
 

Influences of Compression Cycling Skinsuit on Energy Consumption 

of Amateur Male Cyclists 

Abstract 

Energy consumption differences of two cycling garments during short-term cycling 

were studied. Eleven amateur male cyclists participated in two cycling sessions over 

two days while wearing a newly designed compression cycling skinsuit (CCS) with 

stripes simulating kinesio-tape, and a conventional compression garment (CG) 

(control garment). In each session, the participants performed a twelve sets of 

short-term cycling combination of three workloads and four cadences with either CCS 

or CG. Each combination lasted for 30 seconds. Garment pressure values at the thigh, 

oxygen consumption (VO2) and heart rate (HR) were collected and analysed. CCS 

provided significantly different pressure values (P < 0.05) at two front muscles (i.e., 

rectus femoris (RF), vastus lateralis (VL) and one back muscle (i.e., biceps femoris 

(BF)) during all three workloads, and at a front middle muscle (i.e., vastus medialis 

(VM)) only during low workload cycling. There was a statistically significant 

interaction between garment and workload (P < 0.05) on VO2 when cycled at 120 rpm. 

CCS required low VO2 (P < 0.05) when the cycling combination of workload and 

cadence are reversed in its trend either low workload and high cadence or high 

workload and low cadence cycling. Simultaneously, CCS had a significant impact on 

HR during high workload cycling (P < 0.05). In conclusion, CCS’s higher 

compression power at thigh muscles was found to be effective in energy consumption 

reduction during short-term cycling with low and high workload.  
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Introduction 

Since their introduction to competitive sports in the 1990s,1 compression garments 

(CG) became popular due to their positive effects associated with performance 

enhancement and quick fatigue recovery. The principle behind the positive effects of 

CG was that its gradual pressure improved venous return by artificially increasing the 

extravascular pressure difference closer to a resting stage,2-4 which accelerates 

metabolite clearance, oxygenation and vascular load reduction.5 This positive 

hemodynamic benefited athletes’ performance and recovery.3,6 Hemodynamic 

changes simultaneously affected the physiological responses during physical activities 

especially on oxygen consumption (VO2) and heart rate (HR). HR was decreased 

when venous return was improved by CG during intense exercise,3 and linearly related 

to energy expenditure and VO2 during dynamic activities involving large muscles.7-9 

The more oxygen an athlete consumed during high-intensity exercise, the more the 

body generated adenosine triphosphate (ATP) energy in cells. ATP is referred to as the 

‘molecular unit of currency’ of intracellular energy, and VO2 is an essential measure of 

the body’s ability to generate ATP which is the energy source for muscles during 

high-intensity exercise. When the exercise becomes intense, the breathing becomes 

faster and deeper to supply more oxygen to working muscles in order to generate 

enough ATP to keep moving.10 Thus, decreased VO2 and HR during exercise 

indicates less energy consumption and more efficient performance in subsequent 

exercise bouts.11  

 

 



 

Research gap 

However, previous studies concerning CG’s impact on the sports performance were 

contradicting. Some studies found that CG had a significant influence on cycling 

performance where compression exerted by CG could decrease the rate of fatigue by 

improving the physiological responses (e.g., HR),2,3,5,6,12 while some found no 

significant influence on cycling performance,4,13-15 VO2 or HR during cycling.2,4,6,12-15 

Thus, a further investigation on CG’s impact on physiological response during cycling 

was needed.  

The previous studies predominantly used the lower body CG including tights, 

compression stockings, and compression calf sleeves while the impact of the 

knee-length one-piece skinsuit was not investigated despite its aerodynamic 

advantages (e.g., energy saving) made it popular for professional cycling 

competition.16,17 

Recently, the CG with kinesio-tape concept became popular. Kinesio-tape, a 

therapeutic equipment, has been widely used by the athletes for performance 

enhancement and fatigue recovery since 1981.18 Kinesio-tape facilitated muscle 

elasticity and strength during sports with its soft tissue manipulation, fascia and 

muscle relaxation, ligament and tendon support, movement rectification and 

lymphatic fluid circulation.11 It not only strengthened the physical power but also 

significantly changed the participants’ perception on exertion level during sports.19 

An application of adhesive silicone stripes on CG improved performance during 

jogging by reducing the energy consumption.20 A direct application of kinesio-tape on 

CG pants in the same manner as onto the skin improved performance significantly 



 

during jumping and isokinetic exercise.21 Although kinesio-tape’s positive impact on 

sports performance brought several CG with stripes simulating kinesio-tape on to the 

market, its effect on cycling had not been clearly understood.  

 

Research purpose 

Therefore, the aim of this study was to investigate the influences of compression 

cycling skinsuit (CCS) with stripes simulating kinesio-tape on the VO2 and HR and 

subsequent energy consumption during cycling. It was hypothesized that CCS with 

stripes simulating kinesio-tape would enhance the cycling performance while saving 

energy during cycling in comparison with the CG. The effect of newly designed 

cycling skinsuit with stripes simulating kinesio-tape on both physiological responses 

and pressure changes during cycling at different workload and cadence was 

investigated. 

 

Method 

The pressure values of the thigh, VO2 and HR were collected and analysed by two 

experiment sessions when either CCS or CG was worn with randomized order, while 

each session included a twelve sets of short-term cycling combination of three 

workloads and four cadences. The intra-class correlation coefficient and the standard 

error of measurement were calculated to further determine the reliabilities of HR and 

VO2, and pressure at each condition.  

 

Hypothesis design 

A total of three hypotheses were formulated on the basis of previous studies 

concerning clothing-induced energy consumption differences during cycling. 



 

H1: CCS would provide higher pressure values to the thigh muscles during static 

standing and dynamic cycling than CG. 

H2: CCS would improve physiological responses (i.e., lower VO2 and HR) compared 

to CG during all cycling combinations. 

H3: CCS would promote less energy consumption than CG during all cycling 

combinations. 

In these three hypotheses, it was assumed that pressure values of thigh muscle groups 

would be higher when wearing CCS during both static standing and dynamic cycling, 

while the energy consumption would be quantified by physiological measurements 

(i.e., VO2 and HR) when wearing CCS during all cycling combinations.  

 

Participants 

Eleven male amateur cyclists (age: 27.2 ± 4.4 years; height: 172.3 ± 3.6 cm, body 

mass: 63.9 ± 6.7 kg; BMI: 21.5 ± 1.9 kg/m²) were recruited through an amateur 

cycling association to participate in this study. They were asked to sign a consent 

form prior to the experiment after the experiment procedure briefing. Human subject 

ethics approval was granted by The XXX University Ethics Committee 

(HSEARS20180606002). The participants had over six years of cycling experience 

and they did 4-5 sessions of weekly physical training including cycling which lasted 

2-4 hours per session. 

Participants were invited to a fitness testing session one week prior to two 

experiment sessions and were briefed for the experiment procedure. The participants’ 

body measurements were collected by means of a body scanner and divided into three 

size groups (i.e., small, medium, large) according to height and chest circumference 



 

for garment allocation. The participants were required to refrain from drinking 

caffeine or stimulants for a period of 24 hours before they participated in the tests. 

Either CCS or CG was worn with randomized order for each session of the 

experiment. All tests were performed on the same cycle ergometer while the saddle 

height was adjusted to match the height of each subject. Participants were asked to 

wear the same pair of sport shoes for both sessions. No water or food was supplied 

during the experiment.  

 

Garments 

A CCS with stripes simulating kinesio-tape was newly designed by the researchers for 

this study. The experiment garment (i.e., CCS) and the control garment (i.e., CG) 

were identical except for the stripes simulating kinesio-tape. They were one-piece 

garment composed of a top with long sleeves and knee-length shorts. CCS and CG 

were made of the same weight knit fabric (218g/m2, Sensitive® Fabrics, Eurojersey, 

Italy) while a double-side adhesive film (8120 Bidream light, Framis Italia, Italy) was 

used to bond the stripes simulating kinesio-tape on to the CCS. Both garments were 

fabricated by a factory. The sew-free technologies (Macpi, Italy) including bonding 

and lamination were utilized for the garment construction. The CCS with stripes 

simulating kinesio-tape and CG are shown in Figure 1. Patterns of CCS and CG were 

drafted by applying a 20% of negative ease on the course direction, which contributed 

to the compression power.22,23 

 



 

 

(a) CCS                            (b) CG 

Figure 1. Technical drawings of CCS and CG with details  

 

Table 1 shows the physical properties of the materials used in this study. The 

uniaxial tensile test was carried out on an INSTROM-4411 tensile test machine (CRE 

type) according to ASTM D4964-96. The sample size was set to 50 mm wide × 100 

mm length in loop form.24 The loading and unloading crosshead speed was 500 

mm/min. Results were used to investigate the elastic properties of test samples.  

 

Table 1. Physical property summary of the used materials 

Material Fabric A Fabric B Fabrics A + B Adhesive 

Film 

Usage Main Fabric 
Simulating 

kinesio-taping 

Simulating 

kinesio-taping 
Bonding 

Content 
59% polyamide + 

41% elastane 

73% polyamide 

+ 27% elastane 
 

100% 

Polyurethane 

Thickness (mm) 0.52 0.39 0.86 0.13 

Weight (g/m2) 218 117  150 

Density (g/m2) 
27 (wale) 

27 (course) 

27 (wale) 

27 (course) 
  

Air permeability 

(kPa･m/s) 
0.087 0.225 0.001  

Qmax (w/cm2) 186.4 169 186.4  

Water vapor 

transmission rate 
3.9 4.1 0.2  



 

(g/m2/day) 

Ex (kPa) 433.0 930.0 1848.4  

Ey (kPa) 231.2 244.3 2374.4  

Note. Ex indicates course direction. Ey indicates wale direction. 

 

Experiment protocol 

The controlled laboratory’s ambient temperature and relative humidity were 23 °C 

and 50% respectively. A Monark cycle ergometer (Ergomedic 894E, Vansbro, 

Sweden) equipped with a digital speedometer and a 0.5 kg weight basket was used for 

the experiments. The load was set as zero with the weight basket. The participants 

changed into the testing garment upon their arrival at the laboratory (Figure 2). Seat 

height was adjusted by setting the knee flexion at 25 degrees at the dead bottom 

center of the pedaling stroke.25 

 

 
                   (a) CCS                  (b) CG 

Figure 2. Experimental garments 

The experiment protocol was shown in Figure 3. Participants were asked to sit in a 

static sitting position for 30 seconds for the pressure data collection before 5-minute 

warm-up cycling in a bending posture with their elbows leaning on the handlebar at a 



 

cadence of 30-40 rpm. After warm-up, the participants performed a twelve sets of 

short-term cycling combination of three workloads and four cadences. The three 

workloads included low (i.e., 1 kg), medium (i.e., 1.5 kg), and high workloads (i.e., 2 

kg), with a 30-seconds resting period between each workload. The testing order of 

workload for each subject was randomized so to minimize the possible order effect 

(e.g., fatigue and familiarization).  

 

 

Figure 3. Experiment protocol 

 

Table 2. Testing combinations 

Time (second) Workload (kg) Cadence (revolution per minute (rpm)) 

300 0.5 30-40 (Warm-up) 

120 (30s/rpm) 1 60 80 100 120 

120 (30s/rpm) 1.5 60 80 100 120 

120 (30s/rpm) 2 60 80 100 120 

 

During each workload, the subject cycled at four different cadences for 30 seconds 

per cadence, which included low cadence of 60 rpm, medium cadence of 80 rpm, and 

high cadences of 100 rpm and 120 rpm (see Table 2). The subject was requested to 

keep the pedaling cadence consistent during the test by following the sound of a 

metronome and the visual signal on the cycle ergometer’s screen.  

 

 

 



 

Pressure measurement  

The garment pressure values were collected by the Tactilus Compression Sensor 

System (Sensor Product Inc, USA). Figure 4 shows the pressure sensor locations on 

the skin of five muscles including rectus femoris (RF), vastus lateralis (VL), vastus 

medialis (VM), biceps femoris (BF) and semimembranosus (SemM). RF, VL and VM 

are the front upper thigh muscles. BF and SemM are the back upper thigh muscles. 

All the selected muscles were the known prime muscles for cycling according to the 

previous studies.26,27 The intra-class correlation coefficients for pressure 

measurements were between 0.85 and 0.92 by single measurements with 95% 

confidence interval. 

 
Figure 4. The sensor locations on skin 

 

The pressure data were collected from two settings; 1) a 30-second static sitting 

before warm-up and 2) a twelve sets of short-term cycling combination of three 

workloads and four cadences. Each combination lasted for 30 seconds. Pressure 

values were collected at a rate of sixty frames per second. Mean peak pressure values 

were calculated and used for statistical analysis.  



 

 

Physiological measurement and equipment 

A cardiopulmonary exercise test system (COSMED® Quark CPET, Rome, Italy) was 

used to analyze the expired breath (i.e., oxygen and carbon dioxide), which was 

calibrated before each test according to the manufacturer’s instructions while the 

turbine flowmeter was calibrated by using a 3-L syringe. VO2 data was continuously 

recorded. HR was continuously monitored and recorded at a frequency of 1Hz by a 

HR sensor (Polar H10, Polar Electro Oy, Kempele, Finland). Mean VO2 and HR 

values of each combination of workload and cadence were calculated for statistical 

analysis.2,28 The intra-class correlation coefficients for HR and VO2 were 0.94 and 

0.91 respectively by single measurements with 95% confidence interval.  

 

Statistical analyses 

SPSS software (SPSS Statistics IBM, Version 20.0) was used test for statistical 

significance. A 2 (garment) × 3 (workload) factorial analysis of variances (ANOVA) 

with two-way repeated measures was employed to examine their effects on pressure 

value, VO2, and HR at four different cadences (i.e., 60 rpm, 80 rpm, 100 rpm and 120 

rpm). Statistical significance was set at P < 0.05, and significant level of P < 0.001 

was also indicated in the related figures and tables. If the significance was found, 

post-hoc test with Least Significant Difference (LSD) was employed to identify the 

difference between conditions. Effect size was quantified by using partial eta squared 

(η𝑝
2).29 All the data was presented in mean and standard deviation (SD) (i.e., mean 

(SD)). 

 

 



 

Results 

Pressure measurements during static sitting 

Figure 5 shows the pressure values of CCS and CG that were measured in the static 

sitting posture. Statistical analysis showed pressure values of RF, VL, VM and BF 

were significantly higher when wearing CCS. However, no significant difference was 

found between garments at SemM.  

 

Figure 5. The pressure values with two garments in static sitting posture. * indicates 

P < 0.05, significant difference from CG. ** indicate P < 0.001, very significant 

difference from CG. VL indicates vastus lateralis. VM indicates vastus medialis. BF 

indicates biceps femoris. SemM indicates semimembranosus. 

 

Pressure value comparisons between two garments at each muscle (CCS vs. CG) 

were RF (3.5 (1.5) vs. 2.9 (1.4) mmHg, P = 0.001); VL (4.0 (1.7) vs. 3.6 (1.8) mmHg, 

P = 0.001); VM (1.3 (0.6) vs. 0.7 (0.6) mmHg, P = 0.000); BF (2.0 (1.3) vs. 1.5 (1.2) 

mmHg, P = 0.013); and SemM (1.1 (1.2) vs. 0.7 (0.6) mmHg, P = 0.106).  

 

Pressure measurements during cycling 

According to the results of two-way repeated measures ANOVA, the factors of 

garment and workload have a significant interaction effect on the BF’s pressure 

values at 80 rpm (F(2,20) = 4.087, P = 0.032, η𝑝
2  = 0.290), at 100 rpm (F(2,20) = 



 

11.581, P = 0.004, η𝑝
2  = 0.537), at 120 rpm (F(2,20) = 9.817, P = 0.001, η𝑝

2  = 0.495) 

whereas there was no significant interaction effect on the pressure values for other 

muscles (P > 0.05). CCS provided significantly higher pressure values than CG on 

three muscles (i.e., RF, VL, and BF) (P < 0.05) during all three workloads cycling 

while VM (P < 0.05) showed significantly higher pressure values only during low 

workload cycling (see Table 3).  



 

Table 3. Statistical results of pressure intensity at thigh (mmHg) 

Muscle  

Point Workload 
CCS CG Statistical Results 

60 rpm 80 rpm 100 rpm 120 rpm 60 rpm 80 rpm 100 rpm 120 rpm P value η𝑝
2  

RF 

Low 27.5 (11.5) ** 29.1 (11.4) ** 29.8 (11.2) ** 28.9 (13.0) * 10.3 (3.3) 10.4 (3.2) 10.6 (2.6) 11.8 (3.7) <0.001** 0.709 

Medium 29.0 (14.4) * 30.3 (16.1) * 29.2 (13.8) * 30.4 (16.4) * 10.7 (5.3) 13.7 (4.7) 14.7 (5.1) 14.5 (5.9) 0.003 * 0.567 

High 29.7 (8.7) ** 30.1 (12.0) * 32.4 (13.7) ** 26.4 (14.2) * 13.5 (5.2) 13.7 (7.0) 13.2 (5.4) 13.5 (6.3) <0.001** 0.739 

VL 

Low 22.2 (5.3) * 21.2 (4.7) * 21.2 (4.3) * 22.1 (6.3) * 14.2 (5.7) 14.2 (4.8) 12.7 (5.7) 13.6 (4.6) 0.007 * 0.515 

Medium 25.1 (7.4) * 25.1 (7.4) * 25.5 (9.3) 25.1 (7.3) * 18.8 (4.9) 18.8 (4.9) 19.0 (3.4) 18.3 (4.4) 0.044 * 0.346 

High 24.4 (7.5) * 24.3 (8.6) * 23.7 (7.8) * 25.7 (8.2) * 17.7 (2.9) 17.1 (3.4) 16.9 (3.9) 17.1 (3.8) 0.025 * 0.410 

VM 

Low 9.9 (5.8)  10.2 (4.7) * 8.1 (3.5) * 8.6 (4.8)  6.0 (3.2) 6.0 (2.5) 4.4 (3.0) 5.7 (2.4) 0.040 * 0.369 

Medium 11.7 (5.4) 11.5 (5.1) 11.2 (5.0) 11.0 (5.5) 6.6 (3.7) 7.6 (4.9) 7.0 (4.7) 6.8 (5.0) 0.055 0.320 

High 10.1 (4.3) 10.1 (3.4) 9.6 (3.9) 9.7 (3.6) 7.6 (2.4) 8.2 (2.9) 8.5 (3.2) 7.9 (3.7) 0.129 0.215 

BF 

Low 12.1 (10.3) * 12.2 (10.5) * 11.8 (8.1) * 12.2 (8.5) * 5.6 (4.3) 5.5 (4.8) 6.2 (5.4) 5.7 (5.3) 0.029 * 0.366 

Medium 17.0 (10.2) ** 17.4 (10.6) ** 17.4 (10.1) ** 20.0 (9.5) ** 5.4 (4.6) 5.5 (4.7) 6.5 (5.6) 5.6 (4.8) <0.001** 0.778 

High 15.7 (8.1) * 15.8 (8.6) * 16.4 (9.1) ** 17.5 (9.9) ** 5.7 (5.7) 6.6 (5.3) 7.0 (5.7) 5.2 (5.2) 0.001 ** 0.702 

Se

mM 

Low 8.4 (8.1) 8.3 (8.5) 8.2 (6.6) 8.7 (8.6) 5.4 (4.1) 5.4 (4.7) 5.4 (5.1) 5.9 (4.3) 0.255 0.161 

Medium 9.5 (9.0) 10.3 (8.6) 9.3 (7.1) 9.4 (7.8) 7.9 (5.6) 10.0 (7.5) 9.6 (8.3) 9.6 (7.3) 0.881 0.002 

High 9.9 (9.7) 8.9 (7.9) 9.1 (7.6) 9.0 (6.8) 8.8 (6.6) 8.9 (5.6) 7.9 (5.0) 8.5 (5.4) 0.782 0.008 

Note. * indicates P < 0.05, significant difference from CG. ** indicate P < 0.001, very significant difference from CG. RF indicates rectus 

femoris. VL indicates vastus lateralis. VM indicates vastus medialis. BF indicates biceps femoris. SemM indicates semimembranosus. 



 

Figures 6-10 show the post-hoc results of pressure values of CCS and CG during 

different combinations of workload and cadence. Regardless of cadence during three 

workloads, CCS provided significantly higer pressure values to the front upper thigh 

muscles including RF (P < 0.05) (Figure 6), VL (P < 0.05, except for medium 

workload at 100 rpm)) (Figure 7), and the back upper thigh msucle, BF, (P < 0.05) 

(Figure 9). The pressure values of VM (Figure 8) induced by CCS were significantly 

higher at 60 and 80 rpm (P < 0.05) during low workload cycling when compared with 

pressure values of CG. However, there was no significant difference in SemM (Figure 

10). 

 

 
Figure 6. The pressure values of rectus femoris (RF) with two garments during 

cycling. * indicates P < 0.05, significant difference from CG. ** indicate P < 0.001, 

very significant difference from CG.  

 

 



 

 
Figure 7. The pressure values of vastus lateralis (VL) with two garments during 

cycling. * indicates P < 0.05, significant difference from CG.  

 

 
Figure 8. The pressure values of vastus medialis (VM) with two garments during 

cycling. * indicates P < 0.05, significant difference from CG.  



 

 
Figure 9. The pressure values of biceps femoris (BF) with two garments during 

cycling. ** indicates P < 0.05, significant difference from CG. ** indicate P < 0.001, 

very significant difference from CG.  

 

 
Figure 10. The pressure values of semimembranosus (SemM) with two garments 

during cycling.  



 

Among the five muscles, RF and BF showed bigger pressure value differences 

between CCS and CG. Pressure values of CCS at RF and BF ranged from 26.4 (14.2) 

to 32.4 (13.7) mmHg and 11.8 (8.1)-20.0 (9.5) mmHg respectively during cycling 

with three different workloads (see Figures 6 & 9).  

 

VO2 measurements during cycling 

Statistical analysis results showed that there was a significant interaction effect of 

garment and workload on VO2 (ml/kg/min) during cycling at high cadence (i.e., 120 

rpm) (F(2,20) = 6.803, P = 0.006, η𝑝
2  = 0.405).  

 

 
Figure 11. VO2 of eleven participants with two garments during cycling. * indicates 

P < 0.05, significant difference from CG.  
 

Mean VO2 values (SD) of all participants wearing two garments are presented in 

Figure 11 and Table 4. It was observed that VO2 increased as workload increased at 

all cadences when wearing either garment. In addition, VO2 increased as cadences 



 

increased when cycling with the same workload. The VO2 ranges (CCS vs. CG) 

included: 1) with low workload, 18.1 (3.8)-27.8 (6.6) vs. 19.8 (4.7)-33.0 (6.0); 2) with 

medium workload, 22.3 (3.1)-33.4 (4.4) vs. 24.3 (4.9)-33.0 (7.0); and 3) with high 

workload, 23.7 (3.9)-35.2 (4.7) vs. 27.5 (6.1)-34.8 (6.7). VO2 was significantly lower 

when the participants wearing CCS and cycled with low workload at high cadence 

(100 and 120 rpm) (P < 0.05) or cycled with high workload at low cadence (60 rpm) 

(P < 0.05). There was no statistically significant difference found in other 

combinations (see Table 4). 



 

Table 4. Statistical results of VO2 (ml/kg/min) and heart rate (HR) (bpm) at all cadences. 

 
Workload 

CCS CG Statistical Results 

60 rpm 80 rpm 100 rpm 120 rpm 60 rpm 80 rpm 100 rpm 120 rpm P value η𝑝
2  

VO2 Low 18.1 (3.8)  20.5 (3.8)  26.7 (6.1) * 27.8 (6.6) * 19.8 (4.7) 21.2 (4.6) 33.3 (10.3) 33.0 (6.0) 0.014* 0.498 

Medium 22.3 (3.1) 26.9 (2.3) 29.4 (3.3) 33.4 (4.4) 24.3 (4.9) 28.7 (6.1) 31.3 (7.4) 33.0 (7.0) 0.481 0.051 

High 23.7 (3.9) * 27.4 (4.2) 32.0 (2.6) 35.2 (4.7) 27.5 (6.1) 30.3 (5.8) 34.7 (5.3) 34.8 (6.7) 0.186 0.168 

HR Low 113 (14) 120 (16) 128 (17)  138 (19) 118 (10) 122 (12) 130 (11) 142 (14) 0.235 0.224 

Medium 128 (12) 133 (16) 139 (16) 148 (19) 131 (12) 137 (12) 144 (13) 152 (13) 0.237 0.136 

High 124 (14) * 133 (15) * 140 (16) * 152 (16) 131 (10) 139 (11) 147 (13) 157 (14) 0.035 * 0.373 

Note. * indicates P < 0.05, significant difference from CG.



 

HR measurements during cycling 

Statistical analysis results showed that there was no significant interaction effect of 

garment and workload on HR during cycling (P > 0.05) while CCS had significant 

influence on HR during high workload cycling by (F(1,10) = 5.959, P = 0.035, η𝑝
2  = 

0.373).  

 
Figure 12. HR of eleven participants with two garments during cycling. * indicates P 

< 0.05, significant difference from CG. 

 

Mean HR values (SD) of all participants between two garments are presented in 

Figure 12 and Table 4. It was observed that HR increased as workload increased at all 

cadences when wearing either garment. However, HR increment rate slowed down 

when cycling between medium and high workload. In addition, HR increased as 

cadences increased when cycling with the same workload. The HR ranges (CCS vs. 

CG) included: 1) low workload, 113 (14)-138 (19) vs. 118 (10)-142 (14); 2) medium 



 

workload, 128 (12)-148 (19) vs. 131 (12)-152 (13); and 3) high workload, 124 

(14)-152 (16) vs. 131 (10)-157 (14). In particular, the mean HR was around 3% lower 

when participants were wearing CCS and cycled with high workload. HR was 

significantly lower when the participants wore CCS and cycled with high workload at 

all cadences (P < 0.05) except that of 120 rpm (see Figure 12). 

 

Discussion 

This was the first study to investigate the influences of CCS with stripes simulating 

kinesio-tape on energy consumption during cycling with different workloads at 

different cadences. In addition, the pressure values of the garment tested were 

measured during the exercise whereas a majority of studies utilized the pressure value 

given by CG manufacturers for the data collection and analysis.  

The main finding was that CCS provided significantly higher pressure to the thigh 

muscles during both static sitting and cycling compared with CG while VO2 and HR 

of participants who wore CCS were generally lower than those of CG. This supported 

H1 and H2 although the pressure values varied. 

Unlike the previous studies investigating kinesio-tape effects,30,31 the locations of 

the stripes simulating kinesio-tape applied on CCS were strategically decided based 

on the locations of the major cycling contributing muscles (i.e., RF, VL, VM, BF & 

SemM). The design innovation to provide extra pressure by the stripes simulating 

kinesio-tape to all contributing thigh muscles was proven to be effective in terms of 

saving energy for the same power output, in particular during the short-term all-out 

cycling. It was in line with the previous study’s finding that the activation of both 



 

anterior and posterior thigh muscles was an important performance factor for intense 

cycling.26  

Except for SemM, pressure values of RF, VL, VM, and BF were significantly 

increased when CCS was worn regardless of the cycling intensity. Among the five 

muscles, RF and BF showed the largest differences of pressure values between CCS 

and CG, which was consistent with the expectation of CCS’s design innovation. RF 

required more support from the garment during cycling because the RF muscle had a 

greater activation of muscle fibers and began to fatigue earlier than the other 

quadriceps femoris muscles.26 When more support was provided to RF during cycling, 

the activity of the RF increased, which led RF to generate more power with the same 

energy.32 In the current study, CCS provided the highest average pressure value to the 

RF (27.5 (12.5) mmHg) of all the five muscles. RF’s pressure range was within the 

most effective range for muscle activation, medium pressures (25.1-32.1 mmHg), 

which was claimed by the previous studies.33,34 Similar to RF, BF was reported to 

have decreased its activity significantly with the repetition of cycling sprints.35 The 

reason was that its location (i.e., posterior thigh), BF was not easily triggered by CG 

during cycling. However, it could be deduced that CCS might have promoted muscle 

activities with its significantly increased pressure. Thus, it could be deduced that 

CCS’s stripes simulating kinesio-tape contributed to RF’s and BF’s muscle activation 

during cycling.  

Differences in pressure values between CCS and CG on thigh muscles were also 

linked to the changes in blood flow. The CCS’s stripes simulating kinesio-tape further 

improved the venous return by providing additional pressure to the CG’s 



 

extravascular pressure. When the improved venous return enhanced the stroke volume 

and cardiac output, VO2 and HR were reduced.3,5 VO2 and HR were used as essential 

physiological markers to quantify the power output which related to energy 

consumption during cycling.11 In the study under discussion, a complex relationship 

between garment condition, power output, workload and cadence emerged, which the 

energy reduction evidenced by reduced VO2 and HR proved the CCS’s impact on 

stroke volume and cardiac output enhancement. Even though different cycling 

combinations generated the same power outputs, not all cycling combinations used 

had have the statistical significance. For instance, in the present study, three cycling 

combinations (i.e., 1 kg × 120 rpm, 1.5 kg × 80 rpm, 2 kg × 60 rpm) generated 

the same power outputs (i.e., 58.8 watts) but only two cycling combinations, the low 

workload with high cadence (i.e., 1 kg × 120 rpm) and the high workload with low 

cadence (i.e., 2 kg × 60 rpm), showed statistical significance in VO2. According to 

the participants, it was harder to maintain the consistent cadence control when cycling 

with low workload at high cadence or high workload at low cadence than other 

cycling combinations. This was in line with the findings of other studies, which 

indicated that the participants became tired quicker when they cycled with high 

workload at lower cadence.36 

Although there were studies reporting the positive influence of the CG application 

on the physiological responses and subsequent cycling performance during short-term 

high-intensity exercise,37 very few studies among those reported the significant 

impacts of CG on VO2 and HR. Because the present study yielded low VO2 and HR, it 



 

could be deduced that CCS induced the redistribution of blood from the superficial to 

the deeper venous system by improving muscle pumping and pressure values.  

In addition to the improved venous return, the energy saving could be achieved by 

preventing the excessive muscle vibration during cycling. According to the previous 

studies, the increased muscle vibration during the intense exercise required more 

rigorous cardiorespiratory and metabolic outputs38,39 while the kinesio-tape and a 

lower-body CG reduced the energy consumption by limiting the muscle activation and 

vibration.29,40 Heart rate and energy consumption were highly correlated. Thus, the 

additional pressure values applied on the thigh muscles by CCS’s stripes simulating 

kinesio-tape might have reduced the muscle vibration and energy consumption by 

enhancing the effectiveness of muscles activities during cycling, in particular high 

workload cycling. The significant effects of CCS on HR were found during high 

workload at 60 rpm, 80 rpm and 100 rpm cadences except 120 rpm. HR of CCS was 3% 

lower than that of CG during the high workload cycling. This was in line with a 

previous study which found that CG with a medium pressure range (i.e., 20 & 40 

mmHg) was found to reduce the muscle vibration by 20-25.5% during short-term 

skiing.40 There was no significant difference found on HR induced by a cycling 

combination of high workload at the highest cadence 120 rpm. It might have been that 

too strenuous muscle vibration hindered the impact of CCS’s pressure on 

physiological responses during the high-workload and high-cadence cycling.  

CCS induced better venous return and less muscle vibration due to effectively 

higher compression power. The potential limitation of this study is the CCS’s effect 

on the endurance cycling performance with different workloads and cadences are 



 

needed. In conclusion, the newly designed CCS with stripes simulating kinesio-tape 

was effective in energy conservation during short-term cycling especially for high 

workload cycling in comparison with the conventional CG, which supported H3. 

Further study is required to investigate the direct relationship between pressure values 

and the physiological responses during cycling with different workloads and cadences.  

 

Conclusion 

This study shed light on the influence of compression garments with stripes 

simulating kinesio-tape on the compression, physiological responses at different 

workloads and cadences during cycling. CCS reduced energy consumption during 

cycling due to the effective compression power. There were significant differences in 

VO2 and HR during short-term cycling combinations with different workloads and 

cadences. CCS facilitated the venous return improvements and muscle vibration 

attenuation by providing appropriate compression power while positively impacting 

on the physiological parameters (i.e., VO2 and HR). Thus, CCS could be useful 

especially for the sprint (i.e., track cycling) where the cyclists are required to 

accelerate quickly to a high speed while the experiment protocol of this study could 

be used for cycling training and competition.  

In conclusion, the newly designed CCS with stripes simulating kinesio-tape was 

effective in energy conservation during short-term cycling in comparison with the 

conventional CG. Therefore, the CCS design principle and performance assessment 

protocol introduced in this study could be applied to performance compression 

sportswear development in particular for high-intensity training. 

 



 

Acknowledgments 

The authors would like to thank XXX, XXX, XXX and the participants for their 

kind support for this project. This project was funded by the Institute of XXX, The 

XXX University.  

 

References 

1. Muran L, Lloyd K. Compression wear and shapewear: skin-tight apparel for 

enhanced performance and well-being. Performance Apparel Markets 50: 25-57, 

2014. 

2. Argus CK, Driller MW, Ebert TR, Martin DT, Halson SL. The effects of 4 

different recovery strategies on repeat sprint-cycling performance. International 

Journal of Sports Physiology and Performance 8: 542-548, 2013. 

https://doi.org/10.1123/ijspp.8.5.542. 

3. Driller MW, Halson SL. The effects of lower-body compression garments on 

recovery between exercise bouts in highly-trained cyclists. Journal of Science 

and Cycling 2: 45-50, 2013. https://doi.org/10.1123/ijspp.8.3.300 . 

4. Leoz-Abaurrea I, Tam N, Aguado-Jimenez R. Impaired cardiorespiratory responses 

when wearing an upper body compression garment during recovery in a hot 

environment (40 ºC). The Journal of Sports Medicine and Physical Fitness 56: 

684-691, 2016. https://europepmc.org/article/med/25784398 

5. de Glanville KM, Hamlin MJ. Positive effect of lower body compression garments 

on subsequent 40-kM cycling time trial performance. The Journal of Strength and 

Conditioning Research 26: 480-486, 2012. 

https://doi.org/10.1519/jsc.0b013e318225ff61 . 

https://doi.org/10.1123/ijspp.8.5.542
https://doi.org/10.1123/ijspp.8.3.300
https://europepmc.org/article/med/25784398
https://doi.org/10.1519/jsc.0b013e318225ff61


 

6. Chatard JC, Atlaoui D, Farjanel J, et al. Elastic stockings, performance and leg pain 

recovery in 63-year-old sportsmen. European Journal of Applied Physiology 93: 

347-352, 2004. https://doi.org/10.1007/s00421-004-1163-9  

7. Achten J, Jeukendrup AE. Heart rate monitoring. Sports Medicine 33: 517-538, 

2003. https://doi.org/10.2165/00007256-200333070-00004. 

8. Crouter SE, Albright C, Bassett JR DR. Accuracy of polar S410 heart rate monitor 

to estimate energy cost of exercise. Medicine and Science in Sports and Exercise 36: 

1433-1439, 2004. https://doi.org/10.1249/01.MSS.0000135794.01507.48. 

9. Spurr GB, Prentice AM, Murgatroyd PR, et al. Energy expenditure from 

minute-by-minute heart-rate recording: comparison with indirect calorimetry. The 

American Journal of Clinical Nutrition 48: 552-559, 1988. 

https://doi.org/10.1093/ajcn/48.3.552. 

10. Storey KB, Storey JM. Oxygen limitation and metabolic rate 

depression. Functional Metabolism: Regulation and Adaptation 15: 415-442, 2004. 

https://doi.org/10.1002/047167558x.ch15 . 

11. Duffield R, Cannon J, King M. The effects of compression garments on recovery of 

muscle performance following high-intensity sprint and plyometric   exercise. 

Journal of Science and Medicine in Sport 13: 136-140, 2010. 

https://doi.org/10.1016/j.jsams.2008.10.006 . 

12. Ménétrier A, Pinot J, Mourot L, et al. Effects of recovery using contrast water 

therapy or compression stockings on subsequent 5-min cycling 

performance. Journal of Science and Cycling 2: 49-56, 2013. 

https://www.researchgate.net/publication/265013457. 

https://doi.org/10.1007/s00421-004-1163-9
https://doi.org/10.2165/00007256-200333070-00004
https://doi.org/10.1249/01.MSS.0000135794.01507.48
https://doi.org/10.1093/ajcn/48.3.552
https://doi.org/10.1002/047167558x.ch15
https://doi.org/10.1016/j.jsams.2008.10.006
https://www.researchgate.net/publication/265013457


 

13. Burden RJ, Glaister M. The effects of ionized and nonionized compression 

garments on sprint and endurance cycling. The Journal of Strength and 

Conditioning Research 26: 2837–2843, 2012. 

https://doi.org/10.1519/jsc.0b013e318241e155 . 

14. De Pauw K, De Geus B, Roelands B, et al. Effect of five different recovery methods 

on repeated cycle performance. Medicine and Science in Sports and Exercise 43: 

890-897, 2011. https://doi.org/10.1249/mss.0b013e318200d25f . 

15. Scanlan AT, Dascombe BJ, Reaburn, Peter RJ, Osborne M. The effects of wearing 

lower-body compression garments during endurance cycling. International 

Journal of Sports Physiology and Performance 3: 424-438, 2008. 

https://doi.org/10.1123/ijspp.3.4.424. 

16. Bracey J. Do you need an aerosuit for road riding? 2016; Retrieved from 

https://www.cyclingweekly.com/news/latest-news/need-aerosuit-road-riding-2231

64 

17. Lukes RA, Chin SB, Haake SJ. The understanding and development of cycling 

aerodynamics. Sports Engineering 8: 59-74, 2005. 

https://doi.org/10.1007/bf02844004 . 

18. Huang CY, Hsieh TH, Lu SC, Su FC. Effect of the Kinesio tape to muscle activity 

and vertical jump performance in healthy inactive people. Biomedical Engineering 

Online 10: 70(1-11), 2011. https://doi.org/10.1186/1475-925X-10-70. 

19. Mostert-Wentzel K, Swart JJ, Masenyetse LJ, et al. Effect of kinesio taping on 

explosive muscle power of gluteus maximus of male athletes. South African 

https://doi.org/10.1519/jsc.0b013e318241e155 
https://doi.org/10.1249/mss.0b013e318200d25f
https://doi.org/10.1123/ijspp.3.4.424
https://doi.org/10.1007/bf02844004
https://doi.org/10.1186/1475-925X-10-70


 

Journal of Sports Medicine 24: 75-80, 2012. 

https://doi.org/10.17159/2413-3108/2012/v24i3a764 . 

20. Born DP, Holmberg HC, Goernert F, Sperlich B. A novel compression garment 

with adhesive silicone stripees improves repeated sprint performance–a 

multi-experimental approach on the underlying mechanisms. BMC Sports Science, 

Medicine and Rehabilitation 6: 21, 2014. https://doi: 10.1186/2052-1847-6-21. 

21. Choi J, Park H, Lee W, Hong K. Effects of 3D compression pants and kinesio 

taping on isokinetic muscular function of leg during knee joint flexion 

motion. Journal of the Korean Society of Clothing and Textiles 40: 240-257, 2016. 

https://www.koreascience.or.kr/article/JAKO201616553237313.pdf 

22. Shi QQ. Compression cycling garment design for performance enhancement and 

muscle fatigue recovery (Doctoral dissertation, The Hong Kong Polytechnic 

University) 2019. https://theses.lib.polyu.edu.hk/handle/200/10664 

23. Lee H, Hong K, Lee Y. Ergonomic mapping of skin deformation in dynamic 

postures to provide fundamental data for functional design lines of outdoor pants. 

Fibers and Polymers 14(12):2197-2201, 2013. 

https://doi.org/10.1007/s12221-013-2197-6.  

24. Audzevičiūtė-Liutkienė I, Masteikaitė V, Jucienė M, Sacevičienė V, Dobilaitė V. 

Investigation of knitted fabrics and the deformation of their assemblies by the 

Y-shaped specimen method. Textile Research Journal 88(18): 2093-2103, 2018. 

https://doi.org/10.1177/0040517517716901. 

25. Holmes JC, Pruitt AL, Whalen NJ. Lower extremity overuse in bicycling. Clinical 

Sports Medicine 13: 187-205, 1994. https://europepmc.org/article/med/8111852.  

https://doi.org/10.17159/2413-3108/2012/v24i3a764
https://dx.doi.org/10.1186%2F2052-1847-6-21
https://doi.org/10.1007/s12221-013-2197-6
https://doi.org/10.1177/0040517517716901
https://europepmc.org/article/med/8111852


 

26. Gondoh Y, Tashiro M, Itoh M, et al. Evaluation of individual skeletal muscle 

activity by glucose uptake during pedaling exercise at different workloads using 

positron emission tomography. Journal of Applied Physiology 107: 599-604, 2009. 

https://doi.org/10.1152/japplphysiol.90821.2008. 

27. Luo J. Design innovation of functional cycling sportswear (Doctoral dissertation, 

The Hong Kong Polytechnic University) 2012. 

https://theses.lib.polyu.edu.hk/handle/200/7711 

28. Francis JT, Quinn TJ, Amann M, LaRoche DP. Defining intensity domains from 

the end power of a 3-min all-out cycling test. Medicine and Science in Sports and 

Exercise 42: 1769-1775, 2010. https://doi.org/10.1249/mss.0b013e3181d612e8 . 

29. Kurz E, Anders C. Effects of wearing lower leg compression sleeves on locomotion 

economy. Journal of Sports Sciences 36: 2105-2110, 2018. 

https://doi.org/10.1080/02640414.2018.1439355 

30. Harmanci H, Kalkavan A, Karavelioglu MB, et al. Effects of kinesio taping on 

anaerobic power and capacity results. The Journal of Sports Medicine and Physical 

Fitness 56: 709-13, 2015. https://europepmc.org/article/med/25924567. 

31. Trecroci A, Formenti D, Rossi A, Esposito F, Alberti G. Acute effects of kinesio 

taping on a 6 s maximal cycling sprint performance. Research in Sports Medicine 

25: 48-57, 2017. https://doi.org/10.1080/15438627.2016.1258644 

32. Camata TV, Altimari LR, Bortolotti H, et al. Electromyographic activity and rate of 

muscle fatigue of the quadriceps femoris during cycling exercise in the severe 

domain. The Journal of Strength and Conditioning Research 25: 2537-2543, 2011. 

https://doi.org/10.1519/jsc.0b013e318202e6a0. 

https://doi.org/10.1152/japplphysiol.90821.2008
https://doi.org/10.1249/mss.0b013e3181d612e8 
https://doi.org/10.1080/02640414.2018.1439355
https://europepmc.org/article/med/25924567
https://doi.org/10.1080/15438627.2016.1258644


 

33. Lattimer CR, Kalodiki E, Kafeza M, Azzam M, Geroulakos G. Quantifying the 

degree graduated elastic compression stockings enhance venous 

emptying. European Journal of Vascular and Endovascular Surgery 47: 75-80, 

2014. https://doi.org/10.1016/j.ejvs.2013.10.020. 

34. Liu R, Lao TT, Kwok YL, Li Y, Ying MTC. Effects of graduated compression 

stockings with different pressure profiles on lower-limb venous structures and 

haemodynamics. Advances in Therapy 25(5): 465-78, 2008. 

https://link.springer.com/article/10.1007/s12325-008-0058-2 

35. Racinais S, Bishop D, Denis R, et al. Muscle deoxygenation and neural drive to the 

muscle during repeated sprint cycling. Medicine and Science in Sports and Exercise 

39: 268-274, 2007. https://doi.org/10.1249/01.mss.0000251775.46460.cb 

36. Sanderson DJ, Hennig EM, Black AH. The influence of cadence and power output 

on force application and in-shoe pressure distribution during cycling by 

competitive and recreational cyclists. Journal of Sports Sciences 18:173-181, 2000. 

https://doi.org/10.1080/026404100365072. 

37. Hintzy F, Gregoire N, Samozino P, et al. Effect of thigh-compression shorts on 

muscle activity and soft-tissue vibration during cycling. The Journal of Strength 

and Conditioning Research 33: 2145-2152, 2019. 

https://doi.org/10.1519/jsc.0000000000002402 

38. Rittweger J, Beller G, Felsenberg D. Acute physiological effects of exhaustive 

whole-body vibration exercise in man. Clinical Physiology 20: 134-142, 2000. 

https://doi.org/10.1046/j.1365-2281.2000.00238.x 

https://doi.org/10.1016/j.ejvs.2013.10.020
https://doi.org/10.1080/026404100365072


 

39. Rittweger J, Schiessl H, Felsenberg D. Oxygen uptake during whole-body vibration 

exercise: comparison with squatting as a slow voluntary movement. European 

Journal of Applied Physiology 86: 169-173, 2001. 

https://doi.org/10.1007/s004210100511. 

40. Sperlich B, Born DP, Swarén M, et al. Is leg compression beneficial for alpine 

skiers? BMC Sports Science, Medicine and Rehabilitation 5(1): 18, 2013. 

http://biomedcentral.com/2052-1847/5/18 

 

https://doi.org/10.1007/s004210100511
http://biomedcentral.com/2052-1847/5/18

	Abstract
	Acknowledgments
	References



