13

Another technique used would be electrotherapy.10,14,15 Electroanalgesia with transcutaneous electrical
nerve stimulation (TENS) is one of the most used for the relief of chronic and acute pain.14,15 TENS
consists in the application of low frequency electrical impulse currents through the skin to stimulates the
peripheral nerves and produce various physiological effects15.

To the best of our knowledge, there is no further previous evidence from studies based on the comparison
of these treatment techniques (i.e. KT and TENS) for the control of pain and disability perception in
patients with non-speci�c Chronic LBP (CLBP).

Methods

Aim
Considering this background, the purpose of this this study was to analyse the effectiveness of KT and
electrical stimulation in combination with exercise in people with non-speci�c CLBP.

Design
A single-blind randomized clinical trial with parallel design (allocation ratio 1:1) was conducted in
patients with non-speci�c CLBP, who were referred to the clinical laboratory of the Physiotherapy
Department of the University of Granada from a private Physiotherapy Centre in Granada, and who were
studied between June 2016 and April 2018.

Participants
Study inclusion eligibility criteria were: age between 25 and 65 years, presence of CLBP (de�ned as pain
and discomfort located below the rib �ange, persistent for 12 weeks or more16) for three months or more,
not currently receiving physical therapy and a score of four points or more on the Roland Morris Disability
Questionnaire (RMDQ).17 Exclusion criteria were: the presence of lumbar stenosis; any clinical signs of
radiculopathy; a diagnosis of spondylolisthesis and/or �bromyalgia; treatment with corticosteroid or oral
medication within the past two weeks; a history of spinal surgery; disease of the central or peripheral
nervous system.
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Informed consent

was obtained from all the participants before their involvement. The study was approved by the bioethics
committee of the University of Granada (Spain) on 2016 and complied with the 2013 modi�cation of the
Helsinki Declaration and Spanish legislation for clinical trials (ClinicalTrials.gov Identi�er:
NCT02812459).

Self-reported outcomes
Subjects provided demographic, clinical information and completed self-report measures including: the
Spanish version of the RMDQ18 for assessing disability due to CLBP, the Oswestry Disability Index (ODI)19

to check the level of functional impediment patients experienced as a result of back pain, Tampa Scale
for Kinesiophobia (TSK)20 for assessing fear of movement, the Beck Depression21 and Anxiety22

Inventories, the Pittsburgh Sleep Quality Index (PSQI)23, and Numerical Pain Rating Scale (NPRS)24 for
pain.

The primary outcome of this study was the change from baseline to post-treatment at one month in the
RMDQ. The RMDQ is a widely used well-validated measure with good reliability for assessing disability
due to LBP.17,18 It is a self-administered measurement scored on a 24-point scale from 0=no disability to
24=severe disability where a 2-3 point change from baseline is considered a minimum clinically
important difference (MCID).17 We used the Spanish version of the questionnaire, which has been shown
a good test-retest reliability (ICC: 0.87) and internal consistency (Cronbach α: 0.84-0.91).18

The Secondary Outcome Measures were:

The ODI, 19 that evaluates daily life activity limitations in 10 dimensions, each scored on a 6-point scale
(0-5 points); the total points scored are expressed as a percentage, used to classify individuals as
minimally disabled (0-10%), moderately disabled (20-40%), severely disabled (40-60%), crippled (60-80%),
or bedbound (80-100%).19 The Spanish version of the ODI has shown good test-retest reliability (ICC:
0.92) and favorable internal consistency (Cronbach α: 0.86).19 Ostelo et al. 25 reported that a change of
10 points is considered as the MCID for the ODI.

Change from baseline in TSK,20 comprising 17 items on the fear of movement or recurrent lesion, each
scored on a 1-4-point Likert scale from "completely disagree" to "completely agree" where higher values
re�ect greater fear of (re)injury.20 Test-retest reliability ranged from 0.90 to 0.96 in patients with chronic
LBP.20 The Spanish version has a good reliability (internal consistency and stability) and validity
(convergent and predictive).20

Beck's Anxiety Inventory22 consists of 21 items that are scored on a scale that goes from “not at all” to
“severely”. The total score is interpreted according to the following classi�cation: 0-7 indicates minimum
anxiety, 8-15 mild anxiety, 16-25 moderate anxiety, and 26-63 severe anxiety. Beck's depression
inventory21 is made up of 21 items to evaluate the intensity of depression. In each of the items the
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subject has to choose a sentence from a set of four possible answers (punctuated with 0-1-2-3). The total
score of the 21 items varies from 0 to 63. A persistent score of 17 or more indicates the possible need for
professional help.

The PSQI23 contains a total of 19 questions, grouped into 10 sub-questions. The 19 questions combine to
form seven areas with their corresponding score, each of them which shows a range between 0 and 3
points. In all cases, a score of "0" indicates ease, while a score of 3 indicates severe di�culty, within their
respective area. The score of the seven areas is �nally added to give a global score ranging from 0 to 21
points.

Change from baseline in the NPRS, 24 which is a Visual Analogue Scale for pain intensity ranged from
0=no pain to 10=worst imaginable pain. It was used to assess the patients’ current level of pain and the
worst and lowest level of pain experienced in the preceding 24 hours.24 The MCID for the NPRS in
patients with CLBP has been reported to be 2.5points.25

Physical outcomes
To test the lower limb mechanosensitivity we used the Straight Leg Raise26 (SLR) and Slump Tests
(ST).27 For the SLR, the degree of hip �exion was measured with a large universal goniometer placed
lateral to the pelvis, with the proximal arm parallel to the patient's trunk and the distal arm lateral to the
thigh, in line with the femoral condyle.26

For the ST27, the degree of knee extension was measured with an universal goniometer placed with the
fulcrum located on the knee, with the �xed arm (proximal) aligned with the trochanter, and the mobile arm
aligned with the lateral peroneal malleolus. The ST is only considered positive if the patient experiences
relief of symptoms with active cervical extension.27

Pressure-pain thresholds (PPT) at certain points in the lower back and along with lower limbs were
determined by algometry.28 The examination was carried out twice in the same places, on the left and
right sides following the protocol described by Sipko et al.28

Randomization
During the randomisation process, concealed allocation (ratio 1:1) was performed using 58 printed cards
placed in opaque envelopes. Patients were allocated to the treatment with KT or TENS group according to
randomised codes. The therapist who prepared the randomisation code by using computer software (XX-
X) was not involved in the rest of the study. The therapists who examined the patients (XX-X) for eligibility
criteria and collected all baseline demographic and self-report variables and collected all outcome
measures during the trial, were blinded to treatment assignment. Due to the nature of the study, patients
and physical therapists could not be blinded to treatment assignment. All treatment interventions were
carried out by 2 KT instructors with wide clinical experience who were blinded to the outcome measures
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and baseline examination �ndings but not to the treatment allocation, although they did not reveal group
membership to the physical therapists who gathered outcome measures.

Outcome measures were assessed before the �rst treatment session (baseline data), and immediately
after the four-week (one month) intervention period by an assessor blinded to the treatment allocation of
the patients.

Intervention

Kinesio taping Group (KT)
Patients in this group received the application of KT for the inhibition of lumbar paravertebral plus back
exercise program. The tape used in this study was waterproof, porous and adhesive, with a width of 5 cm
and a thickness of 0.5 mm.

First, two black tape bands were placed along the paravertebral musculature, whose anchors were �xed
with the patient standing and without tension, being necessary for the placement of the rest of the band
for the patient to perform a little trunk �exion, letting the forearms rest on the treatment table, while the
tension-free bands were placed "paper off" (Figure 1). Next, a space correction technique was carried out.
With the patient standing, with trunk �exion and support of the forearms on the treatment table, four star-
shaped blue strips applied with 25% tension were placed on the point of maximum pain in the lower back.
The middle part of each strip was �xed, and �nally, the patient straightened his trunk and from an upright
position the anchors were stuck without tension (Figure 2).

This protocol was administered three a week for 4 weeks.

Transcutaneous electrical nerve stimulation (TENS) Group
Patients in this group received the application of TENS plus back exercise program. The TENS were
administered with a frequency of 30-50 Hz, and phase duration of 200 microseconds, in continuous
mode. Four adhesive electrodes were used, which were placed in the lumbar area at a distance of 2 cm
from the spinous, forming a square. The current was applied for 40 min with an intensity depending on
the tolerance of each patient. The treatment lasted three weekly sessions for four weeks.

In both groups, both the application of TENS and the KT bandage were carried out simultaneously to the
performance of the back exercise program by the patients according to the protocol described in a
previous study.29

Sample Size
We used the Ene 3.0 software (Autonomous University of Barcelona, Spain) to calculate the sample size.
We based the calculations on the detection differences of 2.5 points in the RMQ (minimal clinically
important difference)30, assuming a standard deviation (SD) of 2.5 points, a two-tailed test, an alpha (α)
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level of 0.05, and a desired power (beta) of 80%. The estimated desired sample size was calculated in 28
subjects per group.

Statistical Analysis
Statistical analysis was performed using SPSS statistical software, version 20.0, conducted according to
the intention-to-treat analysis principle.

Key baseline demographic variables and self-report measures were compared between groups using
independent t-tests for continuous data and chi-square tests for categorical data. To test for homogeneity
of variances Levene test was performed, with a 95% con�dence interval.

Separate 2x2 mixed model ANCOVA with repeated measurements need to be conducted in order to test
the effect of the treatment on disability as primary outcome and fear symptoms, anxiety, depression,
sleep quality and pain as secondary outcomes with time (baseline and 4-week follow-up) as within-
subject variable and group (KT or TENS) as between-subjects variable.

Changes in variable scores within and between groups were measured by means (95% con�dential
interval) of t-tests for paired or independent samples as appropriate. The effect size was calculated
according to Cohen’s d statistic. An effect size <0.2 re�ects a negligible difference, between ≥0.2 and
≤0.5 a small difference, between ≥0.5 and ≤0.8 a moderate difference, and ≥0.8 a large difference. P <
.05 was considered signi�cant in all tests.

Results
Of the 62 patients recruited for the study, 58 patients with an average age of 43.41 years (SD = 17.62)
met the inclusion criteria and were randomly assigned to the experimental (n=29) or control group (n=29).
A CONSORT �ow diagram of the participants throughout the study is shown in Figure 3.

The baseline characteristics of participants in each group are shown in Table 1. There were no signi�cant
differences between the groups for these variables (P ≥ 0.101)
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Table 1
Characteristics of patients at baseline

  Kinesio Taping Group

n=29

TENS Group

n=29

P-value

Age (y) (mean ± SD)

Cigarettes/week (mean ±SD)

Cups of coffee/week (mean ± SD)

44 ±9

11.22 ± 11.87

6.18 ± 5.56

46±5

13.55 ± 14.68

8.90 ± 6.51

0.120

0.518

0.101

  Freq % Freq %  

Women

Acute Discomfort in the last two years

17

7

58.62 21

11

72,41 0.570

0.39924.13 37.93

Di�culty sleeping 11 37.93 13 44.82 0.793

Sleep disturbances due to pain 8 27.59 10 34.48 0.779

Values are expressed as absolute and relative frequencies for categorical variables and as means ±
standard deviation for continuous variables. Abbreviations: Cigarettes/week (cigarettes smoked per
week), cups of coffee/week (cups of coffee drunk per week).

[Insert Table 1 Here]

Self-reported outcomes
The Group * Time interaction for the 2x2 mixed ANCOVA did not show signi�cantly difference between
the score of both groups in disability due to CLBP (F = 0.21; p  0.884), kinesiophobia (F = 2.094; p =
0.154) or the level of functional impediment patients experienced as a result of back pain (F = 1.001; p =
0.321). However differences between groups for the NPRS (F = 4.169; p = 0.046) were found, where the
TENS group showed a greater decreased.

A large effect size was observed in TENS group for disability, pain and kinesiophobia (d ⩾1.09). Similar
results were found in kinesio taping group (d ⩾1.65) with the exception of kinesiophobia that showed a
moderate difference. Table 2.
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Table 2
Baseline, post-treatment, pre-post-treatment differences and change scores in each group (95%

con�dence interval) for self-reported outcomes: disability, kinesiophobia and pain.
Outcome/
Group

  Baseline One Month Post-
treatment

Cohen’s

d

Within-Group

Score Change

Between-
Group

Score Change

RMDQ (-24)          

Kinesio   8.07 ±
4.26

5.85 ± 4.93 1.34 2.22 (1.20,
3.24)

-1.06 (-3.55,
1.43)

TENS   7.14 ±
4.93

4.79 ± 4.32 1.76 2.35 (0.99,
3.70)

 

ODI (0-5)        

Kinesio   19.11 ±
15.31

11.52 ± 12.38 2.05 7.59 (4.60,
10.59)

-0.83 (-7.92,
6.26)

TENS   21.04 ±
17.73

10.69 ± 14.06 1.71 10.34 (5.67,
15.02)

 

NPRS (0-10)            

Kinesio

Kn

  6.19 ±
2.29

4.07 ± 3.06 1.65 2.11 (1.08,
3.14)

-1.83 (-3.28,
-0.39)*

TENS   5.79 ±
2.96

2.24 ± 2.31 2.71 3.55 (2.54,
4.57)

 

TSK (17-68)          

Kinesio   25.70 ±
6.34

24.37 ± 7.14 0.67 1.33 (-0.26,
2.93)

-0.75
(-4.86,3.36)

TENS   27.04 ±
6.46

23.62 ± 8.19 1.09 3.41 (0.99,
5.84)

 

Values are expressed as means ± standard deviation for baseline and 1 month post-treatment and as
mean (95% con�dence interval) for within- and between-group change scores / * Signi�cant Group *
Time interaction (ANCOVA, p < 0.05). Abbreviations: RMDQ (the Roland Morris Disability
Questionnaire) ODI (Oswestry Disability Index), NPRS (Change from baseline Numerical Pain Rating
Scale), TSK (Tampa Scale for Kinesiophobia).

[Insert Table 2 Here]

Pair-wise comparisons with baseline values demonstrated signi�cant differences in pain (p < 0.001),
disability (p = 0.001) and kinesiophobia (p = 0.007) variables at 4 weeks post-treatment in the TENS
group (p = 0.001). In the KT group only disability (p < 0.001) and pain (p < 0.001), outcomes were
signi�cant. The score change in pain was signi�cantly greater in the TENS group (NPRS 3.55) than in the
KT group (NPRS 2.11) (Table 2).
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Physical outcomes
At the end of the 4-week treatment period, the Group * Time interaction for the 2x2 mixed ANCOVA for
mechanosensitivity (SLR y ST), did not show signi�cantly difference for right SLR (F = 0.065; p = 0.801),
left SLR (F = 0.076; p = 0.785), right ST (F =1.280; p = 0.263), left ST (F = 0.024; p = 0.877) scores. Also
did not show signi�cantly differences for PPT scores, in the spinal, left spinal, right gluteus medius, left
gluteus medius, right sural triceps, left sural triceps, right anterior tibialis and left anterior tibialis (F
≤2.002; p ≤ 0.809).

The treatment showed a moderate-large effect for right ST and a large effect for left ST, and all the PPT
in the KT group, but did not show any effect on SLR (right or left). The TENS group showed, a moderate-
large effect for right and left SLR and ST and a large effect for all the PPT. Table 3.
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Table 3
Baseline, post-treatment, pre-post-treatment differences and change scores in each group (95%

con�dence interval) for physical outcomes.
Outcome/
Group

  Baseline One Month
Post-treatment

Cohen’s

d

Within-Group

Score
Changes

Between-Group

Score Changes

SLR (s)          

Kinesio Right 60.87 ±
24.09

63.47 ± 17.44 0.20 -2.600
(-17.62,12.42)

0.12 (-13.38,13.62)

Left 63.60 ±
19.96

66.60 ± 14.07 0.24 -3.00
(-17.55,-11.55)

-1.54
(-13.29,10.22)
12.69)*

TENS Right 58.94 ±
20.66

63.59 ± 19.96 0.54 -4.65
(-13.85,4.56)

 

Left 61.40 ±
15.74

66.73 ± 17.05 0.56 -5.33 (-16.27,
5.60)

 

ST          

Kinesio Right 169.19 ±
34.24

174.93 ± 23.55 0.50 -5.74
(-14.98,3.50)

-4.24(-20.13,11.66)

Left 161.63 ±
44.54

179.82 ± 0.96 0.83 -18.19
(-35.84,-.53)

-8.95(-21.96,4.05)

TENS Right 154.69 ±
51.14

170.69 ± 34.92 0.79 -16.00
(-31.74,-.26)

 

Left 150.52 ±
54.38

170.86 ± 34.17 0.71 -20.34
(-42.49,1.80)

 

PPT L5-S1          

Kinesio Right 4.28 ±
2.99

5.33 ± 3.33 0.82 -1.05
(-2.10,-0.12)

-0.10(-1.74, 1.53)

Left 4.49 ±
3.35

5.70 ± 3.61 1.29 -1.21
(-1.96,0.45)

-0.34 (-2.09,1.43)

TENS Right 3.35 ±
2.21

5.23 ± 2.70 2.33 -1.88
(-2.50,-1.25)

 

Left 3.93 ±
2.14

5.36 ± 2.86 1.40 -1.44
(-2.23,-.64)

 

Values are expressed as means ± standard deviation for baseline and 1 month post-treatment and as
mean (95% con�dence interval) for within- and between-group change scores / * Signi�cant Group *
Time interaction (ANCOVA, p < 0.05). Abbreviations: SLR (Straight Leg Raise), ST (Slump Tests), PPT
L5-S1(Pressure-pain thresholds at the level of L2, 3 cm away from the interspinous line), PPT gluteus
medius (musculus gluteus medius), PPT sural triceps (musculus triceps surae), PPT anterior tibialis
(musculus tibialis anterior)
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Outcome/
Group

  Baseline One Month
Post-treatment

Cohen’s

d

Within-Group

Score
Changes

Between-Group

Score Changes

PPT gluteus
medius

         

Kinesio Right 4.84 ±
3.56

6.49 ± 3.46 1.49 -1.65
(-2.55,-.76)

-0.55(-2.37,1.26)

Left 4.69 ±
3.35

6.23 ± 3.67 1.37 -1.54
(-2.44,-.63)

-0.54(-2.37, 1.29)

TENS Right 3.98 ±
2.65

5.94 ± 3.29 1.57 -1.96
(-2.92,-.99)

 

Left 4.01 ±
2.45

5.69 ± 3.11 1.59 -1.68
(-2.50,-.86)

 

PPT sural triceps          

Kinesio Right 4.30 ±
3.00

5.40 ± 2.97 2.10 -1.10 (-1.53,
-.68)

-0.45 (-1.97, 1.07)

Left 4.14 ±
2.62

4.93 ± 2.51 1.32 -0.79 (-1.27,
-.31)

0.14 (-1.26, 1.54)

TENS Right 3.59 ±
2.18

4.96 ± 2.68 1.94 -1.36
(-1.91,-.82)

 

Left 3.92 ±
2.67

5.07 ± 2.72 1.03 -1.14
(-2.00,-.28)

 

PPT anterior tibialis        

Kinesio Right 4.97 ±
3.17

5.82 ± 3.02 0.83 -.85 (-1.68,
-.26)

-0.41(-1.96, 1.14)

Left 4.96 ±
3.17

6.03 ± 3.03 1.45 -1.07 (-1.66,
-.48)

-0.64(-2.29, 1.01)

TENS Right 4.16 ±
2.46

5.41 ± 2.72 1.88 -1.26(-1.77,
-.74)

 

  Left 4.03±
2.08

5.40 ± 3.14 2.24 -1.37
(-1.84,-.90)

 

Values are expressed as means ± standard deviation for baseline and 1 month post-treatment and as
mean (95% con�dence interval) for within- and between-group change scores / * Signi�cant Group *
Time interaction (ANCOVA, p < 0.05). Abbreviations: SLR (Straight Leg Raise), ST (Slump Tests), PPT
L5-S1(Pressure-pain thresholds at the level of L2, 3 cm away from the interspinous line), PPT gluteus
medius (musculus gluteus medius), PPT sural triceps (musculus triceps surae), PPT anterior tibialis
(musculus tibialis anterior)

[Insert Table 3 Here]
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Pair-wise comparisons with baseline values demonstrated signi�cant differences at 4 weeks post-
treatment in the KT in disability (p < 0.001), left ST (p = 0.044), PPT scores of right L5-S1 (p = 0.048), left
L5-S1 (p = 0.003), right gluteus (p = 0.001), left gluteus (p = 0.002), right sural triceps (p < 0.001), left
sural triceps (p = 0.021), right anterior tibial (p = 0.044) and left anterior tibial (p = 0.001). In the TENS
group the results showed signi�cant differences in right ST (p = 0.047), PPT scores in the right L5-S1 (p <
0.001), left L5-S1 (p = 0.001), gluteus (p < 0.001), right sural triceps (p < 0.001), left sural triceps (p =
0.011) and anterior tibial (p < 0.001). The improvements in these scores before and after treatment were
not signi�cantly different between groups. (Table 3).

Mental Health and Sleep Quality
The Group * Time interaction for the 2x2 mixed ANCOVA did not show signi�cantly difference between
the score of both groups in anxiety (F = 0.286; p = 0.595) or depression (F = 1.107; p = 0.298). For the
PSQI there were no signi�cantly differences between total score, subjective sleep quality, sleep latency,
sleep duration, sleep e�ciency, sleep disturbance, sleeping medication or daytime dysfunction (F ≤2.213;
p ≤ 0.962) scores.

Both groups showed a large effect on anxiety and depression, however its effect on some sleep quality
variables was small-moderate, duration and e�ciency for the KT group and e�ciency and the use of
mediation for the TENS group. The rest of the sleep quality variables showed a large effect for both
groups. (Table 4).
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Table 4
Baseline, post-treatment, pre-post-treatment differences and change scores in each group (95%

con�dence interval) for mental health and sleep quality.
Outcome/
Group

  Baseline One Month Post-
treatment

Cohen’s

d

Within-Group

Score Change

Between-
Group

Score
Change

Anxiety          

Kinesio   12.59 ±
11.92

8.00 ± 11.95 1.74 4.59(2.47,
6.72)

0.48 (-5.02,
5.99)

TENS   12.28 ±
8.57

8.48 ± 7..96 1.34 3.79 (1.59,
5.99)

 

Depression        

Kinesio   9.70 ±
9.37

5.93 ± 8.01 1.65 -3.78(1.93,
5.63)

-0.64(-3.74,
3.61)

TENS   8.48 ±
5.22

5.86 ± 5.23 1.52 2.62(1.28,
3.96)

 

Sleep Quality      

Kinesio Total 8.30 ± 4.1 6.26 ± 3.64 1.63 2.04(1.03,
3.05)

-1.19(-3.05,
0.67)

  Subj 1.33 ±
0.68

1.00 ± 0.69 1.10 0.33(0.09,0.58) -0.35(-0.72,
0.03)

  Laten 1.59 ±
0.75

1.29 ± 0.87 0.99 0.30(0.06,
0.54)

0.30(-0.76,
0.16)

  Durat 1.22 ±
1.01

1.11 ± 0.93 0.39 0.11(-.12,0.34) -0.22(-0.69,
0.26)

  E�ci 0.30 ±
0.67

0.41 ± 0.69 0.32 -.11(-.39, 0.17) -0.27(-0.57,
0.03)

  Distu 1.56 ±
0.58

1.22 ± 0.58 1.41 -.33(0.14, 0.52) 0.16(-0.19,
0.51)

  Medi 1.00 ±
1.21

0.48 ± 0.89 1.08 0.52(0.13,
0.90)

-0.21(-0.65,
0.24)

  Dysfu 1.30 ±
0.91

0.82 ± 0.79 1.22 0.48(0.16,
0.80)

-0.26(-0.71,
0.18)

Values are expressed as means ± standard deviation for baseline and 1 month post-treatment and as
mean (95% con�dence interval) for within- and between-group change scores / * Signi�cant Group *
Time interaction (ANCOVA, p < 0.05). Abbreviations: Anxiety (Beck's Anxiety Inventory), Depression
(Beck’s Depression Inventory), Sleep Quality (The Pittsburgh Sleep Quality Index), Subj (subjective
sleep quality), Laten (sleep latency), Durat (sleep duration), E�ci (habitual sleep e�ciency), Distu
(sleep disturbances), Medi (use of sleep medications), Dysfu (diurnal dysfunction).
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Outcome/
Group

  Baseline One Month Post-
treatment

Cohen’s

d

Within-Group

Score Change

Between-
Group

Score
Change

TENS Total 7.14 ±
3.31

5.07 ± 3.27 1.74 2.07(1.15,
2.99)

 

  Subj 1.17 ±
0.81

0.66 ± 0.72 1.66 0.52(0.28,
0.76)

 

  Laten 1.35 ±
0.86

1.00 ± 0.85 0.82 0.34(0.2, 0.67)  

  Durat 1.21 ±
0.90

0.90 ± 0.82 1.05 0.31(0.81,
0.54)

 

  E�ci 0.21 ±
0.62

0.14 ± 0.35 0.31 0.69(-0.11,
0.24)

 

  Distu 1.72 ±
0.75

1.34 ± 0.73 0.91 0.35(0.05,
0.64)

 

  Medi 0.45 ±
0.99

0.28 ± 0.75 0.46 0.17(-0.12,
0.46)

 

  Dysfu 1.04 ±
0.73

0.66 ± 0.67 1.06 0.38(0.10,
0.66)

 

Values are expressed as means ± standard deviation for baseline and 1 month post-treatment and as
mean (95% con�dence interval) for within- and between-group change scores / * Signi�cant Group *
Time interaction (ANCOVA, p < 0.05). Abbreviations: Anxiety (Beck's Anxiety Inventory), Depression
(Beck’s Depression Inventory), Sleep Quality (The Pittsburgh Sleep Quality Index), Subj (subjective
sleep quality), Laten (sleep latency), Durat (sleep duration), E�ci (habitual sleep e�ciency), Distu
(sleep disturbances), Medi (use of sleep medications), Dysfu (diurnal dysfunction).

[Insert Table 4 Here]

Pair-wise comparisons with baseline values demonstrated signi�cant differences in anxiety (p = 0.001),
depression (p < 0.001), sleep quality (p < 0.001), subjective sleep quality (p < 0.001), sleep latency (p =
0.039), sleep duration (p = 0.010), sleep perturbation (p = 0.023), and dysfunction (p = 0.009) variables at
4 weeks post-treatment in the TENS group and for anxiety (p < 0.001), depression (p < 0.001), sleep
quality (p < 0.001), subjective sleep quality (p = 0.010), sleep latency (p = 0.018), sleep perturbation (p =
0.001), medication (p = 0.010), and dysfunction (p = 0.004) scores in KT group. The improvements in
these scores before and after treatment were not signi�cantly different between groups (Table 4).

Discussion
One month of treatment through a back exercise program combined with KT or TENS on patients with
CLBP showed an improvement in disability, intensity of pain, anxiety, depression, sleep pattern and pain
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thresholds. However, the combination of exercises with TENS improved more signi�cantly the intensity of
pain, disability and kinesiophobia at the end of the 4-week course of treatment.

CLBP is a signi�cant health problem with high prevalence worldwide. It is associated with huge costs for
society.31 Clinical practice guidelines show many of the interventions available to treat patients with
CLBP, but the vast majority of interventions have a modest effect in reducing pain and disability.32

An intervention that has been widespread in recent years is the use KT.13,33 As recent studies that
investigated the effect of a combination of exercise and KT on pain and stability in patients with CLBP34–

36, our �ndings in terms of LBP pain were consistent with these results, which observing a highly
signi�cant difference in pain reduction, after four weeks of treatment with KT in conjunction with
exercise. Although the mechanism through which KT acts on the conditions of the musculoskeletal
system is still unclear, the most accepted hypothesis is that KT applies pressure to the skin or stretches
the skin and that this external load can stimulate cutaneous mechanoreceptors (large �bers myelinated)
and therefore inhibit pain transmission according to the theory of door control.37,38

In recent years, it has been theorized that this type of bandage can be useful to achieve an analgesic
effect on the spine. A recent systematic review analysed this effect in patients with CLBP, �nding
statistically signi�cant differences regarding the degree of pain between the group to which KT was
applied and the group to which a placebo was applied35. In fact, a decrease in pain has been reported
after the speci�c use of KT application (origin to insertion) in different pathologies.39–42 However,
regarding the methodological quality of the selected articles, we found serious limitations in terms of the
ful�lment of the de�ned criteria.

Concerning another of the techniques used in our study, some studies show that TENS therapy was
effective in pain relief.41 TENS is a common modality for the treatment of musculoskeletal pain.43

According to the door control theory38, TENS can stimulate large diameter afferent �bers, which can
reduce the transmission of pain signals through the small nociceptive of afferent �bers, thus inhibiting
pain discrimination and perception. In our study, it has been observed how the TENS have produced a
signi�cant improvement, in the threshold of pressure pain (in the intragroup analysis, based on pre-post-
treatment), in all points examined bilaterally (L5-S1, gluteus medius, anterior sural and tibial triceps).

People with LBP usually show a 6-point improvement in the ODI19. Our estimation of the effect of KT on
disability measures on the ODI is 7.5 points, which is a relatively good score compared to the gamma of
possible scores on the ODI19, and compared to the initial score of the study participants.

For the TSK questionnaire, a variation of 1.33 points has been observed in patients treated with KT. In the
article by Castro-Sánchez et al.44, the measurement of this variable is also re�ected, showing a change of
2 points at 4 weeks after applying the treatment.
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In both therapies, the presence of short-term placebo analgesic effects in response to the simulated
control should support the use of the placebo protocol. The placebo analgesic responses are modulated
through expectations regarding the treatment of pain and are regulated through responses to harmful
stimuli in the spinal cord and brain, as well as the activation of descending pain by inhibitory pathways45.

The present study has some limitations. Firstly the small sample of patients, which may not be
representative of the entire population of individuals with nonspeci�c CLBP thus affecting external
validity. Secondly, we only investigated the short-term results of analgesic currents and a certain type of
bandage with KT, and we could not conclude their longer-term effects, which deserve future research
through randomized clinical trials. Finally, including a third group that only involves the performance of
therapeutic exercise could help to better understand the individual contributions made by
electroanalgesia and bandage to said therapy.

In conclusion, individuals with non-speci�c CLBP experienced a signi�cant improvement in pain intensity
and disability after receiving 12 treatment sessions that combined a back exercises program with KT or
TENS, being greater in the group treated with TENS application. More future researches are needed to
evaluate the effects of KT and electrotherapy over a longer period to observe the long-term effects.

Declarations
Acknowledgements

The authors would like to thank all participants in the study. This study was made possible by the
Subsidies for the Financing I+D+i of Biomedical and Health Sciences in Andalusia [PC-0185-2017, PC-
0253-2017 and PC-0536-2017 (Coordinated Project)].

Authors' contributions

MEAF; Designed and performed experiments, analysed data and supervised the research. GAMP, RMTH,
YCC; performed experiments. MRTH and CMG interpreted data and cowrote the paper. AMCS designed
the experiment and supervised the research. All authors read and approved the �nal version of the
manuscript.

Availability of data and materials

The datasets used and/or analysed during the current study are available from the corresponding author
on reasonable request.

Ethics approval and consent to participate

The study was approved by the bioethics committee of the University of Granada (Spain) on 2016 and
complied with the 2013 modi�cation of the Helsinki Declaration and Spanish legislation for clinical trials
(ClinicalTrials.gov Identi�er: NCT02812459). 



Page 18/23

Consent for publication

Informed consent was obtained from all the participants before their involvement.

Competing interests

The authors declare that they have no competing interests

Funding

This work was supported by the Subsidies for the Financing I+D+i of Biomedical and Health Sciences in
Andalusia [PC-0185-2017, PC-0253-2017 and PC-0536-2017 (Coordinated Project)]

References
1. Deyo RA, Weinstein JN. Low back pain. N Engl J Med 2001; 344(5): 363-70. doi:

10.1056/NEJM200102013440508.

2. Chiarotto A, Maxwell LJ, Ostelo RW, et al. Measurement Properties of Visual Analogue Scale, Numeric
Rating Scale, and Pain Severity Subscale of the Brief Pain Inventory in Patients With Low Back Pain:
A Systematic Review. J Pain 2019; 20(3):245-63. doi:10.1016/j.jpain.2018.07.009.

3. Engers A, Jellema P, Wensing M, et al. Individual patient education for low back pain. Cochrane
Database Syst Rev 2008 (1):CD004057. doi:10.1002/14651858.CD004057.pub3.

4. Walker BF, French SD, Grant W, Green S. Combined chiropractic interventions for low–back pain.
Cochrane Database Syst Rev 2010 (4): CD005427. doi:10.1002/14651858.CD005427.pub2.

5. Eardley S. A pragmatic randomised controlled pilot study of professional kinesiology practice for
chronic and current low back pain with initial feasibility study. Eur J Integr Med 2010; 2:175-215. doi:
10.1016/j.eujim.2010.09.037.

�. Taylor NF, Dodd KJ, Shields N, Bruder A. Therapeutic exercise in physiotherapy practice is bene�cial:
a summary of systematic reviews 2002–2005. Aust J Physiother 2007; 53(1): 7-16. doi:
10.1016/s0004-9514(07)70057-0.

7. Iles R, Taylor NF, Davidson M, O’Halloran P. Telephone coaching can increase activity levels for
people with nonchronic low back pain: a randomised trial. J Physiother 2011; 57(4): 231-38. doi:
10.1016/S1836-9553(11)70053-4.

�. Rubinstein SM, Middelkoop M, Assendelft WJ, Boer M, Tulder M. Spinal manipulative therapy for
chronic low-back pain. Cochrane Database Syst Rev 2011; 16(2): CD008112. doi:
10.1002/14651858.CD008112.pub2.

9. Mishriky J, Stupans I, Chan V. The role of the pharmacist in low back pain management: a narrative
review of practice guidelines on paracetamol vs non-steroidal anti-in�ammatory drugs. Pharm Pract
(Granada) 2020; 18(3):2075. doi: 10.18549/PharmPract.2020.3.2075.



Page 19/23

10. Doğan SK, Ay S, Evcik D. The effects of two different low level laser therapies in the treatment of
patients with chronic low back pain: A double-blinded randomized clinical trial. J Back Musculoskelet
Rehabil 2017; 30(2):235-240. doi: 10.3233/BMR-160739.

11. Searle A, Spink M, Ho A, et al. Exercise interventions for the treatment of chronic low back pain: a
systematic review and meta-analysis of randomised controlled trials.Clin Rehabil 2015; 29(12): 1155-
67. doi: 10.1177/0269215515570379.

12. Paoloni M, Bernetti A, Fratocchi G, et al. Kinesio Taping applied to lumbar muscles in�uences clinical
and electromyographic characteristics in chronic low back pain patients. Eur J Phys Rehabil Med
.2011; 47(2): 237-43.

13. Sheng Y, Duan Z, Qu Q, Chen W, Yu B. Kinesio taping in treatment of chronic non-speci�c low back
pain: a systematic review and meta-analysis. J Rehabil Med 2019. ;51(10):734-40. doi:
10.2340/16501977-2605.

14. Lara-Palomo IC, Aguilar-Ferrándiz ME, Matarán-Peñarrocha GA, et al. Short-term effects of
interferential current electromassage in adults with chronic non-speci�c low back pain: a randomized
controlled trial. Clin Rehabil 2013; 27(5) 439-49. doi: 10.1177/0269215512460780.

15. Leemans L, Elma O, Nijs J, et al. Transcutaneous electrical nerve stimulation and heat to reduce pain
in a chronic low back pain population: a randomized controlled clinical trial. Braz J Phys Ther
2020;S1413-3555(19): 30687-2. doi: 10.1016/j.bjpt.2020.04.001.

1�. Miralles RC, Rull M. [Assessment of the results of lumbar pain treatment and its sequelae]. Spanish.
Rev Soc Esp Dolor 2001; 2: 131–9.

17. Stratford PW, Binkley J, Solomon P, et al. De�ning the minimum level of detectable change for the
Roland-Morris questionnaire. Phys Ther 1996; 76(4): 359-65. doi: 10.1093/ptj/76.4.359.

1�. Kovacs FM, Llobera J, Gil del Real MT,et al. Validation of the Spanish version of the Roland-Morris
questionnaire. Spine 2002; 27(5): 538-42. doi: 10.1097/00007632-200203010-00016.

19. Flórez M, García MA, García F. [Adaptación transcultural a la población española de la escala de
incapacidad por dolor lumbar de Oswestry]. Rehabilitación 1995; 29:138-45

20. Gómez-Pérez L, López-Martínez AE, Ruiz-Párraga GT. Psychometric properties of the Spanish version
of the Tampa Scale for Kinesiophobia (TSK). J Pain 2011;12:425–35. doi:
10.1016/j.jpain.2010.08.004.

21. Valdés C, Morales- Reyes I, Pérez JC. [Psychometric properties of a spanish version of the Beck
depression inventory IA]. Rev Med Chil 2017;145(8):1005-12. doi: 10.4067/s0034-
98872017000801005.

22. Magán I, Sanz J, García- Vera MP. Psychometric properties of a Spanish version of the Beck Anxiety
Inventory (BAI) in general population. Span J Psychol 2008; 11(2):626-40.

23. Hita-Contreras, F, Martínez-López E, Latorre-Román, PA, et al. Reliability and validity of the Spanish
version of the Pittsburgh Sleep Quality Index (PSQI) in patients with �bromyalgia. Rheumatol Int
2014;34(7): 929-36. doi:10.1007/s00296-014-2960-z.



Page 20/23

24. Jensen MP, Turbner JA, Romano JM, Fisher L. Comparative reliability and validity of chronic pain
intensity measures. Pain 1999;83:157–62. doi: 10.1016/s0304-3959(99)00101-3

25. Ostelo RW, de Vet HC. Clinically important outcomes in low back pain. Best Pract Res Clin Rheumatol
2005; 19:593–607. doi:10.1016/j.berh.2005.03.003.

2�. Boyd BS, Wanek L, Gray AT, Topp KS. Mechanosensitivity of the lower extremity nervous system
during straight leg raise neurodynamic testing in healthy individuals. J Ortho Sports Phys Ther
2009;39:780-90. doi: 10.2519/jospt.2009.3002

27. Davis SD, Anderson IB, Carson MG, et al. Upper Limb Neural Tension and Seated Slump Tests: The
False Positive Rate among Healthy Young Adults without Cervical or Lumbar Symptoms. J Man
Manip Ther 2008;16(3): 136-41. doi: 10.1179/jmt.2008.16.3.136.

2�. SipkoT, Kuczyński M. Intensity of chronic pain modi�es postural control in low back patients.
European Journal of Pain 2013; 17(4), 612-20. doi:10.1002/j.1532-2149.2012.00226.x.

29. Matarán-Peñarrocha GA, Lara-Palomo IC, Antequera-Soler E, et al.Comparison of e�cacy of a
supervised versus non-supervised physical therapy exercise program on the pain, functionality and
quality of life of patients with non-speci�c chronic low-back pain: a randomized controlled trial. Clin
Rehabil 2020;34(7):948-59. doi: 10.1177/0269215520927076.

30. Bombardier C, Hayden J, Beaton DE. Minimal clinically important difference. Low back pain:
outcome measures. J Rheumatol 2001; 28(2): 431-8.

31. Allegri M, Montella S, Salici F, et al. Mechanisms of low back pain: a guide for diagnosis and therapy.
F1000Res 2016; 28(5):F1000 Faculty Rev-1530. doi: 10.12688/f1000research.8105.2

32. Qaseem A, Wilt TJ, McLean RM, et al. Noninvasive treatments for acute, subacute, and chronic low
back pain: a clinical practice guideline from the American College of Physicians. Ann Inter Med
2017;166(7):514-30. doi: 10.7326/M16-2367.

33. Li Y, Yin Y, Jia G,et al. Effects of kinesiotape on pain and disability in individuals with chronic low
back pain: a systematic review and meta-analysis of randomized controlled trials. Clin Rehabil 2019;
33(4):596-606. doi:10.1177/0269215518817804.

34. Celenay ST, Kaya D O. Immediate effects of kinesio taping on pain and postural stability in patients
with chronic low back pain. J Bodyw Mov Ther 2019;23(1), 206-10. doi: 10.1016/j.jbmt.2017.12.010.

35. Sheng Y, Duan Z, Qu Q, Chen W, Yu B. Kinesio taping in treatment of chronic non-speci�c low back
pain: a systematic review and meta-analysis. J Rehabil Med 2019;51(10), 734-40. doi:
10.2340/16501977-2605.

3�. Ahmed H, Iqbal A, Abu SM. Role of Kinesio Taping in Trunk Stability in Patient with Chronic Low Back
Pain. Ind J Physioth & OccupTher, 2016;10(1):178-84. doi:10.5958/0973-5674.2016.00035.6

37. Pijinappel H. Handbook of Medical taping concept 1. 2007. Madrid: Aneid Press.

3�. Melzack R, Wall PD. Pain mechanisms: a new theory. Science 1965;150:971-9.

39. Donec V, Kubilius R. The effectiveness of Kinesio Taping® for pain management in knee
osteoarthritis: a randomized, double-blind, controlled clinical trial. Ther Adv Musculoskelet Dis



Page 21/23

2019;11:1759720X19869135. doi: doi: 10.1177/1759720X19869135.

40. Genç A, Genç V, Celik SU, Gokmen D, Tur BS. The effects of cervical kinesio taping on pain, range of
motion, and disability in patients following thyroidectomy: A randomized clinical trial, preliminary
results. Ann Phys Rehab Med, 2018;61:e104. doi:org/10.1016/j.rehab.2018.05.222.

41. Rutjes AW, Nüesch E, Sterchi R, et al. Transcutaneous electrostimulation for osteoarthritis of the knee.
Cochrane Database Syst Rev 2009;(4): CD002823. doi:10.1002/14651858.CD002823.pub2.

42. Sharma N, Rekha K, Srinivasan JK. E�cacy of transcutaneous electrical nerve stimulation in the
treatment of chronic pelvic pain. J Midlife Health, 2017;8(1):36-9. doi: 10.4103/jmh.JMH_60_16.

43. Johnson M, Martinson M. E�cacy of electrical nerve stimulation for chronic musculoskeletal pain: a
meta-analysis of randomized controlled trials. Pain 2007;130(1-2):157-65. doi:
10.1016/j.pain.2007.02.007.

44. Castro-Sánchez AD, Lara-Palomo IC, Matarán- Peñarrocha GA, et al. Kinesio Taping reduces disability
and pain slightly in chronic non-speci�c low back pain: a randomised trial. J Physiother
2012;58(2):89-95. doi: 10.1016/S1836-9553(12)70088-7.

45. Adamczyk W M, Wiercioch-Kuzianik K, Bajcar E A, Bąbel P. Rewarded placebo analgesia: A new
mechanism of placebo effects based on operant conditioning. Eur J Pain 2019;23(5), 923-35. doi:
10.1002/ejp.1360.

Figures



Page 22/23

Figure 1

Paravertebral inhibition technique with kinesio taping

Figure 2

Space correction technique with kinesio taping
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Figure 3

Flow diagram of the recruitment and follow-up of patients throughout the study.

 


