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Effects of the direction of Kinesio 
taping on sensation and postural 
control before and after muscle 
fatigue in healthy athletes
Min‑Hao Hung 1, Hui‑Ya Chen 2, Yun‑Chi Chang 3, Chun‑Wen Chiu 4 & Hsiao‑Yun Chang 5*

In this study, Kinesio tape (KT) was applied in two different directions to the gastrocnemius muscle, 
the most important muscle in stance stability, to investigate the effect of different taping directions 
on overall balance and sensation systems before versus after muscle fatigue. The participants, 
comprising 45 healthy athletes, were randomly divided into three groups: the placebo taping group 
(PTG), the facilitation KT group (FKTG), and the inhibition KT group (IKTG). The tests involved in 
this study were a balance test, a superficial sensory function test, and a combined cortical sensation 
test. The data from these tests were collected before taping, after taping and a 10‑min rest, and 
immediately after continuous heel raises were performed to fatigue. The results of the balance tests 
showed no significant group × time interaction, whether subjects stood barefoot on one foot or stood 
on a soft mat with eyes open or closed (p > 0.05). Only the sway distance and sway velocity of the 
center of pressure (COP) when subjects stood barefoot on one foot with eyes open were significantly 
higher in the inhibition taping group than in the placebo taping group (p < 0.05). In addition, significant 
differences were noted in the sway area and sway distance of the COP before taping, after taping, and 
after exercise to fatigue when the participants stood on the soft mat with their eyes open (p < 0.05). 
When the participants stood on the soft mat on one foot with their eyes closed, no significant 
differences were noted among the groups. When subjects stood on a soft mat on one foot with eyes 
open, significant improvements were noted after fatiguing exercise versus before taping for all 
three groups (p < 0.05). The results of the superficial sensory test showed no significant group × time 
interaction and no difference among the three taping conditions or before/after taping and after 
fatiguing exercise. Only in the two‑point discrimination test was a sensory difference observed, with 
the facilitation taping group having a significantly shorter discrimination distance than the placebo 
taping and inhibition taping groups (p < 0.05). The present study showed that KT application for a 
simple balance task (e.g., barefoot on a hard floor with eyes open) may slightly influence postural 
control, especially when the inhibition method is used. However, more difficult balance tasks (e.g., 
barefoot on a soft mat with eyes closed) show no effect of KT application—either the facilitation 
method or the inhibition method—on posture control.

Most sports injuries occur in the middle and late stages of competition or practice and are correlated to some 
extent with  fatigue1,2. Fatigue reduces an athlete’s neuromuscular  control3, thus decreasing balance. With muscle 
fatigue, the control of joint positioning becomes less precise.

Balance is an essential ability for athletes. Techniques in sports such as gymnastics, ball games, and track 
and field are particularly demanding with respect to balance, making it essential for athletic  performance4. 
Most people rely on dynamic or static balance while standing, walking, or running. Static balance maintains 
a stable posture, whereas dynamic balance enhances the quality of  movement5. Balance is controlled by four 
factors within two systems in the human body: the factors of vision, vestibular function, and proprioception 
in the nervous system and the factor of muscle strength in the musculoskeletal  system6. Balance is achieved by 
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adjusting the relative positions of the center of gravity and base of support to achieve stability. The body must 
continuously correct and adjust the angles of the ankle and hip joints to maintain static balance while stand-
ing. The ankle joint muscles are used primarily in the forward and backward directions, whereas the hip joint 
muscles are mainly responsible for left–right adjustments. The information sources for these adjustments rely 
on the continuous input of proprioceptive  signals7.

Regarding static balance, standing is the most functional stance for postural assessment. The ability to control 
the ankle joint while standing is an essential factor affecting standing  balance8. The standing static balance test 
can be used to determine the sensory and muscle coordination of the test  subject9. The gastrocnemius muscle 
is the most important stabilizing muscle for standing. Previous studies have suggested that subjects with poor 
proprioception have poor stance quality, which increases their risk of falls and reduces their ability to carry out 
activities of daily  living10. In a clinical setting, constant stimulation is used to compensate for and enhance the 
sources of proprioception.

Kinesio tape (KT) is a widely available auxiliary device with a proven ability to enhance proprioceptive 
input in many  studies11. KT was experimentally shown to stimulate tactile input when applied to the skin; affect 
mechanoreceptors; enhance proprioception in the joints, muscles, and  tendons11,12; improve myoelectric activity 
and  recruitment13–16; and improve ankle joint position sense in healthy individuals and individuals with sports 
 injuries17.

Further studies have found that KT can improve proprioception in  subjects17–19 and enhance dynamic bal-
ance in  athletes20–22. Different taping methods can result in different effects; accordingly, users have employed 
different KT shapes, tensions, and directions as  needed23. Taping methods can be classified based on direction. 
In the facilitation method, the goal is to assist muscle contraction, whereas in the inhibition method, the goal 
is to relax the muscles and increase flexibility or joint mobility. Some studies suggest that facilitation taping can 
increase muscle strength, power, recruitment, and  tension24,25, but some researchers believe that facilitation and 
inhibition methods do not affect muscle contraction or  coordination18,26–28. Facilitation methods produce an 
eccentric pull on the underlying fascia, inhibiting or decreasing muscle  contraction27.

However, previous studies focused primarily on the coordination of a single muscle and did not test the 
overall contraction performance and coordination of the muscle group simultaneously. In addition, opinions 
differ about facilitation and inhibition taping  methods18,24–28.

Although KT has been demonstrated to improve proprioception, such as joint position sense and force  sense17. 
The human somatosensory system can be divided into three categories: superficial, deep, and combined corti-
cal. Superficial sensation, such as light touch, is produced by stimulating the skin and subcutaneous  tissues29–32; 
deep sensation, such as vibratory sense, joint position sense, and force sense, is produced by stimulating muscles, 
tendons, ligaments, joints, and fascia; and combined cortical sensation, such as two-point discrimination, is 
produced by the combination of superficial and deep  sensations11,17,21,30. KT may produce interactions among 
these three sensation systems, thus influencing proprioception. Current studies suggest that KT can improve 
deep sensation (joint position sense and force sense)17,21,33, but many researchers hold the opposite  view28,34,35; 
moreover, the effects of other sensations have not been sufficiently studied. Therefore, in this study, KT was 
applied in two different directions to the gastrocnemius muscle, the most important muscle in stance stability, to 
further investigate the effect of different taping directions on overall balance and sensory systems before versus 
after muscle fatigue.

It was hypothesized that the facilitation taping group would perform better on balance and sensory tests than 
the other two groups. Because of the role of the gastrocnemius muscle in balance and stability, KT interventions 
involving different taping directions were used for the gastrocnemius muscle to determine whether the direc-
tion of KT application can produce significant benefits in terms of the function, sensation, and performance of 
the gastrocnemius muscle.

Results
The results of the balance tests are shown in Tables 1, 2, 3 and 4. No significant group × time interaction was 
found, whether subjects were standing barefoot on one foot or standing on a soft mat with eyes open or closed 
eyes condition (p > 0.05). Only the COP sway distance and sway velocity in subjects standing barefoot on one 
foot in the eyes-open condition were significant higher in the inhibition taping group than in the placebo taping 
group (p < 0.05). In addition, significant differences were noted in the COP sway area and sway distance before 
taping, after taping, and after fatiguing exercise when the participants stood on the soft mat with their eyes open 
(p < 0.05).

When the participants stood on the soft mat on one foot with their eyes closed, no significant differences were 
noted among the groups. When they stood on a soft mat on one foot with eyes open, all three groups showed 
significant better results after fatiguing exercise than before taping (p < 0.05).

The results of the superficial sensory test showed no significant group × time interaction and no difference 
among the three taping conditions or before/after taping and after fatiguing exercise (Tables 5 and 6). Only in 
the two-point discrimination test was a sensory difference observed, with the facilitation taping group having 
a significantly shorter discrimination distance than the placebo taping and inhibition taping groups (p < 0.05).

Discussion
Sensation. The results of this study showed that Kinesio taping had no effect on vibratory sense but had 
significant benefits for two-point discrimination after taping, specifically with the facilitation taping method. 
Most previous studies focused on deep sensation position and strength before versus after  taping11,17, but some 
researchers have posited that KT has no effect on position sense or force  sense28,34,35. The present study also 
found that KT had no effect on vibratory sense, which is classified as a deep sensation, but it did affect two-



3

Vol.:(0123456789)

Scientific Reports |         (2023) 13:1282  | https://doi.org/10.1038/s41598-023-27801-2

www.nature.com/scientificreports/

point discrimination, which is classified as combined cortical sensation. Furthermore, the present study found 
that facilitation taping improved two-point discrimination and increased the sensitivity of combined cortical 
sensation. This indicates that facilitation taping, which is consistent with the direction of muscle contraction, 
can enhance skin sensation. In a previous study, facilitation and inhibition taping were used on the outer edge 
of the forearm of ten healthy individuals who were asked to flex and extend the wrist repeatedly. The results 
of sensorimotor coordination tests showed that KT improved the subjects’ muscle  coordination19. Our study 
supported this previous study by producing similar results. KT taping with facilitation methods may improve 
muscle coordination by increasing combined cortical sensation. However, our study did not measure position 
sense or touch sense to better understand the effect of KT on sensation. This is one of the limitations of our study.

Balance. The present study revealed no significant differences among groups when the participants stood 
barefoot on one foot with eyes closed. However, when they stood barefoot on one foot with eyes open, the sway 
distance of the inhibition taping group was significantly greater than that of the placebo taping group before 
taping, after taping, and after fatiguing exercise, and the sway velocity was significantly higher in the inhibition 
taping group than in the placebo group or the facilitation taping group. It has been reported previously that KT 
with inhibition methods loosens the adhesion between the skin and the underlying  tissue18,19,23. This may result 
in an increase in the space between the skin and the subcutaneous tissue as well as a decrease in sensory stimula-
tion and muscle  coordination18,19,23. Hence, the sway velocity and sway distance of the COP increased.

When participants stood on a soft mat on one foot with their eyes open, the sway area and sway distance of 
the COP in all three groups gradually decreased before taping, after taping, and after fatiguing exercise. These 

Table 1.  The balance data of three taping groups on barefoot with eyes open and eyes closed condition. 
§ Significant difference between Inhibition taping group and Placebo taping group in before, immediate after 
taping and after fatigue exercise. $ Significant difference between Inhibition taping group and Placebo taping 
group in before, immediate after taping and after fatigue exercise. & Significant difference between Inhibition 
taping group and Facilitation taping group in before, immediate after taping and after fatigue exercise.

Placebo taping Facilitation taping Inhibition taping

Before After Fatigue Before After Fatigue Before After Fatigue

Eyes open

 Standing time 
(s) 10.0 ± 0.1 10.0 ± 0.0 10.0 ± 0.0 10.0 ± 0.0 10.0 ± 0.1 9.4 ± 2.3 10.0 ± 0.0 10.0 ± 0.1 9.9 ± 0.6

 COP area 
 (mm2) 182.99 ± 111.47 200.96 ± 173.48 324.33 ± 411.65 213.21 ± 208.51 308.73 ± 248.54 211.23 ± 106.81 279.51 ± 271.88 278.89 ± 252.48 1070.79 ± 3500.37

 COP displace-
ment (mm)§ 226.12 ± 42.75 218.87 ± 69.64 249.31 ± 74.26 250.48 ± 64.59 295.89 ± 66.53 247.32 ± 57.18 311.43 ± 108.92 330.49 ± 112.99 313.38 ± 166.12

 COP velocity 
(mm/s)$,& 22.89 ± 4.32 24.17 ± 3.82 25.21 ± 7.31 25.39 ± 6.54 29.96 ± 6.79 25.04 ± 5.82 31.67 ± 11.04 33.53 ± 11.39 41.51 ± 36.64

Eyes closed

 Standing time 
(s) 10.0 ± 0.1 9.72 ± 0.84 9.57 ± 1.74 8.81 ± 2.48 9.56 ± 1.79 9.86 ± 0.73 8.58 ± 2.74 9.01 ± 2.24 8.69 ± 2.65

 COP area 
 (mm2) 692.29 ± 584.36 700.53 ± 585.31 650.63 ± 390.58 731.06 ± 566.03 782.78 ± 479.03 809.31 ± 606.70 935.22 ± 1056.88 653.67 ± 545.81 1473.13 ± 2277.59

 COP displace-
ment (mm) 592.38 ± 166.55 494.21 ± 186.89 482.78 ± 112.61 498.25 ± 218.34 615.33 ± 193.77 555.00 ± 163.52 459.51 ± 164.90 520.15 ± 221.07 576.90 ± 279.04

 COP velocity 
(mm/s) 59.96 ± 16.91 51.56 ± 18.37 53.58 ± 19.90 117.51 ± 241.36 63.89 ± 15.99 57.43 ± 17.24 59.11 ± 22.08 100.12 ± 149.69 74.45 ± 46.30

Table 2.  Statistical results of the balance data among the three groups on barefoot with eyes open and closed 
eyes condition. * p < .05.

Within-subject (pre-post-post fatigue) Between-subject (group) Interaction (group × time intervention)

F(2,84) P value Partial eta squared F(1,42) P value Partial eta squared F(2,84) P value Partial eta squared Power

Eyes open

 Standing time (s) 1.502 0.229 0.035 0.750 0.479 0.034 0.749 0.561 0.034 0.232

 COP area  (mm2) 1.073 0.347 0.025 0.750 0.479 0.034 0.823 0.514 0.038 0.253

 COP displacement (mm) 0.920 0.402 0.021 5.300 0.009* 0.202 1.364 0.254 0.061 0.408

 COP velocity (mm/s) 1.002 0.371 0.023 6.687 0.003* 0.242 1.012 0.406 0.046 0.307

Eyes closed

 Standing time (s) 0.378 0.686 0.009 2.046 0.142 0.089 0.825 0.513 0.038 0.253

 COP area  (mm2) 1.471 0.239 0.034 0.845 0.437 0.039 1.560 0.192 0.069 0.463

 COP displacement (mm) 0.273 0.762 0.006 0.390 0.680 0.018 2.270 0.068 0.098 0.640

 COP velocity (mm/s) 0.371 0.691 0.009 0.807 0.453 0.037 1.110 0.357 0.050 0.335
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Table 3.  The balance data of three taping groups on soft-mat with eyes open and eyes closed condition. 
£ Significant difference between before and after taping, and between before and after fatigue exercise for three 
group. ¶ Significant difference between before and after fatigue exercise for three group.

Placebo taping Facilitation taping Inhibition taping

Before After Fatigue Before After Fatigue Before After Fatigue

Eyes open

 Standing 
time (s) 10.02 ± 0.09 10.04 ± 0.08 9.81 ± 0.76 9.49 ± 1.83 9.67 ± 1.32 9.99 ± 0.12 9.88 ± 0.52 10.00 ± 0.03 10.00 ± 0.08

 COP area 
 (mm2)£ 513.33 ± 547.74 349.65 ± 252.24 355.33 ± 349.66 663.21 ± 619.43 406.19 ± 206.87 512.33 ± 354.36 674.49 ± 621.13 464.25 ± 513.21 474.03 ± 492.35

 COP dis-
placement 
(mm)¶

275.29 ± 131.76 271.85 ± 62.81 258.05 ± 71.27 340.15 ± 116.94 299.76 ± 85.34 307.46 ± 53.95 422.75 ± 295.34 305.95 ± 109.26 309.42 ± 116.47

 COP veloc-
ity (mm/s) 30.85 ± 8.90 27.45 ± 6.20 26.70 ± 6.92 59.92 ± 89.06 31.91 ± 7.97 31.19 ± 5.43 45.30 ± 38.46 31.05 ± 10.86 31.53 ± 11.88

Eyes closed

 Standing 
time (s) 4.75 ± 2.22 5.49 ± 2.73 5.94 ± 2.44 5.11 ± 2.17 4.99 ± 2.64 6.24 ± 3.43 4.58 ± 2.21 4.33 ± 2.21 5.72 ± 2.65

 COP area 
 (mm2) 2114.84 ± 2117.01 2230.77 ± 1922.22 2456.55 ± 3416.70 2275.95 ± 1502.05 1860.61 ± 1467.55 2080.97 ± 1796.78 4254.07 ± 9600.39 1582.62 ± 1536.49 1394.31 ± 661.20

 COP dis-
placement 
(mm)

397.96 ± 186.08 448.93 ± 230.62 468.08 ± 239.81 473.69 ± 221.18 404.33 ± 226.02 486.43 ± 287.81 423.15 ± 183.69 341.48 ± 278.82 456.55 ± 169.74

 COP veloc-
ity (mm/s) 86.97 ± 23.14 84.77 ± 27.50 82.34 ± 24.00 93.61 ± 22.56 82.92 ± 21.94 140.17 ± 233.43 98.31 ± 35.59 76.06 ± 24.00 86.85 ± 31.61

Table 4.  Statistical results of the balance data among the three groups on soft-mat with eyes open and eyes 
closed condition. *p < 0.05.

Within-subject (pre-post-post fatigue) Between-subject (group) Interaction (group × time intervention)

F(2,84) P value Partial eta squared F(1,42) P value Partial eta squared F(2,84) P value Partial eta squared Power

Eyes open

 Standing time (s) 0.351 0.705 0.008 1.351 0.270 0.60 0.767 0.550 0.035 0.237

 COP area  (mm2) 7.236 0.001* 0.147 0.454 0.638 0.021 0.198 0.939 0.009 0.090

 COP displacement (mm) 4.162 0.019* 0.090 2.068 0.139 0.090 1.460 0.222 0.065 0.435

 COP velocity (mm/s) 3.359 0.073 0.074 1.533 0.228 0.068 0.724 0.578 0.033 0.225

Eyes closed

 Standing time (s) 4.001 0.059 0.087 1.031 0.366 0.047 0.317 0.866 0.015 0.118

 COP area  (mm2) 1.310 0.275 0.030 0.064 0.938 0.003 1.254 0.295 0.056 0.377

 COP displacement (mm) 1.354 0.264 0.031 0.381 0.686 0.018 0.496 0.739 0.023 0.163

 COP velocity (mm/s) 0.867 0.424 0.020 0.770 0.469 0.035 0.840 0.503 0.038 0.258

Table 5.  Superficial sensory test results of three taping groups. ¥ Significant difference between facilitation 
taping and Placebo taping; between facilitation taping and Inhibition taping.

Placebo taping Facilitation taping Inhibition taping

Before After Fatigue Before After Fatigue Before After Fatigue

Vibratory sense (s)

 31.72 ± 6.88 32.80 ± 8.06 31.48 ± 6.92 31.30 ± 5.85 29.47 ± 3.63 28.78 ± 4.8 29.22 ± 8.03 30.27 ± 8.55 32.01 ± 9.07

Two-point discrimination (cm)¥

 7.47 ± 2.16 7.10 ± 1.50 7.30 ± 2.27 5.57 ± 2.22 5.83 ± 2.12 5.57 ± 2.43 7.30 ± 2.27 7.00 ± 1.61 7.00 ± 1.40

Table 6.  Statistical results of superficial sensory test among the three groups of placebo taping, inhibition 
taping, and facilitation taping. *p < 0.05.

Within-subject (pre-post-post fatigue) Between-subject (group) Interaction (group × time intervention)

F(2,84) P value Partial eta squared F(1,42) P value Partial eta squared F(2,84) P value Partial eta squared Power

Vibratory sense 0.007 0.993 0.000 0.494 0.614 0.023 1.586 0.186 0.070 0.470

Two-point sensory 0.364 0.696 0.009 3.992 0.026* 0.160 0.355 0.840 0.017 0.127
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results indicated that cutaneous blood flow may increase following fatiguing exercise, which would improve 
muscle metabolism and enhance mechanoreceptor stimulation. This mechanism may cause the sway area and 
sway distance of the COP to decrease after fatiguing  exercise36. However, there was no difference among the 
three taping groups when participants stood on a soft mat on one foot with eyes open. In addition, there was no 
significant improvement in balance among the three taping groups before taping, after taping or after fatiguing 
exercise. During static balance, a lack of visual feedback increases the difficulty of maintaining balance because 
proprioceptive input is the only remaining source of feedback. This may be because the tests were conducted 
immediately after taping, when coordination between proprioception and neuromuscular control has not yet 
been achieved because it does not occur immediately. In addition, a lack of visual feedback and the disturbance 
of proprioception by a soft mat enhance the difficulty of maintaining balance, so that even if KT stimulates 
cutaneous mechanoreceptors, it is not sufficient for the participants to maintain balance.

When standing still, the human body adjusts the position of its center of mass over the base of support to 
maintain  balance37. In the present study, the extent and velocity of COP movement were measured to evaluate the 
subject’s stability in terms of swaying, proprioception, and  posture38–42. In the present study, the gastrocnemius 
was taped because forward–backward displacement of the center of pressure when standing still is affected by 
the use of the ankle strategy for posture  control7, and the contractile state of the gastrocnemius directly affects 
ankle control ability. Previous studies reported that KT intervention before exercise can improve dynamic balance 
in healthy  athletes20–22, but these studies did not involve intervention after fatiguing exercise. The present study 
included intervention after fatiguing exercise and divided the taping methods into facilitation and inhibition 
taping to elucidate the effects of these two methods. In a study where the gastrocnemius was taped in different 
directions, the taping direction did not increase vertical jumping ability but changed the electromyographic 
activation state of the  gastrocnemius14. Previous studies on different directions of taping showed that facilitation 
taping of the quadriceps increased torque in the knee  joint25. The findings of the present study are not consistent 
with those of previous studies.

Prolonged exercise causes muscle fatigue and affects balance  control6, and muscle fatigue causes pain and 
decreased motor  control43,44. Fatigue of the gastrocnemius reduces ankle joint  stability3. Preventing fatigue of the 
gastrocnemius is necessary for accurate control of the ankle  joint45. Previous studies reported that KT effectively 
reduces pain  immediately46 and that it also diminishes muscle  fatigue47 and the incidence of ankle  sprains47,48. 
Furthermore, the present study further showed that gastrocnemius KT cannot improve balance control after 
fatiguing exercise. This contrasts with the results of previous studies showing that KT before fatigue intervention 
can reduce the tendency for balance to decline after  fatigue49.

This research had some limitations. In contrast to previous studies that used COP parameters to evaluate 
static balance as subjects stood on one leg for 10 s, the participants in our study could not complete the difficult 
balance task with their eyes closed. Therefore, we recorded the time until participants lost their balance in a 
standing task and we used that parameter in our study, which was also a limitation in our study.

In conclusion, the findings in the present study showed that balance maintenance in a simple task (e.g., 
barefoot on hard floor and eye open) may have little influence on postural control, especially in the inhibition 
method of the KT applied. However, more difficulty balance tasks (e.g., barefoot on soft mats and eyes closed) 
would have no effect of KT applied, whether facilitation or inhibition methods, on posture control.

Methods
Experimental approach to the problem. In this study, two different taping directions were applied 
to the gastrocnemius muscle, the most important muscle for stance stability, to further investigate the effect of 
different taping directions on overall balance and sensation systems before versus after muscle fatigue. Forty-
five healthy athletes were recruited for this study (Table 7). The inclusion criteria for healthy athletes were as 
follows: (1) the participants reported no history of surgery on the lower limbs or musculoskeletal disorders in a 
span of 1 year prior to data collection; (2) the frequency of sports training was more than 3 days per week, and 
the participants had at least three years of training experience in their sport; and (3) the participants had never 
had a medical problem that affected balance, such as head injury, concussion, otitis media, Meniere disease, or 
hearing loss. Approval from the relevant local Institutional Review Board (Cheng Ching Hospital Institutional 
Review Board [07/05/2017; IRB No: HP170013]) and individual written informed consent from all participants 
were obtained beforehand. All experiments were performed in accordance with relevant local guidelines and 
regulations.

Table 7.  Mean ± SD of demographic characteristics of participants.

Variable PTG FKTG IKTG F P

Number of participants (male: female) 15 (6:9) 15(12:2) 15(7:8) – –

Age (years) 20.5 ± 1.7 19.9 ± 1.4 19.8 ± 1.0 1.186 .316

Height (cm) 165.9 ± 9.3 172.0 ± 7.9 166.7 ± 9.4 2.085 .137

Body mass(kg) 61.1 ± 13.0 64.3 ± 8.6 63.3 ± 14.1 .282 .755

Training frequency (time/week) 3.5 ± 1.5 4.4 ± 1.5 3.4 ± 1.8 1.744 .187

Training time (hour/week) 2.2 ± 1.0 2.8 ± 1.2 2.5 ± 1.0 1.109 .339
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Experimental design. The participants were randomly divided into three groups: the placebo taping group 
(PTG), the facilitation KT group (FKTG), and the inhibition KT group (IKTG). The tests involved in this study 
were the balance test, superficial sensory function test, and combined cortical sensation test. Data were collected 
before taping, after taping and a 10-min rest, and immediately after continuous heel raises were performed to 
the point of fatigue.

Procedures. Application direction of Kinesio tape. A two-inch (5 cm) Kinesio tape (Kinesio Tex Tape, Ki-
nesio Holding Company, Albuquerque, NM) was used in this study, and the stretch tension of the tape was 100%, 
which means that we stretched the length of the tape from the bottom layer of the self-adhesive paper tear to 
140% of the original length of the tape. The taping site was the gastrocnemius muscle, and the taping methods 
were placebo taping, inhibition taping, and facilitation taping (Fig. 1).

Inhibition taping. Tape was applied from the end (at the bottom of the heel) to the beginning of the muscle (at 
the back of the knee) while the knee was extended and the foot was pushed down into a dorsiflexed position. A 
10-cm piece of tape was applied to the sole of the foot, a Y-shaped strip was applied along the outer edge of the 
calf, and another strip of tape was applied along the inner edge of the calf. The tension of the tape was 100% when 
the knee was passively straightened (Fig. 1a).

Facilitation taping. Tape was applied from the beginning (at the back of the knee) to the end of the muscle (at 
the bottom of the heel). The tape was placed in an I-shape while the subject’s knee joint was extended and the 
ankle was in a plantar flexion position. The tape was applied from the back of the knee to the heel, and the ten-
sion of the tape was 100% (Fig. 1b).

Placebo taping. On the midsection of the gastrocnemius, an I-shaped horizontal strip was attached at 100% 
tension (Fig. 1c).

Fatiguing exercise. Gastrocnemius muscle fatigue is determined by continuous heel raising movement and 
defined as the point when the height of the heel is less than half of the starting point three consecutive  times49.

Testing procedures. A force plate (Zebris FDM-S, Zebris Medical GmbH, Germany) was used in this 
study. The sampling frequency of the Zebris force platform was set at 100 Hz. The change in center of pressure 
(COP) shifting was used to evaluate the neuromuscular balance ability of the lower extremities. This study was 
conducted in a single-leg stance, with the dominant leg as the supportive leg. The dominant leg was defined as 
the leg that steps up first when climbing stairs and the leg that is used to kick a ball. There were four test condi-
tions in this study: (1) open-eye, barefoot, single-leg standing; (2) closed-eye, barefoot, single-leg standing; (3) 
open-eye, single-leg standing on a soft mat; and (4) closed-eye, single-leg standing on a soft mat. The measure-
ment variables included time spent standing on one leg, area of body sway, path length of body sway, and velocity 
of body sway (Fig. 2).

Superficial sensory function test. A vibrating tuning fork (Fig. 3a) and a two-point discrimination tool 
(Two-Point Aesthesiometer, Lafayette Instrument, Lafayette, IN) were used to conduct superficial sensory tests 
(Fig. 3a). The vibratory sense was tested using a 128 Hz vibrating tuning fork. During the test, subjects were 
required to close their eyes and wear headphones; the tuning fork was first struck and then placed on the lateral 
ankle bone to let the subjects feel its vibration of the tuning fork, and the timer was started. When the subject 
no longer felt the vibration of the tuning fork, the timer was stopped, and the value on the tuning fork and the 
stop time were recorded (Fig. 3b). Three measurements were taken during the test, and the average of these three 
measurements was used as the final value.

(a) Inhibition KT (b) Facilitation KT (c) Placebo taping
Figure 1.  Applied direction of Kinesio taping (a) inhibition KT, (b) facilitation KT, (c) placebo taping.



7

Vol.:(0123456789)

Scientific Reports |         (2023) 13:1282  | https://doi.org/10.1038/s41598-023-27801-2

www.nature.com/scientificreports/

(a) The force platform (b) Single-leg standing on soft mat 
Figure 2.  (a) The force platform and (b) test for single-leg standing on soft mat condition.

(a) The vibrating tuning fork (b) Testing method 
Figure 3.  Device for superficial sensory test (a) the vibrating tuning fork; (b) testing method.

(a) Two-Point Aesthesiometer (b) Testing method 
Figure 4.  Device for combined cortical sensation test (a) the two-point aesthesiometer; (b) testing method.
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Combined cortical sensation test. The distance between the two ends of the two-point discrimination 
tool (Fig. 4a) started at a width of 10 cm and was adjusted down by 1 cm at each step. The subject lay on the bed 
for each test, and the distance in centimeters was measured until the subject could not distinguish the two ends 
of the tool; the length of the last distinguishable distance was recorded (Fig. 4b).

Statistical analyses. The detection time points were before taping, immediately after taping, and after 
continuous heel raising movement performed to fatigue. To examine the differences among the comparisons, 
repeated-measures, mixed-design, two-way ANOVA (group*time intervention) was conducted in IBM SPSS 
Package Software 22.0. If group-by-time interactions were significant, LSD-adjusted post hoc tests were com-
puted. The three situation parameters were before, after taping, and after fatigue from heel-raise exercise; the 
taping groups were the placebo taping group (PTG), facilitation KT group (FKTG), and inhibition KT group 
(IKTG). The significance level was set to a = 0.05.

Data availability
The datasets generated and/or analyzed during the current study are available from the corresponding author 
on reasonable request.

Received: 17 April 2022; Accepted: 9 January 2023

References
 1. Ekstrand, J., Hägglund, M. & Waldén, M. Epidemiology of muscle injuries in professional football (soccer). Am. J. Sports Med. 

39(6), 1226–1232 (2011).
 2. Watkins, C. M. et al. Determination of vertical jump as a measure of neuromuscular readiness and fatigue. J. Strength Cond. Res. 

31(12), 3305–3310 (2017).
 3. GutieGusellarrez, G. M., Jackson, N. D., Dorr, K. A., Margiotta, S. E. & Kaminski, T. W. Effect of fatigue on neuromuscular function 

at the ankle. J. Sport Rehabil. 16(4), 295–306 (2007).
 4. Hrysomallis, C. Balance ability and athletic performance. Sports Med. 41(3), 221–232 (2011).
 5. Kisner, C., Colby, L. A. & Borstad, J. Therapeutic Exercise: Foundations and Techniques. 267 (Fa Davis, 2017).
 6. Lepers, R., Bigard, A. X., Diard, J. P., Gouteyron, J. F. & Guezennec, C. Y. Posture control after prolonged exercise. Eur. J. Appl. 

Physiol. Occup. Physiol. 76(1), 55–61 (1997).
 7. Winter, D. A., Prince, F., Frank, J. S., Powell, C. & Zabjek, K. F. Unified theory regarding A/P and M/L balance in quiet stance. J. 

Neurophysiol. 75, 2334–2343 (1996).
 8. Alexandrov, A. V., Frolov, A. A., Horak, F. B., Carlson-Kuhta, P. & Park, S. Biomechanical analysis of strategies of equilibrium 

control during human upright standing. Russ. J. Biomech. 8(3), 28–42 (2004).
 9. Alexandrov, A. V., Frolov, A. A., Horak, F., Carlson-Kuhta, P. & Park, S. Feedback equilibrium control during human standing. 

Biol. Cybern. 93(5), 309–322 (2005).
 10. Henry, M. & Baudry, S. Age-related changes in leg proprioception: implications for postural control. J. Neurophysiol. 122(2), 

525–538 (2019).
 11. Chang, H. Y., Chou, K. Y., Lin, J. J., Lin, C. F. & Wang, C. H. Immediate effect of forearm Kinesio taping on maximal grip strength 

and force sense in healthy collegiate athletes. Phys. Ther. Sport. 11(4), 122–127 (2010).
 12. Simon, J., Garcia, W. & Docherty, C. L. The effect of kinesio tape on force sense in people with functional ankle instability. Clin. J. 

Sport Med. 24(4), 289–294 (2014).
 13. Gomez-Soriano, J. et al. The effects of Kinesio taping on muscle tone in healthy subjects: A double-blind, placebo-controlled 

crossover trial. Man. Ther. 19(2), 131–136 (2014).
 14. Huang, C. Y., Hsieh, T. H., Lu, S. C. & Su, F. C. Effect of the Kinesio tape to muscle activity and vertical jump performance in 

healthy inactive people. Biomed. Eng. Online. 10(1), 1–11 (2011).
 15. Lin, J. J., Hung, C. J. & Yang, P. L. The effects of scapular taping on electromyographic muscle activity and proprioception feedback 

in healthy shoulders. J. Orthop. Res. 29(1), 53–57 (2011).
 16. Paoloni, M. et al. Kinesio Taping applied to lumbar muscles influences clinical and electromyographic characteristics in chronic 

low back pain patients. Eur. J. Phys. Rehabil. Med. 47(2), 237–244 (2011).
 17. Seo, H. D. et al. Effects of Kinesio taping on joint position sense of the ankle. J. Phys. Ther. Sci. 28(4), 1158–1160 (2016).
 18. Bravi, R., Cohen, E. J., Quarta, E., Martinelli, A. & Minciacchi, D. Effect of direction and tension of kinesio taping application on 

sensorimotor coordination. Int J. Sports Med 37(11), 909–914 (2016).
 19. Bravi, R., Quarta, E., Cohen, E. J., Gottard, A. & Minciacchi, D. A little elastic for a better performance: Kinesio taping of the motor 

effector modulates neural mechanisms for rhythmic movements. Front. Syst. Neurosci. 8, 181 (2014).
 20. Hadadi, M., Haghighat, F., Mohammadpour, N. & Sobhani, S. Effects of Kinesiotape vs Soft and Semirigid Ankle Orthoses on 

balance in patients with chronic ankle instability: A randomized controlled trial. Foot Ankle Int. 41(7), 793–802 (2020).
 21. Chang, H. Y., Huang, Y. H., Cheng, S. C., Yeh, C. Y. & Wang, C. H. Prophylactic Kinesio taping enhances balance for healthy col-

legiate players. J. Sports Med Phys Fit. 58(5), 651–658 (2017).
 22. Nakajima, M. A. & Baldridge, C. The effect of kinesio tape on vertical jumpand dynamic postural control. Int. J. Sports Phys. Ther. 

8(4), 393 (2013).
 23. Wallis, J., Kase, T., & Kase, K. Clinical Therapeutic Applications of the Kinesio Taping Method. (2003).
 24. Gusella, A., Bettuolo, M., Contiero, F. & Volpe, G. Kinesiologic taping and muscular activity: A myofascial hypothesis and a ran-

domised, blinded trial on healthy individuals. J. Bodyw. Mov. Ther. 18(3), 405–411 (2014).
 25. Yeung, S. S. & Yeung, E. W. Acute effects of kinesio taping on knee extensor peak torque and stretch reflex in healthy adults. 

Medicine 95(4), e2615 (2016).
 26. Cai, C., Au, I. P. H., An, W. & Cheung, R. T. H. Facilitatory and inhibitory effects of Kinesio tape: Fact or fad?. J. Sci. Med. Sport. 

19(2), 109–112 (2016).
 27. Serrão, J. C. et al. Effect of 3 different applications of Kinesio Taping  Denko® on electromyographic activity: Inhibition or facilita-

tion of the quadriceps of males during squat exercise. J. Sports Sci. Med. 15(3), 403–409 (2016).
 28. Zanca, G. G., Grüninger, B. & Mattiello, S. M. Effects of Kinesio taping on scapular kinematics of overhead athletes following 

muscle fatigue. J. Electromyogr. Kinesiol. 29, 113–120 (2016).
 29. Pavailler, S., Hintzy, F., Horvais, N. & Forestier, N. Cutaneous stimulation at the ankle: A differential effect on proprioceptive 

postural control according to the participants’ preferred sensory strategy. J. Foot Ankle Res. 9(1), 1–8 (2016).



9

Vol.:(0123456789)

Scientific Reports |         (2023) 13:1282  | https://doi.org/10.1038/s41598-023-27801-2

www.nature.com/scientificreports/

 30. Schmitz, T. J. Examination of sensory function. in Physical Rehabilitation (O’Sullivan, S.B., Schmitz, T.J. eds.). 5th edn. 121–155 
(F.A. Davis Company, 2006).

 31. Konishi, Y. Tactile stimulation with kinesiology tape alleviates muscle weakness attributable to attenuation of Ia afferents. J. Sci. 
Med. Sport. 16(1), 45–48 (2013).

 32. Burcal, C. J. & Wikstrom, E. A. Plantar cutaneous sensitivity with and without cognitive loading in people with chronic ankle 
instability, copers, and uninjured controls. J. Orthop. Sports Phys. Ther. 46(4), 270–276 (2016).

 33. Keenan, K. A. et al. Kinesiology taping does not alter shoulder strength, shoulder proprioception, or scapular kinematics in healthy, 
physically active subjects and subjects with subacromial impingement syndrome. Phys. Ther. Sport. 24, 60–66 (2017).

 34. Aarseth, L. M., Suprak, D. N., Chalmers, G. R., Lyon, L. & Dahlquist, D. T. Kinesio tape and shoulder-joint position sense. J. Athl. 
Train. 50(8), 785–791 (2015).

 35. Magalhães, I. et al. Prolonged use of Kinesiotaping does not enhance functional performance and joint proprioception in healthy 
young males: Randomized controlled trial. Braz. J. Phys. Ther. 20(3), 213–222 (2016).

 36. Amirova, L. E. et al. Effects of plantar stimulation on cardiovascular response to orthostatism. Eur. J. Appl. Physiol. 116(11–12), 
2257–2266. https:// doi. org/ 10. 1007/ s00421- 016- 3479-7 (2016).

 37. Horak, F. B. Clinical measurement of postural control in adults. Phys. Ther. 67(12), 1881–1885 (1987).
 38. Asseman, F., Caron, O. & Crémieux, J. Is there a transfer of postural ability from specific to unspecific postures in elite gymnasts?. 

Neurosci. Lett. 358(2), 83–86 (2004).
 39. Geurts, A. C., de Haart, M., van Nes, I. J. & Duysens, J. A review of standing balance recovery from stroke. Gait Posture 22, 267–281 

(2005).
 40. Niam, S., Cheung, W., Sullivan, P. E., Kent, S. & Gu, X. Balance and physical impairments after stroke. Arch. Phys. Med. Rehabil. 

80, 1227–1233 (1999).
 41. Nichols, D. S. Balance retraining after stroke using force platform biofeedback. Phys. Ther. 77, 553–558 (1997).
 42. Paillard, T. et al. Postural performance and strategy in the unipedal stance of soccer players at different levels of competition. J. 

Athl. Train. 41(2), 172–176 (2006).
 43. Brazen, D. M., Todd, M. K., Ambegaonkar, J. P., Wunderlich, R. & Peterson, C. The effect of fatigue on landing biomechanics in 

single-leg drop landings. Clin. J. Sport Med. 20(4), 286–292 (2010).
 44. Parijat, P. & Lockhart, T. E. Effects of quadriceps fatigue on the biomechanics of gait and slip propensity. Gait Posture 28(4), 568–573 

(2008).
 45. Lin, C. C., Lee, W. C., Chen, J. C., Chen, S. J. & Lin, C. F. The influence of Kinesio tape and an ankle brace on the lower extremity 

joint motion in fatigued, unstable ankles during a lateral drop landing. Int. J. Environ. Res. Public Health. 18(11), 6081 (2021).
 46. Lee, H. & Lim, H. Effects of double-taped kinesio taping on pain and functional performance due to muscle fatigue in young males: 

A randomized controlled trial. Int. J. Environ. Res. Public Health. 17(7), 2364 (2020).
 47. Farquharson, C. & Greig, M. Kinesiology tape mediates soccer-simulated and local peroneal fatigue in soccer players. Res. Sports 

Med. 25(3), 313–321 (2017).
 48. Fayson, S. D., Needle, A. R. & Kaminski, T. W. The effects of ankle  Kinesio® taping on ankle stiffness and dynamic balance. Res. 

Sports Med. 21(3), 204–216 (2013).
 49. Tajik, A., Shokri, E. & Ghanbari, A. The effect of Kinesio taping of quadriceps muscle on the balance of non-elite football players 

after a local fatigue induced protocol. J. Rehabil. Sci. Res. 3(1), 5–10 (2016).

Acknowledgements
This research was supported by the National Science Council in Taiwan (MOST 106-2410-H-040-013). None of 
the authors declare competing financial interests.

Author contributions
M.H.H., H.Y.C. and S.Y.C. conceived and designed the research. Y.C.C. and C.W.C. conducted the experiments. 
M.H.H. and S.Y.C. analyzed the data. M.H.H., H.Y.C., Y.C.C., S.Y.C., and C.W.C. wrote the manuscript. All 
authors have read and approved the final version of the manuscript and agree with the order of the author list.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to H.-Y.C.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2023

https://doi.org/10.1007/s00421-016-3479-7
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Effects of the direction of Kinesio taping on sensation and postural control before and after muscle fatigue in healthy athletes
	Results
	Discussion
	Sensation. 
	Balance. 

	Methods
	Experimental approach to the problem. 
	Experimental design. 
	Procedures. 
	Application direction of Kinesio tape. 
	Inhibition taping. 
	Facilitation taping. 
	Placebo taping. 


	Fatiguing exercise. 
	Testing procedures. 
	Superficial sensory function test. 
	Combined cortical sensation test. 
	Statistical analyses. 

	References
	Acknowledgements


