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ABSTRACT 
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OF KNEE DURING AN ISOTONIC FATIGUING FLEXION/EXTENSION EXERCISE 

by 
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Under the Supervision of Professor Naira Campbell-Kyureghyan 

 

Kinesiology Tape (KT) is an elastic athletic tape and is popular among athletes as 

it was claimed that it can to be worn for several days and is capable of preventing injuries, 

improving rehabilitation processes, improving muscle oxygenation levels, and enhancing 

muscle performance. The goal of this study was to determine if there was any potential 

enhancing effect of KT on joint endurance in healthy subjects, in particular with respect 

to time to fatigue (TTF), muscle oxygenation, and muscle activity in fatiguing knee 

flexion/extension exercise across sessions.   

Fourteen healthy male subjects with no previous history of knee injury participated 

in this study. The study consisted of 8 sessions at 24-hour increments over 8 consecutive 

days. The first session, session 0, was set as a practice session and was excluded from 

analysis. Data collection started from session 1 and continued through session 7. Session 

1 was set as the baseline session without KT. KT was placed on one knee (treatment knee) 

on session 2 and was kept in place for four sessions across 72 hours. The study observed 

the effect of immediate application and application durations up to 72 hours. KT was 

removed after session 5 (72 hours) to determine if there is any residual effect for the last 
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2 sessions (6 and 7). The other knee was kept as a control knee without KT to observe any 

potential learning effect across the 7 sessions.  

Throughout the trials, TTF, number of cycles, cycle rate, bilateral muscle activity, 

and muscle oxygenation were recorded. To investigate the effect of application, each 

parameter was compared between pre-application (session 1) and application (session 2) 

in the treatment knee using paired-t test. A general linear model ANOVA was performed 

to determine the statistical significance of changes in the parameters across sessions for 

the treatment and control knees. The factor of subject was blocked in the analysis.  

Results showed that there was no change in TTF or number of cycles from pre-

application (session 1) to application session (session 2) in the treatment knee. No 

observed improvement in muscle oxygenation or muscle activity in either VL or VM was 

observed due to KT application.  

During the application sessions there was a gradual increase in TTF and number 

of cycles in the treatment knee. There was also an observed delay in fatigue based on the 

evaluation of muscle oxygenation and muscle activity. Nevertheless, there were also 

gradual increases in TTF and number of cycles in the control knee. Control knee also had 

delay in the fatigue of muscle activity. The percent changes in the treatment and control 

knees were similar, which indicated that the learning effect was the reason for the growth 

of muscle endurance. Video records and seat pressure data, which were examined in 

another study, both showed postural changes of the subjects and a learning effect across 

sessions.   

One finding of this study was that muscle oxygenation and muscle activity 

suggested muscle synergy during fatiguing knee flexion/extension, which was not 
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discussed in previous studies of KT application. Another finding was the gradual increase 

in muscle endurance, in terms of TTF and number of cycles, in the control knee for 14 

subjects across sessions, which revealing the significant effect from learning and postural 

change. This study suggests that future studies should take muscle synergy and learning 

effect into consideration when evaluating the effect of KT application or other types of 

medical application on joint performance and endurance.      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   
 

v 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© Copyright by En-Yi Wu, 2020 
All Rights Reserved 

  



   
 

vi 
 

 

TABLE OF CONTENTS 

Chapter 1 Introduction .................................................................................................................... 1 

1.1 Background ............................................................................................................................. 1 

1.2 Goal of the study and hypothesis ........................................................................................... 8 

Chapter 2 Methods ........................................................................................................................ 11 

2.1 Subjects ................................................................................................................................. 11 

2.1.1 Pilot study ....................................................................................................................... 11 

2.1.2 IRB approval .................................................................................................................. 11 

2.1.3 Screening ........................................................................................................................ 11 

2.1.4 Subject Information ....................................................................................................... 12 

2.2 Experimental Design ............................................................................................................ 12 

2.2.1 Independent Variable .................................................................................................... 12 

2.2.2 Dependent Variables ..................................................................................................... 12 

2.3 Experimental Protocol ......................................................................................................... 13 

2.4 Equipment, Data Collection and Processing ........................................................................ 18 

2.4.1 Dynamometer ................................................................................................................ 18 

2.4.2 Regional Muscle Oxygenation Saturation (rSO2) ......................................................... 20 

2.4.3 Electromyography (EMG) ............................................................................................ 23 

2.5 Statistical Analysis............................................................................................................... 28 

2.5.1 KT versus No-KT ........................................................................................................... 28 

2.5.2 Duration of the KT Application .................................................................................... 28 

2.5.3 Learning Effect ............................................................................................................. 29 

Chapter 3 Results .......................................................................................................................... 30 

3.1 The Effect of KT Application ............................................................................................... 30 

3.1.1 Time to Fatigue .............................................................................................................. 30 

3.1.2 Number of Cycles ........................................................................................................... 31 

3.1.3 Muscle Oxygenation ...................................................................................................... 32 

3.1.4 Muscle Activity .............................................................................................................. 35 



   
 

vii 
 

 

3.1.5 Cycle Rates .................................................................................................................... 39 

3.2 The Effect of Prolonged KT Application and Learning Effect .............................................. 41 

3.2.1 Time to Fatigue (TTF) .................................................................................................... 41 

3.2.2 Number of Cycles .......................................................................................................... 49 

3.2.3 Muscle Oxygenation ..................................................................................................... 54 

3.2.4 Muscle Activity ............................................................................................................. 68 

3.2.5 Change in Cycle Rates ................................................................................................... 88 

Chapter 4 Discussion .................................................................................................................... 95 

4.1 Hypothesis I: KT Application .............................................................................................. 96 

4.2 Hypothesis II: Duration of KT Application ......................................................................... 99 

4.3 Hypothesis III: Learning Effect ........................................................................................ 102 

4.4 Limitations of This Study .................................................................................................. 104 

Chapter 5 Conclusion ................................................................................................................... 105 

References .................................................................................................................................... 107 

Appendices ................................................................................................................................... 114 

Appendix A: Time to Fatigue ................................................................................................... 114 

Appendix B: Number of cycles ................................................................................................. 118 

Appendix C: Time to Minimum rSO2 (TTM) ............................................................................ 122 

Appendix D: Rate of rSO2 .........................................................................................................130 

Appendix E: Median Frequency ............................................................................................... 138 

Appendix F: Root Mean Square ............................................................................................... 146 

Appendix G: MANCOVA .......................................................................................................... 155 

Appendix H: Cycle Rate ........................................................................................................... 156 

Appendix I: Regional Muscle Oxygenation Saturation ........................................................... 160 

Appendix J: Subject Questionnaire ......................................................................................... 214 

 

  



   
 

viii 
 

 

LIST OF FIGURES 

Figure 1. A block diagram of experimental design ........................................................................ 14 

Figure 2. Tape placement on three different subjects ................................................................... 15 

Figure 3. Order of events during testing sessions ......................................................................... 17 

Figure 4. Knee in (a) the flexed and (b) extended position during the test ................................... 18 

Figure 5. Subject placed in Biodex for testing ............................................................................... 19 

Figure 6. Near-infrared spectroscopy system ................................................................................ 21 

Figure 7. Muscle oxygenation status change of a subject’s VL during a test session. Muscle 

oxygenation saturation level was tracked from the start of the test until the time the subject 

exercised to exhaustion. Time to minimum oxygenation was marked when the lowest rSO2 was 

identified. In this example, the TTM was identified at the 28th second ....................................... 23 

Figure 8. Delsys EMG system sensors .......................................................................................... 24 

Figure 9. The change in RMS of a subject’s VL during a test session. .......................................... 26 

Figure 10. Comparison diagram I ................................................................................................. 28 

Figure 11. Comparison diagram II ................................................................................................ 29 

Figure 12. Comparison diagram III .............................................................................................. 29 

Figure 13. TTF of the treatment knee in session 1 (baseline) and session 2 (KT). ........................ 31 

Figure 14. The numbers of cycles in session 1 (Baseline) and session 2 in (a) treatment knee and 

(b) control knee. ............................................................................................................................ 32 

Figure 15. Normalized time to minimum oxygenation in the VL and VM of treatment knee in 

sessions 1 and 2. The disproportional change in VL and VM is observed. ................................... 34 

Figure 16. Changes in Rate rSO2 of VM between session 1 (Baseline) and session 2 (KT). ......... 35 

Figure 17. Comparison of percent change in RMS between session 1 and 2 in (a) VL (b) VM (c) 

RF. ................................................................................................................................................. 37 

Figure 18. Average MDF of VL, VM, and RF in the treatment knee in sessions 1 and 2 .............. 39 

Figure 19. cycle rate of the treatment knee in session 1 and session 2. ........................................ 40 

Figure 20. The percent changes in TTF of the treatment knee (%). Separate pairwise 

comparisons were performed between session 1 and sessions 2, 3, 4, and 5, where (a) session 1 

to session 2, duration = 0 hrs.; (b) session 1 to session 3, duration = 24 hrs.; (c) session 1 to 

session 4, duration = 48 hrs., (d) session 1 to session 5, duration = 72 hrs. ................................ 44 

Figure 21. Percent changes in TTF in the control knee. Separate pairwise comparisons were 

performed between session 1 and sessions 2, 3, 4, and 5, where (a) session 1 to session 2, 



   
 

ix 
 

 

duration = 0 hrs.; (b) session 1 to session 3, duration =sider staffing  24 hrs.; (c) session 1 to 

session 4, duration = 48 hrs., (d) session 1 to session 5, duration = 72 hrs. ................................ 45 

Figure 22. Percent changes in TTF between knees. By comparing the percent changes in 

treatment knee subtracted from percent changes of the control knee within subjects at each time 

duration: (a) 0 hours; (b) 24 hours; (c) 48 hours; and (d) 72 hours. ........................................... 46 

Figure 23. TTF in sessions 6, 7 compared to the last application session 5 in the treatment knee 

and control knee ........................................................................................................................... 48 

Figure 24. TTF in sessions 6 and 7 compared to the baseline session in the treatment knee and 

control knee .................................................................................................................................. 48 

Figure 25. The average and the standard deviation of percent changes in the number of cycles of 

(a) treatment knee and (b) control knee (%) are presented in each duration session ................. 50 

Figure 26. The number of cycles from session 1 to session 2, 3, 4, 5 in the treatment knee. 

Separate pairwise comparisons were performed between session 1 and sessions 2, 3, 4, and 5, 

where (a) session 1 to session 2, duration = 0 hrs.; (b) session 1 to session 3, duration = 24 hrs.; 

(c) session 1 to session 4, duration = 48 hrs., (d) session 1 to session 5, duration = 72 hrs. ........ 51 

Figure 27. The number of cycles from session 1 to session 2, 3, 4, 5 in the control knee. Separate 

pairwise comparisons were performed between session 1 and sessions 2, 3, 4, and 5, where (a) 

session 1 to session 2, duration = 0 hrs.; (b) session 1 to session 3, duration = 24 hrs.; (c) session 

1 to session 4, duration = 48 hrs., (d) session 1 to session 5, duration = 72 hrs. ......................... 52 

Figure 28. The learning effect was observed in both knees without KT application across five 

sessions ......................................................................................................................................... 53 

Figure 29. Number of cycles observed in both treatment knee and control knee in sessions 5, 6, 

and 7 .............................................................................................................................................. 54 

Figure 30. The normalized time to minimum rSO2 for VL from session 1 to session 2, 3, 4, 5 in 

the treatment knee. There was no consistent delay in TTM. Separate pairwise comparisons were 

performed between session 1 and sessions 2, 3, 4, and 5, where (a) session 1 to session 2, 

duration = 0 hrs.; (b) session 1 to session 3, duration = 24 hrs.; (c) session 1 to session 4, 

duration = 48 hrs., (d) session 1 to session 5, duration = 72 hrs. .................................................. 57 

Figure 31. The delay in normalized time to minimum rSO2 for VL was not seen in the control 

knee across sessions for most subjects. ........................................................................................ 58 

Figure 32. The normalized time to minimum rSO2 for VM from session 1 to session 2, 3, 4, 5 in 

the treatment knee. Although the increase in normalized TTM of VM was observed for some 

subjects during application durations, TTF was not delayed for those subjects. ......................... 59 



   
 

x 
 

 

Figure 33. The normalized time to minimum rSO2 for VM from session 1 to session 2, 3, 4, 5 in 

the control knee. The increase in TTM was also observed in the control knee, however, the 

increase in TTM of VM did not positively corelate with the delay in TTF. .................................. 60 

Figure 34. Time to minimum oxygenation level in the treatment knee in the post-application 

session 6 compared to session 1..................................................................................................... 61 

Figure 35. Time to minimum oxygenation level in the treatment knee in the post-application 

session 7 compared to session 1 .................................................................................................... 62 

Figure 36. Change in time to minimum oxygenation level in the control knee in sessions 6 and 7 

compared to baseline session. ...................................................................................................... 64 

Figure 37A. rSO2 drop rate of VL of the treatment knee for each testing session. Figure 37B: rSO2 

drop rate of control knee for each testing session. The shadowed area indicates a corridor (range 

between min and max values) ...................................................................................................... 66 

Figure 38A: rSO2 drop rate of VM of the treatment knee for each testing session. Figure 38B: 

rSO2 drop rate of VM of the control knee for each testing session. The shadowed area indicates a 

corridor (range between min and max values) ............................................................................. 67 

Figure 39. Average percent change in RMS of treatment knee across 5 sessions ......................... 71 

Figure 40. Percent change in RMS of control knee across 5 sessions .......................................... 72 

Figure 41. Percent change in RMS of treatment knee across 5 sessions ...................................... 73 

Figure 42. Percent change in RMS of VM of control knee across 5 sessions ............................... 74 

Figure 43. Percent change in RMS of RF of treatment knee across 5 sessions ............................. 75 

Figure 44. Percent change in RMS of RF of control knee across 5 sessions ................................ 76 

Figure 45. Average RMS of treatment knee across 5 sessions ...................................................... 78 

Figure 46. Results of average MDF in VL of the treatment knee from each subject across 5 

sessions .......................................................................................................................................... 81 

Figure 47. Results of the percent change in MDF of the treatment knee across 5 sessions ......... 82 

Figure 48. Results of the average MDF in VM of the treatment knee for each subject across 5 

sessions ......................................................................................................................................... 83 

Figure 49. Results of average MDF in VM of the control knee from each subject across 5 sessions

....................................................................................................................................................... 84 

Figure 50. Results of average MDF in RF of treatment knee from each subject across 5 sessions

....................................................................................................................................................... 85 

Figure 51. Results of average MDF in RF of control knee from each subject across 5 sessions ... 86 

Figure 52. Average MDF in sessions 6 and 7 ................................................................................ 88 

Figure 53. Cycle rate in the treatment across 5 sessions .............................................................. 90 



   
 

xi 
 

 

Figure 54. cycle rate in the control knee across 5 sessions ............................................................ 91 

Figure 55. Cycle rates in sessions 1, 6, and 7 ................................................................................ 93 

Figure 56. cycle rates of the control knee in sessions 6 and 7 ...................................................... 94 

 

  



   
 

xii 
 

 

LIST OF TABLES 

Table 1. Functions Claimed for KT Application ............................................................................... 1 

Table 2. Results of G*Power analysis ............................................................................................ 11 

Table 3. Normalized average RMS and rate of Change in RMS in treatment knee in sessions 1 

and 2 ............................................................................................................................................. 37 

Table 4. Normalized average MDF and the rate of change in MDF in sessions 1 and 2 .............. 39 

Table 5. Results of change in cycle rate of 14 subjects between session 1 and 2 ........................... 41 

Table 6. Results of percent change in TTF for each 24-hour increment of duration .................... 41 

Table 7.  Average and standard deviation of percent changes in TTM for each 24-hour increment 

of duration .................................................................................................................................... 55 

Table 8. Change in rate_rSO2 for each 24-hour increment of duration ....................................... 66 

Table 9. Average and range of percent change in rate of change in RMS for each 24-hour 

increment of duration ................................................................................................................... 69 

Table 10. General Linear Model ANOVA results for percent change in the average rate of RMS 70 

Table 11. The average values and ranges of percent change in rate of change in MDF in the 

treatment knee and control knee in each session across 4 application durations ....................... 79 

Table 12. Results of percent change in rate of cycles for each 24-hour increment of duration ... 89 

 

 

 

 

 

 

 

  



   
 

xiii 
 

 

ACKNOWLEDGMENTS 

I would like to acknowledge my advisor, Dr. Naira Campbell-Kyureghyan for 

contributing a great amount of time to work with me on this project and always providing 

opportunities for me to practice presenting the research to others. I would like to thank 

my two other committee members, Dr. Wilkistar Otieno and Dr. Yu David, for the 

assistance and support they provided me throughout this process. A special thanks is 

extended to Dr. Blake Johnson, Madiha Ahmed, Sam Wang, and Patrick Dix for data 

collection and processing. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   
 

Chapter 1 Introduction 

1.1 Background 

Kinesio tape (KT) is a brand of elastic sports tape was originally developed by a 

Japanese chiropractor, Dr. Kenso Kase in the 1970s (Williams et al., 2012). Kinesio tape 

became popular after it was donated to international sport teams from more than 50 

countries during the Beijing Olympic games in 2008 (Jessop, 2014; Parker-Pope, 2008). 

The brightly colored tapes over athletes’ skin have been successfully noticed by audiences. 

According to manufacturer claims, KT has been worn continuously by individuals 

for three to four days without allergy (Huang, et al., 2017).  Kinesio tape also has 

numerous functions claimed as shown in Table 1: 

Table 1. Functions Claimed for KT Application 

No. Functions Reference 

1 Injury prevention 
(Halseth, 2004; KT Health LLC, 

2011; Implus LLC, 2019) 

2 Rehabilitation process improvement 
(Jaraczewska & Long, 2006; 

Kinesio LLC, 2019; Implus LLC, 
2019) 

3 Fatigue prevention 
(KT Health LLC, 2010; 

Barten, 2020) 

4 
Performance enhancement 

(Muscular strength and functions) 
(Aktas & Baltaci, 2011; KT Health 

LLC, 2010; Barten, 2020) 

5 Quicker recovery of Carpal tunnel 
(KT Health LLC, 2019; 

RocktapeAustralia, 2013) 

6 
Quicker relief from runner’s knee, wrist, 

shoulder, and back pain 
(KT Health LLC, 2019; Agocs, 2017) 

1 
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However, a controversy still remains in scientific literature regarding the evidence 

of any efficacy of KT. Though the manufacturers have delivered numerous scientific 

papers that support their claimed benefits, several recent systematic reviews and meta-

analyses have shown that there is limited or no evidence of a positive effect of KT, and 

that more studies are needed for clarification (Ramírez-Vélez, et al., 2019; Luz Júnior et 

al., 2019; Morris et al., 2013). A systematic review and meta-analysis which focused on 

the effect of KT on decreasing muscle pain revealed that 55.7% of relevant KT research 

papers (227 out of 407) published before 2012 were not randomized controlled trials. The 

quality of the experimental design was limited and needed to be improved upon. 

Therefore, continued examination on the efficacy of the taping with a higher quality of 

experimental design and further elucidations are required (Morris et al., 2013). 

Occupational therapists often recommend that patients purchase KT based on 

anecdotal studies, and several existing research papers have shown some effects of KT 

application on muscle pain and relief. (Kalichman et al., 2018; Öztürk et al., 2016; 

González-Iglesias, 2009).  However, the use of KT still does not have sufficient scientific 

research-based evidence to justify its use.  

The study by González-Iglesias (2009) examined effects of immediate and post 24-

hour KT application on neck pain and range of motion (ROM) in forty-one patients (21 

female patients and 20 male patients) who have acute whiplash injury. Subjects received 

KT or sham tape application randomly. Subjects and the assessor both were blinded to 

intervention allocation. The outcomes were shown to be statistically significant with a 

one-point decrease in pain measurement (1-11 scale) and a five-degree increase in ROM 

on patients in treatment group after immediate KT application and 24 hours application 
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compared to the baseline values. However, as the author of this study pointed out, a one-

point measured pain decrease and five-degree increase in ROM both are below the 

standard of clinical significance. 

Another subsequent systematic review focused on clinical effects of KT on 

shoulder, low back and neck pain compared to the results of sham tape. After screening 

out low-quality research, the remaining six high-quality randomized controlled trials 

studies presented only low to medium quality of evidence to support the effect of KT on 

musculoskeletal conditions (Morris et al., 2013). This study suggested that more high-

quality randomized controlled trials are required to increase the evidence of KT efficacy.  

Following the systematic reviews in 2013, Luz Junior (2019) published another 

systematic review on the effectiveness of KT in patients with chronic nonspecific low back 

pain. This study showed that the effect of KT application for low back pain relief is 

minimal and not clinically significant as the previous studies had presented. The change 

in pain intensity and disability after KT application were compared to no intervention, 

placebo, exercise, and exercise combined with KT. Some patients felt their pain decreased 

with the KT application, however the results of this systematic review with meta-analysis 

showed that the overall effect of KT application is not clinically significant on decreasing 

non-specific low back pain intensity and disability. The researcher opposes the use of 

taping since the results do not demonstrate that KT is better than placebo tape for patients 

with non-specific low back pain.  

Additionally, researchers carried out several studies on the immediate application 

of KT on jumping, cycling, and muscle strength based on the manufacturer's claim that 

KT application can enhance muscle performance (Lins et al., 2016; Vercelli et al., 2012; 

Yam, 2019; Oliveira, 2016; Trecroci, 2017). The literature reviews showed no immediate 
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effect of KT application on performance enhancement. Some research presented a 

positive enhancing effect of KT application, but randomization was not thoroughly 

considered, and the results were inconsistent (Müller, 2015; Reneker, 2018).  

Japanese researchers published a systemic review and meta-analysis that was 

limited due to language barriers. They investigated papers related to the effect of 

immediate KT application for lower limb muscles on isokinetic knee extension strength, 

vertical jumping, running, and balance. The results showed limited evidence to support 

the use of KT application for performance enhancement. The reason for the limited 

evidence of support is insufficient details of interventions reported and the lack of high-

quality studies on KT (Mine et al., 2018). 

 Hébert-Losier (2019) applied KT on knee patella and observed muscle activity of 

vastus lateralis (VL), vastus medialis (VM), rectus femoris (RF), bicep femoris (BF), and 

kinematic movement during cycling compared to the activities without KT. 

Electromyography signals were collected from VL, VM, RF, and BF of twelve male cyclists 

after applying KT across their patella on both knees during 4-minute sub-maximal cycling 

exercises. The results showed minimal effects of KT on all kinematic measures, but KT 

improved normalized mean and peak EMG and integrated EMG of vastus medialis.  

Choi and Lee (2018) tested the effect of KT application on quadriceps strength of 

fifteen healthy subjects (10 male and 5 female) during isokinetic knee flexion and 

extension exercise. The results showed that KT application was able to increase the peak 

torque of the quadriceps.  However, the researchers failed to randomize the sequence of 

intervention as well as not presenting the statistical power, and all values of the standard 

deviation were high. In addition, the researchers did not standardize the torque by 

subjects’ mass which varied over a wide range.  
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Serra et al. (2015),  investigated KT application effect on maximal isometric knee 

extensor testing using the change in maximum knee extension force, time to maximum 

force, and the onset power in the beginning 200-ms force time on thirty-four soccer 

players (20 male and 14 female) after immediate or post 24-hour KT application. The 

subjects’ quadriceps and knees were applied KT or micropore tape (placebo) randomly. 

The results showed no enhancing effect on time to maximum force, force performance, or 

the onset power based on the results for the confidence interval and effect size.  

 In 2018, Reneker et al. wrote a systematic review on the effect of immediate and 

post 24-hour KT application on healthy male and female subjects. The focus was on how 

KT application affects functional sports performance, e.g., jumping, cycling, sprint speed, 

and long-distance running, etc. The results of fifteen medium and high quality of papers 

showed the indifference between the performances with tape, placebo tape, and without 

tape situations (Reneker et al., 2018). 

Vercelli (2012) carried out a within-subject study to observe the enhancing effect 

on jumping and the peak torque from immediate KT application for the quadriceps 

muscles. Repeated isokinetic maximum torque tests, as well as single leg hop distance 

tests, were performed by thirty-four healthy male and female subjects. Each subject went 

through three sessions with different types of taping: KT application on the quadriceps 

muscles and below the knee, KT on the Vastus Lateralis, Vastus Medialis and below the 

knee, and sham taping were used in each session randomly. The results showed no 

difference on single leg hop distance and peak torque between types of tapings and no 

immediate enhancing effect from KT application. 

Poon (2014) studied the effect of the immediate application of KT on the knee with 

no injury history during isokinetic knee extension.  The results displayed no effect on total 
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work, peak torque, and time to peak torque from KT application and indicated that the 

improvement might come from placebo effect.  

The reviewed studies frequently indicated that there was no immediate effect of 

KT on sport performance enhancement and strength of knee extension and flexion. 

However, the effect of longer duration of KT application on healthy subjects is unclear. 

Only a small number of researches have investigated performance enhancement beyond 

post 24 hours of KT application. Furthermore, few studies discussed the effect of KT on 

muscle endurance or delay in time to fatigue. 

 Muscular endurance is defined as the capacity of a muscle or muscle group to 

sustain repeated high-intensity low-resistance activity for a prolonged period of time 

(Hickson, 1988). The force-time integral was calculated and used as a measure of muscle 

endurance by Fisher (1991). The number of repetitions performed was noted as a measure 

of endurance by Wernbom (2006). Kinesio tape has been claimed to enhance muscle 

endurance by delaying muscle fatigue (Choi & Lee, 2019; Abubaker et al., 2018; Álvarez-

Álvareza, 2014).  

Strength recovery of fatigued quadriceps was investigated after applying KT on the 

Vastus Lateralis, Rectus Femoris, and Vastus Medialis (Choi & Lee, 2019; Choi & Lee, 

2018). The results suggest that the application of KT in any direction can improve the 

strength of fatigued muscles during sport activities. However, the intervention sequences 

were not randomized which allowed for a potential learning effect.  

Furthermore, out of the studies reported positive results after KT application the 

majority were not within-subject studies (Trecroci, 2017; Abubaker, 2018; Álvarez-
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Álvareza, 2014). Improvement in muscle endurance was also observed in subjects who 

wore sham tape, indicating the placebo effect (Stedge et al., 2012; Lee, 2017).  

In contrast, only a few studies of effect of KT application have looked at the changes 

in regional muscle oxygenation saturation (rSO2) levels after the KT application (Pliner, 

2015; Wang. 2018). Since muscle oxygenation is one of the indicators of muscle fatigue 

(Boushel, 2000), the observation on the change in muscle oxygenation can assist in 

determining if KT can delay muscle fatigue. Moreover, muscle activity (EMG) can also be 

an indicator to muscle fatigue (Thongpanja et al., 2013). 

Based on the literature review, isometric (constant muscle length) exercise and 

isokinetic (constant speed) exercise are the methods most often chosen to test the 

effectiveness of KT application. Isometric exercise is very frequently used in post-injury 

or post-surgical rehabilitation (Fisher et al. 1991). Most studies on KT effectiveness 

application utilized isokinetic exercise since it is viewed as a beneficial technique to help 

injured athletes rehabilitate faster and with more success (Osternig, 1986). Few studies 

have tested the application of KT during an isotonic (constant force) exercise. Guilhem et 

al. (2011) have shown isotonic testing can reveal higher electromyography activity of 

agonist muscles than isokinetic testing.  

Researchers have tended to study the effect of immediate application of KT on 

subject performance. However, these studies at best have been insufficient concerning 

the long-term effect from KT application on the knee joint. More importantly, short-term 

and long-term are not well defined. Based on the reports of the inventor, Dr. Kase (2011) 

claimed that after a 10-min application the blood flow and circulation are improved. 

Generally, short-term or immediate application has been defined as 24 hours or less, and 
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long-term application is beyond 24 hours. However, users usually apply KT for prolonged 

days since the tape can be used for three to four days without removal. Many researchers 

also noted that the long-term effect of KT are unknown and need to be studied. The 

intention of this study on isotonic exercise should help to complete the gap in knowledge. 

1.2 Goal of The Study and Hypothesis 

This study investigates the effect of KT application duration (dose-response effect) 

on three knee extensor muscle - Vastus Lateralis (VL), Vastus Madialis (VM) and Rectus 

Femoris (RF) - endurance during fatiguing isotonic knee flexion/extension exercise. More 

specifically, the study aims to quantify endurance changes due to prolonged KT 

application through measuring the changes in time to fatigue, the number of cycles, 

muscle activity, and regional muscle oxygenation level with duration of exposure.  It was 

hypothesized that KT application will enhance the performance, and an increase in 

duration of KT application will result in delay of fatigue and consequently in a delay of 

muscle oxygenation drop and decreased change in muscle activity. The detailed of 

hypotheses are in the below: 
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H1. KT application can enhance knee joints endurance during isotonic fatiguing 

knee flexion/extension exercise.  

H1a: Application of KT will delay TTF during knee isotonic 

flexion/extension fatiguing exercise. 

H1b: Application of KT will result in increase of number of cycles during 

knee isotonic flexion/extension fatiguing exercise. 

H1c: Application of KT will result in delay of time to minimum muscle 

rSO2 during knee isotonic flexion/extension fatiguing exercise. 

H1d: Application of KT will reduce the drop of muscle rSO2 rate during 

knee isotonic flexion/extension fatiguing exercise. 

H1e: Application of KT will delay muscle fatigue during knee isotonic 

flexion/extension fatiguing exercise  

H2. KT application durations can enhance knee joints endurance during isotonic 

fatiguing knee flexion/extension exercise.  

H2a: Application durations of KT will delay TTF during knee isotonic 

flexion/extension fatiguing exercise. 

H2b: Application durations of KT will result in increase of number of 

cycles during knee isotonic flexion/extension fatiguing exercise. 

H2c: Application durations of KT will result in delay of time to minimum 

muscle rSO2 during knee isotonic flexion/extension fatiguing exercise. 
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H2d: Application durations of KT will reduce the drop of muscle rSO2 rate 

during knee isotonic flexion/extension fatiguing exercise. 

H2e: Application durations of KT will delay muscle fatigue during knee 

isotonic flexion/extension fatiguing exercise.  

H3. Learning effect can enhance knee joints endurance during isotonic fatiguing 

knee flexion/extension exercise.  

H3a: Learning effect will delay TTF during knee isotonic flexion/extension 

fatiguing exercise. 

H3b: Learning effect will result in increase of number of cycles during knee 

isotonic flexion/extension fatiguing exercise. 

H3c: Learning effect will result in delay of time to minimum muscle rSO2 

during knee isotonic flexion/extension fatiguing exercise. 

H3d: Learning effect will reduce the drop of muscle rSO2 rate during knee 

isotonic flexion/extension fatiguing exercise. 

H3e: Learning effect will delay muscle fatigue during knee isotonic 

flexion/extension fatiguing exercise. 

 



   
 

11 
 

 

Chapter 2 Methods 

2.1 Subjects 

2.1.1 Pilot Study 

A pilot study exploring the effect of Kinesio tape (KT) on knee flexion/extension 

performance and biomechanical improvement was conducted to determine the required 

sample size and refine the experimental protocol. Statistical power analysis was 

performed using G*Power 3.1 (Faul et al., 2009). A minimum of 11 subjects were found to 

be required for a statistical power of 80% based on the result of the power analysis (Table 

2).    

Table 2. Results of G*Power analysis 

Statistical Power 
Required 

sample size 
0.95 17 
0.90 14 
0.85 13 
0.80 11 
0.75 10 

2.1.2 IRB Approval 

The study experimental design, procedures, and informed consent form were 

reviewed and approved by the University of Wisconsin-Milwaukee Institutional Review 

Board (#15.372) prior to subject recruitment. All test sessions were conducted by 

experienced and trained team members of Spine Biomechanics Laboratory. Subjects were 

recruited using flyers and by word of mouth. The participants received a custom designed 

UWM T-shirt as a token of appreciation. 

2.1.3 Screening 

Prior to testing, all subjects were interviewed about any history of previous or 

current knee injuries or pain. Inclusion criteria were healthy males who were 18 years or 
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older, with no previous injuries or current knee pain, and a regular weekly exercise 

routine. Exclusion criteria for subjects were individuals with a history of knee injury or 

knee pain within the 6 months prior to day 1 of their scheduled testing dates. 

2.1.4 Subject Information 

After recruitment, fourteen male volunteers (age, 22 ± 1.5 years; height, 72.2 ± 2.0 

inches; and weight, 168.7 ± 22.5 pounds) with no knee injury or pain for the past 6 months 

were recruited and participated in this study across eight consecutive days each. Written 

informed consent was obtained from each subject prior to testing. 

2.2 Experimental Design 

2.2.1 Independent Variable 

The duration of KT application, as an independent variable, was varied in 24-hour 

increments for 4 days. There were two pre-KT application sessions, one of which (session 

0) was a practice session, and another one (session 1) was used as a baseline session for 

later comparison use. Four post-KT application sessions and two post-KT removal 

sessions followed the two pre-KT application sessions. Figure 1 provides a block design 

diagram of the experimental design. 

2.2.2 Dependent Variables  

The primary dependent variable of Time to Fatigue (TTF) and the Number of Cycles 

were utilized as indicators of knee joint endurance. TTF is defined as the duration from 

beginning to end of the trial when the subject can no longer perform the exercise.  

Secondary dependent variables of interest that were collected include: Regional 

Muscle Oxygenation Saturation level (rSO2) of Vastus Lateralis (VL) and Vastus Medialis 

(VM) and electromyography (EMG) of the VL, VM and Rectus Femoris (RF). 
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2.3 Experimental Protocol 

All subjects attended 8 sessions at 24-hour increments (± 2 hours) 0ver 8 

consecutive days (Figure 1). They were asked to perform two fatiguing unilateral isotonic 

knee extension/flexion exercises in each session, one test each for the left and  right knee 

joints. The subject’s dominant leg was set as the experimental treatment knee for 

observing the effect of KT on the endurance of the knee. Subjects were asked which leg 

they kick a ball with, and this indicated which leg was dominant. The non-dominant leg 

was identified as the control knee which had no KT applied throughout the entirety of the 

study to observe and account for any “learning effect” which could confound the results. 

The sequence of which knee would be tested first was randomized for all sessions.  

In session 0 no KT was used (nKT*) and this session was used to familiarize the 

subjects with the testing protocol and thus is excluded from analysis. In session 1 occurred 

24 hours after session 0 and there was also no KT application (nKT0). This session was 

used to measure the pre-treatment performance without any KT application. Twenty-four 

hours after session 1, KT was applied to the subject’s dominant knee during session 2 

(KT0) as the immediate application (0 hours) trial. The same researcher applied KT on all 

subject’s knees throughout the study.  
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14 Subjects 
Session 

0 

Session 

1 

Session 

2 

Session 

3 

Session 

4 

Session 

5 

Session 

6 

Session 

7 

Treatment 
Knee 

Practice Baseline KT KT KT KT No KT No KT 

Control Knee Practice Baseline No KT No KT No KT No KT No KT No KT 

Figure 1. A block diagram of experimental design   

KT was applied using the guidelines specified by the manufacturer. In this 

experiment, one 5-inch-long (12.7-cm-long) and two 10-inch-long (25.4-cm-long) strips 

of KT were used on the experimental treatment knee. The researcher instructed the 

subject to bend their treatment knee to 90 degrees of flexion and to maintain the posture 

while KT tapes were being placed on the skin. The shortest strip was fully stretched and 

then applied under the subject’s kneecap. One long strip was anchored on the quad and 

moderately stretched across the bottom of the kneecap, and then the end of the strip was 

placed with no stretch. The third strip was applied in a manner similar to the second strip. 

The two long tapes made as an “X” as shown in Figure 2.  KT was left on the treatment leg 

and was not removed until session 5. 

 

KT was applied at 

the beginning of 

Session 2 

KT was removed 

at the end of 

Session 5 
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Figure 2. Tape placement on three different subjects 

 

The overall experimental protocol used for all the test sessions is detailed in the 

following section. The sequence of steps during each testing session is presented and is 

also illustrated in Figure 3.  

1. A semi-structured interview was conducted for subject preparation. Subjects were 

asked to document their normal daily activities, or their activities since the last test 

session, and the number of hours they slept the night before each test session to 

check if there were any changes in their status.  

2. Kinesio was applied to the subject’s dominant knee (the experimental treatment 

knee) before the test during session 2. KT was removed after session 5. 

3. EMG and rSO2 sensors were attached to the VL, VM, and RF before each session.  

4. Subjects were asked to sit on a Biodex dynamometer System 4 and their shoulder, 

back, pelvis, and thigh positions were fixed to the seatback and seat using harness 

straps. Each strap was tightened but was not uncomfortable for each subject. 

Movements of the upper body, waist, and thigh were limited in order to eliminate 

confounding effects from compensation by other muscles. The Biodex knee 

attachment was bound to the subject’s shin to allow for the addition of a 40-pound 
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(18 kg) resistance load. The isotonic fatiguing protocol started after the sensors, 

KT, and Biodex placements were ready.  

5. Subjects were asked to perform the knee flexion/extension exercise (Figure 4) until 

they could no longer perform.  

6. After each test, subjects were given a 10-minute rest before the second knee test 

was performed using the same protocol.  

7. Finally, subjects answered a questionnaire and all sensors were removed.  
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Figure 3. Order of events during testing sessions 

Questionnaire after testing

Second isotonic fatiguing test

10-minute rest

First Isotonic fatiguing test

Sensor placement 

Tape placement

Fill out daily activities sheet

Semi-structured interview
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Figure 4. Knee in (a) the flexed and (b) extended position during the test 

 

2.4 Equipment, Data Collection and Processing 

2.4.1 Dynamometer 

The Biodex dynamometer System 4 (Biodex Medical Systems, Shirley, NY, USA) 

was used to standardize the knee joint flexion/extension throughout the testing as seen 

in Figure 4. Machine based testing is recommended as it provides a higher level of 

standardization on kinematic tests compared to free functional movements and manual 

resistance tests (Konrad, 2006). The knee attachment was set up on the subject’s shin to 

allow for adding a fixed amount of resistance to the testing protocol (Figure 5). The knee 

adapter was coupled to the knee and only allowed subjects to have forward knee extension 

and backward flexion during the tests.  

(a) (b) 
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Figure 5. Subject placed in Biodex for testing 

 

2.4.1.1 Time to fatigue (TTF) 

Knee joint endurance or Time to Fatigue (TTF) data collection and measures were 

completed using the Biodex System and was exported as text files and converted to excel 

files for processing. Time to fatigue data was also recorded on paper, and the electronic 

data was checked against the manual records for consistency. The percent change in TTF 

(TTF) was processed and calculated as follows:  

∆TTF(%) =
TTF𝑖𝑗 − 𝑇𝑇𝐹𝑛𝐾𝑇0𝑗

𝑇𝑇𝐹𝑛𝐾𝑇0𝑗

× 100% 

 

Where i is the duration of application in hours and j is the subject number.  

2.4.1.2Number of cycles 

Performance for this study was also represented as the number of cycles counted 

from the start of the trial until the time when the subject could no longer perform the 

i = 0, 24, 48, 72, nKT1, nKT2 and j = 1…,14  



   
 

20 
 

 

exercise. An increase in the number of cycles would be representative of an enhancement 

in performance. The change in the number for each trial was calculated. 

2.4.2 Regional Muscle Oxygenation Saturation (rSO2)  

Regional Muscle Oxygen Saturation (rSO2) levels is a physiological evidence that 

could help explain potential changes observed in TTF. Near-infrared spectroscopy allows 

the researchers to assess the oxidation–reduction state (Boushel & Piantadosi, 2000). 

When subjects exercise, their muscles consume oxygen to generate energy consistently, 

and the oxygenation saturation in muscles reduces during exercise (Smith K.J., 2010). 

Muscles have been deemed to be fatigued when the muscles were out of oxygen (Murthy, 

Hargens, Lehman, & Rempel, 2006). Subjects in this study were observed to be fatigued 

during exercise while their oxygenation saturation dropped. At the same time, when 

mechanoreceptors sensed the relatively great accumulation of carbon dioxide, they will 

convey neural signals to the brain. The brainstem will modulate respiratory drive to 

increase the breathing rate and volume. (Brinkman, Toro, & Sharma, 2018). The heart 

rate would also increase to deliver oxygen demanded toward the exercising muscles for 

prolonging the performance (Joyner & Casey, 2015). In contrast, the limited oxygen 

supply in the muscles causes muscle fatigue (Cifrek, Medved, Tonkovića, & Ostojića, 

2009). One study showed that KT increase skin blood flow (Craighead, Shank, & Volz, 

2017). The improvement in oxygen delivery can slow down muscle fatigue (Hepple R. , 

2002). As a result, KT application is assumed to delay the time to fatigue and the time to 

minimum oxygenation levels. Namely, to slow down the drop rate of oxygenation to reach 

the minimum levels at a later time. Therefore, if the tape could delay muscle fatigue, it 

should be able to lengthen the performance in terms of TTF and number of cycles. In 
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terms of oxygenation, the time to minimum rSO2 level should be able to be delayed, and 

the drop rate of oxygenation should be slowed down.  

rSO2 levels were collected using Nonin Medical’s Equanox, Model 7600 NIRS as 

seen in Figure 6 (Nonin Medical Inc., Plymouth, MN, USA). The oximeter uses near-

infrared spectroscopy (NIRS) to measure changes in muscle oxygen non-invasively 

(Boushel et al., 2001). Before placing a NIRS sensor, the surface of the skin was cleaned 

with alcohol. A hypoallergenic tape was applied to secure the sensor in place and to 

prevent any movement during the test. 

 
Figure 6. Near-infrared spectroscopy system 

The change in rSO2 levels was collected using the eVsion 1.2.0 system (Nonin 

Medical Inc., Plymouth, MN, USA) at a frequency of 0.25 Hz (maximum frequency 

allowed by the device). Data was exported as several excel files for further processing.  
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The baseline rSO2 level was defined as the value at the beginning of each trial 

before the fatiguing protocol. Calculation of the baseline rSO2 level was the average of the 

last 16 seconds of rSO2 values prior to the test. The baseline rSO2 level was used for later 

normalization of rSO2.  

The first observed oxygenation parameter is the time to minimum rSO2 (TTM) as 

seen in Figure 7. This measure indicates the onset of muscle fatigue. Time to minimum 

rSO2 is defined as the time from the start of the trial until the time the rSO2 saturation of 

subjects dropped to the lowest level. Time to minimum rSO2 was normalized as a percent 

of the overall trial time as follows: 

  Normalized TTM𝑖𝑗𝑘(%) =
TTM𝑖𝑗𝑘

TTF𝑖𝑗
× 100% 

i = 0, 24, 48, 72, nKT1, nKT2 and j = 1...,14 and k = VL, VM  

where i is the duration of application in hours, j is the subject number, and k is the 

observed muscle. Change in TTM was observed by performing separate pairwise 

comparisons between session 1 and sessions 2, 3, 4, 5, 6 and 7.  
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Figure 7. Muscle oxygenation status change of a subject’s VL during a test session. Muscle oxygenation saturation 
level was tracked from the start of the test until the time the subject exercised to exhaustion. Time to minimum 

oxygenation was marked when the lowest rSO2 was identified. In this example, the TTM was identified at the 28th 
second. 

Rate_rSO2 is defined as the rate of muscle oxygenation drop to the minimum level. 

The Rate_rSO2 was monitored to see if KT application and the application duration help 

decrease the rate. A decreased rSO2 rate should be observed if KT enhances oxygen 

delivery. The effect of duration is observed by performing separate pairwise comparisons 

of rate_rSO2 between session 1 and sessions 2, 3, 4, 5, 6 and 7.  

2.4.3 Electromyography (EMG) 

Muscle activity signals were recorded using double differential wireless EMG 

surface electrodes. Signal form each electrode was transmitted and recorded to data 

logger and laptop as shown in Figure 8 (Delsys Inc, Boston, MA, USA). The EMG signals 

of VL, VM, and RF were recorded on both the dominant and non-dominant legs of 

subjects. The EMG measurements allow for voluntary neuromuscular status observation 

and analysis (Konrad, 2006). The placement areas were shaved and cleaned with rubbing 

alcohol to decrease the risk of data collection artifacts each day before the exercise. After 

skin preparation, sensors were applied parallel to each muscle fiber direction on a muscle 
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belly. All sensors were secured with a hypo-allergenic tape to prevent the sensors from 

falling off or losing contact with the subject’s skin during the test. 

 
Figure 8. Delsys EMG system sensors 

Data collection of electromyography (EMG) signals were monitored using 

EMGworks 4.0 Acquisition software (Delsys Inc., Boston, MA, USA) and sampled at 

2,000 Hz. Data processing was carried out using the software EMGworks 4.1.7 Analysis 

(Delsys Inc, Boston, MA, USA). The EMG signals were filtered using a fourth-order, 

bandpass Butterworth filter with 20 - 450 Hz frequency (Passband Ripple: 3.0 dB, 

Attenuation: 40.0 dB) (De Luca et al., 2010). Then, the RMG signals were divided into 

window lengths set at 100ms based on a literature review of similar studies. A shorter 

window allows higher sensitivity to identify the change of signal during dynamic exercise 

(Konrad, 2006; Ulrey & Fathallah, 2013; Rutherford et al., 2011; Picchiotti et al., 2019; 

Hudson et al., 2016; Ramsook et al., 2017). Although signals were divided into 100ms-
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long windows, the windows were overlapped by 50% (50ms) to identify amplitude (Scott, 

2014; da Silva et al., 2015).  

 The amplitude of the EMG signal was processed as the root mean square (RMS). 

When subjects fatigued, RMS values increase over time because muscles increase their 

recruitment of motor units (Figure 9). The increase in RMS is used as another fatigue 

index. The RMS was calculated using an assigned moving window length within each 

window of data calculated according to the following equation:  

RMS =  √
1

𝑇2 − 𝑇1
∫ [𝑓 (𝑡)]2 𝑑𝑥 

𝑇2

𝑇1

 

where T1 and T2 are the current window time points range and [f (t)]2 is the signal data 

within the window.  

The moving RMS window algorithm quantifies signals, makes negative values into 

positive, and calculates RMS amplitudes of the signal (Gupta et al., 2017). Large 

differences in amplitude of muscle signals has been observed between different muscles, 

days, and even individuals. As a result, this variation requires the normalization of the 

RMS in order to obtain a higher internal validity of comparison of EMG data. The 

normalized RMS is calculated as a ratio of the maximal RMS value in each session as: 

Normalized RMS𝑖𝑗𝑘 =  
𝑅𝑀𝑆𝑖𝑗𝑘

𝑀𝑎𝑥𝑖𝑚𝑎𝑙 𝑅𝑀𝑆𝑖𝑗𝑘
 

i = 0, 24, 48, 72, nKT1, nKT2 and j = 1...,14 and k = VL, VM, RF  

Where i is the duration of application, j is the subject number, and k is the observed 

muscle.  
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The average RMS in each session was calculated for the further comparison. The 

change in average RMS across sessions was compared to see the effect of application 

durations on the treatment knee and the learning effect on the control knee. Considering 

the variety of TTF subjects performed, average rate of change in RMS in each session was 

also calculated.  

 

Figure 9. The change in RMS of a subject’s VL during a test session.  

 

The average rate of change in normalized RMS of VL, VM and RF in each session 

was calculated as: 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑅𝑀𝑆 =  

∑ (
𝑅𝑀𝑆𝑎𝑖𝑗𝑘

𝑀𝑎𝑥𝑖𝑚𝑎𝑙 𝑅𝑀𝑆𝑖𝑗𝑘
)𝑛

𝑎=𝑜

𝑛 × 𝑇𝑇𝐹𝑖𝑗
× 100 

i = 0, 24, 48, 72, nKT1, nKT2 and j = 1...,14 and k = VL, VM, RF  
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where a is the number of data points, i is the duration of application, j is the subject 

number, and k is the observed muscle.  

 Median frequency (MDF) of the EMG signal were calculated since MDF is another 

indicator of muscle fatigue. When subjects feel fatigued, MDF values will decrease over 

time. The change in the rate of change in MDF across sessions was calculated to determine 

if KT application could delay muscle fatigue. MDF was averaged from the start to the end 

of a trial as the average MDF in each session. If average MDF becomes higher across 

application sessions, it means that the fatigue is delayed. The average MDF divided by TTF 

is defined as the average rate of change in MDF in each session: 

  

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑀𝐷𝐹 =  
∑ (𝑀𝐷𝐹𝑎𝑖𝑗𝑘

)𝑛
𝑎=𝑜

𝑛 × 𝑇𝑇𝐹𝑖𝑗
 

i = 0, 24, 48, 72, nKT1, nKT2 and j = 1...,14 and k = VL, VM, RF  

where a is the number of data points, i is the duration of application, j is the subject 

number, and k is the observed muscle.  
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2.5 Statistical Analysis 

Statistical tests are separately performed for each hypothesis:  

2.5.1 KT versus No-KT 

This research aim is to determine the effect of KT application on the endurance of 

VL, VM, and RF of the treatment knee. As a result, for further statistical analysis, this 

research used the one-sided paired t-test to compare pre-application and KT application 

session as shown in Figure 10.  

 

Figure 10: Comparison diagram I 

 

2.5.2 Duration of the KT Application 

This research aim is to determine the changes in endurance of VL, VM, and RF of 

the treatment knee over the various durations of KT application. A General Linear Model 

ANOVA was used to test the effect of the duration of KT application on the treatment knee 

within subjects as seen in Figure 11. Alpha level is set as 0.05.  

Session 1 

(baseline) 
Session 2 

24 hours 

nKT KT 

One-sided paired T test Within-knee test 

Treatment knee 
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Figure 11: Comparison diagram II 

2.5.3 Learning Effect 

Another General Linear Model ANOVA was performed on the outcome measures 

from the control knee to observe the possible presence of a learning effect (Figure 12).  All 

calculations were done in MINITAB (Version 19). Tukey Pairwise Comparisons were used 

as the post-doc method. 

  

Figure 12: Comparison diagram III 
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Chapter 3 Results 

The first section of the results will focus on the effect of KT application by 

performing the comparison between session 1 (no KT) and session 2 (KT) of knee flexion 

and extension. The second section will present the results of the effect of duration on the 

control knee (learning effect) and the treatment knee (effect of prolonged application) 

The effect of learning was observed in the control knee from session 1 to session 7, each 

24-hours apart. The effect of KT application was observed in  

 

3.1 The Effect of KT Application 

3.1.1 Time to Fatigue 

Time to fatigue is defined as the duration from beginning to end of the trial when 

the subject can no longer perform the exercise. The hypothesis is that the KT treatment 

application can enhance the endurance of muscles in terms of delay in TTF. One-sided 

paired t-test was carried out to test the hypothesis and the significance of the changes 

within each subject.  

There was no significant difference in TTF between session 1 (baseline) and session 

2 in the treatment knee (75.7 ± 72.1, 74.0 ± 68.6, p = 0.779). TTF for both session 1 and 

session 2 are shown in Figure 13. 8 out of 14 subjects 2, 3, 4, 5, 8, 9, 10, and 14 had slight 

increases in their TTF, while 6 of 14 subjects 1, 6, 7, 11, 12, and 13 had slight decreases 

from session 1 to 2 (Figure 13). The results also showed that the average change in TTF 

among the 14 subjects was an increase of 5.70 sec (±19.93 sec). Large changes in TTF (64 
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and 46 sec) were measured in subjects 3 and 4, which lead to a standard deviation value 

greater than the mean.   

 

Figure 13. TTF of the treatment knee in session 1 (baseline) and session 2 (KT).  

3.1.2 Number of Cycles 

The hypothesis is that application of KT will result in increase of number of cycles 

during knee isotonic flexion/extension fatiguing exercise. A cycle is comprised of one full 

knee extension and a subsequent flexion back to 90 degrees. The number of cycles is 

defined as the number of knee extensions and flexions counted from the start of the trial 

until the time when the subject could no longer perform the exercise. For this measure 

performance was defined by the number of cycles. 

It was found that the immediate application of KT did not substantially affect the 

number of cycles.  The average increase in the number of cycles for the 14 subjects was 

2.68 with a standard deviation of 18.61 (p = 0.346) for the treatment knee. From session 

1 to session 2 the change in the number of cycles ranged from a decrease of 37 cycles to 

an increase of 57 cycles (Figure 14a). Subject 3 had a relatively high increase in the 

number of cycles, while subject 4 had a large decrease in the number of cycles, even 

though a large increase in TTF was observed for subject 4. Taken together, for subject 4 it 

-20

-10

0

10

20

30

40

50

60

70

0

50

100

150

200

250

300

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14

D
if

fe
re

n
ce

 i
n
 T

T
F

 (
s)

T
im

e 
to

 f
at

ig
u
e 

(s
)

Subject

Session 1 (Baseline) Session 2 (KT) Difference



   
 

32 
 

 

appears that the large increase in TTF resulted in or from a slowing in the rate of 

extension/flexion exercises. Similarly, there was no substantial change in the number of 

cycles from session 1 to session 2 for the control knee with an average increase of 2.95 

cycles (p = 0.164). Changes ranged from a 13-cycle decrease to a 17-cycle increase (Figure 

14b).  

 

 

Figure 14. The numbers of cycles in session 1 (Baseline) and session 2 in (a) treatment knee and (b) control knee.  

 

3.1.3 Muscle Oxygenation 

The regional muscle oxygenation saturation level (rSO2) began to decrease when 

the subject started to exercise. The time to minimum rSO2 (TTM rSO2) was defined as the 

time from the start of the trial until the time rSO2 level dropped to the lowest level. The 

assumption was that TTF and TTM rSO2 were directly proportional to each other. TTF 

was assumed to be delayed when TTM rSO2 was delayed. Time to minimum rSO2 could 
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help physiologically explain any change in muscle endurance after KT application. 

Kinesio tape application was claimed to improve circulation for muscles, and as a result 

application of KT will result in delay of time to minimum muscle rSO2 during knee 

isotonic flexion/extension fatiguing exercise. 

3.1.3.1 Time to minimum rSO2 (TTM rSO2) 

Application of KT is hypothesized to result in delay of TTM rSO2 during knee 

isotonic flexion/extension fatiguing exercise. TTM rSO2 value in baseline session (session 

1) was compared to session 2 (KT session) in each subject for understanding the effect of 

KT application. The results show that there is a great variety in TTM rSO2 among subjects 

after KT application. The change in TTM rSO2 in VL ranged between -62.79% and 

+15.46%, and the range of change in TTM rSO2 in VM was between -7.92% and +28.31%. 

The average change in TTM rSO2 for the treatment knee was a decrease of 7.22% 

(±22.40%) in VL and a decrease of 0.89% (±15.29%) in VM.  

Based on the researcher's expectation, after KT was applied on both muscles, 

normalized TTM rSO2 should have been increased in both muscles. However, as the result 

showed, the changes in TTM rSO2 in VL (Figure 15a) and in VM (Figure 15b) were not 

correlated in the treatment knee. The uncorrelation was observed as TTM rSO2 increased 

in VL, while a within-subject decrease in TTM rSO2 in VM was observed. Likewise, while 

TTM rSO2 in VM was decreasing, an increase in TTM rSO2 in VL was noticed. This 

uncorrelated change in TTM rSO2 was observed in 9 out of 14 subjects 3, 4, 5, 6, 8, 9, 10, 

12, 13. This indicate that the coactivation of muscles and the support of muscle synergy. 

There were only 2 subjects 1 and 11 where an increase in TTM rSO2 was observed for both 

muscles, and 3 subjects 2, 7, 14 had a decrease in both muscles. There was no significant 
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increase in TTM rSO2 observed in either muscle VL or VM after KT application (p = 0.867 

and 0.546, respectively).  

 

 
Figure 15. Normalized time to minimum oxygenation in the VL and VM of treatment knee in sessions 1 and 2. The 

disproportional change in VL and VM is observed.  

 

3.1.3.2 Drop Rate of Regional Oxygenation Saturation (rate_rSO2) 

Drop rate of regional muscle oxygenation saturation is the rate of muscle 

oxygenation level drop from the baseline value to the value at the end of exercise. It is 

calculated and denoted as rate_rSO2. The hypothesis is that Application of KT will reduce 

the drop of muscle rSO2 rate during knee isotonic flexion/extension fatiguing exercise. 

The result shows that 7 out of 14 subjects 3, 5, 7, 8, 9, 10, 11 experienced only 

minimal decreases in rate_rSO2 of VL, while there were 7 subjects 1, 2, 4, 6, 12, 13, 14 

experiencing an increase in rate_rSO2 in the treatment knee (Figure 16). For the muscle 

VM, 7 subjects 2, 3, 4, 5, 7, 8, 9 had a decrease in rate_rSO2, but 7 subjects had an increase 
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in rate_rSO2. According to the paired t-test, there was no significant reduction in 

rate_rSO2 in the VL between session 1 (baseline) and session 2 (0.45 ± 0.3, 0.46.0 ± 0.3, 

respectively; p = 0.788) in the treatment knee. For rate_rSO2 VM of treatment knee, there 

was also no significant reduction between sessions 1 and 2 (0.21 ± 0.14, 0.20.0 ± 0.16, 

respectively; p = 0.821). The results turned out that the average change in rate_rSO2 

increased by 0.01/sec (±0.14) in VL and decreased by 0.01/sec (±0.13) in VM among 14 

subjects.  

 

 

Figure 16. Changes in Rate rSO2 of VM between session 1 (Baseline) and session 2 (KT).     

 

3.1.4 Muscle Activity  

It was hypothesized that application of KT can result in a delay in muscle fatigue 

during isotonic knee flexion/extension exercise in terms of reduced changes in muscle 

activity.  
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3.1.4.1 Change in EMG RMS 

The amplitude of the electromyography (EMG) signal was processed as the root 

mean squared (RMS), and the average RMS for each muscle was calculated in each 

session. The change in RMS as the rate of change per second was also calculated. A 

positive change in magnitude of RMS is considered to be a fatigue marker, as an increase 

in the RMS indicates the recruitment of additional muscle motor units. The hypothesis is 

that KT application can enhance the endurance of muscles in terms of a lower average 

RMS and a reduction in the rate of change in RMS after KT application.  

Based on the results of one-sided paired t-test (Table 3), there was no substantial 

reduction in the average RMS in VL or RF in session 2 (KT) compared to session 1 

(baseline) except VM. Average RMS in sessions 1 and 2 for each subject showed that 10 

out of 14 subjects 1, 2, 3, 4, 5, 7, 9, 11, 12, 13 had a slightly decrease in average RMS for the 

VM muscle from session 1 to 2 (Figure 17b), but 8 of them (subjects 1, 2, 3, 4, 5, 7, 11, 13) 

had an increase in average RMS of either VL or RF, indicating muscle synergy and muscle 

coactivation. There were 7 subjects 1, 3, 5, 7, 11, 13, 14 that had no reduction in RMS of VL 

after KT application (Figure 17a). Seven subjects 2, 4, 5, 7, 8, 11, 13 had an increase in 

RMS of RF in session 2 (Figure 17c). 

For the rate of change in RMS, there was substantial reduction in the rate of change 

in RMS was observed because of the large variation between subjects (Table 3). This 

suggested that immediate KT application did not delay the rate of muscle fatigue. This 

result was consistent with the change in TTF, number of cycles and drop rate change in 

muscle oxygenation. 
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Table 3. Normalized average RMS and rate of Change in RMS in treatment knee in sessions 1 and 2 

Average RMS Mean (SD) 
p-

value 
 Mean (SD) 

p-
value 

 Mean (SD) 
p-

value 

Baseline average RMS  

VL 

0.22 
(±0.05) 

0.143 VM 

0.23 
(±0.04) 

0.045 RF 

0.20 
(±0.06) 

0.588 
KT  

average RMS  
0.21 

(±0.04) 
0.21 

(±0.06) 
0.20 

(±0.06) 

Rate of change in RMS Mean (SD) 
p-

value 
 Mean (SD) 

p-
value 

 Mean (SD) 
p-

value 

Baseline rate of change in 
RMS (%/sec)  

VL 

0.42 
(±0.36) 

0.188 VM 

0.44 
(±0.34) 

0.156 RF 

0.38 
(±0.37) 

0.631 
KT rate of change in RMS 

(%/sec) 
0.39 

(±0.31) 
0.42 

(±0.38) 
0.41 

(±0.37) 
 

 

 

 
Figure 17. Comparison of percent change in RMS between session 1 and 2 in (a) VL (b) VM (c) RF. 
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3.1.4.2 Change in EMG MDF 

The frequencies of the EMG signal were processed to determine the median 

frequency (MDF). The decrease in MDF is a commonly used fatigue index. When subjects 

are fatigued the value of MDF declines during exercise. The hypothesis is that the KT 

application will cause a larger average MDF and a reduction in the rate of change in MDF 

signifying a delay in muscle fatigue.  

Based on the results of t-test (Table 4), there was no substantial reduction in the 

average MDF compared to baseline session. Average MDF for each subject in sessions 1 

and 2 are shown in Figure 18. Average MDF for VL was slightly increased in 7 out of 14 

subjects1, 2, 3, 4, 6, 7, 13, but the other 7 subjects had a decrease (Figure 18a). For VM, 

except for subjects 4, 6, 11, and 13, all other subjects had either no change or a decrease 

in average MDF (Figure 18b). For RF average MDF was slightly increased in 9 out of 14 

subjects 1, 2, 3, 4, 6, 7, 11, 12, 13 (Figure 18c), although KT was not applied on RF. 

The rate of change in MDF did not have a significant difference between sessions 

1 and 2 because of the variation in results between subjects. On average, there was a 

decrease in the rate of change in MDF in all muscles (Table 4), however, it did not 

decrease for all subjects. While subjects 3 and 8 had a decrease in the rate of change in 

MDF of VL (-30% and -28%), subjects 1 and 13 had an increase of 42% and 40% in the 

rate of MDF change. Subjects 4, 5, 9, 10, 11 had a slight decrease in the rate, and subjects 

6 and 7 had a moderate increase in the rate of change in MDF. Similar results were also 

observed in VM and RF in that 5 subjects still had a considerable increase in the rate of 

change in MDF (subjects 1, 6, 7, 11, 13). 
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Table 4. Normalized average MDF and the rate of change in MDF in sessions 1 and 2 

Average MDF Mean (SD) 
p-

value 
 Mean (SD) 

p-
value 

 Mean (SD) 
p-

value 

Baseline average MDF  

VL 

57.98 
(±6.92) 

0.368 VM 

57.88 
(±7.10) 

0.710 RF 

57.32 
(±8.04) 

0175 
KT  

average MDF  
58.58 

(±6.71) 
57.35 

(±6.10) 
58.99 

(±7.37) 

Rate of change in MDF Mean (SD) 
p-

value 
 Mean (SD) 

p-
value 

 Mean (SD) 
p-

value 

Baseline rate of change in 
MDF (/sec)  

VL 

1.06 
(±0.61) 

0.283 VM 

1.06 
(±0.64) 

0.221 RF 

1.06 
(±0.68) 

0.278 
KT rate of change in MDF 

(/sec) 
1.03 

(±0.58) 
1.01 

(±0.54) 
1.02 

(±0.65) 

 

 

 

 
Figure 18. Average MDF of VL, VM, and RF in the treatment knee in sessions 1 and 2 
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their performance time by decelerating their speed, and therefore, that time increase may 

not be an indicator of enhancement of muscle endurance. The goal was to see if the change 

in cycle rate was significant and if it had any relation to the change in TTF.  

A paired t-test was carried out to test the significance of the changes within each 

subject. According to the results, there was no significant difference in cycle rate between 

sessions 1 and 2 in the treatment knee (0.82 ± 0.13, 0.84 ± 0.13, p = 0.672). Nine out of 

fourteen subjects 1, 2, 3, 5, 8, 10, 11, 13, 14 had slight increases in cycle rate (Figure 19). 

Seven subjects had increases in TTF although they accelerated their cycle rate. Subject 14 

had a larger increase in cycle rate in comparison to the other subjects but still had an 

increase of 8 seconds in TTF. A considerable decrease in cycle rate (0.32 repetition/sec) 

was found in subject 4 (Table 5), who had a dramatic increase in TTF by 46 seconds. Two 

subjects 6 and 9 had slight decreases in cycle rate from session 1 to 2, but an increase in 

TTF was only observed in subject 9. This may indicate that subjects decreased their cycle 

rate because of fatigue and did not make an actual improvement in TTF. Two subjects 7 

and 12 had no change in cycle rate.  

  
Figure 19. cycle rate of the treatment knee in session 1 and session 2. 
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Table 5. Results of change in cycle rate of 14 subjects between session 1 and 2 

Rate of Cycle  Difference Values 
Faster S1,0.04; S2,0.03; S3, 0.02; S5, 0.05; S8, 0.04; S10, 0.08;  

S11, 0.08; S13, 0.05; S14, 0.17 
Slower S4, 0.32; S6, 0.07; S9, 0.03 

No change S7, 0.007; S12, 0.002 
 

3.2 The Effect of Prolonged KT Application and Learning Effect  

3.2.1 Time to Fatigue (TTF) 

It was hypothesized that application durations of KT will delay TTF during knee 

isotonic flexion/extension fatiguing exercise. However, there was a large variation 

between subjects in TTF in the treatment knee across 4 sessions after KT application. TTF 

ranged between 17 and 441 seconds in the treatment knee. The KT application resulted in 

TTF changes ranging from a 62.00% decrease into an increase of 112% (Figure 20). 

It was also hypothesized that learning effect will delay TTF during knee isotonic 

flexion/extension fatiguing exercise Change in TTF for the control knee. As the result 

showed, in the control knee, TTF ranged between 11 and 387 seconds. While the percent 

of change in TTF in the control knee ranged from a 59.57% decrease to an increase of 

67.54% (Table 6). There was still a great variation between subjects. 

The General Linear Model ANOVA shows that there was no significant difference 

with respect to the TTF for either the treatment or the control knees (p = 0.711 and 0.187, 

respectively) across durations, although the average percent changes in TTF were positive 

for both the treatment and control knee, indicating a delay in TTF (Table 6) as the sessions 

progressed. 

 

Table 6. Results of percent change in TTF for each 24-hour increment of duration 

 Treatment knee Control knee 
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Duration(hrs) Mean (SD) % (Min, Max) % p-value Mean (SD) % (Min, Max) % p-value 

0(Immediate) 5.55 (18.91) (-18.87, 62.14) 

0.711 

2.94 (21.15) (-52.17, 34.29) 

0.187 
24  6.77 (31.26)  (-62.00, 54.37)  7.67(22.99)  (-46.81, 53.97)  

48  11.79 (33.22)  (-60.00, 82.52)  19.37 (27.46)  (-59.57, 45.55)  

72  12.55 (40.76)  (-54.00, 111.65)  18.00 (32.87)  (-48.94, 67.54)  

Although application durations of KT was hypothesized to delay TTF, the effect of 

duration of KT application does not appear to have any clinical significance, but the 

learning effect is substantial. Except for four subjects 6, 10, 12, and 14 had experienced no 

increase in TTF for either knee, TTF was increased in 9 out of 14 subjects for both the 

treatment and control knees (subjects 1, 2, 4, 5, 7, 8, 9, 11 and 13) across sessions (Figures 

20 and 21). It is postulated that the increases seen in both treatment and control knees 

are due to the learning effect, as time performances in the control and treatment knee 

increased over duration. There was subject 3 only that had a stable increase in TTF in the 

treatment knee but not in the control.  

Since a learning effect was observed in both knees, the difference between percent 

changes in the treatment and control knee for each session was examined to access the 

effect of KT application. The percent change in TTF at various KT application durations 

(0 hours, 24 hours, 48 hours, 72 hours) were compared for the treatment knee and the 

control knee within each subject (Figure 22).  Initial observations at 0 hours of duration 

(Figure 22a) showed seven out of fourteen subjects had a greater improvement in the 

treatment knee, while a larger improvement was observed in the control knee in the other 

seven subjects. After 24 hours only four subjects 2, 3, 4, 7 showed greater improvements 

in the treatment knee compared to the control, while ten subjects exhibited more 

improvement in TTF in the control knee (Figure 22b). At 48 hours, four subjects 3, 5, 7, 

8 showed a greater improvement in the treatment knee, and ten subjects had more 
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improvement in the control knee (Figure 22c).  The last duration at 72 hours showed the 

same improvement trend observed at 24 and 48 hours, nine subjects showing greater 

increases in TTF in the control knee compared to only four subjects 2, 3, 7, 8 showing 

greater TTF improvements in the treatment knee (Figure 22d). The results indicate that 

subjects showed an improvement in TTF during fatiguing exercise across sessions 

regardless of the application of KT treatment, supporting the observation that the 

improvement in TTF was primarily due to the learning effect.  
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Figure 20. The percent changes in TTF of the treatment knee (%). Separate pairwise comparisons were performed 

between session 1 and sessions 2, 3, 4, and 5, where (a) session 1 to session 2, duration = 0 hrs.; (b) session 1 to 
session 3, duration = 24 hrs.; (c) session 1 to session 4, duration = 48 hrs., (d) session 1 to session 5, duration = 72 

hrs. 
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Figure 21. Percent changes in TTF in the control knee. Separate pairwise comparisons were performed between 
session 1 and sessions 2, 3, 4, and 5, where (a) session 1 to session 2, duration = 0 hrs.; (b) session 1 to session 3, 

duration =sider staffing  24 hrs.; (c) session 1 to session 4, duration = 48 hrs., (d) session 1 to session 5, duration = 
72 hrs.  
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Figure 22. Percent changes in TTF between knees. By comparing the percent changes in treatment knee subtracted 
from percent changes of the control knee within subjects at each time duration: (a) 0 hours; (b) 24 hours; (c) 48 

hours; and (d) 72 hours. 
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A continued increase in TTF was observed (24 hours and 48 hours) after the 

removal of KT application in sessions 6 and 7 in the treatment knee. TTF increased 20.89 

sec (±28.00) on average in sessions 6, with subjects 4 and 6 experiencing a dramatic 

increase in TTF. Specifically, subject 4 had an increase of 105 seconds in TTF, and subject 

6 has an increase of 49 seconds in TTF. Six subjects 1, 3, 7, 10, 13, 14 had moderate 

increases in TTF in session 6 compared to session 5, while another six subjects 2, 5, 8, 9, 

11, 12 had a minimal increase in TTF.  In session 7 after subjects had removal of KT for 48 

hours, TTF still increased 10.07 sec (±17.67) on average compared to session 5. 

Remarkably, six subjects 2, 3, 5, 8, 12, 14 had higher increments in TTF in session 7 

compared to session 6 (Figure 23a).  

In the similar trend of treatment knee, the control knee also showed a gradual 

increase in TTF in the last two sessions 6 and 7. Compared to session 5, an increase of 

9.65 sec (±24.75) on average was observed in sessions 6 and 10.30 sec (±23.31). for 

Session 7 for the control knee. Subject 7 had a dramatic increase of 88 seconds in TTF for 

the control knee in session 6 compared to session 5, and subject 4 had a large increase of 

67 seconds in TTF in the control knee in session 7 over session 5 (Figure 23b). 

It was noteworthy that all fourteen subjects reached their peak values in TTF in 

sessions 6 and 7 instead of sessions 2 to 5. The peak values were expected in sessions 2 to 

5 during the application duration for the treatment knee. However, the peak values in TTF 

were observed in sessions 6 and 7 when the KT had been removed for 24 hours and 48 

hours (Figure 24a). This indicated that the growth in TTF was not predominantly due to 

the treatment but rather a factor of time performing the task, that is, a learning effect. A 

steady increase in TTF was also observed in sessions 6 and 7 in the control knee (Figure 

24b).  
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Figure 23. TTF in sessions 6, 7 compared to the last application session 5 in the treatment knee and control knee 

 
Figure 24. TTF in sessions 6 and 7 compared to the baseline session in the treatment knee and control knee 
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3.2.2 Number of Cycles 

It was hypothesized that the longer KT was applied the larger the increase in the 

number of cycles that would be achieved. An average increase of 12.44% (±32.57%) across 

sessions was found (Figure 25a). The percent changes in the number of cycles ranged from 

a 52.08% decrease to an increase of 116.86% in the treatment knee. There were two 

subjects 3 and 7 who experienced a dramatic increase in the number of cycles across 

sessions. Six subjects 1, 2, 5, 8, 9, 11 had slight increases in the numbers of cycles, and six 

subjects that had minimal growth in the number of cycles across application durations 

(subjects 4, 6, 10, 12, 13, 14) (Figure 26). The effect of KT application durations on the 

percent change in number of cycles was not statistically significant because of the large 

variation in results between subjects (p = 0.381).    

Learning effect was hypothesized to result in an increase of number of cycles 

during knee isotonic flexion/extension fatiguing exercise the control knee. The result 

showed that control knee had an overall increase of 14.16% (±27.17%) on average in the 

number of cycles (Figure 25b). The percent change in the number of cycles in the control 

knee ranged from a 65.00% decrease to a 74.36% increase. There were 12 subjects 1, 2, 3, 

4, 5, 6, 7, 8, 9, 10, 11, 13 that had a gradual increase in the number of cycles across sessions, 

and two subjects 12 and 14 who experienced consistent decreases across sessions (Figure 

27). Learning effect was found to be statistically significant on the increase in the number 

of cycles (p = 0.023) for the control knee. 
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Figure 25. The average and the standard deviation of percent changes in the number of cycles of (a) treatment knee 
and (b) control knee (%) are presented in each duration session 
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Figure 26. The number of cycles from session 1 to session 2, 3, 4, 5 in the treatment knee. Separate pairwise 
comparisons were performed between session 1 and sessions 2, 3, 4, and 5, where (a) session 1 to session 2, duration 

= 0 hrs.; (b) session 1 to session 3, duration = 24 hrs.; (c) session 1 to session 4, duration = 48 hrs., (d) session 1 to 
session 5, duration = 72 hrs. 
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Figure 27. The number of cycles from session 1 to session 2, 3, 4, 5 in the control knee. Separate pairwise 
comparisons were performed between session 1 and sessions 2, 3, 4, and 5, where (a) session 1 to session 2, duration 

= 0 hrs.; (b) session 1 to session 3, duration = 24 hrs.; (c) session 1 to session 4, duration = 48 hrs., (d) session 1 to 
session 5, duration = 72 hrs. 
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A learning effect was distinctly noted in the number of cycles (Figure 28). This 

indicates that the observed increase in number of cycles in the treatment knee could also 

be at least partially explained by the learning effect. Among the 12 subjects who had 

consistent gradual increases in the number of cycles in the control knee (subjects 1, 2, 3, 

4, 5, 6, 7, 8, 9, 10, 11, 13), 9 subjects had a similar increase in the treatment knee (subjects 

1, 2, 3, 5, 7, 8, 9, 10, 11, 13). Since a learning effect was observed in the control knee, the 

significance of KT application was also investigated by examining the difference in 

percent changes between the treatment and control knees. Contrary to expectation, the 

control knee showed a larger increase in the number of cycles than did the treatment knee 

within five subjects 1, 4, 6, 9, 13 across sessions. Only two subjects 3 and 7 showed a larger 

increase in the number of cycles in the treatment knee compared to the control knee. 

There were 5 subjects 2, 5, 8, 10, 11 who had similar increases in the number of cycles for 

the treatment and control knees across sessions. Three subjects 6, 12, 14 did not have the 

increase in the number of cycles in their treatment knee.  

 
Figure 28. The learning effect was observed in both knees without KT application across five sessions 
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number of cycles in session 6. Six subjects 2, 3, 5, 8, 9, 12 made their highest records of number 

of cycles in session 7.  

The continual increase in the number of cycles in the treatment knee in sessions 6 and 7 

is similar to the outcome in the control knee, where it was noted that 9 out of 14 subjects (2, 3, 4, 

6, 7, 8, 9, 10, 13) reached their maximum number of cycles in sessions 6 and 7. This observed 

gradual increment of values in both treatment and control knee was likely due to the learning 

effect. Kinesio tape application appears to have been irrelevant to the subjects reaching the 

maximum number of cycles. 

  
Figure 29. Number of cycles observed in both treatment knee and control knee in sessions 5, 6, and 7 
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sessions 2, 3, 4, and 5 using KT versus session 1 without KT were compared to investigate 

the potential effect of KT application durations on delaying TTM rSO2 (Table 7).  

Table 7.  Average and standard deviation of percent changes in TTM for each 24-hour increment of duration 

Duration of KT 
application (hrs.) 

Vastus Lateralis (Treatment)  Vastus Lateralis (Control) 

Mean (SD) % (Min, Max) % p-value Mean (SD) % (Min, Max) % p-value 

0 (Immediate) -7.22 (22.40) (-62.79, 19.35) 

0.778 

-7.17 (20.47) (-58.97, 30.43) 

0.181 
24  -3.44 (27.61) (-64.91, 37.17) -0.02 (21.02) (-53.49, 57.75) 

48  -2.66 (25.15) (-57.89, 52.00) -6.03 (24.70) (-74.77, 71.77) 

72  -1.01 (18.15) (-29.30, 52.00) -8.36 (24.95) (-72.52, 41.06) 

Duration of KT 
application (hrs.) 

Vastus Medialis (Treatment) Vastus Medialis (Control) 

Mean (SD) % (Min, Max) % p-value Mean (SD) % (Min, Max) % p-value 

0 (Immediate) -0.50 (15.29) (-42.67, 28.31) 

0.234 

1.26 (12.67) (-15.81, 32.61) 

0.226 
24  3.58 (12.98) (-22.71, 31.24) 8.54 (15.82) (-16.67, 48.94) 

48  -0.35 (14.29) (-31.22, 29.38) -1.50 (14.54) (-28.21, 33.15) 

72  4.76 (17.41) (-18.83, 49.57) 4.34 (21.55) (-22.53, 48.94) 

 

Although It was hypothesized that application durations of KT could delay TTM 

rSO2, there was a great variation in the change of TTM rSO2 in application durations. The 

changes in TTM rSO2 ranged from a 64.91% decrease to an increase of 37.17% for VL and 

from a reduction of 22.71% to an increase of 31.24% for VM (Table 7).  

In session 3, 8 subjects 1, 2, 5, 6, 8, 10, 11, 12 experienced an increase in TTM rSO2 

for VL (Figure 30b), and 9 subjects 1, 2, 3, 4, 6, 10, 11, 13, 14 had an observed delay in 

TTM rSO2 for VM (Figure 32b). It was noted that the increase in TTM rSO2 was not 

consistent with the change in TTF, with only subject 11 who had delay in TTM rSO2 in 

both VL and VM also showing an increase in TTF. The 3 subjects 3, 4, 7 who had an 

dramatic increase in TTF did not have a delay in TTM rSO2 of VL. 

In sessions 4, it was noted that the reduced TTM rSO2 was connected with an 

increase in TTF. Nine out of the ten subjects who had increases in TTF in session 4 
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(subjects 1, 3, 4, 5, 7, 8, 9, 10, 13) had decreased TTM rSO2 in VL (Figure 30c). All 6 

subjects who had a decrease in TTM of VM (subjects 1, 3, 5, 7, 8, 9) had an increase in 

TTF in session 4.  

In session 5, seven out of nine subjects who had increases in TTF (subjects 1, 2, 3, 

5, 7, 8, 13) had decreases in TTM rSO2 of the VL. All 7 subjects who had a decrease in 

normalized TTM rSO2 for the VM (subjects 1, 2, 3, 5, 7, 8, 9) had an increase in TTF in 

session 5. It was noted that subjects experienced delays in TTM rSO2 for VM during 

application periods, however, this did not consistent as the result of physical performance 

which showed delay in fatigue. There was no statistically significant delay in TTM rSO2 

observed in the VL and VM for prolonged KT application (p = 0.778 and p = 0.234).  

 

  

-100%

-50%

0%

50%

100%

0.00%

20.00%

40.00%

60.00%

80.00%

100.00%

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14

D
if

fe
re

n
ce

N
o

rm
al

iz
ed

 T
T

M
 (

%
)

Subject

Session 1 (Baseline) Session 2 Difference(a) Treatment VL

-100%

-50%

0%

50%

100%

0%

20%

40%

60%

80%

100%

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14

D
if

fe
re

n
ce

N
o

rm
al

iz
ed

 T
T

M
 (

%
)

Subject

Session 1 (Baseline) Session 3 (24 hrs) Difference(b) Treatment VL



   
 

57 
 

 

 

 
Figure 30. The normalized time to minimum rSO2 for VL from session 1 to session 2, 3, 4, 5 in the treatment knee. 

There was no consistent delay in TTM. Separate pairwise comparisons were performed between session 1 and 
sessions 2, 3, 4, and 5, where (a) session 1 to session 2, duration = 0 hrs.; (b) session 1 to session 3, duration = 24 

hrs.; (c) session 1 to session 4, duration = 48 hrs., (d) session 1 to session 5, duration = 72 hrs. 
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Figure 31. The delay in normalized time to minimum rSO2 for VL was not seen in the control knee across sessions 
for most subjects.  
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Figure 32. The normalized time to minimum rSO2 for VM from session 1 to session 2, 3, 4, 5 in the treatment knee. 
Although the increase in normalized TTM of VM was observed for some subjects during application durations, TTF 

was not delayed for those subjects.  
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Figure 33. The normalized time to minimum rSO2 for VM from session 1 to session 2, 3, 4, 5 in the control knee. The 
increase in TTM was also observed in the control knee, however, the increase in TTM of VM did not positively 

corelate with the delay in TTF. 

 

There was also no substantial change in TTM rSO2 for either muscle, VL or VM, in 

the treatment knee after the removal of KT in sessions 6 (Figure 34). TTM rSO2 in VL 

decreased by 6.51% (±23.69) on average in session 6 with no KT applied. For VM, TTM 

also had a decrease of 1.10% (±15.73) on average in session 6. Eight out of fourteen 

subjects 1, 3, 4, 6, 7, 8, 10, 13 who had a decrease in TTM in VL had an increase in TTF. 

Nine out of fourteen subjects 1, 3, 4, 5, 6, 7, 8, 10, 13 who had a decrease in TTM for VM 

had an increase in TTF. The increase in TTF was observed to coincide with a decrease in 

normalized TTM in session 6.  
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Figure 34. Time to minimum oxygenation level in the treatment knee in the post-application session 6 compared to 
session 1 

 

In session 7, while most subjects had an increase in TTF, normalized TTM rSO2 for 

VL and VM were observed to decrease (Figure 35). TTM decreased by 11.09% (±16.68%) 

for VL and by 2.86% (±10.32%) for VM on average in session 7. Ten out of fourteen 

subjects 1, 2, 3, 4, 5, 6, 7, 8, 9, 13 who had an increase in TTF also had a decrease in VL. 

Nine out of fourteen subjects 1, 2, 3, 4, 6, 7, 8, 9, 13 had a decrease in TTM for VM and an 

increase in TTF. The only two subjects 12 and 14 who had a slight increase in TTM for VL 

(Figure 35) had a reduction of TTF in session 7.  
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Figure 35. Time to minimum oxygenation level in the treatment knee in the post-application session 7 compared to 

session 1 

It was also hypothesized that learning effect will result in delay of time to minimum 

muscle rSO2 during knee isotonic flexion/extension fatiguing exercise. However, a delay 

in TTM of VL was also not observed in the control knee in session 3(Figure 36). Seven out 

of the nine subjects who had increases in TTF in session 3 (subjects 1, 3, 5, 7, 8, 9, 10, 11, 

13) had decreased TTM in VL, and the other two subjects who had increase in TTF slowed 

down their rate of flexion and extension. In session 4, except for two subjects who reduced 

their cycle rate, the other nine subjects had a decrease in TTM in VL and had a delay in 

TTF (subjects 1, 2, 3, 4, 7, 8, 10, 11, 13). In session 5, ten out of eleven subjects who had 

increase in TTF had a decrease in TTM of VL. The control knee results showed that TTM 

was decreased by 7.72% (±23.16%) in VL but increased by 1.48% (±15.99%) in VM on 

average across 5 sessions. The measured change in TTM was also not statistically 

significant for the control knee in the VL or VM (p = 0.745 and p = 0.960), with a large 
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variation observed between subjects ranging from -72.52% to 44.94% and -22.53% to 

57.45% for the VL and VM.  

Eight out of twelve subjects 1, 2, 3, 4, 7, 8, 9, 11 who had an increase in TTF had 

reduced normalized TTM in both VL and VM in the control knee in session 6 (Figure 36). 

Nine subjects 1, 2, 3, 4, 6, 7, 8, 11, 13 had a decreased TTM for both VL and VM and an 

increase in TTF in session 7. Subject 12 was the only one who had increased TTM for both 

VL and VM overall but did not have any increase in TTF. The average change in TTM in 

the control knee was a reduction of 9.68% (±27.49%) in session 6 and a continued 

reduction of 16.82% (±28.22%) in session 7 for VL. The average change in TTM for VM 

was -1.85% (±17.00%) in session 6 and 0.31% (±21.41%) in session 7. There was no 

substantial change in normalized TTM for VM in the control knee in session 6 and 7 

compared to the baseline session. 
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Figure 36. Change in time to minimum oxygenation level in the control knee in sessions 6 and 7 compared to 

baseline session. 

 

3.2.3.2 Rate_rSO2 

The potential for the effect of duration of the KT application to reduce rate_rSO2 

was also investigated by comparing sessions 2, 3, 4, and 5 after applying KT with session 

1 (Figures 37). Application durations of KT was hypothesized to reduce the drop of 
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ranged between 0.06 and 3.24 in the VL and between 0 and 2.47 per second in the VM 
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(±0.40) on average.  

The General Linear Model shows that there was no significant reduction within 
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knee. However, there was a substantial difference in rate_rSO2 between subjects. Subject 

12 had a dramatic increase in drop rate of rSO2 in both VL and VM across sessions. 

Subjects 2, 5, 8 and 9 had a decreasing drop rate in rSO2 across sessions. Other subjects 

did not have a consistent increase or decrease in drop rate of rSO2 across application 

durations. The change in rate_rSO2 was between -0.45/sec and +2.34/sec for the VL and 

between -0.29/sec and +1.89/sec for the VM.  

Learning effect was also hypothesized to reduce the drop of muscle rSO2 rate 

during knee isotonic flexion/extension fatiguing exercise. In the control knee, there was 

still a great variation between subjects, rate_rSO2 over the sessions ranged from 0.01/sec 

to 2.78/sec in the VL and from 0 to 2.32/sec in the VM. Rate_rSO2 had an increase of 

0.04/sec (±0.38) on average for VL across sessions and for VM rate_rSO2 also increased 

by 0.04/sec (±0.26) on average. The result of rate_rSO2 in the control knee was noted to 

experience a learning effect over the duration.   

There was also no significant change within subject in rate_rSO2 for either the VL 

or the VM (p = 0.635 and 0.391, respectively) in the control knee. Moreover, drop rate of 

rSO2 had a large difference between subjects (Table 8). Subject 12 had a relatively high 

increase in rate_rSO2 of both muscles compared to other subjects. Subjects 1, 2, 8, and 9 

had a decrease in rate_rSO2 of VL across sessions which was similar to the change in the 

treatment knee. The results show that change in rate_rSO2 ranged between -0.47/sec 

and +1.72/sec for the VL and between -0.17/sec and +1.75/sec for the VM in the control 

knee. Compared to the treatment knee, the control knee had a slightly larger decrease in 

rate_rSO2 for most subjects. This result is consistent with the result of TTF in that the 

learning effect is more clearly seen in the control knee as compared to the treatment 

knee.  
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Table 8. Change in rate_rSO2 for each 24-hour increment of duration 

Duration of KT 
application (hrs.) 

Vastus Lateralis (Treatment)  Vastus Lateralis (Control) 

Mean (SD)  (Min, Max)  p-value Mean (SD)  (Min, Max)  p-value 

0  0.01 (0.14) (-0.25, 0.24) 

0.786 

-0.02 (0.14) (-0.19, 0.37) 

0.635 
24  0.11 (0.60) (-0.41, 2.17) 0.07 (0.37) (-0.40, 0.92) 

48  0.12 (0.64) (-0.45, 2.80) -0.08 (0.50) (-0.40, 1.72) 

72  0.05 (0.36) (-0.37, 1.12) 0.03 (0.40) (-0.47, 1.07) 

Duration of KT 
application (hrs.) 

Vastus Medialis (Treatment) Vastus Medialis (Control) 

Mean (SD) % (Min, Max) % p-value Mean (SD) % (Min, Max) % p-value 

0  -0.01 (0.13) (-0.22, 0.26) 

0.611 

-0.01 (0.09) (-0.17, 0.25) 

0.391 
24  0.10 (0.51) (-0.25, 1.89) 0.02 (0.11) (-0.16, 0.29) 

48  0.08 (0.49) (-0.29, 1.78) 0.11 (0.46) (-0.17, 1.75) 

72  0.03 (0.32) (-0.26, 1.09) 0.01 (0.17) (-0.14, 0.52) 

 

 
Figure 37A: rSO2 drop rate of VL of the treatment knee for each testing session. Figure 37B: rSO2 drop rate of 

control knee for each testing session. The shadowed area indicates a corridor (range between min and max values) 
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Figure 38A: rSO2 drop rate of VM of the treatment knee for each testing session. Figure 38B: rSO2 drop rate of VM 
of the control knee for each testing session. The shadowed area indicates a corridor (range between min and max 

values) 
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3.2.4 Muscle Activity 

3.2.4.1 Electromyography Root Mean Square (EMG RMS) 

It was hypothesized that application durations of KT will delay muscle fatigue 

during knee isotonic flexion/extension fatiguing exercise. There was a large difference in 

percent change in rate of RMS between subjects in treatment knee across the 4 

application sessions. (Table 9).  

In session 3 there was a continued decrease in average RMS in the treatment knee. 

A decrease in average RMS was observed in 8 subjects 1, 2, 4, 6, 9, 10, 11, 13 for VL (Figure 

39), 12 subjects 1, 2, 3, 4, 5, 7, 8, 9, 10, 11, 12, 13 for VM (Figure 41), and 8 subjects for 

RF (subjects 1, 3, 4, 5, 8, 9, 10, 13) (Figure 43).  

Learning effect was also hypothesized to delay muscle fatigue during knee isotonic 

flexion/extension fatiguing exercise. There was a large difference in the rate of RMS 

between subjects was observed in the control knee, and the percent change in rate of 

RMS ranged from -60.8% to 56.1% for VL, -49.1% to 19.2% for VM, and -60.7% to 21.83% 

for RF. A similar change was observed in the control knee. The control knee had a 

decrease in average RMS in 9 subjects 1, 3, 4, 5, 6, 8, 11, 12, 14 for VL (Figure 40), 13 

subjects 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 13, 14 for VM (Figure 42), and 9 subjects for RF 

(subjects 3, 4, 6, 8, 9, 10, 12, 13, 14) in session 3 (Figure 44).  

In session 4, both knees had similar numbers of subjects who had a decrease in 

average RMS for the VL and VM. Eight subjects 1, 3, 4, 5, 6, 9, 10, 11 had decreases in 

average RMS of VL in both knees. Subjects 7 and 12 had an increase in average RMS in 

VL of both knees. In VM, 8 out of 14 subjects 4, 5, 7, 9, 10, 11, 12, 13 had a decrease in 

average RMS for both knees. This similar decrease in RMS in the control knee compared 

to treatment knee indicates a potential learning effect. However, there was an increased 
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number of subjects that had observed increased average RMS of RF in the treatment 

knee compared to prior sessions, with 8 subjects 2, 3, 4, 7, 8, 11, 12, 14 whose average 

RMS of RF increased in the treatment knee. There were 5 subjects 7, 8, 11, 12, 14) who 

had an increase in average RMS of RF in the control knee and the other 9 subjects had a 

decreased average RMS compared to baseline session.  

In session 5 the learning effect still was noted. Seven subjects 1, 4, 5, 6, 8, 9, 10 had 

decreases in their average RMS in both knees for the VL (Figures 39 and 40) and 10 out 

of 14 subjects 1, 4, 5, 6, 7, 8, 9, 11, 12, 13 had decreased average RMS in both knees for 

VM (Figures 41 and 42). There were 9 subjects 1, 2, 3, 4, 5, 9, 10, 13 who had decreases 

in average RMS in RF for both knees (Figures 43 and 44).  

There was no significant effect of KT application durations on the change in 

average RMS of VL, VM, and RF in the treatment knee (p = 776, p = 0.152, p = 0.730, 

respectively). There was also no substantial effect on decreasing the rate of change in 

RMS in the treatment knee (Table 10).  

In the control knee, no substantial change was found in average RMS of VL, VM, 

and RF (p = 0.189, p = 0.695, p = 0.180, respectively). However, there was a significant 

learning effect for decreasing the rate of change in VL and RF of the control knee. There 

was a significant decrease in the rate of change in RMS of VL in sessions 4 and 5, and a 

great decrease in rate of change in RMS for RF in session 4 (Table 10). This indicated 

that the effect of KT application durations was not influential on delaying the muscle 

fatigue, but rather the changes were due to the learning effect, which included posture 

change and muscle synergy. 

 

Table 9. Average and range of percent change in rate of change in RMS for each 24-hour increment of duration 
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Duration of KT 

application (hrs.) 

VL (Treatment) VL (Control) 

Mean (SD) (Min, Max) p-value Mean (SD) (Min, Max) p-value 

0  -5.7 (22.8) (-38.1, 46.6) 

0.191 

-6.8 (21.3) (-30.9, 52.2) 

0.000* 
24  -15.0 (16.8) (-46.8, 18.7) -12.1 (25.3) (-45.1, 56.1) 

48  -21.2 (17.2) (-47.4, 19.8) -29.2 (14.0) (-45.2, -0.0) 

72  -19.1 (22.0) (-47.0, 41.9) -25.0 (22.0) (-60.8, 13.8) 

Duration of KT 

application (hrs.) 

VM (Treatment) VM (Control) 

Mean (SD) % (Min, Max) % p-value Mean (SD) % (Min, Max) % p-value 

0  -10.7 (18.1) (-41.8, 23.1) 

0.156 

-16.1 (16.5) (-44.2, 19.2) 

0.077 
24  -20.3 (22.8) (-47.8, 35.6) -19.0 (12.6) (-39.3, 7.0) 

48  -24.9 (21.4) (-51.5, 26.0) -26.9 (12.2) (-42.2, 6.6) 

72  -24.8 (31.6) (-57.1, 70.8) -26.8 (15.9) (-49.1, -5.4) 

Duration of KT 

application (hrs.) 

RF (Treatment) RF (Control) 

Mean (SD) % (Min, Max) % p-value Mean (SD) % (Min, Max) % p-value 

0 3.1 (33.0) (-39.7, 91.5) 

0.073 

-4.8 (17.8) (-35.4, 17.8) 

0.000* 
24 -7.6 (23.1) (-37.6, 50.8) -11.4 (17.1) (-34.8, 21.8) 

48 -12.3 (26.0) (-46.7, 55.7) -30.1 (12.8) (-60.7, -17.0) 

72 -14.8 (26.3) (-54.2, 51.2) -23.5 (15.0) (-44.3, 5.4) 

 

Table 10. General Linear Model ANOVA results for percent change in the average rate of RMS 

Treatment Knee Control Knee 

VL Coef 95% CI T-Value 
P-

Value 
VL Coef 95% CI T-Value P-Value 

Constant -0.1525 (-0.2067, -0.0984) -5.73 0.000* Constant -0.1655 (-0.2206, -0.1453) -9.88 0.000* 

Duration     Duration     

0 0.0956 (0.0019, 0.1894) 2.08 0.046* 24 0.1030 (0.0496, 0.1802) 3.58 0.001* 

24 0.0028 (-0.0909, 0.0966) 0.06 0.952 48 0.0301 (-0.035, 0.1270) 1.92 0.063 

48 -0.0598 (-0.1535, 0.0340) -1.30 0.204 72 -0.0840 (-0.1745, -0.0440) -3.40 0.031* 

72 -0.0387 (-0.1325, 0.0550) -0.84 0.407 96 -0.0491 (-0.1327, -0.0021) -2.10 0.043* 

VM Coef 95% CI T-Value 
P-

Value 
VM Coef 95% CI T-Value P-Value 

Constant -0.2018 (-0.2517, -0.1518) -8.22 0.000* Constant -0.1828 (-0.2707, -0.0949) -13.17 0.000* 

Duration     Duration     

0 0.0950 (0.0084, 0.1815) 2.23 0.032* 24 0.1788 (0.0265, 0.3311) 1.95 0.060 

24 -0.0008 (-0.0873, 0.0858) -0.02 0.986 48 -0.0073 (-0.1595, 0.1450) 1.13 0.268 

48 -0.0477 (-0.1343, 0.0388) -1.12 0.270 72 -0.0863 (-0.2386, 0.0660) -1.60 0.120 

72 -0.0465 (-0.1331, 0.0400) -1.09 0.282 96 -0.0852 (-0.2375, 0.0670) -1.56 0.128 

RF Coef 95% CI T-Value 
P-

Value 
RF Coef 95% CI T-Value P-Value 

Constant -0.0788 (-0.1293, -0.0283) -3.18 0.003* Constant -0.1757 (-0.2146, -0.1367) -9.19 0.001* 



   
 

71 
 

 

 

 

 
Figure 39. Average percent change in RMS of treatment knee across 5 sessions 
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Duration     Duration     

0 0.1102 (0.0228, 0.1977) 2.56 0.015* 24 0.0357 (0.0538, 0.1926) 3.62 0.001* 

24 0.0027 (-0.0848, 0.0901) 0.06 0.950 48 0.1446 (-0.0052, 0.1283) 1.88 0.070 

48 -0.0441 (-0.1315, 0.0434) -1.03 0.313 72 -0.1258 (-0.1920, -0.0584) -3.82 0.001* 

72 -0.0688 (-0.1563, 0.0186) -1.60 0.119 96 -0.0596 (-0.1264, 0.0072) -1.82 0.079 
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Figure 40. Percent change in RMS of control knee across 5 sessions 
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Figure 41. Percent change in RMS of treatment knee across 5 sessions 
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Figure 42. Percent change in RMS of VM of control knee across 5 sessions 
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Figure 43. Percent change in RMS of RF of treatment knee across 5 sessions 
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Figure 44. Percent change in RMS of RF of control knee across 5 sessions 
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a decrease in rate of change in RMS of all quadriceps muscles (subjects 1, 2, 3, 4, 5, 7, 8, 

9, 10, 11, 13) in session 6 (Figure 45). In session 7, there were still 9 subjects who had 

decrease in rate of RMS change in all muscles for the treatment knee. This result is the 

consistent with the results of the control knee. The control knee continued to have a 

decrease in rate of change in RMS, with 10 subjects who had decreased rate of RMS for 

all muscles in the control knee in session 6 (subjects 1, 3, 4, 5, 7, 8, 9, 10, 11, 13). The 

number of subjects who had decrease in rate of RMS of all quad muscles rose to 11 

subjects for session 7 (subjects 1, 2, 3, 4, 5, 7, 8, 9, 10, 11, 13). 
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Figure 45. Average RMS of treatment knee across 5 sessions 
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The number of subjects who had a decrease in rate gradually reduced across 

sessions. In the treatment knee, six subjects 3, 4, 5, 8, 9, 10) had decreased rate in MDF 

in session 2, and the number of subjects grew to 7 (3, 4, 5, 7, 8, 9, 13) in session 3. In 

session 4, the number of subjects who had decreased rate in MDF reached 8 subjects 1, 

2, 3, 5, 7, 8, 9, 10). 

Nevertheless, in the control knee, the number of subjects who had a decrease in 

rate of MDF also increased across sessions. Five subjects 3, 4, 6, 9, 11 had decreased rate 

in MDF in session 2, which increased to 7 subjects (3, 5, 8, 9, 10, 11, 13) in session 3. In 

session 4 the number of subjects who had decreased rate in MDF reached 11 subjects 1, 

2, 3, 4, 5, 6, 7, 8, 9, 10, 13. This similarity in the percent change in rate of MDF between 

the treatment and control knees suggests the effect of learning. 

 

Table 11. The average values and ranges of percent change in rate of change in MDF in the treatment knee and 
control knee in each session across 4 application durations  

Duration of KT 
application (hrs.) 

VL (Treatment) VL (Control) 

Mean (SD) (Min, Max) p-value Mean (SD) (Min, Max) p-value 

0  0.4 (22.9) (-29.6, 41.8) 

0.439 

-12.0 (10.6) (-27.4, 10.6) 

0.145 
24  -5.7 (24.1) (-33.8, 42.0) -11.6 (14.2) (-31.1, 19.0) 

48  -10.0 (19.8) (-38.7, 24.6) -22.8 (12.4) (-38.7, 1.0) 

72  -8.9 (24.2) (-51.9, 41.3) -19.2 (18.7) (-44.8, 2.4) 

Duration of KT 
application (hrs.) 

VM (Treatment) VM (Control) 

Mean (SD) % (Min, Max) % p-value Mean (SD) % (Min, Max) % p-value 

0  -1.3 (18.1) (-37.2, 32.4) 

0.257 

-6.9 (11.4) (-25.7, 15.2) 

0.147 
24  -8.8 (22.8) (-34.4, 41.6) -10.3 (16.3) (-36.6, 11.6) 

48  -11.5 (21.4) (-47.5, 33.4) -20.2 (11.8) (-39.1, -2.8) 

72  -11.3 (31.6) (-56.6, 27.4) -17.1 (17.6) (-38.3, 15.9) 

Duration of KT 
application (hrs.) 

RF (Treatment) RF (Control) 

Mean (SD) % (Min, Max) % p-value Mean (SD) % (Min, Max) % p-value 

0 1.4 (21.6) (-31.7, 39.6) 
0.422 

-11.8 (12.2) (-35.4, 17.8) 
0.319 

24 -6.6 (22.1) (-32.6, 51.8) -10.6 (15.5) (-34.8, 21.8) 
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48 -7.6 (26.0) (-43.8, 51.3) -22.0 (9.7) (-35.3, -4.6) 

72 -8.8 (24.1) (-51.1, 29.7) -14.8 (21.5) (-38.0, 36.2) 

 

In addition to the rate of change in MDF, the average MDF for each subject in all 

sessions was calculated in both the treatment knee and the control knee (Figures 46, 47, 

48). In the treatment knee, an increase in average MDF was observed in the session 3. 

An increase in average MDF was observed in 8 out of 14 subjects (1, 2, 3, 6, 7, 10, 11, 12) 

for VL, 7 out of 14 subjects 1, 3, 6, 7, 10, 11, 12 for VM, and 11 subjects for RF (subjects 1, 

2, 3, 4, 5, 6, 9, 11, 12, 13, 14). Meanwhile, an increase in average MDF was also observed 

in control knee, indicating the learning effect. The control knee had an increase in 

average MDF in 6 out of 14 subjects 1, 2, 3, 5, 11, 12 for VL (Figure 47), in 5 subjects 1, 4, 

6, 7, 12 for VM (Figures 47) and in 6 subjects 1, 4, 6, 8, 11, 12 for RF (Figures 48).  

In sessions 4 and 5, there was a continuous increase in the number of subjects who 

had increased average MDF in the treatment knee (Figures 46, 48, 50). The number of 

subjects who had increased average MDF in VL of grew from 8 subjects in session 4 

(subjects 1, 3, 4, 6, 7, 10, 11, 13) to 10 subjects 1, 2, 3, 4, 5, 6, 7, 9, 11, 13 in session 5. The 

number of subjects who had increased average MDF in VM from 7 subjects 1, 4, 6, 7, 10, 

11, 13 in session 4 to 8 subjects 1, 4, 6, 7, 9, 11, 13, 14 in session 5. In RF, the number of 

subjects also grew from 10 subjects (2, 3, 4, 5, 6, 7, 9, 11, 12, 13) to 11 subjects 1, 2, 3, 4, 5, 

6, 7, 9, 11, 12, 14.  

According to the result of general linear ANOVA, there was no significant effect of 

KT application duration on the change in average MDF of VL, VM, and RF in the 

treatment knee (p = 0.647, p = 0.748, p = 0.927, respectively). There was also no 

substantial effect on decreasing the rate of change in MDF in the treatment knee (Table 
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11). In the control knee, no significant change in average MDF of VL, VM, and RF (p = 

0.640, p = 0.880, p = 0.059, respectively) was observed. There was also no significant 

decrease in the rate of change in MDF of VL, VM, and RF (Table 11).  

 

 

 

Figure 46. Results of average MDF in VL of the treatment knee from each subject across 5 sessions 
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Figure 47. Results of the percent change in MDF of the treatment knee across 5 sessions 
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Figure 48. Results of the average MDF in VM of the treatment knee for each subject across 5 sessions 
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Figure 49. Results of average MDF in VM of the control knee from each subject across 5 sessions 
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Figure 50 Results of average MDF in RF of treatment knee from each subject across 5 sessions 
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Figure 51. Results of average MDF in RF of control knee from each subject across 5 sessions 
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There was no substantial effect on decreasing the rate of change in MDF in 

treatment knee and control knee during application of KT and continued increases in 

average MDF during post-application in both knees would be evidence for a learning 

effect (Figure 52). Consistent with the result of RMS, more subjects had increased 

average MDF during sessions 6 and 7 in both knees. There were 11 subjects who 

continued to increase their average MDF in the treatment knee in sessions 6 and 7 

(subjects 1, 2, 3, 4, 5, 7, 9, 10, 11, 13, 14). Similar to the treatment knee, 10 subjects had 

increased average MDF in the control knee for session 7, and 11 subjects who had 

decreased rate of change in MDF (subjects 1, 2, 3, 4, 5, 7, 8, 9, 10, 11, 13, 14). 
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Figure 52. Average MDF in sessions 6 and 7 
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cycle rate. Three subjects 10, 12 and 14 had large increases in cycle rate over the duration 

of the sessions. Four subjects 2, 5, 6, 13 had no increases in cycle rates. Subject 4 had 

noticeably slower cycle rates and higher TTF over the application durations compared to 

the baseline session. The result of general linear ANOVA shows that there was no 

significant difference with respect to the cycle rate for the treatment knee (p = 0.225).  

In the control knee, five subjects 1, 3, 6, 7, 8 slightly accelerated their cycle rate 

across test sessions though most control knee TTF had an increasing trend. Subject 12 

had an increasing rate of cycle which resulted in the observed decrease in TTF and 

number of cycles over the duration. Eight subjects 2, 4, 5, 9, 10, 11, 13, 14 had minimal 

changes in their speed. There was no substantial difference in cycle rate between sessions 

for the control knees (p = 0.562).  

Table 12. Results of percent change in rate of cycles for each 24-hour increment of duration 

 Treatment knee Control knee 

Duration(hrs) Mean (SD) % (Min, Max) % p-value Mean (SD) % (Min, Max) % p-value 

0(Immediate) 2.31 (11.47) (-30.06, 22.42) 

0.225 

-2.07 (10.12) (-26.82, 15.91) 

0.562 
24  3.75 (12.06)  (-26.33, 26.10)  1.61 (5.44)  (-9.64, 10.09)  

48  6.39 (16.38)  (-29.04, 35.42)  3.97 (8.31)  (-6.56, 26.43)  

72  6.13 (15.14)  (-26.73, 31.34)  6.87 (10.01)  (-7.69, 26.20)  
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Figure 53. Cycle rate in the treatment across 5 sessions 
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Figure 54. cycle rate in the control knee across 5 sessions  
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For the treatment knee, eleven subjects had higher cycle rates in session 6 

compared to the baseline sessions, however, increases in TTF and number of cycles were 

found in most subjects. The treatment knee had an increase of 0.06 repetitions/sec 

(±0.12) on average in sessions 6. Particularly, subjects 10, 12, and 14 had large increases 

in cycle rate, while decreased TTF and number of cycles were observed in subjects 12 and 

14. Three subjects 2, 4, 13 had decreases in the cycle rate in session 6. Subject 4 was noted 

to have a noticeably decreased cycle rate, with dramatic increases in TTF and the number 

of cycles.  

In session 7, cycle rates increased in ten out of fourteen subjects, while increases 

in TTF and the number of cycles in the treatment knee were found for most of subjects. 

On average, an increase of 0.07 repetitions/sec (±0.16) was observed in sessions 7. 

Subjects 10, 12, and 14 had higher increases in cycle rate compared to session 6 which 

resulted in a decrease in TTF and the number of cycles. Three subjects 2, 4, 13 had 

decreased cycle rates in session 7. A distinct reduced cycle rate compared to session 6 was 

noted in subject 4 who had a major increase in TTF. 
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Figure 55. Cycle rates in sessions 1, 6, and 7 

For the control knee, nine subjects 1, 3, 6, 7, 8, 9, 12, 13, 14 increased their cycle 

rate in session 6 compared to the baseline session. Subject 12 had an increase of 0.28 

repetitions per second when both TTF and the number of cycles dropped. Five subjects 

(2, 4, 5, 11, 12) had minimal decreases in cycle rates. Session 6 had an average increase of 

0.05 repetitions per second (±0.08) in cycle rate. In session 7, an increase in TTF and 

accelerated speed were observed in the control knee for all subjects except subjects 12 and 

14. The increase in cycle rate was 0.05 (±0.07) on average.  
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Figure 56. cycle rates of the control knee in sessions 6 and 7 
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Chapter 4 Discussion 

The goal of this study was to evaluate the effect of KT application and application 

duration on joint endurance during isotonic fatiguing knee flexion/extension exercise. 

Time to fatigue, number of cycles, muscle activity, and muscle oxygenation were all 

collected across seven test sessions with and without KT application. Based on the results 

of this study, KT did not have benefits on joint endurance during knee extension/flexion 

fatiguing exercise. 

  The three evaluated hypotheses were:  

(1) KT application will enhance joint endurance. The effect of KT application 

was examined in the treatment knee by making a comparison between Pre-

Application (session 1) and Application (session 2). 

(2) Longer duration of KT application will further enhance joint endurance. 

The effect of application duration can be observed in the treatment knee by 

evaluating the percent change between Pre-Application (session 1) and 

Application Durations (sessions 2, 3, 4, 5). 

(3) Prolonged exercise can enhance joint endurance regardless of KT. The 

learning effect across duration was studied by observing the percent 

change from session 1 to sessions 2, 3, 4, 5 in the control knee. 
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4.1 Hypothesis I: KT Application 

KT application was hypothesized to enhance the endurance of knee joint. For time 

to fatigue, the result showed that there was no significant difference in TTF between pre-

application (session 1) and application (session 2) in the treatment knee (75.7 ± 72.1, 74.0 

± 68.6, p = 0.779). The increase in TTF was associated with a decrease in cycle rate for 

some subjects. In terms of number of cycles, KT application also failed to show significant 

change in endurance from session 1 to 2 within subject (70.8 ± 59.6, 73.4 ± 56.8, p = 

0.346).  

This result was also supported by the physiological data findings: muscle activity 

and muscle oxygenation. There was no delay in TTM in either VL (p = 0.867) or VM (p = 

0.546). No significant decrease in rate of drop in muscle oxygenation was observed from 

session 1 to 2 in VL (0.45 ± 0.3, 0.46.0 ± 0.3, respectively; p = 0.788) or in VM (0.21 ± 

0.14, 0.20 ± 0.16, respectively; p = 0.821).  

Regarding muscle activity, KT application also did not result in an enhancement of 

endurance in terms of decrease in amplitude of muscle activity from session 1 to 2 in VL, 

VM, or RF (p = 0.148, p = 0.051, p = 0.695, respectively). The frequency of muscle EMG 

activity was observed to have no difference from session 1 to 2 in VL, VM, and RF (p = 

0.368, p = 0.710, p = 0.175, respectively). 

The change in muscle oxygenation especially revealed muscle synergy and muscle 

coactivation. There was an observed delay in time to minimum muscle oxygenation in VM 

in subjects, but this resulted from the coactivation of muscles VL and RF. Time to 

minimum rSO2 in VM was observed to be increased while time to minimum rSO2 in VL 

was decreased. Furthermore, VL and RF were the dominant muscles to perform the knee 
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flexion/extension which was seen in the muscle activity. The muscle activity also revealed 

muscle synergy and muscle coactivation. While there was a decrease in amplitude of EMG 

for VM, an increase in amplitude of muscle activity for VL and RF was observed. The VL 

and RF co-activated to assist VM and prolong the endurance time.  

These findings are consistent with previous studies with respect to physical 

performance (Cavaleri et al., 2018;Reneker et al., 2018; de Jesus et al., 2017; Lee et al., 

2017; Serra et al., 2015; Poon et al., 2014; Vercelli, 2012; Fu et al., 2008). Cavaleri et al. 

(2018) reported that KT applied to the quadricep muscles and knee joint did not have an 

effect on extensor strength and single leg hop test performance for healthy subjects. 

Reneker et al. (2018) reported that evidence supporting KT application for enhancing 

sport perforance is limited. There is no effect of KT applicaion on joint endurance and 

funtional performance for healthy subjects. Jesus et al.(2017) reported that KT applied to 

the quadricep muscles and knee joint has no effect on extensor strength and single leg 

hop test performance for healthy subjects. Lee et al. (2017) examined the change in 

muscle endurance and self-perceived fatigue after immediate KT application for 

quadricep muscles and knee joints during the half-squat test, and found that KT 

application did not diminish the effect of fatigue or enhance the quadricep muscle 

endurance. Serra et al. (2015) found that KT did not affect the force-related measures and 

assessed the difference after immediate KT application compared with 3M Micropore - 

paper tape application, during maximal isometric knee extension. Poon et al., (2014) also 

showed that no significant differences in maximum jump or peak jump power between 

KT taping and sham taping. Vercelli (2012) exhibited no significant effect in the maximal 

quadriceps’ strength after immediate application of KT or sham KT. Serrao et al. (2016) 

measured the difference in amplitude of muscle activity in quadriceps of healthy subjects 
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between without-tape, KT, and placebo tape during barbell back squat, and they did not 

find any changes in amplitude of muscle activity for quadriceps after KT application. 

Halski (2015) compared muscle activities of quadriceps between KT application and sham 

tape (3M tape) application on knee joint during resting and knee extension and observed 

no changes in amplitude of muscle activity in healthy subjects after KT application. Fu et 

al. (2008) compared without-taping and immediate-taping and revealed that there was 

no significant difference in muscle power after KT taping. KT on the thigh neither 

decreased nor increased muscle strength in healthy athletes. 
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4.2 Hypothesis II: Duration of KT Application 

KT application durations, up to 72 hours, were hypothesized to enhance the 

endurance of the knee joint. For time to fatigue, the results showed that TTF was 

increased by 6.77% on average after 24 hours of KT application, and there was a 11.79% 

percent increase in TTF in session 4 after 48-hr application compared to the baseline 

session. An increase in 12.55% on average was found after 72-hr KT application. Although 

there was an increase on average across sessions, the result showed no significant changes 

in TTF after KT application was applied for 0, 24, 48, 72 hours (session 2, 3, 4, and 5, 

respectively) for the treatment knee (p = 0.711). The increase in TTF was only observed in 

certain subjects instead of the majority of subjects in this study.  

Regarding the number of cycles, there was no significant percent increases across 

KT application durations (p = 0.381). The percent increase in number of cycles on average 

was 8.31% (±21.73%) in session 3, and an average percent increase of 17.03% (±27.78%) 

was observed in session 4. An increase of 16.77% (±40.71%) was observed in session 5. 

The number of cycles had a gradual increase on average, but those increases were also 

only observed in certain subjects instead of the majority of subjects.  

The physiological data results of muscle activity and muscle oxygenation also 

showed that there were no significant changes in TTM rSO2 across application durations 

either in VL (p = 0.778) or VM (p = 0.234). There were also no decreases in rate of drop 

in muscle oxygenation from pre-application to application sessions either in VL (p = 

0.786) or VM (p = 0.611). However, there was a decrease in amplitude of muscle activity 

across sessions, although the decreases were not statistically significant for VL, VM, RF 

(p = 0.191, p = 0.156, p = 0.073, respectively). The frequency of muscle activity was also 



   
 

100 
 

 

observed to be slightly increased across sessions, but the improvement was also 

insignificant for VL, VM, and RF (p = 0.439, p = 0.257, p = 0.422, respectively). 

These results are consistent with a previous study in which Stedge (2012) 

examined the differences in endurance duration between pre-application, 24 hours after, 

and 72 hours after KT application, and the result showed no substantial difference in 

measured endurance ratio. 

The observed delay in fatigue of muscles in the treatment knee across sessions was 

due to the learning effect, where subjects learned to change their posture and strategy to 

delay fatigue in their extensors. During the post-KT application sessions, where KT was 

removed for 24 and 48 hours, subjects’ time endurance still had an increasing trend. 

Furthermore, most subjects had their peak values in TTF and number of cycles during 

post-application sessions instead of application sessions. 

For subjects who had a decrease in amplitude and an increase in frequency of EMG 

for treatment knee, they had observed postural change across sessions based on video 

recording. Posture change may explain the decrease in some muscle activity by trading it 

off to other muscle group.  

Several previous studies showed evidence of hamstring muscle coactivation during 

knee joint extension. Aagaard et al. (2000) showed that bicep femoris corresponded to 

about 30% of its agonist quadriceps during quadricep contraction. Amiridis et al. (1996) 

and Kellis et al. (1996) presented that coactivation of muscles was significantly higher in 

sedentary subjects than in highly skilled subjects during knee extension.  

Overall, the KT application and application duration were not seen to enhance 

muscle endurance and function. The reason is the mechanism of muscle contraction 
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cannot improved by outward application. Muscle contraction happens inside the muscle 

fibers. Muscle contraction is a repetitive series of chemical fusion and catabolism inside 

the muscle fibers (Metzler, 2003). The mechanism of muscle contraction was associated 

to calcium ions binding to troponin (Wakabayashi, 2015), and this begins with adenosine 

triphosphate hydrolyzed to adenosine triphoate and phosphate group (Dunn et al., 2020). 

Myosin heads extend and bind to actin forming cross-bridges, and it pulls the actin 

filament toward the M line and shorten the sarcomere (Smith et al., 2007; Cooper et al., 

2000). KT application is on the outward side of the skin, so it is difficult for such an 

application to assist in muscle contraction. Taping over the skin outwardly doesn’t involve 

or help the known muscle activation mechanism. Based on the present study and the 

support of previous studies, KT application and application duration cannot facilitate the 

mechanism of muscle contraction. Some reseachers propose that KT promotes muscle 

endurance by improving proprioceptive feedback, which is based on the concept that 

propriceptive feedback has the potential to enhance muscle performance (Dean, 2013). 

However, the evidence for this concept is limited. Muscle propriocetion, stability, and 

performance all rely on muscle endurance (Klika, 2011; Ju et al., 2010; Ribeiro et al., 

2007; Voight et al., 1996), and KT application has been shown to have no clinical effect 

on knee joint endurance in this study. 
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4.3 Hypothesis III: Learning Effect 

The learning effect was hypothesized to delay the muscle fatigue during isotonic 

knee flexion/extension exercise in control knee across 5 sessions. Although the percent 

increase in TTF was not statistically significant (p= 0.187), the result showed that control 

knee had a gradual percent increase in TTF and number of cycles which were larger than 

the percent increase in the treatment knee in sessions 3, 4, and 5.  

In the control knee, TTF was increased by 2.94% on average in session 2 and by 

7.67% in session 3 compared to the baseline session. An increase in TTF by 19.37% on 

average was found in session 4 and of 18.00% in session 5. The statistical insignificance 

may due to the increase in cycle rate across sessions. Nevertheless, the number of cycles 

had significant percent increases across sessions (p = 0.023). The percent increase in 

number of cycles on average was 1.38% (±22.76%) in session 2 and 9.07% (±22.32%) in 

session 3. An increase of 22.30% (±25.33%) was observed in session 4, and there was an 

increase of 23.87% (±30.75%) in session 5. The gradual increase in endurance was 

observed in most of the subjects across sessions.  

This result was not consistent with a previous study from Pliner (2015), because 

the researcher did not look at the control knee. Pliner presented a pilot study that KT 

application durations could delay time to fatigue during isotonic knee flexion/extension 

over 7 days. However, there were limitations of this previous study including a lack of a 

control and the limited pilot sample size of 4 subjects.  

Alt et al, (2014) and Wang et al. (2017) presented that familiarization across time 

increases time endurance and learning effect can be observed in a control knee. Jesus et 

al. (2015) also observed the learning effect in their study. They examined the changes in 
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performance of single hop test of distance with different conditions: control (no KT), KT 

application, and sham application on knee joints and quads for 5 days. An increase in 

performance was found in all taping conditions, indicating the learning effect of subjects.  

Another mechanism for how subjects delayed their endurance time for the control 

knee across sessions is motor learning (Campbell-Kyureghyan et al., 2020). Motor 

learning is a relatively permanent gain for motor skills. Our whole body identifies outward 

stimuli, and our brains send electrical impulse to proper related muscles after learning 

from past experience in memory and decision making (Wang & Chen, 2014). The pattern 

of measured learning motor is subject’s increased performance curve across trials of 

muscle function (Schmidt, Lee, Winstein, Wulf, & Zelaznik, 2018). Brech et al. (2011) and 

Rodrigues-da-Silva et al. (2017) found that motor learning improved subjects’ endurance 

time on a dynamometer without any treatment in 2 sessions.  
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4.4 Limitations of This Study 

There are four limitations to this study: (1) placebo effect was not examined; (2) 

KT was only applied on subjects’ dominant leg in this research; (3) near-infrared 

spectroscopy and EMG sensors were applied on the quadricep muscles only in this 

research; and (4) only male subjects were recruited. The placebo effect was not examed 

as we did not apply sham tape on subjects’ control knees. The placebo effect was observed 

in subjects who knew about KT.  Subjects 3 and 4 who knew about KT tape before the test 

performed better with taping application during the test, while most of the subjects saw 

indifferent performance regardless of KT application. Many previous studies have 

indicated that even sham tape conditions made subjects perform better in muscle 

strength and performance compared to control conditions. KT was only applied on subjects’ 

dominant leg in this research. The non-dominant leg was always set as the control knee. However, 

results of the treatment knee and control knee were not compared directly. Changes in parameters 

across sessions were calculated as percent change to normalize the differences. Pairwise 

comparison to the baseline values of the control knee and treatment knee saw no significant 

difference in baseline values between the two. Future studies should include the leg factor in the 

experiment. Near-infrared spectroscopy and EMG sensors were applied on the quadricep muscles 

only in this research due to the limitation of sensor placement. Assessing the hamstring muscles is 

needed in future studies of KT application. 
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Chapter 5 Conclusion 

There are currently several studies examining KT and joint endurance in the 

literature.  However, an extensive review, while showing a plethora of information, 

highlights a lack of reliable and consistent data. This study was designed to determine the 

effect of KT application duration on knee joint endurance in healthy subjects during a 

fatiguing isotonic knee extension/flexion exercise. The impact of KT application was 

evaluated through biomechanical analysis with and without KT application. Our research 

suggests:  

1. KT application did not enhance knee joint endurance during isotonic knee 

flexion/extension exercise. 

2. Application of KT did not delay muscle fatigue during knee isotonic 

flexion/extension fatiguing exercise  

3. Longer duration of KT application, up to 72 hours, did not result in further 

significant higher endurance of the knee joint during isotonic fatiguing knee 

flexion/extension exercise.  

4. Longer duration of KT application did not provide further significant delay in 

joint fatigue during knee isotonic flexion/extension fatiguing exercise. 

5. Prolonged exercise delayed muscle fatigue during knee isotonic 

flexion/extension fatiguing exercise regardless of KT application. 

6. Prolonged exercise enhanced knee joints endurance during isotonic fatiguing 

knee flexion/extension exercise regardless of KT application.  
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Our findings on healthy subjects indicate that there are no substantial differences 

in time to fatigue, the number of cycles, muscle oxygenation, and muscle activity of VL, 

VM, and RF after KT application, whether immediate or after some duration of 

application. Manufacturers claimed that KT can reduce muscle fatigue, enhance joint 

endurance, and improve blood flow. However, this study did not support these claims. 

Learning effect and postural changes can explain why joint endurance was enhanced 

regardless of KT application.  
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Appendices  

Appendix A: Time to Fatigue 

Table A1: TTF of the treatment knee 

Subject  

TTF (sec) 

Session 1 

(nKT) 

Session 2 

(0 hrs) 

Session 3 

(24 hrs) 

Session 4 

(48 hrs) 

Session 5 

(72 hrs) 

Session 6 

(nKT1) 

Session 7 

(nKT2) 

1 93 79 92 118 116 155 95 

2 38.2 40 41 46 49 49 62 

3 103 167 159 188 218 234.5 244 

4 181 217 270 182 211 316 255 

5 65 71 92 79 82 79 92 

6 100 93 75 81 92 141 130 

7 293 282 324 375 441 467 420 

8 45 51 56 59 65 66 72 

9 42 45 51 59 44 49 49 

10 25 26 21 31 17 30 23 

11 35 33 40 32 35 35 35 

12 50 48 19 20 23 23 27 

13 53 43 57 57 57 86 74 

14 69 77 47 48 38 50 51 

Table A2: TTF of the control knee 

Subject  

TTF (sec) 

Session 1 Session 2 Session 3 Session 4 Session 5 Session 6 Session 7 

1 82 78 86 111 131 122 89 

2 39 40 36 48 45 45 51 

3 95.5 126 105.5 139 108 116.5 133 

4 114 135 107 144 191 209 258 

5 63 70 97 72 91 75 88 

6 70 94 70 91 63 98.6 99.3 

7 292 286 297 369 387 475 390 

8 46 49 58 60 64 67 75 

9 36 41 48 52 52 47 51 

10 23 11 28 32 28 30 30 

11 34 35 40 42 32 37 43 

12 47 37 25 19 24 21 22 

13 52 58 58 61 60 68 83 

14 60 53 52 45 38 38 46 
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Table A3: One-sided paired T-test results for TTF of the treatment knee and control knee 
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Table A4: General Linear ANOVA results for the effect of duration on TTF in the treatment knee 
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Table A5: General Linear ANOVA results for the effect of duration on TTF in the control knee 
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Appendix B: Number of Cycles 

Table B1: The number of cycles of the treatment knee 

Subject  

Number of cycles (count) 

Session 1 

(nKT) 

Session 2 

(0 hrs) 

Session 3 

(24 hrs) 

Session 4 

(48 hrs) 

Session 5 

(72 hrs) 

Session 6 

(nKT1) 

Session 7 

(nKT2) 

1 47 43 49 61 60 82 63 

2 37 40 39 46 47 47 58 

3 86 143 141.5 164 186.5 210 215 

4 192 161 211 137 164 253.5 177 

5 51.5 60 71 64 67 68 73 

6 70 59 51 49 55 107 97 

7 238 231 272 334 380 432 372 

8 36 43 47 54 57 57 63 

9 32 33 38 41 36 40 46 

10 20 23 20 30 17 30 25 

11 28 29 35 30 34 32 32 

12 48 46 23 26 29 27 32 

13 52 45 55 56 54 76 66 

14 53 72 42 48 36 51 50 

Table B2: The number of cycles results of the control knee 

Subject  

Number of cycles (count) 

Session 1 Session 2 Session 3 Session 4 Session 5 Session 6 Session 7 

1 39 43 43 55 68 66 51.52632 

2 38 40 35 47 43 43 48 

3 74 82 90 114 90 99 108 

4 92 102.5 88 117 159.5 164.5 199.5 

5 54 56.5 80 59.5 76 63 74.5 

6 41 58 44 57 37 67 69 

7 236 240 256 312 341 404 348 

8 37 42 49 52 54 60 65 

9 30 32 40 41 40 42 48 

10 20 7 22 26 25 25 29 

11 32 33 37 38 36 34 39 

12 45 37 25 23 29 26 26 

13 45 48 51 55 52 62 70 

14 54 46 44 46 43 36 44 
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Table B3: One-sided paired T-test results for the number of cycles in the treatment knee 
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Table B4: General Linear ANOVA results for the effect of duration on the number of cycles in the treatment knee 
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Table B5: General Linear ANOVA results for the effect of duration on the number of cycles in the control knee 
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Appendix C: Time to Minimum rSO2 (TTM) 

Table C1: TTM of VL of the treatment knee 

Subject  

TTM (sec) 

Session 1 

(nKT) 

Session 2 

(0 hrs) 

Session 3 

(24 hrs) 

Session 4 

(48 hrs) 

Session 5 

(72 hrs) 

Session 6 

(nKT1) 

Session 7 

(nKT2) 

1 47 43 49 61 60 82 63 

2 37 40 39 46 47 47 58 

3 86 143 141.5 164 186.5 210 215 

4 192 161 211 137 164 253.5 177 

5 51.5 60 71 64 67 68 73 

6 70 59 51 49 55 107 97 

7 238 231 272 334 380 432 372 

8 36 43 47 54 57 57 63 

9 32 33 38 41 36 40 46 

10 20 23 20 30 17 30 25 

11 28 29 35 30 34 32 32 

12 48 46 23 26 29 27 32 

13 52 45 55 56 54 76 66 

14 53 72 42 48 36 51 50 

Table C2: TTM of VM of the treatment knee 

Subject  

TTM (sec) 

Session 1 

(nKT) 

Session 2 

(0 hrs) 

Session 3 

(24 hrs) 

Session 4 

(48 hrs) 

Session 5 

(72 hrs) 

Session 6 

(nKT1) 

Session 7 

(nKT2) 

1 29 84 80 32 96 140 95 

2 24 20 20 20 20 24 16 

3 80 144 144 168 212 204 224 

4 20 32 36 24 28 36 20 

5 24 32 20 20 16 32 52 

6 20 28 28 40 64 37 29 

7 204 76 152 144 224 172 108 

8 16 16 16 16 16 20 16 

9 20 20 20 20 20 24 20 

10 16 24 20 24 16 24 16 

11 12 12 16 16 16 16 16 

12 48 40 19 20 23 23 20 

13 44 36 56 48 56 28 44 

14 14 12 16 12 12 8 8 
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Table C3: TTM of VL results of the control knee 

Subject  

TTM (sec) 

Session 1 Session 2 Session 3 Session 4 Session 5 Session 6 Session 7 

1 80 72 40 60 68 76 32 

2 24 24 24 24 20 28 20 

3 88 16 20 116 20 28 20 

4 24 20 24 24 20 20 24 

5 16 24 20 36 28 72 28 

6 16 20 24 28 12 28 5 

7 100 172 144 148 152 248 20 

8 16 20 20 20 16 16 16 

9 24 24 24 20 28 16 24 

10 12 4 20 20 28 16 30 

11 20 32 24 20 20 32 20 

12 24 20 25 16 24 21 20 

13 32 32 52 36 40 32 56 

14 20 16 20 16 24 12 12 

 

Table C4: TTM of VM results of the control knee 

Subject  

TTM (sec) 

Session 1 Session 2 Session 3 Session 4 Session 5 Session 6 Session 7 

1 39 43 43 55 68 66 51.52632 

2 38 40 35 47 43 43 48 

3 74 82 90 114 90 99 108 

4 92 102.5 88 117 159.5 164.5 199.5 

5 54 56.5 80 59.5 76 63 74.5 

6 41 58 44 57 37 67 69 

7 236 240 256 312 341 404 348 

8 37 42 49 52 54 60 65 

9 30 32 40 41 40 42 48 

10 20 7 22 26 25 25 29 

11 32 33 37 38 36 34 39 

12 45 37 25 23 29 26 26 

13 45 48 51 55 52 62 70 

14 54 46 44 46 43 36 44 
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Table C5: Paired T-test results for TTM of VL o the treatment knee and control knee 
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Table C6: Paired T-test results for TTM of VM of the treatment knee and control knee 
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Table C7: General Linear ANOVA results for the effect of duration on TTM of VL of the treatment knee 
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Table C8: General Linear ANOVA results for the effect of duration on TTM of VM of the treatment knee 
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Table C9: General Linear ANOVA results for the effect of duration on TTM of VL of the control knee
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Table C10: General Linear ANOVA results for the effect of duration on TTM of VM of the control knee 
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Appendix D: Rate of rSO2 

Table D1: Rate of rSO2 of VL of the treatment knee 

Subject  

Rate of rSO2 (rSO2/sec) 

Session 1 

(nKT) 

Session 2 

(0 hrs) 

Session 3 

(24 hrs) 

Session 4 

(48 hrs) 

Session 5 

(72 hrs) 

Session 6 

(nKT1) 

Session 7 

(nKT2) 

1 1.16 1.08 0.72 1.30 0.90 0.87 0.80 

2 1.05 0.83 0.68 0.63 0.70 0.50 0.65 

3 1.47 1.75 1.84 1.29 1.15 2.00 0.16 

4 2.31 2.60 2.69 2.35 1.79 2.41 1.80 

5 2.78 2.58 1.14 1.84 1.38 1.12 1.38 

6 1.29 1.43 1.72 1.82 1.00 1.37 1.10 

7 0.20 0.40 0.49 0.14 0.20 0.28 0.50 

8 2.20 0.90 1.30 1.59 1.70 1.78 1.99 

9 1.35 1.05 1.30 0.94 1.20 1.13 1.43 

10 0.24 0.13 0.29 0.19 0.45 0.38 0.38 

11 2.39 1.46 1.40 2.29 1.95 1.80 2.38 

12 2.36 1.68 3.64 3.24 1.93 4.29 3.50 

13 0.27 1.66 1.10 0.86 0.42 0.56 0.59 

14 2.999 3.00 3.31 3.30 2.94 4.42 2.39 

Table D2: Rate of rSO2 of VL the control knee 

Subject  

Rate of rSO2 (rSO2/sec) 

Session 1 Session 2 Session 3 Session 4 Session 5 Session 6 Session 7 

1 0.67 0.66 1.61 0.77 1.08 0.45 1.71 

2 0.59 1.01 0.46 0.75 0.63 0.73 0.84 

3 1.44 2.21 1.06 1.53 1.80 2.46 1.85 

4 2.41 2.53 2.29 1.88 2.03 2.15 1.90 

5 2.18 2.40 2.23 1.40 1.76 1.17 1.51 

6 1.54 1.04 1.33 0.99 0.71 1.44 1.80 

7 0.88 0.45 0.17 0.11 0.16 0.11 0.22 

8 1.82 1.34 2.05 1.16 1.31 1.50 2.63 

9 0.58 0.54 0.76 0.64 0.38 0.55 0.43 

10 0.31 0.27 0.27 0.29 0.28 0.10 0.16 

11 2.20 1.95 2.20 2.64 2.49 1.73 3.80 

12 2.23 2.68 2.05 3.30 2.55 2.25 2.08 

13 0.36 0.58 0.55 0.65 0.48 0.51 0.51 

14 2.01 2.14 1.46 2.86 2.61 2.94 3.67 
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Table D3 Rate of rSO2 of VM of the treatment knee 

Subject  

Rate of rSO2 (rSO2/sec) 

Session 1 

(nKT) 

Session 2 

(0 hrs) 

Session 3 

(24 hrs) 

Session 4 

(48 hrs) 

Session 5 

(72 hrs) 

Session 6 

(nKT1) 

Session 7 

(nKT2) 

1 1.16 1.08 0.72 1.30 0.90 0.87 0.80 

2 1.05 0.83 0.68 0.63 0.70 0.50 0.65 

3 1.47 1.75 1.84 1.29 1.15 2.00 0.16 

4 2.31 2.60 2.69 2.35 1.79 2.41 1.80 

5 2.78 2.58 1.14 1.84 1.38 1.12 1.38 

6 1.29 1.43 1.72 1.82 1.00 1.37 1.10 

7 0.20 0.40 0.49 0.14 0.20 0.28 0.50 

8 2.20 0.90 1.30 1.59 1.70 1.78 1.99 

9 1.35 1.05 1.30 0.94 1.20 1.13 1.43 

10 0.24 0.13 0.29 0.19 0.45 0.38 0.38 

11 2.39 1.46 1.40 2.29 1.95 1.80 2.38 

12 2.36 1.68 3.64 3.24 1.93 4.29 3.50 

13 0.27 1.66 1.10 0.86 0.42 0.56 0.59 

14 2.999 3.00 3.31 3.30 2.94 4.42 2.39 

Table D4: Rate of rSO2 of VM the control knee 

Subject  

Rate of rSO2 (rSO2/sec) 

Session 1 

(nKT) 

Session 2 

(0 hrs) 

Session 3 

(24 hrs) 

Session 4 

(48 hrs) 

Session 5 

(72 hrs) 

Session 6 

(nKT1) 

Session 7 

(nKT2) 

1 0.67 0.66 1.61 0.77 1.08 0.45 1.71 

2 0.59 1.01 0.46 0.75 0.63 0.73 0.84 

3 1.44 2.21 1.06 1.53 1.80 2.46 1.85 

4 2.41 2.53 2.29 1.88 2.03 2.15 1.90 

5 2.18 2.40 2.23 1.40 1.76 1.17 1.51 

6 1.54 1.04 1.33 0.99 0.71 1.44 1.80 

7 0.88 0.45 0.17 0.11 0.16 0.11 0.22 

8 1.82 1.34 2.05 1.16 1.31 1.50 2.63 

9 0.58 0.54 0.76 0.64 0.38 0.55 0.43 

10 0.31 0.27 0.27 0.29 0.28 0.10 0.16 

11 2.20 1.95 2.20 2.64 2.49 1.73 3.80 

12 2.23 2.68 2.05 3.30 2.55 2.25 2.08 

13 0.36 0.58 0.55 0.65 0.48 0.51 0.51 

14 2.01 2.14 1.46 2.86 2.61 2.94 3.67 
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Table D5: Paired T-test results for drop rate of rSO2 of VL in the treatment knee and control knee 
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Table D6: Paired T-test results for drop rate of rSO2 of VM in the treatment knee and control knee 
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Table D7: General Linear ANOVA results for the effect of duration on drop rate of rSO2 of VL in the treatment knee 
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Table D8: General Linear ANOVA results for the effect of duration on drop rate of rSO2 of VL in the control knee 
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Table D9: General Linear ANOVA results for the effect of duration on drop rate of rSO2 of VM in the treatment knee 
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Table D10: General Linear ANOVA results for the effect of duration on drop rate of rSO2 of VM in the control knee 
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Appendix E: Median Frequency  

Table E1: Average MDF of VL of the treatment knee 

Subject  

Average MDF  

Session 1 

(nKT) 

Session 2 

(0 hrs) 

Session 3 

(24 hrs) 

Session 4 

(48 hrs) 

Session 5 

(72 hrs) 

Session 6 

(nKT1) 

Session 7 

(nKT2) 

1 59.04 71.12 63.72 59.92 62.42 61.23 62.88 

2 65.09 67.66 67.87 63.46 67.38 64.38 63.62 

3 53.00 60.52 58.95 59.33 54.00 55.29 58.53 

4 51.17 53.26 50.54 60.54 56.71 58.14 55.68 

5 62.65 57.69 60.18 61.04 64.96 62.94 63.57 

6 45.46 53.26 48.40 45.88 49.58 NA NA 

7 48.93 49.95 51.90 59.14 52.76 54.19 50.35 

8 62.38 50.58 58.07 55.64 56.82 61.35 53.02 

9 55.33 54.43 55.20 54.36 55.46 56.21 55.49 

10 58.65 56.88 68.28 65.62 56.34 63.44 60.43 

11 63.15 55.76 66.61 67.37 68.02 68.06 64.63 

12 71.27 68.41 85.30 59.36 70.58 70.60 66.19 

13 55.61 63.15 55.38 57.21 62.48 53.39 56.39 

14 59.95 57.51 58.82 53.74 56.54 53.58 58.51 

 

Table E2: Average MDF of VL the control knee 

Subject  

Average MDF 

Session 1 Session 2 Session 3 Session 4 Session 5 Session 6 Session 7 

1 70.19 64.41 70.55 63.27 58.99 58.41 69.38 

2 60.09 56.94 66.01 63.16 62.88 62.86 64.53 

3 60.49 60.98 60.77 59.34 59.33 62.21 63.00 

4 55.65 53.79 55.56 58.81 60.16 59.93 58.82 

5 55.86 62.21 59.25 62.37 61.74 66.74 64.47 

6 47.70 46.53 46.52 46.54 46.40 NA  NA  

7 55.00 46.77 50.29 52.01 52.41 49.41 57.28 

8 63.49 58.10 63.26 54.03 56.84 60.18 57.02 

9 53.22 51.34 50.47 51.00 50.75 53.71 52.11 

10 65.10 55.28 59.40 55.55 60.31 58.68 50.04 

11 59.69 67.97 61.54 74.50 67.92 66.52 64.34 

12 69.48 74.49 75.60 71.60 73.21 76.17 73.21 

13 59.86 53.44 53.17 57.42 60.25 57.72 53.61 

14 63.32 60.91 61.06 59.88 62.26 63.43 62.72 
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Table E3 MDF of VM of the treatment knee 

Subject  

Average MDF  

Session 1 

(nKT) 

Session 2 

(0 hrs) 

Session 3 

(24 hrs) 

Session 4 

(48 hrs) 

Session 5 

(72 hrs) 

Session 6 

(nKT1) 

Session 7 

(nKT2) 

1 57.37 57.20 64.43 58.40 59.41 58.69 57.95 

2 64.33 63.71 59.88 59.58 60.16 63.80 62.30 

3 60.43 61.57 61.21 57.92 55.56 61.09 65.99 

4 51.59 52.44 50.49 52.29 54.27 56.92 60.14 

5 62.30 62.12 60.65 59.92 62.15 67.70 64.37 

6 46.47 49.73 49.36 49.69 52.07 NA  NA  

7 47.69 48.54 45.43 51.98 48.95 51.88 49.13 

8 62.46 56.70 58.48 57.26 55.84 59.08 52.02 

9 54.11 53.99 54.30 53.30 55.63 55.94 54.81 

10 66.71 65.98 65.54 69.47 57.80 61.82 67.68 

11 51.01 54.00 56.39 62.20 61.42 58.81 60.24 

12 72.57 68.47 75.98 67.56 71.20 70.15 65.49 

13 51.63 55.47 52.98 54.34 54.46 53.80 54.46 

14 61.70 53.05 65.33 60.60 68.60 63.26 70.02 
 

 

 

Table E4: MDF of VM the control knee 

Subject  

Average MDF 

Session 1 Session 2 Session 3 Session 4 Session 5 Session 6 Session 7 

1 54.43 59.62 58.38 61.25 53.67 55.33 57.00 

2 57.63 60.03 57.51 60.06 58.59 58.96 58.07 

3 59.94 58.77 58.51 55.63 59.82 60.81 61.59 

4 53.55 56.90 56.09 58.16 60.15 56.56 57.84 

5 58.93 63.53 57.55 59.34 62.42 67.18 63.85 

6 45.04 45.46 48.43 45.55 46.07 NA NA 

7 45.58 45.71 49.97 49.77 53.59 51.42 52.31 

8 59.03 58.44 57.58 52.86 53.49 58.69 51.23 

9 51.66 52.44 50.45 48.82 49.08 51.24 50.43 

10 62.22 62.95 53.08 52.73 55.52 53.74 46.53 

11 60.71 62.00 58.60 72.87 66.19 61.51 62.28 

12 54.87 67.93 71.00 55.22 63.20 65.02 68.13 

13 51.23 50.05 48.43 57.17 55.38 50.99 52.62 

14 57.56 54.95 53.48 55.02 55.57 52.25 59.65 
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Table E5: Average MDF of RF of the treatment knee 

Subject  

Average MDF 

Session 1 

(nKT) 

Session 2 

(0 hrs) 

Session 3 

(24 hrs) 

Session 4 

(48 hrs) 

Session 5 

(72 hrs) 

Session 6 

(nKT1) 

Session 7 

(nKT2) 

1 67.32 73.94 68.91 65.58 69.83 66.23 72.46 

2 56.75 63.78 64.71 61.13 69.93 61.41 63.32 

3 56.48 62.57 58.73 57.90 58.48 63.17 64.30 

4 50.52 53.61 53.18 55.09 59.44 56.22 57.58 

5 62.18 61.61 62.58 62.64 62.30 58.28 65.14 

6 44.80 47.58 51.02 47.35 52.28  NA NA  

7 46.93 51.72 45.20 56.43 51.24 51.47 47.68 

8 61.76 48.48 60.54 56.60 57.66 61.41 51.62 

9 57.54 56.88 59.84 59.44 58.90 59.78 56.78 

10 73.30 65.15 58.59 67.70 59.12 62.98 69.91 

11 55.05 60.93 66.06 76.15 71.37 63.95 65.12 

12 61.61 62.93 74.61 64.48 63.15 66.07 56.21 

13 50.92 57.69 53.77 55.72 41.43 55.27 52.29 

14 57.34 25.95 62.77 51.15 63.33 58.72 57.84 
 

 

 

Table E6: Average MDF of RF the control knee 

Subject  

Average MDF 

Session 1 Session 2 Session 3 Session 4 Session 5 Session 6 Session 7 

1 70.58 70.55 71.64 70.84 69.90 69.49 70.25 

2 69.92 66.99 61.46 64.79 63.86 64.86 67.56 

3 62.89 60.42 61.30 59.20 65.45 63.72 63.32 

4 55.72 46.38 65.58 58.64 60.52 58.35 56.41 

5 61.05 65.46 60.86 63.16 66.09 68.89 65.96 

6 45.91 46.76 47.52 48.11 50.40  NA NA  

7 50.37 42.49 49.15 48.18 52.96 52.88 54.90 

8 54.04 59.15 57.63 54.72 57.93 60.53 47.21 

9 56.02 53.15 53.22 53.00 53.72 54.32 54.47 

10 63.49 54.55 56.90 57.46 63.55 60.69 54.64 

11 57.17 61.06 61.60 67.34 73.27 67.30 68.05 

12 70.60 71.00 72.10 58.26 66.48 73.59 68.26 

13 57.67 51.70 52.78 59.66 57.48 55.56 51.76 

14 61.07 55.09 54.69 54.58 59.16 55.84 65.56 
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Table E7: Paired T-test results for MDF of VL in the treatment knee and control knee 

  
Table E8: Paired T-test results for MDF of VM in the treatment knee 
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Table E9: Paired T-test results for MDF of RF in the treatment knee 

 
Table E10: General Linear ANOVA results for the effect of duration on MDF of VL in the treatment knee 
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Table E11: General Linear ANOVA results for the effect of duration on MDF of VM in treatment knee 

 
Table X: General Linear ANOVA results for the effect of duration on MDF of RF in the treatment knee 
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Table X: General Linear ANOVA results for the effect of duration on MDF of VL in control knee 

 
Table X: General Linear ANOVA results for the effect of duration on MDF of VM in the control knee 
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Table X: General Linear ANOVA results for the effect of duration on EMG-MDF of RF in the control knee 

 
  



   
 

146 
 

 

Appendix F: Root Mean Square  

Table F1: Normalized average RMS of VL the treatment knee 

Subject  

RMS   

Session 1 

(nKT) 

Session 2 

(0 hrs) 

Session 3 

(24 hrs) 

Session 4 

(48 hrs) 

Session 5 

(72 hrs) 

Session 6 

(nKT1) 

Session 7 

(nKT2) 

1  0.19   0.20   0.17   0.18   0.17   0.13   0.15  

2  0.25   0.22   0.23   0.21   0.22   0.21   0.17  

3  0.19   0.19   0.20   0.19   0.22   0.18   0.19  

4  0.19   0.18   0.15   0.15   0.16   0.13   0.14  

5  0.17   0.19   0.19   0.17   0.15   0.15   0.18  

6  0.20   0.15   0.18   0.20   0.16  N/A N/A 

7  0.17   0.18   0.20   0.18   0.16   0.21   0.20  

8  0.19   0.16   0.19   0.22   0.18   0.19   0.21  

9  0.21   0.21   0.20   0.15   0.19   0.18   0.22  

10  0.34   0.27   0.27   0.31   0.32   0.27   0.31  

11  0.25   0.25   0.20   0.21   0.23   0.21   0.20  

12  0.26   0.25   0.31   0.26   0.23   0.26   0.30  

13  0.24   0.28   0.23   0.21   0.24   0.22   0.23  

14  0.20   0.23   0.24   0.27   0.26   0.23   0.25  

Table F2: Normalized average RMS of VL the control knee 

Subject  

RMS  

Session 1 Session 2 Session 3 Session 4 Session 5 Session 6 Session 7 

1 0.21 0.14 0.12 0.17 0.13 0.14 0.17 

2 0.17 0.26 0.24 0.21 0.22 0.20 0.20 

3 0.20 0.19 0.19 0.17 0.19 0.19 0.19 

4 0.21 0.17 0.16 0.15 0.16 0.13 0.15 

5 0.20 0.19 0.20 0.19 0.18 0.16 0.16 

6 0.21 0.21 0.17 0.17 0.15 N/A N/A 

7 0.17 0.18 0.20 0.18 0.18 0.08 0.21 

8 0.24 0.25 0.21 0.20 0.19 0.19 0.16 

9 0.21 0.23 0.21 0.20 0.20 0.21 0.20 

10 0.31 0.30 0.36 0.23 0.28 0.25 0.22 

11 0.25 0.25 0.24 0.23 0.26 0.25 0.23 

12 0.23 0.25 0.23 0.30 0.25 0.27 0.28 

13 0.22 0.24 0.22 0.23 0.24 0.25 0.24 

14 0.29 0.26 0.17 0.27 0.22 0.30 0.26 
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Table F3 Normalized average RMS of VM of the treatment knee 

Subject  

RMS 

Session 1 

(nKT) 

Session 2 

(0 hrs) 

Session 3 

(24 hrs) 

Session 4 

(48 hrs) 

Session 5 

(72 hrs) 

Session 6 

(nKT1) 

Session 7 

(nKT2) 

1 0.24 0.16 0.17 0.16 0.17 0.13 0.16 

2 0.22 0.19 0.20 0.19 0.19 0.17 0.17 

3 0.23 0.22 0.19 0.20 0.21 0.21 0.20 

4 0.22 0.17 0.17 0.16 0.17 0.15 0.15 

5 0.19 0.19 0.17 0.19 0.17 0.20 0.18 

6 0.20 0.21 0.21 0.21 0.17 N/A N/A 

7 0.21 0.15 0.17 0.16 0.14 0.17 0.17 

8 0.18 0.18 0.16 0.22 0.16 0.17 0.21 

9 0.24 0.23 0.20 0.17 0.17 0.20 0.18 

10 0.32 0.37 0.30 0.32 0.38 0.32 0.31 

11 0.27 0.25 0.27 0.23 0.22 0.24 0.19 

12 0.27 0.23 0.26 0.26 0.26 0.27 0.30 

13 0.25 0.25 0.21 0.19 0.20 0.16 0.12 

14 0.19 0.21 0.25 0.24 0.25 0.27 0.28 
 

Table F4: Normalized average RMS of VM the control knee 

Subject  

RMS  

Session 1 Session 2 Session 3 Session 4 Session 5 Session 6 Session 7 

1 0.18 0.17 0.17 0.19 0.15 0.17 0.18 

2 0.22 0.26 0.21 0.28 0.22 0.21 0.16 

3 0.20 0.20 0.19 0.20 0.21 0.16 0.21 

4 0.18 0.14 0.13 0.14 0.16 0.13 0.13 

5 0.20 0.18 0.19 0.19 0.18 0.17 0.15 

6 0.24 0.18 0.20 0.20 0.20 N/A N/A 

7 0.18 0.16 0.16 0.15 0.13 0.13 0.13 

8 0.22 0.18 0.18 0.22 0.19 0.18 0.18 

9 0.21 0.19 0.19 0.17 0.20 0.22 0.21 

10 0.30 0.39 0.27 0.29 0.28 0.27 0.26 

11 0.25 0.25 0.27 0.24 0.22 0.21 0.22 

12 0.28 0.25 0.23 0.25 0.24 0.22 0.26 

13 0.25 0.22 0.22 0.21 0.24 0.22 0.21 

14 0.25 0.25 0.23 0.26 0.27 0.23 0.26 
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Table F5: Normalized average RMS of RF of the treatment knee 

Subject  

RMS  

Session 1 

(nKT) 

Session 2 

(0 hrs) 

Session 3 

(24 hrs) 

Session 4 

(48 hrs) 

Session 5 

(72 hrs) 

Session 6 

(nKT1) 

Session 7 

(nKT2) 

1 0.20 0.18 0.18 0.13 0.17 0.14 0.17 

2 0.20 0.23 0.25 0.22 0.23 0.20 0.19 

3 0.17 0.17 0.21 0.22 0.16 0.18 0.19 

4 0.17 0.17 0.16 0.17 0.16 0.12 0.17 

5 0.15 0.16 0.14 0.12 0.13 0.15 0.14 

6 0.19 0.11 0.15 0.18 0.15 N/A N/A 

7 0.15 0.16 0.17 0.17 0.16 0.16 0.18 

8 0.18 0.21 0.17 0.19 0.19 0.17 0.20 

9 0.18 0.18 0.18 0.16 0.16 0.17 0.16 

10 0.36 0.34 0.27 0.35 0.31 0.32 0.29 

11 0.15 0.27 0.25 0.21 0.22 0.25 0.22 

12 0.23 0.21 0.28 0.30 0.28 0.23 0.28 

13 0.25 0.27 0.23 0.22 0.20 0.21 0.20 

14 0.22 0.19 0.21 0.23 0.22 0.20 0.24 
 

 

Table F6: Normalized average RMS of RF the control knee 

Subject  

RMS   

Session 1 Session 2 Session 3 Session 4 Session 5 Session 6 Session 7 

1 0.18 0.19 0.19 0.17 0.17 0.17 0.16 

2 0.20 0.23 0.21 0.20 0.19 0.19 0.18 

3 0.21 0.22 0.21 0.17 0.21 0.17 0.21 

4 0.17 0.18 0.14 0.13 0.16 0.12 0.13 

5 0.17 0.15 0.18 0.16 0.14 0.15 0.14 

6 0.21 0.18 0.20 0.19 0.17 N/A N/A 

7 0.13 0.16 0.17 0.14 0.16 0.16 0.18 

8 0.17 0.19 0.15 0.18 0.16 0.17 0.18 

9 0.20 0.20 0.17 0.17 0.19 0.22 0.20 

10 0.28 0.33 0.24 0.27 0.27 0.27 0.23 

11 0.23 0.27 0.26 0.23 0.23 0.24 0.24 

12 0.22 0.27 0.21 0.26 0.26 0.26 0.28 

13 0.26 0.23 0.25 0.12 0.22 0.25 0.22 

14 0.21 0.20 0.18 0.25 0.24 0.22 0.24 
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Table F7: Paired T-test results for normalized average RMS of VL in the treatment knee 

 

 
Table F8: Paired T-test results for normalized average RMS of VM in the treatment knee 
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Table F9: Paired T-test results for normalized average RMS of RF in the treatment knee 

 
 

Table F10: Paired T-test results for normalized average rate RMS of VL in the treatment knee 
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Table F11: Paired T-test results for normalized average rate RMS of VM in the treatment knee 

 

Table F12: Paired T-test results for normalized average rate RMS of RF in the treatment knee 
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Table F13: General Linear ANOVA results for the effect of duration on average RMS of VL in the treatment knee 

 
 

Table F14: General Linear ANOVA results for the effect of duration on RMS of VM in the treatment knee 

 



   
 

153 
 

 

Table F15: General Linear ANOVA results for the effect of duration on RMS of RF in the treatment knee 

 
Table F16: General Linear ANOVA results for the effect of duration on RMS of VL in the control knee 
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Table F17: General Linear ANOVA results for the effect of duration on RMS of VM in the control knee 

 
Table F18: General Linear ANOVA results for the effect of duration on RMS of RF in the control knee 
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Appendix G: MANCOVA  

Table G1: MANVOA result  
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Appendix H: Cycle Rate 

Table H1: Cycle rate of the treatment knee 

Subject  

Cycle rate (repetition/sec) 

Session 1 

(nKT) 

Session 2 

(0 hrs) 

Session 3 

(24 hrs) 

Session 4 

(48 hrs) 

Session 5 

(72 hrs) 

Session 6 

(nKT1) 

Session 7 

(nKT2) 

1 0.51 0.54 0.53 0.52 0.52 0.53 0.66 

2 0.97 1.00 0.95 1.00 0.96 0.96 0.94 

3 0.83 0.86 0.89 0.87 0.86 0.90 0.88 

4 1.06 0.74 0.78 0.75 0.78 0.80 0.69 

5 0.79 0.85 0.77 0.81 0.82 0.86 0.79 

6 0.70 0.63 0.67 0.61 0.60 0.77 0.78 

7 0.81 0.82 0.84 0.89 0.86 0.93 0.89 

8 0.80 0.84 0.84 0.92 0.88 0.86 0.88 

9 0.76 0.73 0.75 0.69 0.82 0.82 0.94 

10 0.80 0.88 0.95 0.97 1.00 1.00 1.09 

11 0.80 0.88 0.88 0.94 0.97 0.91 0.91 

12 0.96 0.96 1.21 1.30 1.26 1.17 1.19 

13 0.98 1.05 0.96 0.98 0.95 0.88 0.89 

14 0.77 0.94 0.89 1.00 0.95 1.02 0.98 
Table H2: Cycle rate of the control knee 

Subject  

Cycle rate (repetition/sec) 

Session 1 Session 2 Session 3 Session 4 Session 5 Session 6 Session 7 

1 0.48 0.55 0.50 0.50 0.52 0.54 0.58 

2 0.97 1.00 0.97 0.98 0.96 0.96 0.94 

3 0.77 0.65 0.85 0.82 0.83 0.85 0.81 

4 0.81 0.76 0.82 0.81 0.84 0.79 0.77 

5 0.86 0.81 0.82 0.83 0.84 0.84 0.85 

6 0.58 0.62 0.63 0.62 0.58 0.65 0.65 

7 0.81 0.84 0.86 0.85 0.88 0.85 0.89 

8 0.80 0.86 0.84 0.87 0.84 0.90 0.87 

9 0.83 0.78 0.83 0.79 0.77 0.89 0.94 

10 0.87 0.64 0.79 0.81 0.89 0.83 0.97 

11 0.94 0.94 0.93 0.90 1.13 0.92 0.91 

12 0.96 1.00 1.00 1.21 1.21 1.24 1.18 

13 0.87 0.83 0.88 0.90 0.87 0.91 0.84 

14 0.90 0.87 0.85 1.02 1.13 0.95 0.96 
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Table H3: Paired T-test results for cycle rate in the treatment knee 

 

Table H4: Paired T-test results for cycle rate in the control knee 
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Table H5: General Linear ANOVA results for the effect of duration on cycle rate in the treatment knee 
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Table H2: General Linear ANOVA results for the effect of duration on cycle rate in the control knee 
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Appendix I: Regional Muscle Oxygenation Saturation 
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Figure I1: Regional muscle oxygenation saturation in the treatment knee of subject 1 across 7 sessions  
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Figure I2: Regional muscle oxygenation saturation in the control knee of subject 1 across 7 sessions  

0

10

20

30

40

50

60

70

80

90

0 8 16 24 32 40 48 56 64 72 80 88 96

rS
O

2

time (sec)

Subject1C-Session 7

VL VM



   
 

164 
 

 

 

 

0

10

20

30

40

50

60

70

80

90

0 4 8 12 16 20 24 28 32 36 40

rS
O

2
 

Time (sec)

Subject2T-Session 1

VL VM

0

10

20

30

40

50

60

70

80

90

0 4 8 12 16 20 24 28 32 36 40

rS
O

2
 

Time (sec)

Subject2T-Session 2

VL VM

0

10

20

30

40

50

60

70

80

90

0 4 8 12 16 20 24 28 32 36 40 44

rS
O

2
 

Time (sec)

Subject2T-Session 3

VL VM

0

10

20

30

40

50

60

70

80

90

0 4 8 12 16 20 24 28 32 36 40 44 48 52

rS
O

2
 

Time (sec)

Subject2T-Session 4

VL VM

0

10

20

30

40

50

60

70

80

90

0 4 8 12 16 20 24 28 32 36 40 44 48

rS
O

2
 

Time (sec)

Subject2T-Session 5

VL VM

0

10

20

30

40

50

60

70

80

90

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56

rS
O

2
 

Time (sec)

Subject2T-Session 6

VL VM



   
 

165 
 

 

 
Figure I3: Regional muscle oxygenation saturation in the treatment knee of subject 2 across 7 sessions  
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Figure I4: Regional muscle oxygenation saturation in the control knee of subject 2 across 7 sessions  
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Figure I4: Regional muscle oxygenation saturation in the control knee of subject 2 across 7 sessions  
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Figure I5: Regional muscle oxygenation saturation in the treatment knee of subject 3 across 7 sessions  
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Figure I6: Regional muscle oxygenation saturation in the control knee of subject 3 across 7 sessions  
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Figure I7: Regional muscle oxygenation saturation in the treatment knee of subject 4 across 7 sessions  
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Figure I8: Regional muscle oxygenation saturation in the control knee of subject 4 across 7 sessions  
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Figure I9: Regional muscle oxygenation saturation in the treatment knee of subject 5 across 7 sessions  
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Figure I10: Regional muscle oxygenation saturation in the control knee of subject 5 across 7 sessions  
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Figure I11: Regional muscle oxygenation saturation in the treatment knee of subject 6 across 7 sessions  
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Figure I12: Regional muscle oxygenation saturation in the control knee of subject 6 across 7 sessions  
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Figure I13: Regional muscle oxygenation saturation in the treatment knee of subject 7 across 7 sessions  
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Figure I14: Regional muscle oxygenation saturation in the control knee of subject 7 across 7 sessions  

0

10

20

30

40

50

60

70

80

90

0
2

4
4

8 7
2

9
6

12
0

14
4

16
8

19
2

2
16

2
4

0
2

6
4

2
8

8
3

12
3

3
6

3
6

0
3

8
4

rS
O

2

time (sec)

Subject7C-Session 5

VL VM

0

10

20

30

40

50

60

70

80

90

0

3
2

6
4

9
6

12
8

16
0

19
2

2
2

4

2
5

6

2
8

8

3
2

0

3
5

2

3
8

4

4
16

4
4

8

rS
O

2

time (sec)

Subject7C-Session 6

VL VM

0

10

20

30

40

50

60

70

80

90

0
2

4
4

8 7
2

9
6

12
0

14
4

16
8

19
2

2
16

2
4

0
2

6
4

2
8

8
3

12
3

3
6

3
6

0
3

8
4

rS
O

2

time (sec)

Subject7C-Session 7

VL VM



   
 

186 
 

 

 

 

0

10

20

30

40

50

60

70

80

90

0 4 8 12 16 20 24 28 32 36 40 44 48

rS
O

2
 

Time (sec)

Subject8T-Session 1

VL VM

0

10

20

30

40

50

60

70

80

90

0 4 8 12 16 20 24 28 32 36 40 44 48 52

rS
O

2
 

Time (sec)

Subject8T-Session 2

VL VM

0

10

20

30

40

50

60

70

80

90

0 4 8 12 16 20242832 3640444852 5660

rS
O

2
 

Time (sec)

Subject8T-Session 3

VL VM

0

10

20

30

40

50

60

70

80

90

0 4 8 12 16 20242832 3640444852 5660

rS
O

2
 

Time (sec)

Subject8T-Session 4

VL VM



   
 

187 
 

 

 

 
Figure I15: Regional muscle oxygenation saturation in the treatment knee of subject 8 across 7 sessions  
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Figure I16: Regional muscle oxygenation saturation in the control knee of subject 8 across 7 sessions  
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Figure I17: Regional muscle oxygenation saturation in the treatment knee of subject 9 across 7 sessions  
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Figure I18: Regional muscle oxygenation saturation in the control knee of subject 9 across 7 sessions  
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Figure I19: Regional muscle oxygenation saturation in the treatment knee of subject 10 across 7 sessions  
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Figure I20: Regional muscle oxygenation saturation in the control knee of subject s10 across 7 sessions  
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Figure I21: Regional muscle oxygenation saturation in the treatment knee of subject s11 across 7 sessions 
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Figure I22: Regional muscle oxygenation saturation in the control knee of subject s11 across 7 sessions 
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Figure I23: Regional muscle oxygenation saturation in the treatment knee of subject s12 across 7 sessions 
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Figure I24: Regional muscle oxygenation saturation in the control knee of subject s12 across 7 sessions 
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Figure I25: Regional muscle oxygenation saturation in the treatment knee of subject s13 across 7 sessions 
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Figure I26: Regional muscle oxygenation saturation in the control knee of subject s13 across 7 sessions 
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Figure I27: Regional muscle oxygenation saturation in the treatment knee of subject s14 across 7 sessions 
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Figure I28: Regional muscle oxygenation saturation in the control knee of subject s14 across 7 sessions 
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Appendix J: Subject Questionnaire 

Structured Interview 

Q1. Have you ever worn Kinesio Tape before? Brand? Where? 
A1. 
Q2. Have you ever had any chronic pain, surgeries, or injuries of the knee? If so, please 
describe. 
A2.  
Q3. Have you had any knee injuries in the last 6 months? If so, please describe. 
A3.  
Q4. Are you right or left leg dominant (What leg you kick a soccer ball with?) 
A4.  
Q5. Are you or have you suffered from any heart condition? 
A5.  
Q6. Is there any reason why you should not participate in this study? 
A6.  

 

Pre-Test Questionnaire (Session: ___) 

Q1. What physical activities have you done in the past 24 hours (running, sports, etc.) If so, 
please list down duration (in hours) and the intense level (rank 1-10, 10 being the most 
intense) 
A1.  
Q2. Do you feel sore? If so, rank 1-10, 10 being the sorest 
A2.  
Q3: Any bruises or pain? 
A3:  
Q4: How many hours of sleep did you get last night? 
A4:  
Post-Test Questionnaire (Session: ___) 
Q1: Rank how tired you felt after the test? (1-10) 
A1:  
Q2: How difficult was the task today? (1-10) 
A2:  
Q3: Did it feel easier than yesterday?  
A3:  
Q4: Do you think the tape is helping?  
A4:  

 


