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Abstract 
 

The purpose of this experimental study was to determine the thermoregulatory 
capacity and thermal comfort of evaporative fabric during exercise. Six female college-
aged subjects exercised at 70% of their VO2 max for 15 minutes while wearing shin 
guards on both shins, but one shin was covered by evaporative fabric under the shin 
guard. The results showed that the evaporative fabric produced a greater shin temperature 
and mass of non-evaporated sweat than the shin dressed in only a shin guard. However, 
when asked to rate each shin condition subjectively, the evaporative fabric was perceived 
to be cooler and dryer. It was concluded that wearing evaporative fabric under shin 
guards does not improve thermoregulation, despite a perception of enhanced thermal 
comfort. 
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CHAPTER I 
 

INTRODUCTION 
 
 The maintenance of a stable body temperature is vital in preventing heat injuries, 

which can cause performance decrements (Pascoe, Bellingar, & McCluskey, 1994; Purvis 

& Tunstall, 2004). Exercise increases the mean body temperature (Gavin, 2003), which 

must be offset by heat loss to maintain thermal balance. According to Gavin (2003) and 

Gonzalez and Cena (1985), heat loss is predominantly accomplished through evaporation 

of sweat during exercise.  

 Clothing and protective equipment represent a barrier to sweat evaporation from 

the surface of the skin (Gavin, 2003). Protective equipment is designed for 

musculoskeletal protection; however it can also cause potential harm by creating 

additional thermal stress on the athlete (McCullough & Kenney, 2003). The greater the 

surface area of the skin covered by clothing and/or protective equipment, the larger the 

potential detrimental effect on thermoregulation. Gavin (2003) stated that while 

exercising in warm environments, minimal clothing would be advantageous. Recently, 

new fabric characteristics have been developed with the intent of improving evaporative 

properties. Improved wicking properties can increase evaporation and improve 

perceptions of thermal comfort (Pascoe, et al., 1994). 

 Soccer presents a unique challenge to the recommended guidelines for the 

prevention of heat injuries in sports. The American College of Sports Medicine (ACSM) 

(1990) suggests choosing clothing that does not prevent heat loss and sweat evaporation, 

relocating to an indoor site with fans and air conditioners, adding rest breaks to maintain 

a prescribed target heart rate, and allowing subjects to drink fluids. However, the rules of 
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soccer do not allow players to follow these guidelines. Players are required to wear shin 

guards, play outside in varying temperatures, and are only allowed one rest period 

throughout each match. Research has not yet been published regarding the modification 

of shin guards to improve thermoregulation, and stay within the rules of soccer. 

Problem Statement 

 The purpose of this study was to determine if evaporative fabric worn under shin 

guards significantly reduced heat stress. A secondary purpose was to determine the effect 

of evaporative fabric on thermal comfort. 

 The independent variable was the shin guard condition with two levels; 

evaporative fabric worn between the skin and shin guard or the shin guard directly 

contacting the skin. The dependent variables included skin temperature for both shin 

guard conditions and amount of non-evaporated sweat. 

Hypotheses  

 The following hypotheses were proposed prior to the data collection during the 

exercise sessions: 

1.  Evaporative fabric would cause a significant reduction in shin temperature.  

2.  The players would perceive an improvement in thermal comfort for the evaporative 

fabric condition.   

3.  For the purpose of statistical analysis, the null hypothesis stated there would be no 

significant difference in thermoregulatory capacity between the two shin guard 

conditions. 

Operational Definitions  

Acclimation- The sum of physiological adaptations to a new environment. 
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Euhydration- The state of having a typical daily body water level. 

Evaporative Fabric- Synthetic fabric designed to increase sweat evaporation. 

Exhaustion- A state of physical fatigue associated with a subject’s plateau of heart rate 

and oxygen consumption despite an increase in work rate, and a respiratory 

exchange ratio > 1.0 during incremental exercise. 

Heat Injury- Ailments including heat cramps, heat exhaustion, and heat stroke. 

Hydrophobic Fabric- A fabric characteristic that repels water.  

Maximal Oxygen Consumption (VO2 max)- The highest volume of oxygen consumed 

during exercise. 

Regain- Absorption of sweat by fabric. 

Shin- The anterior part of the leg located inferior to the knee and superior to the ankle. 

Steady-State- The plateau of heart rate and oxygen consumption during exercise at a 

continuous intensity. 

Thermal Balance- The state of equal rates of heat gain and heat loss within the body. 

Thermal Comfort- Subjective feeling of satisfaction with the thermal environment. 

Thermal Insulation- A measure of a fabric’s ability to minimize the transfer of heat 

energy from the body to the environment. 

Thermoregulation- The process by which the thermoregulatory center readjusts body 

temperature in response to small deviations from the set point. 

Thermoregulatory Capacity- The assistance of thermoregulation by means of increasing 

evaporation, convection, and ventilation, and/or decreasing thermal insulation. 
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Trained- College players from the varsity interscholastic soccer team, college club soccer 

team, and recreational soccer teams. All subjects have participated in organized 

soccer for a minimum of 10 years. 

Ventilation- Exchange of air from the skin to the ambient environment through openings 

in the fabric structure. 

Wicking- Absorption of liquid sweat by capillary action. 

Assumptions  

 The researcher assumed subjects’ honesty and the validity and reliability of the 

instruments used to collect data.  

1.  This study required subjects to honestly and accurately provide informed consent, be 

in the state of euhydration, complete a questionnaire, and put forth maximal effort 

during the testing. A health questionnaire determined any ailments suffered by the 

subjects, which was examined by the researcher to determine if participation was 

safe.  Prior to testing, subjects drank fluids in quantities normally consumed 

within their typical diet, allowing for the state of euhydration. Subjects also 

answered the thermal comfort questionnaire honestly, permitting the accurate 

identification of individual perceptions of both fabric conditions. 

2.  Prior to testing, each instrument was calibrated according to manufacturers’ 

specifications. It was assumed that following calibration, instruments accurately 

and reliably recorded data.   

Limitations 

 This study included several limitations beyond the researcher’s control that could 

have possibly affected the results. The design allowed subjects to know which shin the 
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evaporative fabric was covering, the sample size was small, the duration was shorter than 

a soccer match, and the influence of solar radiation was neglected. 

1.  Subjects dressed themselves in both shin guard conditions, therefore they were aware 

of which shin had the evaporative fabric. This may have caused the thermal 

comfort questionnaire results to be biased if subjects had a predisposed opinion 

regarding evaporative fabric.  

2.  Due to the relatively small population of female soccer players and the low number of 

responses to a recruitment email, the sample size was small. As sample size 

decreases, statistical power to analyze the results is decreased. 

3.  The work duration was not as long as experienced during a soccer match due to the 

continuous nature of the high intensity exercise session. Subjects performed 

exercise at a high relative intensity to control work rate.   

4.  The exercise session for this study was conducted inside, therefore solar radiation did 

not impact the results. Solar radiation increases thermal stress, and possibly 

increases temperature readings and subjective ratings of thermal discomfort (John 

& Dawson, 1989). 

Delimitations  

 Delimitations imposed by the researcher included subjects consisting of only 

females, the selection of subjects from the same college, both shin guard conditions 

tested concurrently, and the exercise session was continuous. 

1.  The sample for this study was confined to only female subjects. This did not allow for 

the analysis of a gender effect on thermoregulation. 
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2.  The generalizability of the results could also be biased due to the selection of subjects 

from the same college, possibly possessing similar characteristics.  

3.  Testing the two shin guard conditions concurrently prevented the comparisons of core 

temperature and mass of water loss while wearing evaporative fabric and shin 

guards compared to only wearing shin guards. 

4.  The shin temperature data was collected during a continuous treadmill run, rather than 

intermittent exercise as found in soccer matches.  Intermittent exercise elicits 

higher relative VO2 max percentages than found during continuous exercise.    

Significance of the Study 

 This study contributed to the current knowledge of thermoregulation and 

protective equipment due to the inclusion of female subjects and the testing of both fabric 

conditions concurrently. The design also allowed subjects to undergo higher work 

intensities on a treadmill than experienced in lab settings in past research.  

 The subjects consisted entirely of females, which was uncommon in earlier 

research. When VO2 max is not controlled, females are less heat tolerant than males due 

to lower sweat outputs and smaller body mass to surface area ratios (Aoyagi, McLellan, 

& Shephard, 1997). These factors put females at an increased risk of heat injuries. 

Therefore, the results of this study are relevant for female athletes. This knowledge can 

be utilized to decrease the risk of sustaining a heat injury, and improve both training and 

match performance. 

 Another important aspect of the design permitted both fabric conditions to be 

tested concurrently. This not only allowed subjects to be their own controls, but also 
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allowed for the control of several variables including hydration level, participant 

motivation, training level, body composition, heat acclimation, and menstrual phase.   

 Past laboratory research found evaporative fabric does increase evaporation, 

however does not improve thermoregulation (Gavin, Babington, Harms, Ardelt, Tanner, 

& Stager, 2001). Gavin (2003) suggested that future research needed to examine the 

effect of higher exercise intensities on thermoregulation. The work intensity for this 

current study was identical to the average 70% of VO2 max found during soccer matches 

(Reilly, 1990). The higher level of exercise intensity in this study compared to past 

research should give a more realistic result of the effect that evaporative fabric has on 

thermoregulatory capacity.   

Regarding thermal comfort, this study’s results should concur with previous 

research findings that evaporative fabric increases thermal comfort compared to 

traditional cotton fabric (Purvis & Tunstall, 2004).  This current study was unique 

because it only included female subjects, both shin guard conditions were tested 

concurrently, and a high work intensity was utilized.
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CHAPTER II 

LITERATURE REVIEW 

 Clothing acts as a barrier to heat transfer with the environment (Nielsen & 

Endrusick, 1990) due to the physical properties of the clothing and their proximity to the 

skin (Kwon, Kato, Kawamura, Yanai, & Tokura, 1998). These characteristics also 

influence an athlete’s thermal comfort during exercise. However, few studies have 

examined the effect of protective equipment on thermoregulatory capacity and thermal 

comfort. Past research has focused on the thermoregulation of clothing, protective 

equipment, and evaporative fabric separately; however no study has examined the 

combination of wearing evaporative fabric under protective equipment. This chapter 

addresses background information regarding thermoregulation, thermoregulation of 

clothing and protective equipment, fabric design and structure, thermal comfort of 

clothing, layering of clothing, assessment of subjective responses, and assessment of VO2 

max. 

Thermoregulation 

 During exercise, active muscles and environmental factors including ambient 

temperature, relative humidity, and wind velocity, produce a heat stress, which causes an 

increased core and skin temperature (Gleeson, 1998). High intensity exercise in a hot 

environment can cause the core temperature to increase by 1 °C every 5-8 minutes, 

causing a dangerously high temperature to be reached within 15-20 minutes of the onset 

of exercise (Gleeson, 1998). Ekblom (1986) found core temperatures in soccer players 

commonly above 39 °C immediately following matches. According to Gleeson (1998), 

body temperatures above 40 °C are linked with fatigue and heat injuries. Therefore, this 
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increased heat load must be balanced by a corresponding heat loss in an effort to allow 

continued performance of the activity.  

 The primary means of heat loss during exercise is evaporation of sweat (Gavin, 

2003). Clothing, including protective equipment, obstructs evaporation and causes a 

decreased convective heat loss by reducing air circulation near the skin (Pascoe, 

Bellingar, & McCluskey, 1994). 

Thermoregulation of Clothing and Protective Equipment 

 McCullough and Kenney (2003) studied the thermal insulation and evaporative 

resistance of various football uniforms, including padding.  Thermal insulation of 

clothing is determined by the material’s thickness and the amount of trapped air 

(Bakkevig & Nielsen, 1995). McCullough and Kenney (2003) found that the uniforms 

with the least amount of body surface area covered, had the greatest moisture 

permeability compared to the thermal insulation level, which is desirable for evaporative 

heat transfer and thermal comfort. These researchers determined that football uniforms 

significantly contribute to the heat load experienced by the athlete (McCullough & 

Kenney, 2003). Possible mechanisms include the padding material causing a barrier to 

evaporation and the tight fit of the padding decreasing the air circulation near the skin, 

impairing convection rates.  Nielsen, Gavhed, and Nilsson (1989) also found that tight-

fitting clothing led to a decreased cooling of the skin compared to loose-fitting clothing.  

 Not all research found that protective equipment caused a significant added 

thermal stress. John and Dawson (1989) studied the effect of wearing helmets on body 

temperature regulation in a hot environment. Subjects exercised at a constant workload of 

65% of VO2 max for up to 75 minutes. There were no significant differences in oxygen 
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consumption, heart rate, sweat loss, rectal temperature, or performance time while 

wearing a helmet compared to the no helmet condition. However, this study found that 

the presence of a helmet significantly increased forehead temperature. The helmets 

chosen for this study had eight openings, allowing air circulation to occur. The authors 

stated that the use of helmets with less ventilation could limit heat loss, possibly causing 

the subjects to experience heat injuries.  

Fabric Design 

 New fabrics have been promoted to increase evaporation, and possibly reduce 

core and skin temperature (Gavin, et al., 2001). Synthetic fabric designed with high 

wicking properties may enhance the transport of sweat from the skin to the surface of 

clothing (Bakkevig & Nielsen, 1995). Gavin et al. (2001) compared an evaporative 

polyester fabric with a cotton fabric during an exercise session that included a run at 70% 

of VO2 max. An interesting finding was that the evaporative fabric retained significantly 

less sweat than the cotton, although there were no significant differences in core or skin 

temperature for either clothing condition during exercise. Nielsen and Bakkevig (1995) 

similarly found that a polypropylene evaporative fabric accumulated significantly less 

sweat than wool, while fabric material did not significantly affect mean skin temperature 

or rectal temperature. Gavin et al. (2001) concluded that evaporative fabrics do not 

improve thermoregulation in moderately warm environments. 

 Kwon, Kato, Kawamura, Yanai, and Tokura (1998) found that hydrophobic fabric 

did not significantly reduce heat strain. A fabric made of a wool and cotton blend 

significantly reduced rectal temperature and skin temperature at the chest compared to 

polyester fabric during intermittent exercise at 40% of VO2 max. These findings were 
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explained by the high moisture regain and reduced thermal insulation of the wool and 

cotton blend, causing a high rate of heat flow from the body, through the clothing, to the 

air. Ha, Yamashita, and Tokura (1995) found cotton fabric reduced thermal insulation, 

which increased heat loss and inhibited increases in core temperature when compared to 

polyester fabric during intermittent exercise at 30% of VO2 max. 

Fabric Structure 

 Researchers have examined the effect of clothing structure on thermoregulation. 

Nielsen and Endrusick (1990) found that differences in clothing fiber structure 

significantly affected physiological characteristics such as skin temperature, degree of 

sweating, and evaporation of sweat during intermittent exercise in the cold. Five different 

knit structures of underwear consisting of the same 100% polypropylene fiber type were 

compared. An open fishnet design resulted in the lowest skin temperature distribution and 

skin wettedness. Bakkevig and Nielsen (1995) determined that a fishnet structure 

significantly increased the evaporation rate of sweat compared to a 1 X 1 rib knit design 

while exercising at 40% of VO2 max.  

Thermal Comfort of Clothing  

 Research regarding subjective ratings of thermal comfort has produced varied 

findings. Pascoe, et al. (1994) state that clothing affects thermal comfort by hindering the 

evaporation of sweat. Purvis and Tunstall (2004) also found clothing affects thermal 

comfort. The researchers discovered that subjects preferred an ergonomic sock; 44% 

cotton, 42% polypropylene, and 14% nylon, to a standard sock; 76% cotton and 24% 

nylon, during prolonged exercise in a warm environment. However, no significant 

differences in thermoregulation were found between the sock conditions, emphasizing the 
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importance of subjective perceptions when selecting clothing (Purvis & Tunstall, 2004). 

However, Gavin et al. (2001) found no significant differences between an evaporative 

fabric and cotton on thermal comfort ratings. Similarly, Kwon, et al. (1998) found no 

significant differences in subjective thermal sensations when a wool and cotton blend 

fabric was compared to a polyester fabric. 

 Thermal comfort perceptions have been linked to the workload intensity. 

Bakkevig and Nielsen (1995) found higher ratings of thermal discomfort at a workload of 

40% of VO2 max than 30% of VO2 max. The high feelings of discomfort were attributed 

to a significantly higher heart rate, total sweat production, amount of evaporated sweat, 

and rectal temperature in the higher workload.   

Layering of Clothing 

 The layering of clothing can also influence thermoregulation. When clothing is 

layered, the various layers must interact to effectively transfer sweat to the outermost 

layer for evaporation to occur (Bakkevig & Nielsen, 1995). A layering effect is found 

within the design of shin guards, which are a required part of regulation soccer uniforms. 

In warm conditions, Nielsen, et al. (1989) suggested that the inner layer of clothing be 

loose-fitting to increase the rate of evaporation. McCullough and Kenney (2003) also 

stated that tight-fitting protective equipment minimizes air circulation on the skin. 

However, the proper fit of shin guards requires the inside layer to be worn tightly to the 

skin, to effectively protect athletes from injuries. Purvis and Tunstall (2004) 

recommended that the outer clothing layer be well ventilated to allow sweat and heat 

loss. However, the outer layer of a shin guard is made of a hard, solid shell.  McCullough 

and Kenney (2003) determined hard, solid materials decrease the evaporation of sweat. 
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Manufacturers are now promoting shin guards designed for better ventilation, although 

research to support this claim has yet to be published.  

Assessment 

VO2 max.  The Bruce Protocol was chosen to measure VO2 max because it is the 

most commonly used protocol to assess physically active individuals (ACSM, 1990). The 

accuracy of the VO2 max test was maximized by attaining plateaus of oxygen 

consumption and heart rate despite an increase in work rate, respiratory exchange ratios > 

1.0, and the exhaustion of the subject (Adams, 2002). 

 Subjective responses.  Nielsen et al. (1989) and Bakkevig and Nielsen (1995) 

utilized a thermal comfort questionnaire, including a Likert scale, to assess subjective 

ratings of thermal comfort during exercise.  The questionnaires were analyzed by 

constructing a time progression graph of the subjects’ responses to each question.  

Another common subjective variable measured during exercise is rating of 

perceived exertion (RPE). During incremental exercise, heart rate increases linearly with 

work rate (Borg, 1982). RPE and heart rate have correlations ranging from 0.80 to 0.90. 

Therefore, the RPE scale has been utilized in exercise testing to determine subjects’ 

subjective rating of strain. Purvis and Tunstall (2004) presented subjective ratings of both 

thermal comfort and RPE by calculating the mean and standard deviation of each 

response.  

Summary 

 Previous research regarding the effect of protective equipment or evaporative 

fabric on thermoregulatory capacity has been limited by the experimental design (Gavin, 

2003). Studies have utilized a lower workload than the average 70-75% of VO2 max 
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experienced during soccer matches (Reilly, 1990). No research has examined the effect of 

evaporative fabric worn under protective equipment on the thermoregulatory capacity of 

female athletes.
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CHAPTER III 

METHODS 

 Clothing and protective equipment hinder the evaporation of sweat during 

exercise (Pascoe, et al., 1994). Synthetic evaporative fabrics have been designed to 

promote evaporation and possibly improve thermoregulation (Gavin, et al., 2001). This 

study examined the effect of evaporative fabric worn under the shin guards of female 

soccer players. This chapter discusses the research assistants, subjects, garment 

description, instruments, measurements, procedures, calculations, and statistical analysis.   

Research Assistants 

 Two research assistants helped during this study. Both assistants were enrolled in 

a graduate level Exercise Science program at SUNY Cortland. The assistants were 

present during a pilot study to learn the procedures and practice data collection. During 

the present study, the research assistants were responsible for measuring and recording 

the subjects’ physical and physiological characteristics. A few undergraduate assistants 

enrolled in the undergraduate Exercise Science program also participated in the research. 

While subjects were running, one undergraduate assistant stood on each side of the 

treadmill for safety reasons.  

Subjects 

 Six healthy college-aged female soccer players from a university in the 

Northeastern United States were recruited through email to participate in this study. All 

subjects were members of an interscholastic varsity, competitive club, or recreational 

soccer team. Informed consent was obtained following an explanation of the purpose of 

the study, testing procedures, and risks of participation (see Appendix A). Subjects were 
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informed of their right to terminate participation at any time during the study without 

penalty. All subjects completed a Par-Q (see Appendix B) and health questionnaire to 

determine any conditions preventing safe participation (see Appendix C). Only subjects 

without health risks were chosen for this study. Prior to testing, approval was granted by 

SUNY Cortland’s Institutional Review Board (see Appendix D).   

Garment Description 

 Shin guards and clothing.  Each subject wore the same model of shin guards; 

Adidas Estavelo X-ite, consisting of solid, polypropylene outer shells with 

ethylenevinylacetate foam inner linings, no ankle guards, and two straps for attachment to 

the shin. The shin guards were a size large; 22.1 cm in length (see Figure 10). Subjects’ 

clothing consisted of a 100% cotton short sleeved t-shirt, 100% nylon shorts, and 100% 

cotton ankle socks. The socks were worn below the shin guards, not covering them. 

Subjects were allowed to wear their own personal running sneakers, with the stipulation 

that they wear the same pair of sneakers on both days of data collection. 

 Evaporative fabric.  The evaporative fabric was a shin guard accessory, called 

Shin Skins, specifically designed to be worn between the skin and the shin guard (see 

Figure 11). The Shin Skins consisted of 100% Adapt Lycra material, and were the adult 

size, 35.56 cm in length, as recommended by the manufacturer. The material was 

advertised to keep the athlete cool and dry by wicking moisture away from the skin. Prior 

to the study, each piece of evaporative fabric was laundered without detergent, and air-

dried to remove excess chemicals (Bakkevig & Nielsen, 1995). Each subject wore one 

piece of evaporative fabric under a shin guard on either the right or left shin. A small cut 
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was made along the posterior seam to ensure quick removal following exercise and to 

prevent sweat transfer to the floor. 

Instruments  

 The ambient conditions of the laboratory were measured using a Skymaster SM-

28 (Great Falls, VA) to obtain temperature, relative humidity, wind speed, and barometric 

pressure. The exercise session was performed on a Quinton Q65 series 90 treadmill 

(Bothell, WA). 

 This study also utilized several specialized instruments to measure physical and 

physiological variables prior to exercise, during exercise, and immediately following 

exercise. Physical measurements were recorded using a Life Source Pro FIT Precision 

Scale (Milpitas, CA) to measure body mass, a tape measure to record height, and a 

Dubois Surface Area Chart (see Appendix E) to determine body surface area (Dubois, 

1924). Physiological measurements were obtained using a Polar S610 heart rate monitor 

(Lake Success, NY) and TECA Electrode Conductivity Gel (Pleasantville, NY) to record 

heart rate, YSI Precision 4000A Thermometers (Dayton, OH) to measure shin 

temperature, a Braun ThermoScan IRT 4520 ear thermometer (Boston, MA) to measure 

core temperature at the ear, an Omron Bodylogic Body Fat Analyzer model HBF-306BL 

(Bannockburn, IL) to measure percent body fat and body mass index, and a Borg Scale 

(Borg, 1982) to assess RPE scores (see Appendix F). Med Graphics CPX Ultima 

pulmonary function equipment, gas exchange/spirometry equipment, and Breeze Suite 

6.2 software (St. Paul, MN) were used to measure oxygen consumption. An American 

Weigh Blade Black Digital Scale (Charleston, SC) was used to measure evaporative 
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fabric, shin guard, and sock mass pre-exercise and post-exercise. All instruments were 

calibrated according to manufacturers’ directions prior to data collection.   

Measurements 

 The measurements of ambient conditions and physical characteristics were 

recorded on both days of data collection. Ambient conditions of temperature, relative 

humidity, wind speed, and barometric pressure were measured immediately before the 

exercise session began. Subjects’ physical characteristics of age, dressed body mass, 

height, body mass index, and body surface area were also recorded prior to exercise. On 

day one, respiratory exchange ratio, volume of oxygen consumption (ml/kg/min), RPE, 

and heart rate were recorded following three minutes of rest in a seated position pre-

exercise, every three minutes during exercise, and three minutes post-exercise. 

 On day two, the measurement of body mass included the subject dressed in a t-

shirt, shorts, shin guards, ankle socks, running sneakers, and evaporative fabric. Shin 

guard and sock weight for both shin guard conditions, evaporative fabric weight, and core 

temperature at the ear were measured before and after the exercise session. Heart rate, 

skin temperature of each shin, and RPE were recorded prior to exercise, every three 

minutes during exercise, and immediately following exercise. Following the exercise 

session, subjects were asked to fill out a thermal comfort questionnaire (see Appendix G).  

Procedures 

 This study included two separate days of data collection. To ensure euhydration, 

subjects were asked to consume a typical amount of fluids prior to arriving at the 

laboratory on both testing days, while fluid consumption was prohibited during the 
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exercise sessions. Each subject’s testing sessions were held at the same time of day, +/- 

one hr, to control for variations in body temperature due to normal circadian rhythms.  

Day one testing.  On day one, each subject performed a VO2 max test using the 

Bruce Protocol (ACSM, 2000) on a previously calibrated treadmill (see Appendix H). 

Subjects wore shin guards while performing the test to account for any increase in 

oxygen consumption due to the excess weight, since shin guards were worn on day two 

of data collection. The maximal volume of oxygen consumption achieved was used to 

determine the exercise intensity for day two of data collection. See Appendix I for a 

sample data collection sheet for day one of testing. 

Day two testing.  Day two of data collection occurred between two and seven 

days following day one of testing. The evaporative fabric was placed in the laboratory 

under the same ambient conditions as the exercise session for a minimum of two hours 

prior to data collection. 

 Upon arrival at the laboratory on day two, each subject’s body mass including 

clothing, height, body mass index, resting heart rate, body surface area, core temperature, 

and RPE value were recorded. The evaporative fabric, shin guards, and socks were 

weighed, and each subject was given one piece of evaporative fabric. A heart rate 

monitor and thermistors were placed on subjects while resting in a seated position. The 

heart rate monitor was worn inferior to the pectoralis major, while thermistors were 

placed at the mid-shin region. The thermistors were attached to the console, which was 

placed in front of the treadmill. The subjects were instructed to place the evaporative 

fabric randomly on either shin, while shin guards and ankle socks were worn as normal. 

The researcher recorded which shin was dressed with the evaporative fabric. Resting 
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heart rate and both shin temperatures were recorded. Subjects were not informed of the 

ambient conditions, in an effort to avoid influencing subjective ratings on the thermal 

comfort questionnaire (Bakkevig & Nielsen, 1995). 

 The exercise session consisted of a treadmill run at an individualized constant 

workload of approximately 70% of each subject’s maximal volume of oxygen 

consumption. The grade of the treadmill was kept at 0% to ensure safety, while subjects 

wore thermistors attached to the console. Subjects were given three minutes for a warm-

up stage consisting of 1.7 mph, corresponding with stage one of the Bruce Protocol 

(ACSM, 2000). Then, the treadmill speed was increased to attain 70% of each subject’s 

VO2 max. Subjects were monitored to ensure the maintenance of a heart rate within five 

beats of the heart rate associated with 70% of VO2 max from the time steady-state was 

reached until the 15-minute exercise session was completed. At this time, the treadmill 

was lowered to zero miles per hour, and post-exercise data collection began.   

 Immediately following exercise cessation, each subject’s heart rate, fully dressed 

body mass, temperature of each shin, core temperature, and RPE level was measured. 

Then, subjects removed their evaporative fabric, shin guards, and socks, which were 

weighed less than 20 seconds post-exercise. See Appendix J for a sample data collection 

sheet for day two of data collection. Before leaving the laboratory, subjects were asked to 

fill out a thermal comfort questionnaire as honestly and accurately as possible (see 

Appendix G). 

Calculations   

 Maximal volume of oxygen consumption during the Bruce Protocol was 

estimated using the generalized cubic regression equation; VO2 max (ml/kg/min) = 14.8 – 
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1.379 (time exercised in minutes) + 0.451 (time2) – 0.012 (time3)  (Foster, et al., 1984). 

The standard error of estimate (SEE) was 3.35 ml/kg/min. 

Seventy percent of maximal VO2 effort was determined by multiplying the VO2 

max achieved on day one by 0.7. This value was then used to determine the treadmill 

speed for day two, according to the running metabolic equation; VO2 = 0.2 (speed) + 0.9 

(speed) (fractional grade) + 3.5 (ACSM, 2000).  

 The mass of non-evaporated sweat was calculated by determining the difference 

in shin guard and sock mass pre-exercise and post-exercise. It was assumed that the shin 

guards and socks absorbed all non-evaporated sweat, because no dripping was seen 

(Gavin et al., 2001). 

 The amount of water loss was calculated as the difference between pre-exercise 

and post-exercise dressed body mass. 

Statistical Analysis 

 The dependent variables included shin temperature and mass of non-evaporated 

sweat. Statistical significance between the two-shin guard conditions on shin temperature 

and non-evaporated sweat was determined using multiple repeated measures analyses of 

variance (ANOVA). A paired t-test was used to determine differences pre-exercise and 

post-exercise for mean core temperature and dressed body mass. A P-value less than 0.10 

was considered statistically significant due to the small sample size. SPSS for Windows 

(Version 12) was used to conduct statistical analyses, and Microsoft Excel was used to 

produce graphs.  

 The thermal comfort questionnaire was analyzed through descriptive statistics and 

figures using values reported for each question. 
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CHAPTER IV 

RESULTS AND DISCUSSION 

Results  
 

Subject characteristics.  The physical and physiological characteristics of the 

subjects were determined using descriptive statistics in SPSS for Windows (Version 12) 

(see Table 1). The six subjects participating in this study included four members of a 

recreational soccer league, one member of SUNY Cortland’s varsity soccer team, and one 

member of the university’s club soccer team. All subjects identified their right foot as 

dominant.  See Appendix K for a summary of the descriptive data for temperature, 

weight, and subjective questionnaire recordings. The number of subjects in the current 

study was similar to the research studies cited in the literature review. Nine previous 

studies employed similar methods, utilizing a mean, median, and mode of eight subjects 

to find statistically significant differences. 

Ambient conditions of the laboratory.  On day one of testing, the average ambient 

temperature was 23.6 °C, relative humidity was 21.8%, wind speed was 0 km/min, and 

barometric pressure was 978.6 mmHg. 

Day two of exercise testing had an average ambient temperature of 23.6 °C, 

relative humidity of 25.6%, wind speed of 0 km/min, and barometric pressure of 972.4 

mmHg. 

Shin temperature.  Day two of data collection included thermistors being attached 

to the shins of the subjects. Temperature readings were taken six times from the rest 

period through the 15-minute exercise session. A within-subjects ANOVA with shin 
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guard condition and time as the dependent variables were used to analyze the temperature 

data. 

 

 

Table 1 

 
Physical and Physiological Characteristics of the Subjects* 
 
   Mean       Standard   Range       
          Deviation            (Minimum-Maximum) 
 
Age 
(yrs)  21  2   18-23 
 
Height  
(cm)  166  6   156-172 
 
Mass  
(kg)  64.24  6.16   54.91-70.50 
 
Bodyfat  
(%)  22.03  2.17   18.85-24.55 
 
BMI 
(kg/m2)  23.06  1.43                        21.15-24.50 
 
BSA  
(m2)  1.73  0.11          1.54-1.84 
 
VO2max         
(ml/kg/min)  39.24  5.86                                  32.38-46.09 
 
Weekly    
Exercise  
(min)  190  38          150-250 
 
Soccer   
Experience  
(yrs)   12      1                      10-13 
 
*n = 6 
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 The main effect of shin guard condition (F(1,5) = 4.21, p < .10, η2 = .46) and time 

(F(5,25) = 382.72, p < .10, η2 = .99) were significant. The average temperature of the shin 

covered by the evaporative fabric (EF) was 34.70 ± 0.40 °C, while the non-evaporative 

fabric shin condition (NO) was 34.23 ± 0.46 °C. The average shin temperature from rest 

through the completion of 15 minutes of exercise increased steadily, from 33.09 ± 0.46 

°C to 35.69 ± 0.38 °C respectively.  A least significant difference (LSD) post-hoc 

analysis revealed that all six-time intervals were significantly different between 

conditions (see Figure 1). The interaction of shin guard condition and time was not 

significant (F(5,25) = 0.13, p = .98, η2 = .03). 
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Figure 1. Comparison of average shin temperature for both shin guard conditions. 

 
 
 Mass of non-evaporated sweat.  On the second day of data collection, each 

subject’s shin guards and socks were weighed pre-exercise and post-exercise. The mass 

of non-evaporated sweat was determined by subtracting the pre-exercise weight from the 
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post-exercise weight.  The data were analyzed using a two-way within subjects ANOVA, 

with shin guard condition and time as the dependent variables. 

 The main effect of shin guard condition (F(1,5) = 0.1, p = .8, η2 = .0) and the 

interaction between shin guard condition and time (F(1,5) = 0.7, p = .5, η2 = .1) were not 

significant. However, the main effect of time was significant (F(1,5) = 125.0, p < .1, η2 = 

1.0). The LSD post-hoc analysis revealed the average pre-exercise shin guard and sock 

weight, 100.6 ± 0.8 g, was significantly lighter than the average post-exercise weight of 

102.3 ± 0.8 g (see Figure 2).  
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Figure 2.  Comparison of average shin guard and sock weight measured pre-exercise and 

post-exercise for both shin guard conditions. 

 

 The shin guard and sock on the shin covered by the evaporative fabric retained 

2.0 ± 0.7 g of sweat following exercise, while the shin guard and sock on the non-
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evaporative fabric shin only retained 1.5 ± 0.8 g (see Figure 3). As noted previously, this 

difference in non-evaporated sweat, post-exercise, was not significant.  

Subjective ratings of thermal comfort.  Following the second day of exercise 

testing, subjects completed a thermal comfort questionnaire (see Appendix F). In each 

question, the subjects were asked to compare the thermal state of the shin dressed in 

evaporative fabric to the shin without the fabric. Subjects were told to answer each of the 

questions as honestly and accurately as possible. 
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Figure 3.  Mass of non-evaporated sweat following the exercise session. 

 

The first question asked subjects to compare the overall thermal state of each shin. 

Three out of the six subjects stated the shin dressed in evaporative fabric felt cooler, one 

subject noted no difference between evaporative fabric conditions, and one subject felt 

the evaporative fabric condition was warmer (see Figure 4). The average score based on a 

nine point Likert Scale for the evaporative fabric shin was 4.8 ± 1.5, corresponding with 

the slightly cool to neutral categorization. The average score for the shin without the 



 

 27  

fabric was 6.5 ± 1.0, which was categorized as slightly warm to warm on the scale. Thus, 

there was a tendency for subjects to express a sensation of a warmer shin temperature for 

the non-fabric condition. 

The second part of question one asked subjects to compare the thermal comfort of 

both shin conditions. On average, subjects felt the shin dressed in evaporative fabric was 

more comfortable, 1.3 ± 0.5, than the non-evaporative fabric shin, 1.5 ± 0.6 (see Figure 

5). However, one subject felt the non-evaporative fabric condition was more comfortable, 

and two subjects rated both conditions as equal. 
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Figure 4.  Subjective rating of overall thermal state of each shin guard regarding 

temperature 

(On a scale from 1 representing very cold to 9 representing very hot). 

 

Subjects rated their level of shivering or sweating in the second question. The 

average rating for the evaporative fabric shin was 4.3 ± 1.0; while the average for the 

non-evaporative fabric shin was 4.8 ± 1.0 (see Figure 6). Comparing these averages to the 
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scale categories, subjects perceived the non-evaporative fabric condition to elicit a 

slightly greater amount of sweat compared to the evaporative fabric condition.  
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Figure 5.  Subjective rating of overall thermal state of each shin guard regarding comfort 

level 

(On a scale from 1 representing comfortable to 4 representing very uncomfortable). 
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Figure 6.  Subjective rating of shivering or sweating sensation of each shin 
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(On a scale from 1 representing heavily shivering to 7 representing heavily sweating). 

 

 Subjects were also asked to rate the degree of dryness or dampness of the shin 

guards during the exercise test. The evaporative fabric worn under the shin guard rated an 

average of 2.0 ± 0.8, while the shin guards worn directly over the skin scored 2.3 ± 0.5. 

Comparing this to the Likert scale categories, subjects felt the non-evaporative fabric 

condition was slightly damper than the evaporative fabric condition. However, the raw 

data demonstrated that three subjects rated the evaporative fabric condition wetter than 

the non-fabric condition, one subject felt the evaporative fabric condition was dryer, and 

two subjects could feel no difference between the conditions (see Figure 7).      
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Figure 7.  Subjective rating of dryness or wetness of each shin guard   

(On a scale with from 1 representing dry to 4 representing wet). 

 

 On average, subjects perceived the evaporative fabric condition to be slightly 

cooler, more comfortable, produce less sweat, and feel dryer than the non-fabric 

condition. 
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 Core temperature.  The subjects’ core temperature was measured in the ear pre-

exercise and post-exercise. A paired t-test was used to compare the mean pre-exercise 

and post-exercise core temperatures. The mean core temperature pre-exercise (M = 35.8, 

SD = 0.7) was significantly lower than the mean core temperature post-exercise (M = 

36.3, SD = 0.9) t(5) = 4.1, p < 0.1 (see Figure 8). 

Mass of water loss.  The subjects’ dressed body masses, including shin guards and 

evaporative fabric, were recorded pre- and post-exercise. A paired t-test was used to 

compare the mean pre-exercise and post-exercise dressed body mass. The mean dressed 

body mass pre-exercise (M = 65.41, SD = 6.66) was significantly greater than the mean 

dressed body mass post-exercise (M = 65.30, SD = 6.64), t(5) = 3.54, p = 0.02 (see Figure 

9). The post-exercise mass was subtracted from the pre-exercise mass to determine the 

amount of evaporated sweat and respiratory loss during exercise. The average amount of 

water loss was 0.10 ± 0.07 kg.  

35.5

35.6

35.7

35.8

35.9

36

36.1

36.2

36.3

Pre-exercise Post-exercise

C
or

e 
Te

m
pe

ra
tu

re
 (○

C
)

 

Figure 8.  Core temperature measured pre- and post-exercise.  
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Figure 9.  Mass of water loss following the exercise session. 

 

Discussion 

 Shin temperature.  The present study’s finding that an evaporative fabric 

increased skin temperature agreed with Kwon’s, et al. (1998) and Purvis and Tunstall’s 

(2004) findings that skin temperatures were greater underneath an evaporative fabric than 

a cotton blend.  

 Possible mechanisms for the increased skin temperature under the evaporative 

fabric include the tight fit of the fabric, an added layer of fabric, and the increased surface 

area covered. McCullough and Kenney (2003) stated that tight-fitting equipment 

minimizes air circulation on the skin, which decreases evaporation. Similarly, when 

clothing and protective equipment must be layered, Nielsen, et al. (1989) suggested the 

inner layer be loose-fitting, to facilitate cooling of the skin. However, the evaporative 

fabric in this study fit the subjects’ shins more tightly than the shin guards. This could 

have caused the increase in skin temperature. Another cause could have been the added 

layer of clothing on the evaporative fabric shin. This shin was dressed in two layers; the 
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evaporative fabric covered by the shin guard, while the non-evaporative fabric condition 

was only dressed in the shin guard. The evaporative fabric and shin guard may have 

increased the thermal insulation of the shin, as thermal insulation is determined by the 

thickness of the clothing material (McCullough & Kenney, 2003).  

The increased temperature may have also resulted from the disparity in surface 

area covered by the two evaporative fabric conditions. The evaporative fabric condition 

covered an average of 4.06% of each subject’s total body surface area, whereas the non-

evaporative fabric condition covered an average of 2.32%. McCullough and Kenney 

(2003) found that the greater the body surface area covered by equipment, the lower the 

evaporative heat transfer. If the shin temperature and surface area covered have a linear 

relationship, the average shin temperature under a shin guard with the same covered 

surface area as the fabric would have been 62.90 °C post-exercise. This value was 

extrapolated from the data collected, not actually recorded during testing. 

 Purvis and Tunstall (2004) proposed an increased temperature under the 

evaporative fabric might have been caused by its ability to wick sweat away from the 

skin before allowing the skin to cool. Gleeson (1998) stated that sweat must evaporate in 

order to cool the skin. The wicking ability of the evaporative fabric is further discussed in 

the next section.  

 Mass of non-evaporated sweat.  The evaporative fabric did not significantly affect 

the amount of sweat the shin guard and sock retained, as Purvis and Tunstall (2004) also 

found. However, the evaporative fabric condition retained a greater amount of sweat, 

which could be attributed to the increased local sweat rate under hydrophobic fabrics (Ha, 

et al., 1995), or the increased skin temperature causing an increase in sweat production 
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(Purvis & Tunstall, 2004). If the evaporative fabric increased the amount of sweat 

produced on the shin, the amount of sweat needed to be wicked away from the skin in 

order to evaporate would also be increased. It is possible that at the time the shin guards 

and socks were weighed post-exercise, the excess moisture wicked by the fabric did not 

have sufficient time to evaporate. However, Gavin, et al. (2001) found that the amount of 

surface area covered by clothing did not affect sweat loss.   

 Another possible cause for not detecting a difference in the mass of non-

evaporated sweat may have been the digital scale utilized in this study. The scale used to 

measure the mass of the shin guards plus the socks only recorded to the tenth of a gram. 

If the scale had a higher sensitivity, it may have been possible to notice a significant 

difference in mass.  

 Subjective ratings of thermal comfort.  The subjective questionnaire yielded the 

most intriguing findings. On average, subjects felt the evaporative fabric condition was 

cooler and dryer, which corresponded with Purvis and Tunstall’s (2004) finding of a 

subjective preference for a synthetic fabric. It was interesting to note that the 

thermoregulatory capacity of the evaporative fabric contradicted subjective perceptions. 

The evaporative fabric actually increased shin temperature and mass of non-evaporated 

sweat, although subjects perceived the fabric condition as cooler and dryer. The subjects’ 

perceptions could have been influenced by marketing attempts to sell these synthetic 

fabrics. None of the subjects in this study wore synthetic fabric during exercise training 

prior to this study; however all of the subjects were aware of the marketing claims of 

improved thermoregulation. 
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 Core temperature.  The average core temperature measured post-exercise was 

36.252 °C, which was significantly greater than the pre-exercise average of 35.798 °C. 

This finding was expected due to the high work intensity of the exercise session. It can be 

projected that if the session was held under harsher ambient conditions, using an 

intermittent intensity, and for an increased duration as experienced during a soccer match, 

the core temperature would have similarly risen toward 39 °C as Ekblom (1986) reported.   

 Mass of water loss.  The difference in pre-exercise and post-exercise dressed body 

mass was also significant. The high relative intensity of the exercise session caused the 

subjects to lose a significant amount of water through exhalation and evaporation.   

Summary   

 The main conclusion of this study was that evaporative fabric did not 

physiologically improve thermoregulation, although subjects did perceive a 

psychological improvement. It is the opinion of the researcher, that evaporative fabric 

should not be worn underneath shin guards due to the increased shin temperature and 

mass of non-evaporated sweat retained in the shin guard and sock. The findings in this 

study concur with Gavin et al. (2001); evaporative fabrics do not improve 

thermoregulation in a moderately warm environment. In fact, the particular evaporative 

fabric worn in this study caused a thermoregulatory disadvantage.  



 

 35  

CHAPTER V 

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

Summary  

 The purpose of this study was to determine if evaporative fabric worn under shin 

guards significantly reduced shin temperature. A secondary purpose was to determine the 

influence of evaporative fabric on subjective perceptions of thermal comfort. Past 

laboratory research found evaporative fabric does increase evaporation, however does not 

improve thermoregulation (Gavin et al., 2001). However, no published data regarding the 

thermoregulatory capacity of evaporative fabric worn under protective equipment was 

available. It was the intent of the present study to contribute knowledge in this particular 

area of research. Six healthy college-aged female soccer players from an interscholastic 

varsity, competitive club, and recreational soccer team volunteered to participate in this 

study. Data collection consisted of a VO2 max test on day one, followed by a 15-minute 

run at 70% of VO2 max on day two. On the second day, subjects wore a shin guard and a 

piece of evaporative fabric on one shin, while only a shin guard was worn on the other 

shin to determine the thermoregulatory capacity of the evaporative fabric. Shin 

temperature of each shin condition and the weight of the shin guard were recorded at 

several intervals throughout the session. Following the 15-minute run, subjects were 

asked to fill out a thermal comfort questionnaire to assess subjective perceptions of both 

shin conditions. SPSS for Windows (Version 12) was used to analyze the data collected. 

Due to the small sample size, a P-value less than 0.10 was considered statistically 

significant. The average temperature of the shin dressed in evaporative fabric was 34.703 

± 0.400 °C, while the non-evaporative fabric shin condition was 34.230 ± 0.467 °C. The 
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present study’s finding that an evaporative fabric increased skin temperature agreed with 

Kwon’s, et al. (1998) and Purvis and Tunstall’s (2004) findings that skin temperatures 

were greater underneath an evaporative fabric. Regarding the subjective ratings of 

thermal comfort, on average, more subjects perceived the evaporative fabric condition to 

be slightly cooler, more comfortable, produce less sweat, and feel dryer than the non-

evaporative fabric condition. This finding corresponded with Purvis and Tunstall’s 

(2004) finding of a subjective preference for a synthetic fabric. 

Conclusions  

Based upon the methods utilized to collect data and the statistical analysis of the 

data, the following conclusions were made:  

1.  The evaporative fabric shin condition actually caused a significant increase in shin 

temperature compared to the non-fabric condition, not supporting the researcher’s  

hypothesis.  

2.  The subjects perceived the evaporative fabric condition improved the thermal comfort  

of their shin by keeping it cooler and dryer than the non-fabric shin, as 

hypothesized prior to data collection. 

3.  The null hypothesis was supported for the mass of non-evaporated sweat, as no  

significant differences were found between the two shin guard conditions.  

However, the null hypothesis was not supported for shin temperature, due to the  

significant increase under the evaporative fabric. 

Recommendations 

 Based upon the conclusions reached in this study, future research could benefit by 

following these recommendations: 
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1.  Future research designs could increase the thermal load placed on the subjects to  

simulate the strenuous ambient conditions during which pre-season soccer is  

played at the collegiate level. Gavin et al. (2001) stated the necessity of harsher 

environmental conditions to detect differences in thermoregulatory capacity of 

various fabrics. This could be achieved by performing the exercise testing in an 

environmental chamber to increase the ambient temperature and relative 

humidity. Subjects could also exercise outside during the day, which would 

introduce the element of solar radiation, possibly influencing physiological 

responses (John & Dawson, 1989).  

2.  Future studies could also increase the surface area of the body covered by protective 

equipment and evaporative fabric, by choosing equipment worn in sports such as 

football or hockey. The protective equipment in the present study only covered an 

average of 4.64% of each subject’s total body surface area, while the evaporative 

fabric covered an average of 8.12% if worn on both shins.  

3.  Another suggestion is to increase the diversity and number of subjects used for data 

collection. This could be accomplished by broadening the sample pool to include 

non-soccer players, males, and younger athletes. Due to children’s lower sweat 

production compared to adult men (Aoyagi, et al., 1997), it would be worthwhile 

to find out if evaporative fabric can improve their thermoregulation in hot 

environments. Also, by studying females and males, a gender effect could be 

determined. Although the majority of previous studies used a similar number of 

subjects as the present study, an increase in subjects could produce different 

results.     
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4.  Researchers could also attempt to mimic the actual physiological cost of a soccer 

 match in laboratory conditions. This could be accomplished by using a portable 

 VO2 system to capture data during a match, then adjusting the treadmill speed at 

 several intervals to obtain similar VO2 values in the laboratory. This method may 

 have an increased value compared to using the average VO2 experienced during 

 an entire match, as it would allow the duration of the testing session to be 

 increased. 

5.  The configurations of evaporative fabric conditions could be adjusted to allow more 

data collection. The number of trials could be expanded to include a bare shin 

condition with no shin guard or fabric, and a cotton condition with cotton worn 

under the shin guard. Each individual condition could also occur on both shins 

simultaneously, permitting the comparisons of core temperature and mass of 

water loss between all conditions, rather than pre- and post-exercise as in the 

current study. 
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Appendix A 

Informed Consent       Subject # ________ 
 

State University of New York College at Cortland 
 
The study you have been asked to participate in is being conducted by Melissa LaMere of 
the Exercise Science Department at SUNY Cortland.  Please read the following 
information, and sign the freedom of consent section if you choose to participate.       
  
Purpose and Explanation of Testing Procedures 
 The purpose of this study is to determine if evaporative fabric worn under shin 

guards influences thermoregulation and thermal comfort of female soccer players. 
 The exercise sessions you will be completing consist of two days of data 

collection.  Day one will include a maximal oxygen consumption treadmill test, and day 
two will be a treadmill run at 70% of maximal oxygen consumption. 
 The measurements taken will include heart rate, shin temperature, core 

temperature, height, body mass, body surface area, body composition, and oxygen 
consumption.   
 The study should take approximately one hour each day to collect data and 

complete the exercise session. 
 
Risks and Discomforts 
 This exercise protocol may cause a moderate level of physical discomfort.  This 

testing session will result in an increased heart rate and blood pressure.  Due to physical 
exertion, some exercised muscles may experience soreness the day after testing.   
 If at any point you wish to stop your participation, please do not hesitate to tell the 

test administrator. 
 The test administrator is certified in CPR, first aid, and oxygen administration to 

respond to emergencies.   
 
Participant Responsibilities 
 Please communicate with the test administrator if you experience any problems 

before, during, or after the exercise session.   
 
Benefits 
 This study will be utilized to determine if evaporative fabric worn under 

protective equipment reduces skin temperature and increases subjective feelings of 
thermal comfort. 
 You will receive a comparison of your maximal oxygen consumption and percent 

body fat to population norms. 
 
Inquiries 
 Test Administrator:  Melissa LaMere 
 Office:  A-14 Studio West, X2966 
 Email Address:  lamere25@cortland.edu 
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Use of Medical Records 
 The results from physiological and physical measurements will be kept 

confidential for each individual.  Your results will be identified by an assigned number, 
not your name.        
 The only individuals that will have access to your information are the testing 

administrator and assistants.  Collected data will be stored in a locked cabinet. 
 
Freedom of Consent 
 I have read the information on this page, and understand the potential risks and 

discomforts of participation.   
 Any questions I have regarding this information were answered to my 

satisfaction. 
 I understand that I am able to stop the exercise session at any time without 

penalty. 
 I consent to participate in this experimental study. 

 
 
Participant’s signature:  
 
__________________________________   Date:  _________ 
 
 
Signature of Witness:     
 
__________________________________  Date:  _________ 
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Appendix B 
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Appendix C 

 
Health Questionnaire       Subject # ______ 

 
 
Name ____________________________  Date _________ 
 
 
Age _______ years Number of years playing soccer  _______  
 
 
Please answer the following questions regarding your medical history and activity level 
by placing a checkmark in the appropriate column or filling in the blank line. 
 
Medical History 
 
Yes No  
   

   1.  Do you have any history of heart disease? 
  2.  Do you have any pain or discomfort in your chest during exercise? 
  3.  Have you experienced shortness of breath during exercise? 
  4.  Do you suffer from dizziness or fainting?    
              5.  Are you currently taking any prescription drugs for your blood  

pressure?      

  6.  Do you have any history of bone or joint problems? 
          7.  Do you have any family history of cardiac or pulmonary disease before 

the age of 55? 
  8.  Have you been diagnosed with high blood pressure? 
  9.  Has your total cholesterol ever been measured above 240 mg/dl? 
  10.  Do you smoke cigarettes? 
  11.  Do you suffer from diabetes? 
                   12.  Do you know of any health reasons why you should not participate in          

this study 
  13.  Are you allergic to any laundry detergents? 
  14.  Do you have a pacemaker? 

 
 
 
If you answered yes to any of the previous questions, please provide an explanation. 
________________________________________________________________________
________________________________________________________________________
_________________________________________________________ 
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Activity Level 
 
1.  On average, how many days per week do you exercise?       ________ days 

 
2.  On average, how long does each exercise session last?         ________ minutes 

 
3.  Ranging from (1) very easy to (5) very intense, how  

would you rate your level of exercise intensity?      ________ 
     
4.  Are you a member of the varsity, club, or recreational 

 soccer team at this university?    
Varsity      Club  Recreational   

 
5.  Which is your dominant foot?   Right   Left  
 
 
 
Thank you for taking the time to complete this questionnaire. 
 
 
 
Signature:  _________________________________   
 
Date:         _____________ 
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Appendix D 
 

Institutional Review Board Approval 
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Appendix E 
 

Dubois Surface Area Chart 
 

 
According to Dubois, E.F. (1924, p. 143).
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Appendix F 
 

Rating of Perceived Exertion (Borg Scale) 
 
Category Scale    Description 
6       
7      Very, very light 
8 
9      Very light 
10 
11      Fairly light 
12 
13      Somewhat hard 
14       
15      Hard 
16 
17      Very hard 
18 
19      Very, very hard 
20 
 
 
According to Borg, G.A. (1982). 
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Appendix G 
 
Subjective Perceptions of Thermal Comfort    Subject # ____ 
 
1) a)How is the overall thermal   
state of your right shin?    left shin 
 1 very cold     1 very cold 
 2 cold      2 cold 
 3 cool      3 cool 
 4 slightly cool     4 slightly cool 
 5 neutral     5 neutral 
 6 slightly warm    6 slightly warm 
 7 warm     7 warm 
 8 hot      8 hot 
 9 very hot     9 very hot 
 
   b) 1 comfortable     1 comfortable 

2 slightly uncomfortable  2 slightly uncomfortable 
 3 uncomfortable    3 uncomfortable 

4 very uncomfortable 4 very uncomfortable 
 
2)  Is your right shin     left shin 
 1 heavily shivering    1 heavily shivering 

2 moderately shivering 2 moderately shivering 
3 slightly shivering 3 slightly shivering 
4 not at all 4 not at all 
shivering/sweating  shivering/sweating  

 5 slightly sweating    5 slightly sweating 
6 moderately sweating   6 moderately sweating 

 7 heavily sweating    7 heavily sweating 
 
3)  How does the right shin guard feel?  left shin guard 
 1 dry      1 dry 
 2 slightly damp    2 slightly damp 
 3 damp      3 damp 
 4 wet      4 wet 
 
  
Adapted from Nielsen, R., Gavhed, D.C.E., & Nilsson, H. (1989); Bakkevig, M.K. & 
Nielsen, R. (1995).  
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Appendix H 

 
Bruce Treadmill VO2 max Test Protocol 

 
Time (min) Stage Number Speed (mph) Slope (%) 

0:00-3:00 1 1.7 10 
3:00-6:00 2 2.5 12 
6:00-9:00 3 3.4 14 
9:00-12:00 4 4.2 16 
12:00-15:00 5 5.0 18 
15:00-18:00 6 5.5 20 
18:00-21:00 7 6.0 22 
Recovery 
0:00-2:00 

 2.5 12 

 

According to American College of Sports Medicine (2000). 
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Appendix I 

 
Data Collection Day One     Subject # _____ 
 
 
Date  ________  Time ________ 
 
 
1) Ambient Conditions:   
 
Temperature _______ ° C  Relative Humidity _______ % 
 
Barometric Pressure ____ mmHg  Wind Speed _____ km/hr 
 
2) Physical Measurements: 
 
Age ___ years   Height ___ cm   Weight ___ kg  BMI ___ kg/m2 
 
Body surface area _____ m2  Body Fat Percent _____ %  
 
 
3) Exercise Testing: 
 
 
Workload 
(TM speed, 
grade) 

Time 
(min) 

VO2 
(L/min) 

VO2 
(ml/kg/min)

VE 
(L/min) 

RER HR 
(bpm) 

RPE 

Rest 
 

       

Warm-up 
1.7 @ 10% 

       

 
2.5 @ 12% 

       

 
3.4 @ 14% 

       

 
4.2 @ 16% 

       

 
5.0 @ 18% 

       

 
Recovery 

       

 
 
Test Stopped at  _______  min  
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Appendix J 

 
Data Collection Day Two     Subject # ______ 
 
Date  ________ Time ________ 
 
1) Ambient Conditions:   
Temperature _______ ° C  Relative Humidity _______ % 
 
Barometric Pressure ____ mmHg  Wind Speed ______ km/min 
 
2) Physical Measurements: 
Age __ years     Height ___ cm     Weight ____ kg       BMI ___ kg/m2 
 
Body surface area ____ m2    
 
 
*** Shin dressed in evaporative fabric _____ 
  
  
 
3) Exercise Testing: 
 
70% VO2 max ________ ml/kg/min  
 
TM speed ________ mph 
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Subject # ________ 

 
 

 Heart 
Rate 
(bpm) 

VO2 
(ml/kg/
min) 

RER Right 
Shin 
Temp 
(°C) 

Left 
Shin 
Temp 
(°C) 

RPE R 
shingu 
+ sock 
weight
(g) 

L 
shingu 
+ sock 
weight 
(g) 

Dressed  
Body  
Mass  
(kg) 

% 
Body 
Fat 
 

Evap. 
Fabric 
Wt 
(g) 

Core  
Temp 
. (°C) 

Pre-
exercise 
 

            

Warm-up 
(3 min) 

      XXX 
XXX 

XXX 
XXX 

XXX 
XXX 

XXX 
XXX 

XXX 
XXX 

XXX 
XXX 

Exercise 
(6 min) 

      XXX 
XXX 

XXX 
XXX 

XXX 
XXX 

XXX 
XXX 

XXX 
XXX 

XXX 
XXX 

Exercise 
(9 min) 

      XXX 
XXX 

XXX 
XXX 

XXX 
XXX 

XXX 
XXX 

XXX 
XXX 

XXX 
XXX 

Exercise 
(12 min) 

      XXX 
XXX 

XXX 
XXX 

XXX 
XXX 

XXX 
XXX 

XXX 
XXX 

XXX 
XXX 

Exercise 
(15 min) 

      XXX 
XXX 

XXX 
XXX 

XXX 
XXX 

XXX 
XXX 

XXX 
XXX 

XXX 
XXX 

Post- 
Exercise 

XXX 
XXX 

XXX 
XXX 

XXX 
XXX 

XXX 
XXX 

XXX 
XXX 

XXX 
XXX 

   XXX 
XXX 
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Appendix K 

Table 2 

Descriptive Statistics 

 

Shin Temperature (°C) 

1. Evaporative   Mean  Range  Standard  
 Fabric        Deviation 
 
 Rest    33.31  2.72  1.05 

 Warm-up   33.79  2.45  0.93 

 6 minutes   34.39  2.40  0.91 

 9 minutes   35.19  2.41  0.94 

 12 minutes   35.65  2.63  1.04 

 15 minutes   35.89  2.93  1.12 
 
 
 
2. Non-Evaporative  Mean  Range  Standard  
 Fabric        Deviation 
 
 Rest    32.87  3.34  1.24 

 Warm-up   33.28  3.36  1.27 

 6 minutes   33.80  3.62  1.35 

 9 minutes   34.67  3.49  1.26 

 12 minutes   35.26  2.75  1.00 

 15 minutes   35.49  2.37  0.94 
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Shin guard and Sock Weight (g) 

1. Evaporative Fabric  Mean  Range   Standard  
         Deviation  
 
 Pre-exercise   100.37  6.10  2.41 

 Post-exercise   102.33  5.50  2.19 
 
 

2. Non-evaporative Fabric Mean  Range  Standard  
         Deviation 
  
 Pre-exercise   100.73  5.20  1.85 

 Post-exercise   102.67  5.20  1.82 
 
 

Dressed Mass of Subject (kg) 

     Mean  Range  Standard  
         Deviation 
 
 Pre-exercise   65.41  16.27  6.66 
 
 Post-exercise   65.30  16.23  6.64 
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Subjective Rating of Thermal Comfort (see Appendix G) 

1. Evaporative Fabric  Mean  Range  Standard  
         Deviation 
 
 Temperature   4.75  3.00  1.50 
 
 Comfort   1.25  1.00  0.50 
  
 Shivering/Sweating  4.25  3.00  0.96 
 
 Shin Guard Moisture  2.00  2.00  0.82 
 
 
 
2. Non-Evaporative Fabric Mean  Range  Standard  
         Deviation 
 
 Temperature   6.50  4.00  1.00 
 
 Comfort   1.50  1.00  0.58 
 
 Shivering/Sweating  4.75  4.00  0.96 
 
 Shin Guard Moisture  2.25  2.00  0.50 
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Figure 10. 

Adidas Estavelo X-ite Shin guard 

 

(Pittsburgh Soccer & Sports, 2006)  

Figure 11. 

Shin Skins 

 

(Eurosport, 2005) 

 


