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Abstract 

OBJECTIVE: To evaluate the effect of different taping techniques on back muscle 

fatigue in people with low back pain.  

METHODS: Sixty women with chronic non-specific low back pain were randomly 

assigned to four groups with 15 in each; control (CG), Kinesio Taping (KT) with 

tension (KTT), KT no tension (KTNT) and Micropore® (MP), which were applied over 

the erector spinae muscles. The median frequency (MF) fatigue slopes of the 

longissimus muscle and sustained contraction time during a trunk fatigue test (Ito test), 

and pain using the numerical pain rating scale (NPRS) were collected at three time 

points: pre-treatment, three and ten days after intervention at a university laboratory. 

RESULTS: Significant differences were seen in the MF slopes between groups 

(p=0.01, η2=0.20), with the KTT showing a mean difference (MD=0.31, p=0.04) and 

KTNT (MD= 0.28, p=0.04) compared with CG. Significant reductions in NPRS were 

seen between time points (p<0.001, η2=0.28), with a reduction between pre and 3 days 

(MD=1.87, p<0.001), and pre and 10 days (MD=1.38, p<0.001), with KTT and KTNT 

both showing clinically important changes. 

CONCLUSION: KT, with or without tension, has a tendency to reduce back muscle 

fatigue and reduce pain in individuals with chronic non-specific low back pain.  

Keywords: bandages, electromyography, lumbar spine, muscle fatigue. 
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1. Introduction 

Individuals with low back pain (LBP) often have biomechanical and 

musculoskeletal dysfunction and have been reported to have poor back muscle 

endurance [1-3]. Several studies have reported greater fatigability of the lumbar 

extensor muscles in this population compared to healthy subjects [3-6]. This 

phenomenon may be associated with muscle atrophy [7], which may result in instability 

of the trunk and consequently increases tissue strain and pain [8].  

Muscle fatigue has been reported to be a continuous process which can be 

recorded using surface electromyography (EMG) [4,9]. Typical measures include 

Median Frequency (MF) and Mean Power Frequency (MPF). When muscles fatigue 

the MF declines, which has been associated with altered muscle-fibre recruitment or 

physiological changes in the muscle [4]. The MF has been shown to be less sensitive to 

noise and more sensitive to physiological changes [10], and its slope during a sustained 

contraction has been shown to be a valid and reliable index of muscle fatigue [11]. 

Several studies have used the MF slope to assess back muscle fatigue in individuals 

with LBP and to provide comparisons with healthy subjects [3,5,11,12]. 

Clinicians and individuals with LBP are continuously seeking interventions 

which are able to decrease pain and enhance musculoskeletal performance to help in 

the management of LBP. Amongst these, different taping techniques have been 

proposed which aim to improve patient pain and function. Kinesio Taping (KT) has 

been reported to improve muscle performance, increase joint stability, reduce pain [13-

16], and change motor unit recruitment [17]. The therapeutic mechanisms of Kinesio 

Taping on LBP have not been fully elucidated, however the literature relates any 

purported benefits to the activation of cutaneous mechanoreceptors, explained through 
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pain gate theory [14,16,17]. However, there is still a lack of strong evidence on the 

effects of KT in the treatment of musculoskeletal conditions [18,19,20]. 

Studies that have investigated the influence of KT on back muscle fatigue in 

individuals with LBP are scarce. Àlvarez-Àlvarez et al. [21] found that KT appears to 

improve the time to failure of the extensor muscles of the trunk, however this study 

only recruited healthy individuals. Hagen et al. [22] evaluated the effect of taping on 

fatigue in individuals with LBP and concluded that back muscle endurance was greater 

with elastic tape applied when compared to no tape, however there was no difference 

when using rigid tape. They concluded that, although there was a statistical difference, 

these changes did not exceed measurement error, and such interventions warrant further 

investigation. However, currently little or no information exists on the effect of 

different taping techniques in individuals with low back pain.  

Therefore, this study aimed to evaluate the effects of different taping techniques 

on pain and back muscle fatigue in individuals with low back pain, by exploring the 

electromyography activity of the longissimus muscle, sustained time during a fatigue 

test and pain. 

 

2. Methods 

2.1Trial Design 

A four-arm, single blinded randomised controlled trial conducted at a university 

laboratory between March and August 2018. 

2.2 Participants 



 5 

A convenience sample comprised of 60 women aged between 18 and 50 years 

old (mean age of 25.64 ± 6.0 years; mean Body Mass Index BMI of 22.5 ± 2.5 kg/m2) 

with chronic non-specific low back pain were included in this study. Only women were 

selected as low back pain is more common in females than males [23]. Exclusion 

criteria were; any red flags involving the spine, use of corticosteroids in the last two 

weeks or anti-inflammatory medication in the last 24 hours, pregnant, allergy or 

intolerance to the KT, or had undergone taping techniques in the treatment of their LBP. 

The women could not been in their menstrual cycle or the premenstrual period, have a 

BMI over 30 and have a NPRS less than 2. Furthermore, volunteers were excluded if 

they did not reach a minimum of 20 seconds of sustained contraction during the fatigue 

test on the first day of evaluation.  

Participants were required to give informed consent, according to Resolution 

466/2012 of the National Health Council and the Declaration of Helsinki, after being 

informed of the study aims. Participants that met the inclusion criteria, signed the 

consent form, filled out the evaluation form containing personal and anthropometric 

data and underwent an allergy test to Kinesio Taping®. The study was approved by the 

local ethics committee (protocol number 1.213.864) and registered on clinicaltrials.gov 

(NCT03463200). 

 

2.3 Intervention 

The participants were randomised to four intervention groups: control group 

(CG), KT with tension group (KTT), KT no tension group (KTNT) and Micropore® 

group (MP). The randomised allocation of participants to the four groups was 
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performed using www.randomization.com by an independent assessor, and the 

sequence of allocation was sealed in opaque envelopes which were opened immediately 

before the first intervention. We chose to use a no tension group to check the need for 

tension when applying the technique, and a Micropore® group to compare the 

technique to a minimal or placebo intervention, since Micropore® is a medical/surgical 

tape, hypoallergenic, breathable, adhesive and very easy to apply and remove. 

Three evaluators participated in the study: evaluator 1 was responsible for the 

participant assessments; evaluator 2 was responsible for the interventions; and 

evaluator 3 for the statistical analysis, who was blinded to the conditions. 

The intervention methodology was carried out in accordance to Macedo et al 

[16]. The KTT group received an application of Kinesio Taping with a slight stretch of 

approximately 10-15%, in the form of an “I” over the erector spinae muscles bilaterally 

[16,22,24]. To apply the tape, the participants were asked to stay seated and perform a 

trunk flexion with rotation to the opposite side of the tape application. The tape was 

fixed with tension from the posterior superior iliac spine to the T12 with an initial and 

final anchor [25]. Participants in the KTNT group received an application of KT similar 

to the KTT group, however they were asked to hold a neutral pose and no tension was 

applied to the tape (Figure 1).  For the participants in the Micropore® group, the 

application was performed in the same way as the KTT group. The tape was left in 

place for three days for all participants who received a taping intervention and it was 

not renewed. The control group participants did not receive any intervention.  

INSERT FIGURE 1 

2.4 Evaluation 
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Three assessments were performed: on day one (pre-treatment), day 3 

(participants still using the tape) and after 10 days (a follow-up after 7 days of tape 

removal). The outcomes included; the numerical pain rating scale (NPRS) which was 

assessed based on the last 24 hours [25], the median frequency (MF) fatigue slope of 

the longissimus muscle, and the sustained contraction time during the fatigue test. To 

assess the longissimus muscle fatigue, the participants were instructed to perform a 

lumbar trunk fatigue test which was first reported by Ito et al [26]. This has been 

reported to be a valid variation of the Sorensen test [27] and was chosen because it is 

easy to perform, does not require any equipment apart from a pad and produces less 

overload on the spine when compare to the Sorensen test. In addition, this has not been 

shown to increase lumbar pain or result in participants’ withdrawal from studies [26-

29].  

   For the lumbar trunk fatigue test the participants were positioned in a prone 

position on a plinth with a pad below the lower abdomen in order to rectify the lumbar 

lordosis, and the arms were kept alongside the body (Figure 2). They were instructed 

to maintain a position without the sternum or arms making contact with the plinth, hold 

the trunk, and flex the neck as much as possible [26]. Prior to data collection 

participants were allowed to perform one trial for familiarization. Each participant then 

performed a single assessment task. The maximum time during this contraction was 

recorded, with a minimum allowed time of 20s and maximum time limited to 300s, 

during which the EMG activity of the longissimus muscle was recorded.  

INSERT FIGURE 2 

To assess the EMG activity, the participant’s skin was shaved and cleaned with 

70% alcohol prior to electrode placement. A 16-channel signal conditioner model 
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(Telemyo direct transmission system, Noraxon®, USA) with a resolution of 16-bit and 

common mode rejection (CMR) > 100 dB was used. Signals were captured with a 

sampling frequency of 1500 Hz, amplified 1000 times and filtered with a bandpass of 

10 - 500 Hz. Passive self-adhesive surface electrodes (4 x 2.2 cm) were applied in a 

bipolar arrangement, with an inter-electrode distance of 2 cm (Noraxon®, USA). The 

electrodes were placed bilaterally over the left and right longissimus muscles, in 

accordance with the SENIAM guidelines [30], and all signal processing was performed 

using MyoResearch 3.8 (Noraxon®, USA).  

 The analysis of the frequency spectrum within the EMG signals was 

determined using the Fast Fourier Transformation method. From this the median 

frequency (MF) was found using a window length of one second [31]. The rate of 

reduction in the median frequency was found over the successive time windows using 

a linear regression using the mean of the data for the right and left sides [31], which has 

been reported to be a reliable index of muscle fatigue [11]. This slope was normalized 

to the initial MF due to the differences in skin impedance and subcutaneous layers 

between subjects [11,32]. This was achieved by dividing the MF during each time 

window by the initial MF, which is represented by the intercept of the MF regression 

line, and then multiplied by 100 [3,11,27,32].  

2.5 Statistical Analysis  

 All statistical analyses were performed using SPSS 20.0. A mixed methods 

ANOVA (4x3) was used to analyse the differences among the four groups (CG, KTT, 

KTNT, MP) over the three time points (Pre, 3 days, 10 days) and the effect of group, 

time, and group x time interactions for the normalized median frequency slope, 

sustained contraction time and NPRS were found. The homogeneity of variance was 
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verified by the Levene test. When the assumption of sphericity was violated, 

significance was adjusted using Greenhouse-Geisser. The effect sizes were calculated 

using partial eta-square (η2), and when significant main effects were seen post hoc 

pairwise comparisons were performed using a Bonferroni correction with a 0.05 

significance level.  

3. Results 

 One hundred and thirty individuals were assessed for eligibility, 70 were 

excluded according to the exclusion criteria. The remaining 60 were assigned to the 

different groups (CG n=15, KTT n=15, KTNT n=15, MP n=15). See Figure 3 for the 

consort diagram and Table 1 for the mean and homogeneity of each variable at baseline. 

INSERT FIGURE 3 

INSERT TABLE 1 

The mixed methods ANOVA showed no significant interactions between group 

and time for pain (F=0.63, p=0.70, η2=0.03), sustained contraction time (F=0.85, 

p=0.52, η2=0.04) and MF fatigue slope (F=0.47, p=0.83, η2=0.03), with a power of 

0.6, however significant main effects were seen for group and time. Specifically, 

significant differences were seen between groups for the MF fatigue slope (F= 3.86, 

p=0.01, η2 = 0.20), further post hoc testing showed a significant difference between the 

CG group and both the KTT and KTNT groups (p=0.04 and p=0.03), respectively, with 

no significant differences seen between the MP group and the other 3 groups (p>0.05). 

No significant differences were seen for sustained contraction time between the three 

assessment time points (p=0.14) or group (p=0.09). However, NPRS did show a 

statistically significant difference between the three assessment time points (F=21.5, 

p<0.001, η2 = 0.27). Further post hoc tests showed a reduction between pre and 3 days 
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(p<0.001) and between pre and 10 days (p<0.001), with the difference in NPRS 

between pre and 3 days for both KTT and KTNT exceeding the threshold for a clinically 

important change [32], although no significant differences were seen between the 

groups.  

INSERT TABLE 2

4. Discussion 

 The aim of this study was to explore the effect of different taping techniques on 

back muscle fatigue and pain in individuals with low back pain. Our results showed no 

significant interactions between group and time for any variable, however, a 

significantly greater MF fatigue slope was seen in the control group compared with 

both the KTT and KTNT groups, and pain was also reduced over the three time points 

with a clinically important change whilst wearing the KT tape. In addition no significant 

differences were seen for the sustained contraction time. 

Electromyography has been widely used to estimate fatigue [4] and the median 

frequency slope has been shown to be a valid and reliable index [11]. According to De 

Luca [9] changes that happen in the muscle during fatigue are reflected in the properties 

of myoelectric signals. Moreover, this method has been shown to have excellent 

reproducibility and correlation with clinical measures, showing its clinical applicability 

to detect changes in LBP populations [33,34]. Several studies have reported back 

muscle fatigue in individuals with low back pain and in healthy subjects using 

electromyography [3,5,11,12]. However, to our knowledge, there is no study that has 

examined the effects of taping on back muscle fatigue in individuals with low back pain 

using EMG. 
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Paoloni et al [17] assessed three different groups that used Kinesio Taping, 

exercise or Kinesio Taping plus exercise. Although they used electromyography, they 

evaluated muscle function during a flexion-relaxation pattern and did not consider 

fatigue. In addition, Kang et al [35] examined the influence of postural taping on 

kinematic and electromyography activity in a group of physical therapists with low 

back pain whilst performing patient transfers. However, they used Root Mean Square 

(RMS) to estimate the magnitude of muscle activity, rather than a measure of fatigue. 

To the authors’ knowledge no study has considered frequency indices such as 

the median frequency slope to assess the effects of taping in individuals with low back 

pain, although data does exist using sustained contraction time as a measure of muscle 

fatigue [14,21,22]. Hagen et al [22] performed a crossover trial and compared the 

differences in fatigue time during the Sorensen test for three different conditions: no 

tape, rigid tape and elastic tape. Their results showed a difference between the no tape 

and elastic tape groups, but no differences were seen between the rigid and elastic tape 

groups. However the magnitude of the differences found was small and did not exceed 

the measurement error. 

Castro-Sánchez et al [14] compared the effects of Kinesio Taping and sham 

taping on individuals with low back pain. Among the variables analysed, they observed 

trunk muscle fatigue using the McQuade test, one week after tape application and four 

weeks after the tape had been removed. Their results showed an improvement at one-

week for fatigue time in the experimental group, which increased by 13 seconds, 

whereas the sham group worsened by 9 seconds. Four weeks later, the between-group 

difference was 18 seconds in favour of the experimental group.   

Àlvarez-Àlvarez et al. [21] conducted a randomized, controlled, doubled-
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blinded clinical trial to determine the influence of KT on the resistance to fatigue in the 

lumbar extensor muscles in ninety-nine healthy subjects. Although this was not 

conducted on individuals with low back pain, they did find an improvement in the time 

to failure of the back muscles using the Sorensen test for those with KT compared to a 

control group, with no significant changes in a placebo group.  

These previous finding support the changes observed in the MF slope in this 

current study, which showed a between-group difference for the control group when 

compared to the KTT and KTNT groups, indicating that the KT, with or without 

tension, has a positive influence on the rate of muscle fatigue. For the MP group no 

differences were observed, either between the control group or between the KT groups. 

This lack of statistical difference in the MP group may suggest a lesser or placebo effect, 

as the results were similar to the KT groups. For the comparison between time points, 

we observed that the decline in the MF slope seemed to be greater over time in the CG, 

with a value of 0.17 Hz/s, whereas the greatest decline for the other groups was 0.06 

Hz/s, although these differences were not statistically significant.   

Concerning the sustained contraction time during the Ito test, which may be 

considered an alternate measure of back muscle fatigue, we found no differences 

between the four groups or time points. Although all the studies cited above used time 

to failure of back muscles as a fatigue variable, all found positive results in KT groups, 

which differs from our results. This may be due to the current study using the Ito test 

as opposed to the Sorensen test, although the mean data from the four groups indicated 

that the control group had a shorter time to fatigue at the different time points, whereas 

the KT groups showed no reduction. 

When considering pain, our results showed a reduction over the assessment time 
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points in all groups, although no significant differences between groups was seen. 

However, the greatest reductions were seen in the KT groups, with a 2.0 point reduction 

between pre and 3 days for KTT, and 2.6 between pre and 3 days for KNTN, which 

according to Ostelo et al [36] may be considered to be above the threshold of a minimal 

clinically important change. The MP group also showed a reduction of 1.4 and 1.5 

between pre and three days and pre and ten days, respectively, however these changes 

were not statistically significant and were below the threshold of a clinically important 

change. These findings would suggest that there may be a relationship between a 

reduction in pain and better motor unit recruitment with some evidence in the literature 

supporting this [37]. This may indicate that when individuals used KT, either with or 

without tension, they had a less steep MF slope possibly due to improved sensation and 

control leading to pain reduction.  

Among the limitations of the current study was that there was only a 10 day 

follow-up, so the longer term effects remain unknown. This current study also only 

considered the effects on women, and although LBP is more common in women than 

men, these results may provide a useful guide to clinical practice in male patients also, 

however further work needs to be carried out to confirm this. 

5. Conclusion 

In conclusion, Kinesio Taping seems to influence back muscle fatigue in 

individuals with chronic non-specific low back pain, whether with or without tension, 

and provides clinically important changes in pain. However, it is also important to note 

that there was no statistical difference between KT groups compared to the Micropore® 

group, therefore this study cannot support any superiority in one taping technique over 

another.  
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Table 1. Values of mean and standard deviation (SD) of all variables and groups evaluated at 

baseline and the homogeneity between them.  

Variable 

CG  

(n=15) 

KTT 

(n=15) 

KTNT 

(n=15) 

MP 

(n=15) 

Age (years) 24.4 (5.0) 25.6 (6.9) 24.9 (5.9) 26.5 (6.1) 

Weight (Kg) 61.2 (9.5) 58.8 (7.5) 57.0 (9.4) 60.8 (7.4) 

Height (m) 1.63 (0.06) 1.61 (0.05) 1.60 (0.06) 1.65 (0.05) 

BMI (Kg/m2) 22.9 (2.6) 22.5 (2.3) 22.1 (2.6) 22.4 (2.5) 

NPRS (cm) 5.2 (1.5) 4.3 (1.9) 5.1 (2.1) 4.8 (1.7) 

MF slope (Hz/s) -0.67 (0.39) -0.40 (0.20) -0.45 (0.30) -0.61 (0.23) 

Sustained contraction time (s) 40.1 (18.0) 52.9 (26.4) 54.7 (30.7) 54.0 (24.2) 

 

CG: control group; KTT: Kinesio Taping with tension group; KTNT: Kinesio Taping No Tension group; MP: Micropore group; 

BMI: Body Mass Index; NPRS: Numerical Rating Scale; MF: Median Frequency.
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Table 2. Mean and standard deviation (SD) and ANOVA results of median frequency slope and fatigue time for the four groups at the 3 time points.   

 CG (n=15) KTT (n=15) KTNT (n=15) MP (n=15) p value Effect size 

 Pre 3  

days 

10 

days 

Pre 3  

days 

10 

days 

Pre 3  

days 

10 

days 

Pre 3  

days 

10 

days 

Group  

x  

time 

Group  

x  

time 

NPRS (0-10) 5.2 

(1.5) 

3.7 

(2.1) 

4.4 

(2.6) 

4.3 

(1.9) 

2.3 

(1.8) 

2.8 

(2.0) 

5.1 

(2.1) 

2.5 

(1.9) 

3.3 

(2.7) 

4.8 

(1.7) 

3.4 

(2.1) 

3.3 

(2.6) 

0.70 0.03 

MF slope (Hz/s) -0.67 

(0.39) 

-0.72 

(0.35) 

-0.84 

(0.52) 

-0.40 

(0.20) 

-0.45 

(0.19) 

-0.46 

(0.25) 

-0.45 

(0.30) 

-0.44 

(0.20) 

-0.50 

(0.19) 

-0.61 

(0.23) 

-0.55 

(0.31) 

-0.66 

(0.27) 

0.83 0.03 

Sustained 

contraction time 

(s) 

40.1 

(18) 

34.7 

(13.1) 

28.5 

(14.2) 

52.9 

(26.4) 

55.6 

(30.1) 

53.5 

(28.5) 

54.7 

(30.7) 

56.1 

(36.3) 

53.1 

(32.4) 

54.0 

(24.2) 

50.1 

(26.8) 

49.2 

(27.0) 

0.52 0.04 

CG: control group; KTT: Kinesio Taping with tension group; KTNT: Kinesio Taping No Tension group; MP: Micropore group; MF: Median Frequency.
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Figure 1. Kinesio Taping application without tension (left picture) and with tension (right 

picture).  
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Figure 2. Lumbar trunk muscle endurance test. 
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Figure 3. Flow diagram of the study. 

 

 


