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ABSTRACT 

To investigate the effects of two cycling pedal rates on mnning kinematics during 

the cycle-to-mn transition in triathlon. Eight male triathletes (age: 25.7 ± 4.5 yr; 

experience: 8.8 ± 5.8 yr; VOimax: 57.2 ± 6.4 ml/kg min) completed a series of tests on 

different days: V02max cycling test and two treadmill mns (control) followed by cycle-to-

mn transition tests. Athletes performed a 60-minute cycling effort for each of two 

cycling speeds (80 and 100 rpm) at a workload below the individuaFs ventilatory 

threshold. Subjects rapidly moved to the treadmill for a 40-minute post-cycle mn. Right 

sagittal lower extremity kinematic data (60 Hz video) were obtained during the first two 

minutes of each mn and used to quantify stride length and individual joint range of 

motion (ROM) characteristics for 10 strides. Analysis of variance was used to determine 

differences among the three run conditions for each dependent variable. No significant 

(P > 0.05) differences were identified for stride length; average hip, knee, or ankle ROM 

velocity during the stride; hip ROM during the stride; knee ROM during swing; or ankle 

ROM during stance/toe-off These results suggest that the pedal rates used in the current 

study did not adversely affect mnning kinematics at the beginning of the post-cycling 

runs. The implication for triathlon is that mnning perfomiance may not be affected by 

cycling pedal rate. 
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CHAPTER I 

INTRODUCTION 

The first triathlon was held on September 25, 1974 in Mission Bay, California 

(USA Triathlon, 1992). Biathlons, consisfing of a mn followed by a swim, had been in 

existence since 1972 (USA Triathlon, 1992). The emergence of triathlon occurred when 

a bike portion was added to the pre-existing biathlon event. In its 26̂ *̂  year, triathlon 

debuted in the summer 2000 Olympics in Sydney, Australia, recognized as a full-medal 

sport. 

The triathlon is gaining popularity and interest as a sport as evidenced by the 

approximately 2 million athletes worldwide and 200,000 in the United States alone (USA 

Triathlon, 1992). USA Triathlon is the national governing body in the United States; 

however, the International Triathlon Union or ITU, oversees intemational events, 

including the Olympic quahfication and organization process (USA Triathlon, 1992). 

The ITU enforces some mles differently than USA Triathlon although most mles utilized 

are similar (USA Triathlon, 1992; United States Olympic Committee, 1998). 

An obvious difference between the two organizations concerns drafting on the 

bike. Drafting allows a competitor or group of competitors to follow a lead cyclist very 

closely, thereby diminishing air resistance and energy cost by up to 40'/o in a group 

setting (Burke, 1995). Races by the ITU allow drafting, including the 40-kilometer bike 

segment used in the Olympic Games, while USA Triathlon xehemently mles against it, 

including the Hawaii Ironman race (USA Triathlon, 1992; United States Olympic 

Committee, 1998). Most significantly, a draft legal race places greater emphasis on the 



athlete's ability to swim and run because the lead group or groups will be able to work 

together during the draft-legal cycling portion. 

Athletes commonly gain coaching and guidance by either current competitors or 

former athletes that have demonstrated a level of competence at the sport or one of the 

popular newsstand magazines dedicated to the sport. Only recently has a certification 

system for the coaching of triathletes been incorporated in the United States. According 

to Rowlands and Downey (2000), training techniques and programs vary considerably, 

however, common features include the most fundamental elements of successful training. 

These features are based upon principles used in the individual sports and include the 

following: training specificity, periodization, proper nutrition, and hydration (Rowlands 

& Downey, 2000). Physiological performance and adaptations have been of interest to 

researchers, while biomechanical studies have been primarily confined to the individual 

sports (Daniels, 1992). While the relationship between the performances of triathletes to 

the athletes from individual sports cannot be disputed, the plausibility that triathlon may 

require independent research to better understand physiological and biomechanical 

differences or requirements has become apparent (Daniels, 1992). Studies have not 

applied the tools of movement analysis to examine the possible impaired performance 

and discomfort reported by endurance athletes during the bike to mn transition. 

Quantitative data from a biomechanical perspective is lacking and w arrants study to 

optimize performance in this expanding sport. 

Many triathletes have limited time to train and therefore, must carefuUv allocate 

training time to the three disciplines of swimming, cycling, and running. Se\eral 

investigators found that triathletes spend less time training tor indi\ idual sports than 



single-sport athletes, but cumulative training fime is greater as a whole than athletes of 

any of the individual sports (Cedaro, 1993; Rowlands & Downey, 2000). The swim 

portion of a triathlon typically comprises only 17% of the total fime while cycling takes 

roughly 50% and mnning accounts for about 33%) of the race time. Therefore, the bike 

and mn comprise approximately 83%o of the race time. Clearly, improvements in both 

cycling and mnning will be the most advantageous to the competitor. Because the 

cycling portion of the race encompasses one-half of the race time, slight changes in 

average speed may affect the outcome to a large extent. However, if an athlete becomes 

fatigued on the bike, the ensuing mn may suffer and allow the competitors to catch the 

athlete despite a fast bicycling performance (Mayers, Holland, & Heng, 1988). 

Ergonomic aspects of the bicycle become critically important as the mn takes 

place after the bike leg, and changes in posiUon can affect the functioning of the 

musculature involved in mnning. These aspects may include body positioning on the 

bike, choosing the appropriate bicycle frame size and type, and the use of aero-bars 

(Burke, 1986). Proper positioning on the bicycle will provide the cyclist with a 

comfortable, aerodynamic placement that maximizes efficiency and power output while 

incorrect positioning can have deleterious effects on performance, including reduced 

oxygen uptake, inhibited cycling performance, or cramping in the legs or abdominal 

region during the mn (Burke, 1995). 

The transition from the bike to the mn has become even more cmcial because an 

athlete's ability to effectively mn after the bike can be the most infiuential component 

determining finish placement in a draft-legal race. Successful transitions include the 

following components: a safe, fast dismount from the bike, a quick run to rack the bike. 
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donning of footwear, and another mn out of the transition area to begin the mn course. 

Clearly, the ability to mn effectively begins even before the mn course is initiated. If a 

group of triathletes complete the bike portion within seconds of each other, then the 

triathlete with the fastest transition and mn time will achieve the fastest overall time. 

Therefore, if an athlete's gait is inhibited to any extent immediately following the cycling 

portion, they may lose crifical time during the mn. 

Studies examining the effects of cycling on subsequent mnning that is 

characteristic of triathlon endurance events have typically focused on physiological 

factors (Devito, Bemardi, Sproviero, & Figura, 1995; Hue, Gallais, Chollet, Boussana, & 

Prefaut, 1998). Research has focused primarily on the physiological processes during 

endurance sports such as the long-course or ironman triathlons (Daniels, 1992; Devito et 

al., 1995). Daniels (1992) reported that training and nutritional requirements of 

triathletes, along with injuries, were comparable to requirements and injuries manifested 

in athletes of the individual sports. Articles associated with triathlon have concentrated 

on three areas of performance enhancement including dehydration, electrolyte and 

glucose absorption, and physiological responses both during and following the endurance 

event (Daniels, 1992; Rowlands & Downey, 2000). Biomechanical studies examining 

triathlon-specific mnning performance have been infrequent and virtually unpublished in 

peer-reviewed journals. 

Purpose of the Stud\ 

The purpose of this study was to investigate the effects of cycling pedal rate on 

mnning kinematics and neuromuscular timing following the cycle to mn transition in 
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triathletes. Specifically, this study measured gait parameters following the completion of 

concentrated cycling efforts utilizing cycling pedal rates of 80 and 100 rpm. Stride 

length measured during a control mn was used as a reference of unaltered, preferential 

gait. The study was designed to reveal the effects of two cycling rate performances on 

subsequent treadmill mnning at identical mnning velocities. It was hypothesized that 

stride length would increase while stride rate would decrease following an 80-rpm 

cycling performance possibly due to a greater dismption of muscular timing between the 

flexors and extensors of the lower extremity. An increase in stride length over the 

preferred length would result in reduced economy via increased braking impulse and 

therefore a slower mnning time. The second part of this hypothesis was a greater 

increase in stride length after the 80-rpm condition than the 100-rpm condition. The third 

hypothesis of the study was that range of motion for the ankle, knee, and hip between 

conditions would increase for the post-cycling mns. Additionally, range of motion 

velocity measurements for the lower extremity were expected to significantly decrease 

for the post-cycling mns. Finally, EMG onset and offset times were expected to lengthen 

in duration following the cycling performances, thus indicating dismption of muscle 

phasic activity that would be observed through kinematic analysis. 

Need for the Study 

The Intemational Triathlon Union (ITU) go\ems the sport of triathlon at the 

Olympic level, as well as in World Cup and championship e\ ents. The ITU has legalized 

drafting during the cycling leg of the race (Hue et al.. 1998; Row lands LK: Downey, 2000). 

According to Rowlands and Downey (2000), the impact of legalized drafting has been 



significant. The mnning portion of the race has become even more critical while race 

strategies have changed since compefitor placement following the bike is paramount. 

Drafting on the bike retains compefitor proximity and places greater emphasis on the 

triathlete's ability to mn since compefitors will likely transition to the mn in groups 

following the cycling leg. The triathlete's ability to mn may be the determining factor in 

finishing placement in Olympic-distance events since many of the athletes may start the 

mn nearly shoulder to shoulder. 

The ability to mn effectively off of the bicycle is paramount in triathlons and 

duathlons; therefore, the need to maximize power output while minimizing gait 

impairment is a principle concem of a triathlete. The bicycle is obviously a primary 

factor in performance and one that may be improved through engineering. The cyclist is 

the other factor, and it is through research and the application of knowledge to training 

that performance will be improved (Devito et al., 1995). Since competitive triathletes 

will normally have access to identical equipment, performance differences will lie within 

the individual athlete and their methods of training, and competing. 

Limitations of the Study 

The following are limitations of this study: 

1. Video Instmmentation. Errors in video collection and analysis may occur. Possible 

errors include perspective error, camera vibration, picture resolution, placement of 

anatomical markers, digitizing error, and the reduction of video. Video reduction errors 

could occur during transformation and smoothing of the data. The day-to-day testing in 

the study may be influential in the study. Subjects must have time to reco\ er and thus the 



need for three test days. Kinemafic markers, while carefully chosen, may be offset and 

induce measurement error. 

2. Anthropometric Models. Limitations exist using models to determine anatomical 

landmarks and body segment parameters. 

3. EMG Electrode Placement. Electrode placement, electrode movement, and inter-

electrode noise could create artifact resulting in EMG error. 

4. Synchronization of Video with EMG. Time-base error could occur when 

synchronizing the two formats despite careful consideration. 

5. Gas Exchange Measurements. Manual determination of the ventilatory threshold from 

the gas exchange plots could induce error. 

Delimitations of the Study 

The following are delimitations of this study: 

1. The subject's bicycle and the Computrainer may not simulate actual riding conditions. 

2. Treadmill mnning has been determined to show little if any differences compared to 

overground mnning at velocifies performed in this study, however, differences could 

occur between the two conditions, particularly for overground mnning on uneven 

surfaces. 

3. The laboratory setting may impose differences compared to the typical, outdoor 

setting. 

4. The use of measuring tools such as EMG, markers, chest strap, and mouthpiece may 

adversely affect the perfomiance of subjects. 



5. The time periods of cycling and mnning in this study are representative of those found 

in the Olympic distance triathlon and may not be applicable to performances of differing 

time. 

6. Performance during triathlons of the Olympic distance vary in nature due to terrain, 

temperature, wind, status of the athlete, and various other factors to some extent. 

7. The subjects can only be considered representative of the age-group competitive 

triathlete population and results therefore cannot be generalized to all triathletes. 

Although an attempt to find a group of homogenous athletes representative of the general 

triathlete population were made, inherent differences between subjects exist since many 

triathletes and duathletes differ in athletic ability and experience. 

Definitions 

The following terms related to the sport of triathlon, as well as biomechanical and 

physiological research were used in this study. 

Aero-bars: Handlebars that attach to existing drop handlebars and have elbow 

pads. These aerodynamic handlebars or aero-bars allow a cyclist to remain in an 

aerodynamic position by resfing on the bars during steady state cycling. 

Age group Competitor: A triathlete that is not a professional, nor of elite status, 

but competes against competitors of the same age and sex. Age group competitors 

constitute the majority of all subjects. 

Brick: The performance of two or more different modes of exercise w ith a short 

fime period or transifion between modes. Bricks commonly consist of a cycling 

performance closely follow ed by a mn to simulate race situations. 
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Drafting: Drafting while cycling allows a competitor or group of competitors to 

follow a lead cyclist very closely, thereby diminishing air resistance and energ\- cost by 

up to 40%o in a group setting (Burke, 1995). All cyclists travel the same speed with 

individuals performing at unequal efforts. 

Duathlon: An endurance race that consists of mnning, cycling, and mnning. 

Duathlons vary in distance with the typical duathlon consisting of a 5 or 10-kilometer 

mn, 30 or 40-kilometer cycle, and 5 or 10-kilometer mn performed sequenfialh'. 

Footstrike: Initial contact of the subject with the supporting surface (treadmill belt 

in the current study) at the initiation of a stride. 

Neuromuscular Timing: The difference in time between electrical onset and offset 

of selected muscles and the time relationships between contralateral muscles to one 

another. 

Respiratory Exchange Ratio (RER): The ratio of expired carbon dioxide to 

inspired oxygen within the lungs. 

Stride Length: The distance covered in one stride, which is measured between 

successive footstrikes of the same foot. 

Stride Rate: The number of strides completed within a time period, usually one 

minute 

Toe-off Final separation of the subject from the supporting surface (treadmill 

belt) at the completion of a stride. 

Triathlon or Time Trial Bicycle: A bicycle that features a steep seat tube angle 

and frame geometry to better position a rider in the aerodynamic position. The triathlon 

bike nomially has aero-bars to facilitate a comfortable aerodynamic position. 



Venfilatory Threshold (Tvent): The point at which pulmonary ventilation and 

carbon dioxide output begin to increase exponentially rather than linearly. Tvent can be 

determined non-invasively using measured VE / V02 and Vco2-

VOTm̂ v or maximal oxygen uptake (YOTTT^^ ): The maximal capacity for oxygen 

consumption by the body during maximal exertion. 
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CHAPTER II 

REVIEW OF LITERATURE 

The purpose of this study was to invesfigate the effects of cycling pedal rate on 

mnning kinematics and neuromuscular timing following the cycle to mn transition in 

triathletes. Specifically, this study measured gait parameters following the completion of 

concentrated cycling efforts ufilizing cycling pedal rates of 80 and 100 rpm. Stride 

length measured during a control mn was used as a reference of unaltered, preferential 

gait. 

Previous investigators of bicycling performance have primarily focused on the 

following topics: effects of varying body posifion, measuring pedal forces or pedaling 

technique, physiological changes or economy, muscle activity in the lower extremity, and 

component interacfion or improvement (Coast & Welch, 1985; Ericson & Nisell, 1988; 

Jorge & Hull, 1986; Kunstlinger et al., 1985; Marsh & Martin, 1993; Patterson & 

Moreno, 1990; Ryan & Gregor, 1992). Although many researchers have examined 

diverse results due to varying pedal rate (Hagberg et al., 1981; Hagen, Weis, & Raven, 

1992; Takaishi et al., 1994), no studies to date have examined the effect of cycling pedal 

rate on subsequent mnning. The lack of attenfion specific to triathlon perfomiance does 

not leave the researcher in a quandary since the acfivities of cycling and mnning have 

been the targets of considerable observation. Pertinent research in these areas will be 

presented with the objective of illustrafing the development of the general hypothesis that 

factors associated w ith cycling influence running performance in triathlon. 
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Cycling Perfomiance: Pedal Rate 

Neuromuscular changes affecting gait following a cycling performance have not 

been examined. Research, specific to the sport of triathlon, has focused primarily on 

physiological factors while biomechanical elements typically ha\ e been overlooked 

(Devito et al., 1995; Mayers et al., 1988). However, the completed research in the related 

areas of cycling and distance mnning may reveal a relationship between neuromuscular 

changes and the discomfort experienced during the bike to mn transition. More 

importantly, mnning performance may be improved through a better understanding of the 

effects of pedal rate as it affects subsequent mnning. 

Physiological Response 

Considerable research has investigated the numerous factors influencing power 

output and economy during cychng (Coast & Welch, 1985; Ericson & Nisell, 1988; Jorge 

& Hull, 1986; Kunstlinger et al., 1985; Marsh & Martin, 1993; Patterson & Moreno, 

1990; Ryan & Gregor, 1992). Only recenfly have investigations focused research on 

prolonged cycling and the limifing factors to sustained performances (Coyle et al., 1993; 

Lepers, Hausswirth, Maffiuletti, Brisswalter, & Hoecke, 2000; Macintosh, Neptune, & 

Horton, 2000; Patterson & Moreno, 1990; Takaishi et al., 1994). These studies are 

relevant to the endurance sport of triathlon because of the time and power outputs 

performed by the athletes. 

Many of the eariiest studies involving cycling pursued the optimal pedal rale 

corresponding with the lowest oxygen uptake or VOzmas (Hagberg et al., 1974, Seabury, 

Adams, & Ramey, 1977). V02max results were viewed as one of the most critical 
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components determining endurance performance; and therefore, minimizing the athlete's 

oxygen uptake was believed to be an important component in endurance performance. .-\ 

pedal rate of 60 rpm was found to correspond with the highest oxygen uptake during 

these tests of high output and limited durafion (Astrand & Rodahl, 1986). The 

application of exercise testing results to actual cycling conditions may not be particularly 

suitable, since tesfing typically occurs within a 16-minute time period, and cycling 

performances for cyclists can be much longer. In fact, the two designs have contradictory 

goals because V02max tests are designed to attain the highest VO2 while the sport of 

cycling and related tests strive to minimize VO2 uptake and other performance-limiting 

variables. Maximal exercise testing may not reveal changes to endurance athletes during 

sustained performances in which cycling competitors strive to travel a known distance as 

quickly as possible. 

Many researchers have investigated the effects of pedal rate on performance and 

efficiency (Takaishi et al., 1994; Coast & Welch, 1985; Hagberg et al., 1981; Seabury et 

al., 1977). In the study by Coast and Welch (1985), the ideal pedal rate in a group of 

cyclists increased linearly with increased power output. Oxygen uptake and heart rate 

measurements were used for determination of optimum performance in this study. 

Varying protocols have been problematic in determining an ideal pedal rate for cyclists 

although the most recent studies have pointed towards a better understanding between 

pedal rate and performance. The most obvious dilemmas have included the cycling 

experience of the subjects, the power output during the measurements, and the time 

period of the protocol. A common feature underlying these in\ cstigations is the positi\ e, 

linear relationship between increased pow er output and increased pedal rate. 
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The power output for trained cyclists and triathletes will be considerably higher 

than untrained subjects because of the physiological adaptations through training and 

possible technique improvement (Burke, 1995). Therefore, studies involving trained 

cyclists will be addressed, especially those at power outputs more closely related to the 

40-kilometer cycling performance during an Olympic-distance triathlon. Power outputs 

of recreafional and competitive triathletes during a 40-kilometer bicycle ride will 

generally range between 260 and 365 watts for males and 170 to 199 watts for females 

(Sleivert & Wenger, 1993). These athletes may complete the 40-kilometer bicycle ride 

between 60 and 90 minutes. Elite compefitors may break the one-hour mark and produce 

shghtly higher outputs during the race (Coyle et al., 1993; Devito et al., 1995). These 

values and times are considerably longer than those typically found in the completed 

research using some form of short-term exercise testing that may not be representative of 

an actual performance. 

One of the foremost benefits of increasing pedal rate is the decreased vertical 

force necessary to turn the crank at a given power output (Patterson & Moreno, 1990). A 

study conducted by Patterson and Moreno (1990) at 10 revolutions per minute increments 

found a significant decline in pedal force at 90 rpm at an output of 100 watts and a 

likewise change at 100 rpm at 200-watt output. This reduction in required vertical force 

appears to be of increasing importance as power output and time duration increases 

because of the limited power generating capability of the cyclist (Macintosh et al., 2000; 

Patterson & Moreno, 1990). 

Research examining preferred pedaling rate has recently identified a preference 

for rates greater than 90 rpm by experienced cyclists (Marsh & Martin, 1993; Coyle et al.. 
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1991). The study by Coyle et al., (1991) found a more experienced group of cychsts 

were able to produce greater power output than their counterparts due in part to 

generation of greater peak vertical forces upon the crank arm of a bicycle. The study 

analyzed data performed at self-chosen pedal rates of the two elite groups that averaged 

close to 90 rpm while cycling between 50 and 70 minutes. Experienced cyclists 

performed at higher power outputs than less experienced cyclists and exhibited a 

preference toward faster pedal rates. These athletes tend to perform at a lower percentage 

of their available force generating capacity while producing greater power. 

Coyle et al., (1991) analyzed data performed by a group of elite-class cyclists 

pedaling at nearly 90 revolutions per minute. This crank arm rate or pedal rate during 

cycling closely corresponds to the stride rate of elite-class mnners; however, many multi-

sport endurance athletes pedal at rates that vary considerably from this value ranging 

from 80 to 100 rpm. Increasing the pedal rate reduces the required vertical force, but 

may negatively affect the cyclist's performance because of increased metabolic cost, 

which in a triathlon can result in poor mnning performance. However, experienced 

cyclists will pedal at rates greater than 90 rpm for events lasting much longer than the 

combined time taken to complete a 40-kilometer cycle and 10 kilometer mn. 

Coast and Welch (1985) found the most economical pedal rate increased lineariy 

with an increase in power output when using oxygen uptake as the criterion. A recent 

study utilizing EMG supported the use of faster pedal rates when greater power outputs 

are desirable (Macintosh et al., 2000). Macintosh et al., (2000) recently used average 

root mean square (RMS) values from seven lower extremity muscles to measure muscle 

activity at varied rates between 40 and 120 rpm across power outputs ranging from 100 to 
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400 watts. Their study found the pedal rate with the lowest EMG activity shifted to 

higher pedaling rates as the required power output increased. Pedal rates near 60 rpm 

induced the lowest EMG activity at 100-watt outputs, while at outputs of 200, 300, and 

400 watts higher rates of 70, 86, and 99 rpm exhibited the lowest activity. During an 

extended performance, a reducfion in muscle fiber recmitment, especially fast-twitch 

fibers can be advantageous to reduce the onset of muscular fatigue. 

Peripheral fatigue may play a stronger role in performance deterioration as power 

outputs climb. Indeed, research suggests that cyclists may benefit by reducing peripheral 

fatigue even at the expense of increased metabolic consumption (Coast & Welch, 1985). 

Louisy, Jouanin, and Guezennec (1997) found that blood flow was reduced at slower 

contraction velocities requiring higher quadriceps muscle contractions. The reduced 

blood flow may not have impaired performance of limited duration, however, 

performance of extended time may be affected negafively. 

The speed of the cycling movement affects the metabolic efficiency of the cyclist 

in one of two manners: either the muscle contracfion is slow with a reduction in 

metabolic energy cost or a faster contraction occurs with a resultant increase in metabolic 

cost. The relationship between the force-velocity properties of muscles and the resistance 

and velocity of cycling have been investigated in the last decade; however, an ideal 

cycling rate has not been demonstrated for giv en outputs (Macintosh et al., 2000; 

Takaishi et al., 1994). Sargeant (1994) hypothesized an opfimal pedaling rate would exist 

at specific power outputs and that the rate would increase as the power output increased. 

Muscle force-velocity characteristics may be optimized in this manner despite the 

possibility of added metabolic cost. Sargeant's model demonstrated a shift toward 
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increased pedaling rate to generate greater power output in order to maintain optimal 

muscle contractile characteristics. 

Only recently have investigators begun to link pedal rate selection with power 

output and muscular activation. Research has ascertained varying degrees of muscle 

activation at constant power outputs performed at different cycling rates. Reductions in 

activafion occurred at increasing cycling rates with increases in power output (Macintosh 

et al., 2000; Takaishi et al., 1994). The latest research in this area is utilizing additional 

tools such as electromyography and pedal-mounted force transducers to better evaluate 

muscular characteristics as they pertain to cycling performances. Previously, VO2 was 

used as the criterion measure of cycling performance while muscle electrical activity was 

disregarded, however, since many factors hinder cycling performance, research now 

includes EMG as a viable tool in understanding limiting elements. 

Running Performance 

A factor in determining an ideal cycling pedal rate for triathletes may be 

associated with a study by Cavanagh and Kram (1990) that found a strong linear 

relafionship (r > 0.99) between stride length and mnning velocity at speeds found during 

distance mnning. Therefore, if a mnner performs at identical mnning velocities stride 

length should vary little between trials with other factors unchanged. Analysis of stride 

length while mnning at constant velocity following a cycling performance may assist in 

determining a pedal rate most beneficial to triathletes. Researchers observed both 

overground and treadmill running and found no significant differences in kinematics at 

velocities between 3.33 and 4.78 meters per second for males and 3.45 and 4.80 meters 
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per second for females (Cavanagh & Kram, 1990; Elliott & Blanksby, 1976). These 

mnning velocifies correspond to 10 kilometer mnning times for age-group subjects 

ranging from a 35 to 50-minute performance. 

Stride Length and Stride Rate 

The study by Cavanagh and Kram (1990) and another by Hogberg (1952) 

discovered that mnners maintain stride rate over a range of velocities commonly 

exhibited during distance mnning. Economy preference by mnners may explain the 

stride rate selection employed at varying speeds. Runners have been found to select a 

consistent stride rate despite velocity changes (Cavanagh & Williams, 1982; Hogberg, 

1952). Cavanagh and Wilhams (1982) speculated stride length is selected to minimize 

metabolic cost or mechanical power demands since deviation from the chosen stride 

length resulted in increased oxygen uptake. 

Performance disparities may become apparent after a concentrated cycling 

protocol if stride length is compromised. A study by Elliott and Roberts (1980) found 

significant changes in kinematic data in middle-distance mnners in the last quarter of a 

constant velocity 3,000-meter performance. The observed changes included a decrease in 

stride length and increase in stride rate as mnning velocity was constant. Additionally, 

support time increased as flight fime decreased while leg extension increased 

significantly at footstrike, thus positioning the plant foot forward with respect to the 

body's center of gravity and decelerating the body to a greater extent. 

During a relatively short event such as the 3000-nieter mn, oxygen debt incurred 

during the last quarter of the run associated with decelerating forces may be permissible. 
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Cavanagh and Williams (1982) determined slight under-striding is preferable to over-

striding from an efficiency standpoint. However, a compromised stride length during a 

10-kilometer mn that was preceded by a 40-kilometer cycle performance would 

presumably be detrimental and constant velocity would become unsustainable due to the 

increased energy expenditure. Adrian and Cooper (1995) stress the importance of energv 

conservation for longer distance events and point out that a change in stride length 

between -5 and +10 cm will negatively affect energy cost. 

Dillman (1974) found more skilled mnners exhibit greater knee flexion during the 

recovery phase. These mnners also undergo less support time and possess a greater stride 

length than less skilled mnners of comparative anthropometric measurements. A 

kinematic study of distance mnning observed stride length increases as well as increases 

in knee flexion and thigh flexion during the recovery phase as time progressed (Williams, 

Snow, & Agmss, 1991). Prior to this study invesfigations of mnners during sustained-

velocity distance mnning did not address performances at competitive levels. Therefore, 

it was not feasible to establish standards or figures for variables that characterized 

superior distance mnning. 

Williams and Cavanagh (1987) stated that although mnning style has a global 

effect on mnning economy, the interaction of specific variables has been difficult to 

measure and associate w ith resultant changes in economy. Their comprehensive studv 

strove to identify the value of mnning mechanics and any relationships to running 

economy. The mechanical identifiers indicating superior mnning economy w ere varied. 

Williams and Cavanagh (1987) determined the efficient and inefficient forces created by 

the mechanical identifiers would conv erge and result in a combined metabolic cost. 
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Furthermore, these idenfifiers varied considerably between subjects and may be 

associated with anthropometric and physiological differences (Williams & Cavanagh. 

1987). Williams and Cavanagh (1987) suggested mechanical variables may be closely 

related to individual differences and these variables may be optimized through practice. 

The complexity of identifying mechanical variables and their exact contribution towards 

mnning performance was deemed extremely difficult because of the numerous variables 

involved, however the determination that preferred mnning gait in experienced mnners is 

opfimized for economy has been recognized (Cavanagh & Kram, 1990). In conclusion, 

several investigators have found evidence supporting economy opfimization by 

experienced mnners by virtue of freely chosen stride length and stride rate (Cavanagh & 

Kram, 1990; Hogberg, 1952; Williams & Cavanagh; 1987). 

Muscular Activation/Timing 

Neuromuscular changes and movement alterations resulting from the effect of 

cycling on subsequent mnning have not been examined thoroughly. However, the 

completed research in areas of cycling and distance mnning may indicate a relationship 

between pedal rate and the contractile properties of the leg and thigh muscles that 

negafively affect athletes during the transitory phase. A possible deficiency of the 

muscles to contract as a resuk of the cycling activity may contribute to instability and 

reduced performance during an ensuing mnning performance. 

An inability of the muscles to generate force has a direct impact on triathlon 

performance due to the sustained production of power demanded by the triathlon e\ ents. 

Muscular electrical acfivity and force generation may be compromised as the triathlon 
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proceeds through each of the three events. The identification and measurement of 

inhibifing factors to muscular contraction is difficult, however, the effects on 

performance cannot be ignored. Past and recent studies have shown factors contributing 

to muscular impairment that may explain performance detriment and lead to the selection 

of an ideal pedal rate (Arendt-Nielsen & Mills, 1988; Boulange, Cnockaert, Lensel, 

Pertuzon, & Vigreux, 1979; Esposito, Orizio, & Veicsteinas, 1998). 

Previous research has shown that as muscle fatigue increases, the acfion potential 

of the motor units decreases and the duration lengthens (Boulange et al., 1979; Esposito 

et al., 1998). A study by Arendt-Nielsen and Mills (1988) found reduction in conduction 

velocity as time progressed during isometric contractions. Arendt-Nielsen and Mills 

(1988) discovered reduced performance at slower contracfile velocities that may be 

affiliated with neural impairment. The reduced conduction velocity after sustained 

contractions could hamper the activation of the muscle, and therefore, affect performance 

after cycling. After fatigue, the recmitment of motor units is increased because of 

reduced force production generated and an increase in peak electromyogram (EMG) 

value is often observed (Chan, Andres, Polykovskaya, & Brown, 1998). Fast-fatigable 

muscle fibers tend to contribute more to electromyographic (EMG) activity during 

fatigued states, and trained endurance athletes may be better able to w ithstand fatigue 

because of the contribution of Type I or slow-twitch muscle fibers (Chan et al., 1998). 

Another hypothesis presents the idea that fatigue of the agonist muscle, in this 

case the quadriceps group, may cause an increased contribution by the antagonist group 

or hamstrings (Ebenbichler et al.. 1998). The hamstrings will act as a stabilizing agent 

during increased loading upon the quadriceps and help support the knee joint 
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(Ebenbichler et al., 1998). The collective resuft of these acfions may prevent unilateral 

movement within the joint, and therefore, injury. However, efficiency and performance 

may suffer as a resuh, especially if the timing of the coacfive muscle contractions is 

altered by fafigue (Ebenbichler et al., 1998). The specific changes measured included 

decreased median frequency shifts within the fatigued biceps femoris and rectus femoris 

with the former fafiguing at a faster rate (Ebenbichler et al., 1998). The EMG 

measurements of the other quadriceps muscles also decreased in the experiment, but w ith 

significantly different frequency shifts (Ebenbichler et al., 1998). 

Another hypothesis presented by Ebenbichler et al., (1998) proposed the different 

actions of cycling and mnning utilize the monoarticular muscles and biarticular muscles 

of the thigh differently, and the net result may be reduced regulation of the contractions. 

Concentric movement during cycling differs from eccentric pattems during mnning. A 

possible deficiency of the muscles to contract as a result of the cycling activity may 

contribute to instability and reduced performance during a subsequent mnning 

performance. 

The literature presented conceming cycling and distance mnning are beneficial in 

developing the methodology in determining advantageous pedal rate for Olympic-

distance triathlon. The vast amount of research in both activities has led to the current 

study of triathlon performance, and although several options were considered, the 

following techniques in measuring performances were supported by the research. 
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CHAPTER III 

METHODOLOGY 

The purpose of this study was to invesfigate the effects of cycling pedal rate on 

mnning kinematics and neuromuscular timing following the cycle to mn transition in 

triathletes. Specifically, this study measured gait parameters following the completion of 

concentrated cycling efforts ufilizing cycling pedal rates of 80 and 100 rpm. Stride 

length measured during a control mn was used as a reference of unaltered, preferential 

gait. The study was designed to reveal the effects of two cycling rate performances on 

subsequent treadmill mnning at identical mnning velocities. The literature devoted to 

distance mnning has increased substantially in the past three decades and research 

relating to stride rate and stride frequency were used as the basis for gait analysis. Gait 

parameters included the analysis of variables deemed meaningful by the distance mnning 

literature including stride length, stride rate, and joint angles of the lower extremity at 

crifical points of the gait cycle. Additionally, electromyographic measurements were 

recorded to provide insight into the fiming and activity of the lower extremity 

musculature. 

Overview 

All subjects completed three days of testing. Subjects completed three tests 

consisting of a V02max cycling test followed by two transition tests. The transition tests 

consisted of cycling efforts at workloads just under the measured ventilator) threshold for 

each subject with an immediate change to the treadmill for post-cycling running. Subjects 



performed two transition tests at constant pedal rates of both 80 rpm and 100 rpm prior to 

subsequent mnning on the treadmill. These tests replicated race performances w ith the 

cycling portion being followed by a treadmill mn to determine the extent that gait was 

affected by the cycling protocol. It was hypothesized that the two cycling pedal rates 

would elicit different alterations in mnning technique that would assist in the 

determinafion of an ideal cycling pedal rate. Specifically, it was believed that the cycling 

pedal rates would alter stride length in different fashions and affect subsequent mnning 

performances. EMG measurements acquired from the vastus lateralis, biceps femoris, 

gastrocnemius, fibialis anterior, and gluteus maximus muscles were to be compared for 

timing differences to further explain any observable gait differences. 

Subjects 

Experienced male duathletes and triathletes (ages 18-39 years) volunteered for 

this study. The subjects were age-group competitive athletes who currently trained for 

and participated in either duathlons or triathlons. Duathletes were accepted since the 

swim portion of a triathlon was not a factor in this study. 

Subjects were required to produce verification of completion of a minimum of 

two duathlons and/or triathlons during the previous season. Furthemiore, subjects had 

participated in both cycling and mnning training sessions for the last six weeks w ith no 

more than a five-day consecufive layoff within those six weeks. Subjects had no current 

injury or pain affecting the lower extremitv that had altered participation within the last 

six months. These requirements ensured that subjects had the appropriate le\ el of 
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physical conditioning for participation in the study and excluded subjects that could hav e 

been at potential risk for injury. 

Instmmentation 

List of Instmments 

The following instmments were used for data collection and subject preparation 

during the study. 

1. Quinton Q55 Treadmill. 

2. Quinton 4000 Stress Test Monitor (ECG). 

3. MedGraphics Cardiopulmonary Exercise System (CPX/D) utilizing Breeze Ex 

Software. 

4. Computrainer stationary ergometer (Pro Basic model). The Computrainer was 

utilized to simulate actual riding conditions and allow incremental power 

measurements for all testing. The unit also displayed real-time pedal rate through the 

use of a magnetic sensor pickup placed near the crankarm and a magnet attached to 

the crankarm. The Computrainer also displayed elapsed cycling time. 

5. Subject's bicycle. The personal bicycle of each subject was used while performing 

all tests. The subject's clipless pedals and personal cycling shoes were used as w ell. 

6. Polar Electronics (Protrainer model) portable telemetry heart rate monitor. The 

Protrainer has user-programmable heart rate zones that can be set by one beat 

increments. The unit has both audible and \ isual alamis. 

7. Motion Control EMG electrodes (pre-amplified). See Appendix B for speeificalions. 

A total of five units were used with one placed at each of the following sites of the 
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left lower extremity: gluteus maximus (GM), rectus femoris (RF), biceps femons 

(BF), fibialis anterior (TA), and gastrocnemius (GA). 

8. Panasonic 30 Hz video camera (PV-A208 model). 

9. Panasonic videocassette recorder (AG-7350 model). The recorder has the ability to 

split frames into fields, thus providing 60 Hz capabilities. 

10. Anel Performance Analysis System. 

11. Colortran Cine-Queen lamps (112-031 model). 

12. Reflective tape (silver-colored). 

13. Manual goniometer. 

14. Detecto weight scale model 080. 

15. Falcon meter stick. 

16. Calibration cube (custom). 

Description of Major Instmments 

Two-dimensional kinematics were recorded using the Panasonic camera 

connected directly to the Panasonic videocassette recorder. The video camera was 

positioned eight meters from the center of the treadmill belt with the lens approximately 

one-meter above the floor level, perpendicular to the subject. The camera w as set at a 

shutter speed of 1/10000 second and directed at the right sagittal view of the subject. .V 

Colortran lamp placed adjacent to the camera and directed toward the field of activity 

provided lighting during filming. 

EMG electrodes were fastened to the subject following skin preparation w ith 

double-sided tape after palpating the belly of each muscle. Electrode gel was used to 
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insure posifive electrical conductance with the skin's surface. Athletic prewrap w as used 

to secure the electrode wires during the testing to minimize artifact resulting from 

equipment movement. 

The gluteus maximus, rectus femoris, biceps femoris, tibialis anterior, and lateral 

head of the gastrocnemius muscles were selected for EMG measurements to best explain 

any resulting kinematic differences following the cycling performance. Previous 

investigators have analyzed the timing of these muscles for both mnning and cycling 

activities (Jorge & Hull, 1986; Gregor, 2000; Ryan & Gregor, 1992). Primary, 

contralateral lower extremity muscles contribute greatly to force production during 

locomotion and therefore should exhibit the most notable differences affecting mnning 

performance. 

Baseline EMG measurements were recorded along w ith resting heart rate as the 

subject lay prone in the anatomical position. EMG signals were obtained using pre-

amplified Motion Control EMG electrodes sampled at a frequency of 1000 Hz on the 

APAS. Fifteen seconds of data were recorded and saved to the hard drive for later analysis. 

Procedures 

V02max Testing 

Subjects reported to the Physiology Lab at Texas Tech Univ ersity in triathlon 

clothing (swim/cycle briefs, cycling jersey or sport top, low-cut socks, and personal 

mnning shoes of the trainer type) along w ith their personal bicycle. Anthropometric 

measurements, including height (cm), mass (kg), and low er extremity lengths (sec 

Appendix B) were taken prior to testing. In addition, personal athletic historv (see 
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Appendix B) of each subject was recorded including: years of triathlon, mnning, and 

cycling experience along with preferred endurance event. The investigator positioned the 

subject's bicycle on the Computrainer ergometer while the subject read and signed a 

consent form and PAR-Q questionnaire. After obtaining informed consent from each of 

the subjects, the subject was familiarized with the ergometer during a 5-10 minute 

calibration of the Computrainer ergometer according to manufacturer specifications. The 

subjects then had the opportunity to stretch for five minutes before the maximal cycle 

test. Heart rate was measured using three lead ECG electrodes applied to the subject at 

the right and left shoulders as well as below the ribs following skin preparation with a 

disposable razor, alcohol swab, and light abrasion of the skin with gauze pad. 

The subjects were asked to complete a continuous, incremental V02max cycle 

ergometer test to volitional fatigue using the Computrainer ergometer. VO2 and 

associated gas exchange parameters were determined utilizing a MedGraphics CPX/D 

metabolic cart. Subjects breathed through a low-dead space mouthpiece fitted with 

sample lines to the MedGraphics gas analyzing system. The subject performed the test at 

a self-selected pedal rate. The test began with the subject cycling for about 5 minutes at a 

50-watt workload to allow the respiratory exchange ratio to stabilize. Once stabilization 

had occurred, the workload was increased to 100 watts followed by 30-watt increases at 

two-minute intervals until volitional exhausfion (Sleivert & Wenger, 1993). The 

attainment of at least two of the following criteria were used to confirm the completion of 

a maximal test: a respiratory exchange ratio (RER) greater than 1.10, leveling off of \'02 

despite an increase in workload, and a measured heart rate within 15 beats of age-
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predicted maximal heart rate calculated by 220 beats minus the subject's age (ACSM, 

2000). 

All gas measurements were preceded by a calibration of the Medgraphics gas 

analysis system using certified O2 and CO2 gases of known composition. Gas volume 

was calibrated utilizing a 3-liter calibration syringe. The major cardiorespiratory 

measurements were collected on a breath-by-breath basis and averaged in 30-second 

intervals for the determination of individual Tvent using a montage of graphs. The 

ventilatory threshold (Tvent, ml * kg'' * min"') was calculated using the V-slope method 

described by Beaver, Wasserman, & Whipp (1986). The V-slope method uses the point 

at which the plotting of VCO2 converges with VO2 to determine the Tvent. V-slope 

determination of Tvent was confirmed using the graph of VE / V02, which has proven to 

be an accurate indicator of ventilatory threshold (Caiozzo et al., 1982). 

The performance of cyclists participafing in this study varied in maximal 

sustained power output between 200 and 400 watts. Subjects completed the progressive 

intensity of the test within 8-20 minutes. The measured heart rate and ventilatory 

parameters obtained during maximal testing were used to estimate the cycling workload 

during the transifion testing. The knowledge of each individual's ventilatory threshold 

permitted the researcher to simulate racing effort and ensure the testing was completed 

safely. 

Upon complefion of the VO2 testing, subjects scheduled other visits to perfomi 

the two transition tests. These visits occurred between two and thirty days follow ing the 

V02max tes t . 
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Transition Tests 

Pre-Cycling Run 

The transition testing sessions began with a brief recap of the protocol. Reflective 

markers were affixed with adhesive athletic tape on the right side of the subject at the 

following locations: point on shoe corresponding with the head of the fifth metatarsal, 

heel of the mnning shoe, lateral malleolus, femoral condyle, greater trochanter, and 

estimated glenohumeral joint center. 

The Polar chest transmitter and EMG electrodes were fastened to the subject 

following skin preparation with a disposable razor, alcohol swab, and light abrasion of 

the skin with gauze pad to reduce skin to electrode impedance. The Polar chest 

transmitter was secured around the subject's chest while the investigator wore the display 

unit. The EMG electrodes were attached with double-sided tape to the skin by palpating 

the belly of the gluteus maximus, rectus femoris, biceps femoris, tibialis anterior, and 

lateral head of the gastrocnemius. Electrode gel was used to insure positive electrical 

conductance with the skin's surface. Athletic prewrap was used to secure the electrodes 

during the testing. 

Baseline EMG measurements were recorded along with resting heart rate as the 

subject lay prone in the anatomical position. EMG signals were obtained using Motion 

Control pre-amplified surface electrodes sampled at a frequency of 1000 Hz on the APAS 

(Ariel Performance Analysis System). Fifteen seconds of data were collected and stored 

in raw form for later analysis using APAS and custom laboratory software. 

Subjects warmed up for 3-5 minutes on the treadmill before increasing the 

treadmill to a speed that elicited a heart rate just below the heart rate corresponding to the 
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Tvent during the V02max test. Once a steady-state heart rate had been reached, EMG and 

video recording were obtained for a period of 15 seconds at two-minute intervals to be 

used as pre-cycling values. Subjects completed approximately fifteen minutes of mnning 

before transferring to their bicycle to perform the cycling performance. 

Cycling Performance 

The cycling workload was set at a power output 30 watts below the power output 

that elicited the subject's Tvent during the V02max test. The researcher and subject had 

the Computrainer pedal rate display to confinuously monitor their pedal rate. The 

subjects were allowed to change posifions on the bicycle during their performance. The 

subjects were fan-cooled and supplied with water during the cycling phase to retard 

dehydration and simulate actual performance. Upon completion of the cycling phase, the 

subjects dismounted the bicycle and donned mnning shoes during the transition to 

mnning. 

Post-Cycling Run 

Subjects began treadmill mnning at the pre-cycling belt speed as quickly as 

possible. Delay time between cycling and mnning was no more than 60 seconds since 

the treadmill was adjacent to the cycle ergometer. Post-cycling EMG activity w as 

recorded as soon as the treadmill speed became constant (<30 seconds) and 30 seconds ot 

video recording occurred concurrently with EMG recording. Subjects continued running 

for forty minutes with 30 seconds of video recording initiated at fivc-minute intervals. 

The treadmill was then slowed for the subject to recover, and the testing u as terminated. 
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Second Transition Testing 

The second transition test replicated the first transition test, except that subjects 

performed using the altemate pedal rate (i.e., 80 rpm or 100 rpm; order altemated among 

subjects) at a power output equivalent to the first transition performance. 

Data Reduction and Analysis 

Video Analysis 

The speed of the treadmill was determined by using a reflective marker affixed to 

the belt of the treadmill and using the video camera to film the belt while the subjects 

were mnning. The known film speed (60 Hz) was used to calculate the actual speed of 

the belt in meters per second for the treadmill and verified with the treadmill speed 

display. The APAS was used to analyze the video kinematics for subjects, determine belt 

speed for each subject, and determine stride length for the control and both pre- and post-

cycling conditions. 

The reflective markers on the subjects were digitized and scaled in the APAS by 

converting the spatial dimensions to distances in centimeters using a four-point reference 

cube that was placed in the field of video recording corresponding with the right sagittal 

plane of the subject. The digitized data was smoothed using a low pass Butterworth 

Digital Filter (4 '̂'-order, two-pass) that is integrated in the APAS software system. An 8-

Hz cut-off frequency was used for all values was detemiined by analysis of smoothed 

data at multiple values by implementation of an optimal filter algorithm via custom 

laboratory software. The optimal filter calculated 7.5-Hz as the ideal value. Howe\er, 
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software increments were limited to whole number increments. Visual inspection of the 

smoothed data ufilizing the 8-Hz frequency verified proper smoothing without data loss. 

The segments of the body used for analysis included the foot (fifth metatarsal to 

heel), leg (lateral malleolus to the lateral epicondyle), thigh (lateral epicondv le to the 

greater trochanter), and tmnk (greater trochanter to the estimated glenohumeral joint 

center). Two adjacent segments defined the joint angles as follows: ankle (foot and leg), 

knee (thigh and leg), and hip (tmnk and thigh). All joint angles were referenced to zero 

degrees in anatomical position. Positive values reflected increased flexion of the knee 

and hip, and dorsiflexion of the ankle while negative values indicated decreased flexion 

of the knee, extension of the hip, and plantar flexion at the ankle. 

The APAS was used to determine stride length for all conditions. Maximal and 

minimal joint angles and ranges of mofion of the ankle, knee, and hip were analyzed from 

the treadmill mnning. Additionally, range of mofion velocity for the ankle, knee, and hip 

were calculated during the stance phase of the stride. 

EMG Analysis 

Electromyographic measurements were planned to provide insight into the timing 

and activity of the lower extremity musculature; however, electromyography was 

abandoned due to conductivity problems with excessive perspiration associated w ith the 

extended nature of the cycling performance. The amended analysis included average hip, 

knee, and ankle ROM velocities during the stride along with qualitative assessment of 

angle-angle diagrams following the problems w ith electromyographic collection. 

Qualitative analysis was carried out using angle-angle diagrams of the lower extremity 
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joints. The resulfing angle-angle diagrams were used to identify different pattems of 

movement between subjects and across condifions. 

Stafisfical Design and Analysis 

Descriptive stafistics were conducted to gain a general understanding of kinematic 

changes in the study. Group analysis included seven one-way ANOVA's for each of the 

dependent variables across the three conditions: control, post 80-rpm, and post 100-rpm 

mns. The seven dependent variables included the following: stride length; hip ROM 

during stride; knee ROM during swing; ankle ROM from maximal extension to toe-off; 

and hip, knee, and ankle ROM velocity. Alpha level was set at 0.05 for all tests. The 

possible inflation of alpha due to the number of tests was acknowledged prior to 

performing statistical procedures. Williams and Cavanagh (1987) identified independent, 

highly correlated groups of variables in mnning by utilizing a factor analysis. Their 

analysis resulted in seven groups of factors for kinematic variables. The seven variables 

selected for analysis in this study were spread across five of the factors, thus minimizing 

analysis of variables generally considered highly correlated. 

Single subject angle-angle diagrams were assessed qualitatively for general 

pattems of stride-to-stride variability across conditions. The evaluation of global 

movement pattems was included to provide insight into altered movement affecting 

mnning performance. 

34 



CHAPTER FV 

RESULTS 

The purpose of this study was to invesfigate the effects of cycling pedal rate on 

mnning kinematics and neuromuscular timing following the cycle to mn transition in 

triathletes. Specifically, this study measured gait parameters following the completion of 

concentrated cycling efforts ufilizing cycling pedal rates of 80 and 100 rpm. Stride 

length measured during a control mn was used as a reference of unaltered, preferential 

gait. 

Kinematic variables included in the analysis were stride length, hip ROM dunng 

the stride, knee ROM during swing, and ankle ROM during stance/toe-off 

Electromyographic measurements were planned to provide insight into the timing and 

activity of the lower extremity musculature; however, electromyography was abandoned 

due to conducfivity problems with excessive perspiration associated with the extended 

nature of the tests. The amended analysis included average hip, knee, and ankle ROM 

velocities during the stride along with qualitative assessment of angle-angle diagrams 

following the problems with electromyographic collection. The reported ROM velocities 

for the hip, knee, and ankle represent the average velocity for each joint during the 

complete ROM of the gait cycle. 

Group Descriptive Results 

Individual subject data and descriptive results for all physiological variables arc 

presented in Table 1. The mean height and mass for all subjects was 180.3 ± 6.S cm and 
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76.6 ± 8.8 kg, respectively. The mean age and expenence of subjects in endurance sports 

was 25.4 ± 5.0 and 8.9 ± 5.8 years respecfively. The cycling V02.ax mean v alue for 

subjects was 58.1 ± 6.4 ml * kg ' * nun'. The percent of predicted V 0 2 _ mean was 

143.1 ± 20.4 %. Measured VO2 at venfilatory threshold was 37.7 ± 5.3 ml * kg ' * min"'. 

The mean percentage of V02n.ax at ventilatory threshold was 64.2 ± 4.4 %. Ventilatory 

threshold mean values for triathletes have been measured between 64% - 92% of VO2: 

for cycling and between 73% - 92% of V02n.ax for mmiing (Sleivert & Wenger, 1993). 

The mean cycling performances of subjects during the VOŝ ax test was at the lower end 

of values obtained by Sleivert and Wenger (1993). Finally, the power output at 

venfilatory threshold for subjects averaged 205.0 ± 32.1 watts, a value consistent with 

those of competitive cychsts. 

Table 1. Subject Data and V02max Cycling Values. 

'zmax 

Subject 

1 
2 
3 
4 
5 
6 
7 
8 

Mean 
S.D. 

Ht 
(cm) 

172.7 
187.9 
188.0 
180.3 
175.3 
188.0 
172.7 
177.8 

Mass 
(kg) 

68.2 
80.0 
95.5 
72.7 
73.2 
77.7 
77.3 
68.2 

Age 
(Yrs) 

20 
25 
26 
33 
25 
22 
20 
32 

Experience 
(Yrs) 

5 
12 
5 

20 
12 
10 
2 
5 

180.3 
6.8 

76.6 
8.8 

25.4 
5.0 

8.9 
5.8 

V02 Max 
(ml*kg-1* 

min-1) 

52.8 
57.6 
60.8 
66.6 
62.8 
46.3 
61.6 
55.9 

58.1 
6.4 

Predicted V02 Tvent 
V02 Max (ml *kg - r 
(%Pred.) min-1) 

122.0 
139.0 
161.0 
173.0 
152.0 
109.0 
145.0 
144.0 

143.1 
20.4 

30.8 
34.4 
43.0 
45.6 
41.7 
32.9 
38.0 
35.0 

37.7 
5.3 

V02 
Tvent 

(%) 

58.0 
60.0 
66.0 
68.5 
66.0 
71.0 
61.7 
62.6 

64.2 
4.4 

Watts@ 
Tvent 

160 
220 
220 
250 
220 
160 
220 
190 

205.0 
32.1 

Notes: Experience = endurance training in years; Tvent = \ eniilatory threshold; 
Pred. = Predicted 
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Heart rate measurements taken during the cycling performances rev eal a mean 

heart rate 8.1 beats per minute lower during the 80-rpm compared to the 100-rpm cycling 

performance as shown in Table 2. Addifionally, the mean heart rate during the entire mn 

performance resulted in less than one beat per minute difference across all subjects. The 

heart rate data collected during the mn performances is displayed in Table 3, with the 

average difference between conditions at the lower right comer of the table. 

Table 2. Heart Rate Measurements During Cycling 

Subj 

1 
2 

3 
4 
5 
6 
7 

8 

Mean 
S.D. 

20 min 

145 
141 
141 
155 
145 
141 

143 
123 

80 rpm 

40 min 
* 

143 
141 
154 
* 

139 
142 
126 

60 min 

149 
145 
141 
150 
147 
141 
142 
131 

141.8 

8.9 

140.8 
9.0 

143.3 
6.1 

20 min 

148 
145 
147 
148 
153 
148 
149 
140 

100 rpm 
40 min 

* 

145 
151 
154 
* 

150 
155 
142 

60 min 

161 
148 
153 
156 
158 
153 
158 
140 

147.3 
3.7 

149.5 
5.1 

153.4 
6.7 

Average Difference (80-100) 

20 min 40 min 60 min 
-3 * 12 
-4 -2 -3 
-6 10 -12 
7 0 - 6 
-8 * -11 
-7 -11 -12 
-6 -13 -16 
-17 -16 -9 

-5.5 -6.5 -10.1 
6.6 6.7 4.1 

Mean 
-7.5 
-3.0 
-9.3 
0.3 
-9.5 
-10.0 
-11.7 
-14.0 

-8.1 
4.7 

Note: rpm = Rev. per min.; times are estimated elapsed time during the performance 
* denotes absent value 



Table 3. Heart Rate Measurements During Running 

Subj 
1 
2 
3 
4 
5 
6 
7 
8 

Mean 
S.D. 

Ctrl 
142 
140 
153 
144 
141 
150 
140 
128 

80 
3min 
149 
142 
151 
143 
150 
154 
149 
135 

rpm 
20min 38min 

* 

144 
153 
144 
150 
162 
149 
141 

* 

150 
155 
144 
151 
170 
149 
143 

142.3 
7.5 

146.6 
6.2 

149.0 
7.1 

151.7 
9.1 

Ctrl 
132 
142 
154 
141 
141 
150 
139 
139 

100 
3min 
144 
142 
155 
146 
142 
150 
154 
141 

rpm 
20min 

* 

144 
154 
148 

* 

155 
148 
142 

38min 
146 
148 
151 
149 
150 
159 
153 
144 

142.3 
6.8 

146.8 
5.6 

148.5 
5.2 

150.0 
4.6 

Average Difference (80-100) 
Ctrl 
10 
2 
1 
3 
0 
0 
1 

11 

3min 20min 
5 
0 0 
-4 -1 
-3 -4 
8 
4 7 
-5 1 
-6 -1 

38min 
* 

2 
4 
-5 
1 

11 
-4 
-1 

3.5 
4.4 

-0.1 0.3 
5.2 3.7 

1.1 
5.4 

Mean 
4.0 
0.7 
-0.3 
-4.0 
4.3 
7.3 
-2.7 
-2.7 

0.8 
4.0 

Note: Ctrl = control mn; * denotes absent value 

Representative ankle, knee, and hip joint angle data for one subject (subject 8) are 

shown in Figures 1, 2, and 3. ROM and velocity variables were attained using the 

conventions shown in the figures. The maximum and minimum joint angles were 

idenfified and the difference was taken to find ROM, while the average velocity was 

computed by dividing the ROM value by the time interval in which ROM occurred. 

Velocity was calculated using the following formula: 

Vi = (max Oi - min Oi) / (time @ max 0, - time @ min Oi), 

where Vi = average velocity, 0i = joint angle, i = for a given stride. 
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s8 Control Ankle 

Sample 

Figure 1. Representative Ankle Joint Angle for One Stride. 

s8 Control Knee 

100 

Sample 

Figure 2. Representative Knee Joint Angle for One Stride. 
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s8 Control Hip 

Sample 

Figure 3. Representative Hip Joint Angle for One Stride. 

The mean mnning performance values by subject and condition appear in Tables 

4, 5, and 6. The mean stride rate per minute (strides/min), mnning velocity (m/s), and 

pace (min/mile) are provided followed by the seven variables used in the statistical 

analysis. The stride rate exhibited during the mean often strides for the control, 80-rpm, 

and 100-rpm performances was 88.34 ± 2.23, 88.04 ± 2.34, and 87.65 ± 2.81 strides/min, 

respectively. The mnning velocity remained constant for each subject and averaged 3.46 

± 0.35 m/s during each forty-minute mn. The mean mnning pace for all subjects was 

7.81 ± 0.75 min/mile. 

The mean stride length for each condition was 2.35±0.23,2.36±0.23, and 2.37 

± 0.25 m, for the control, 80-rpm, and 100-rpm performances, respectively. Mean stride 
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length values were higher in both of the post-cycle mn performances compared to the 

control mn. 

Table 4. Descriptive Data for Control Run. 

Subj 
1 
2 
3 
4 
5 
6 
7 
8 

Stride/ 
Min 

85.92 
89.64 
84.36 
89.10 
87.30 
89.70 
90.18 
90.48 

Vel 

(m/s) 
3.11 
3.73 
3.22 
3.94 
3.94 
3.24 
3.33 
3.21 

Pace 

min/mile 
8.63 
7.19 
8.33 
6.81 
6.81 
8.28 
8.05 
8.36 

Mean 
SD 

88.34 
2.23 

3.46 
0.35 

7.81 
0.75 

Stride 
Length 

(m) 
2.17 
2.50 
2.29 
2.65 
2.71 
2.17 
2.22 
2.13 

2.35 
0.23 

Ankle-

ROM-Vel 
438.07 
354.42 
285.21 
573.30 
452.10 
380.54 
490.67 
451.47 

Stance 
Knee-

ROM-Vel 
103.89 
91.34 
87.83 
110.43 
108.65 
91.95 
97.30 
74.82 

Hip-

ROM-Vel 
96.02 
95.17 
160.23 
99.81 
108.03 
71.03 
97.31 
96.55 

428.22 
88.10 

95.78 
11.86 

103.02 
25.40 

Anl<le-
ROM-

Stance/TO 
49.05 
51.32 
44.27 
49.69 
57.24 
48.50 
53.26 
53.36 

Knee- Hip-
ROM- ROM-

Swing Stride 
87.26 22.23 
75.48 19.11 
88.53 23.54 
95.13 21.94 
105.72 21.94 
89.26 16.20 
83.41 20.43 
84.93 18.78 

50.84 
3.90 

88.72 20.52 
8.87 2.38 

Note: Ankle ROM Stance/TO is Stance to Toe-Off 

Table 5. Descriptive Data for Post 80-rpm Run. 

Stride/ 
Subj Min 

1 84.66 
2 89.52 
3 84.78 
4 89.04 
5 86.58 
6 89.82 
7 89.40 
8 90.48 

Vel 

(m/s) 
3.11 
3.73 
3.22 
3.94 
3.94 
3.24 
3.33 
3.21 

Pace 

min/mile 
8.63 
7.19 
8.33 
6.81 
6.81 
8.28 
8.05 
8.36 

Mea 
n 88.04 

SD 2.34 
3.46 
0.35 

7.81 
0.75 

Stride 
Length 

(m) 
2.20 
2.50 
2.28 
2.65 
2.73 
2.16 
2.23 
2.13 

2.36 
0.23 

Anl<le-

ROM-Vel 
463.54 

* 

263.62 
512.80 
387.71 
377.74 
463.53 
473.22 

Stance 
Knee-

ROM-Vel 
85.19 

* 

77.79 
93.79 
96.08 
83.51 
82.92 
76.09 

Hip-

ROM-Vel 
90.30 

* 

170.33 
81.74 
87.72 
67.82 
90.20 
94.49 

420.31 
84.18 

85.05 
7.51 

97.51 
33.27 

Anl<le-
ROM-

Stance/TO 
49.71 

* 

45.48 
46.61 
55.08 
47.81 
52.41 
53.73 

Knee-
ROM-

Swing 
80.37 

* 

86.02 
101.38 
100.73 
91.47 
75.48 
89.31 

Hip-
ROM-

Stride 
21.65 

* 

27.21 
19.25 
19.58 
15.38 
18.17 
18.09 

50.12 
3.70 

89.25 
9.68 

19.90 
3.74 

Note: Ankle ROM Stance/TO is Stance to Toe-Off 
* Data for subject 2 was omitted due to scaling errors. 

41 



Table 6. Descripfive Data for Post 100-rpm Run. 

Subj 
1 
2 
3 
4 
5 
6 
7 
8 

Stride/Min 
85.14 
89.40 
82.92 
88.68 
85.14 
89.70 
89.88 
90.30 

Vel 
(m/s) 
3.11 
3.73 
3.22 
3.94 
3.94 
3.24 
3.33 
3.21 

Pace 
min/mile 

8.63 
7.19 
8.33 
6.81 
6.81 
8.28 
8.05 
8.36 

Mean 
SD 

87.65 
2.81 

3.46 
0.35 

7.81 
0.75 

Stride 
Length 

(m) 
2.19 
2.50 
2.33 
2.67 
2.78 
2.17 
2.22 
2.13 

2.37 
0.25 

Ankle-
ROM-Vel 
430.75 
351.97 
249.98 
527.93 
428.68 
397.15 
473.62 
472.63 

Stance 
Knee- Hip-

ROM-Vel ROM-Vel 
89.91 
78.09 
125.01 
96.18 
90.66 
78.69 
78.99 
57.35 

88.51 
90.85 
184.57 
98.47 
89.11 
64.38 
85.95 
91.82 

416.59 
85.73 

86.86 
19.43 

99.21 
35.89 

Ankle-
ROM-

Stance/TC 
50.65 
50.07 
51.37 
48.83 
50.63 
46.57 
53.09 
52.28 

Knee- Hip-
ROM- ROM-

) Swing Stride 
81.68 21.38 
69.03 16.93 
91.65 31.49 
100.15 19.16 
81.75 21.52 
84.31 15.11 
76.44 17.28 
87.72 17.30 

50.44 
2.04 

84.09 20.02 
9.45 5.14 

Note: Ankle ROM Stance/TO is Stance to Toe-Off 

While the means for the other six variables changed between conditions, the 

variability for the values was quite high. Three ROM-velocity variables were calculated 

during stance for the ankle, knee, and hip joints. The ankle ROM-velocity means and 

standard deviations for subjects were 428.22 ± 88.10, 420.31 ± 84.18, and 416.59 + 85.73 

m/s for the control, post 80-rpm, and post 100-rpm mns, respectively. The knee ROM-

velocity means and standard deviations were 95.78 ± 11.86, 85.05 ±7.51, 86.86 ± 19.43 

m/s for the control, post 80-rpm, and post 100-rpm mns, respectively. Finally, the hip 

ROM-velocity means and standard deviafions were 103.02 ± 25.40, 97.51 ± 33.27, and 

99.21 ± 35.89 m/s for the control, post 80-rpm, and post 100-rpm mns, respectively. 

The ankle ROM-stance/TO for the three conditions was 50.84 ± 3.90, 50.12 ± 

3.70, and 50.44 ± 2.04 degrees as shown above in Tables 4, 5. and 6. Knee ROM-swnig 
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was 88.72 ± 8.87, 89.25 ± 9.68, and 84.09 ± 9.45 degrees of movement while the hip 

ROM-stride values were 20.52 ± 2.38, 19.90 ± 3.74, and 20.02 ±5.14 across conditions. 

Group Analysis of Variance Results 

Group analysis included seven one-way ANOVA's for each of the dependent 

variables across the three conditions: control, post 80-rpm, and post 100-rpm mns. The 

seven dependent variables included the following: stride length; hip, knee, and ankle 

ROM velocity; hip ROM during stride; knee ROM during swing; and ankle ROM from 

maximal extension to toe-off ANOVA resuhs are presented in Table 7. No significant 

differences (p > 0.05) were observed among the control and cycling pedal rate conditions 

for any of the seven dependent variables selected for analysis. The stride length variable 

(F = 3.593, actual p = 0.055), like the other six variables, was not significant at the stated 

a-level, but was the only variable to exceed 50% statistical power (56.7%). The standard 

deviafion for each of the ROM variables was quite high in relafion to the mean as 

demonstrated in the preceding Tables 2, 3, and 4. The observed power for each of the 

other variables was quite low, possible suggesting too few subjects, too small effect si/es, 

or both. The observed power and effect size for each variable is also given in Table 7. 
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Table 7. Ix 3 ANOVA Results 

Variable 
Stride Length 

Hip ROM Velocity 
Knee ROM Velocity 
Ankle ROM Velocity 

Hip ROM Stride 
Knee ROM Swing 

Ankle ROM Stance/TO 

F 
3.593 
0.272 
0.453 
2.182 
0.212 
1.692 
0.830 

e 
0.055 
0.766 
0.645 
0.150 
0.812 
0.220 
0.456 

Observed 
Power 
0.567 
0.085 
0.110 
0.371 
0.077 
0.296 
0.164 

Effect 
Size 

33.9% EV 
3.7% EV 
6.1% EV 

23.8% EV 
2.9% EV 

19.5% EV 
10.6% EV 

Notes: Effect size is Eta2, which represents %-explained variance; 
Ankle ROM Stance/TO is Stance to Toe-Off; 
EV is explained variance 

Single Subject Descripfive Results 

The objective of the angle-angle diagrams was to illustrate qualitative changes in 

movement pattems that may occur regardless of overall performance. Dependent 

variables such as stride length and ROM may change and movement paUems can vary 

greatly and nonetheless produce matching performances. Each subject's knee-hip angle-

angle diagrams were evaluated across conditions and diagrams with visually notable 

trends categorized together with the intention of gaining a better understanding of limb 

coordination for each subject. 

Pattem differences in the angle-angle diagrams are evident through preliminary 

examination of Figures 4 through 11. A subject such as subject 3 in Figure 6 

qualitafively exhibited the greatest variability in knee-hip angles withm conditions, \v hilc 

subject 8 appeared to vary only slightly within conditions, as xv ell as across performances 

(as seen in Figure 11). These subjects had similar angle-angle curxes for all three 

conditions; however, stride length measurements (Tables 4-6) revealed contrastmg results 
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after cycling. The stride length of subject 3 decreased after the 80-rpm and increased 

after the 100-rpm performances. Further inspection of Figure 6a and 6c qualitatively 

shows a smaller combined knee-hip ROM for the 100-rpm graph compared to the control 

performance. 
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a. s i Control Knee-Hip Knee Angle 

120 

b. s i 80-rpm Knee-Hip Knee Angle 

i;!0 

-20 ^ 

c. s i 100-rpm Knee-Hip Knee Angle 

i;!0 

Figure 4. Subject 1 Knee-Hip .\ngle-Angle Diagrams 
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b. Data for subject 2 80-rpm was omitted due to scaling errors. 
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c. s2 100-rpm Knee-Hip Knee Angle 

Figure 5. Subject 2 Knee-Hip Angle-Angle Diagrams 
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a. s3 Control Knee-Hip Knee Angle 

b. s3 80-rpm Knee-Hip Knee Angle 

c. s3 100-rpm Knee-Hip 
Knee Angle 

Figure 6. Subject 3 Knee-Hip Angle-Angle Diagrams 
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a. s4 Control Knee-Hip Knee Angle 

b. s4 80-rpm Knee-Hip Knee Angle 

c. s4 100-rpm Knee-Hip Knee Angle 

Figure 7. Subject 4 Knee-Hip Angle-Angle Diagrams 
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a. s5 Control Knee-Hip Knee Angle 

b. s5 80-rpm Knee-Hip Knee Angle 

120 

c. s5 100-rpm Knee-Hip Knee Angle 

Figure 8. Subject 5 Knee-Hip Angle-Angle Diagrams 

100 1;!0 
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a. s6 Control Knee-Hip Knee Angle 

100 120 

b. s6 80-rpm Knee-Hip Knee Angle 

i:!0 

c. s6 100-rpm Knee-Hip Knee Angle 

Fit^ure 9. Subject 6 Knee-Hip Angle-Angle Diagrams 

120 
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a. s7 Control Knee-Hip Knee Angle 

b. s7 80-rpm Knee-Hip Knee Angle 

-20 ^ 

c. s7 100-rpm Knee-Hip Knee Angle 

Figure 10. Subject 7 Knee-Hip Angle-Angle Diagrams 
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a. s8 Control Knee-Hip Knee Angle 

120 

b. s8 80-rpm Knee-Hip Knee Angle 

b. s8 100-rpm Knee-Hip Knee Angle 

Figure 11. Subject 8 Knee-Hip Angle-Angle Diagrams 

100 120 
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Subjects two, four, and six had no quantitative differences in stride length across 

conditions and likewise had very similar angle-angle plots across conditions (as shown in 

Figures 5, 7, and 9). These subjects were three of the most experienced endurance 

athletes in the study with 12, 20, and 10 years of experience, respectively. The other 

equally experienced subject (subject 5) with 12 years of experience exhibited no stride 

length difference. The knee-hip graphs of subject 6 could be categorized with those of 

subject 1 and subject 7 in that these three subjects increased stride length for both 80-rpm 

and 100-rpm mns. These subjects had endurance experience of 10, 5. and 2 years, 

respectively. Examination of the graphs for these subjects in Figures 4, 9, and 10 reveal 

smaller curves, and therefore less ROM exhibited for both 80 and 100-rpm performances 

compared to the control mns. The ROM of both the knee and hip angles are visibly 

reduced in these subjects following the post-cycling mns. 

In summary, resuhs of the study indicate qualitatively different kinematic 

movements in three individual subjects that also had statistically indifferent, yet unequal 

stride lengths after both cycling interventions. The graphical representations of subjects 

that had equivalent stride lengths for all conditions did not indicate any observ able 

qualitative trends or pattems. 
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CHAPTER V 

DISCUSSION AND CONCLUSIONS 

The purpose of this study was to investigate the effects of cycling pedal rate on 

mnning kinematics and neuromuscular timing following the cycle to mn transition in 

triathletes. Specifically, this study measured gait parameters following the completion of 

concentrated cycling efforts utilizing cycling pedal rates of 80 and 100 rpm. Stride 

length measured during a control mn was used as a reference of unaltered, preferential 

gait. Related research in cycling and mnning pointed toward dissimilar effects upon 

mnning gait following an intense cycling effort. 

Discussion 

It was hypothesized that stride length would increase while stride rate would 

decrease following an 80-rpm cycling performance compared to the unaltered control mn 

at a constant mnning speed. Furthemiore, the post 100-rpm mn was predicted to affect 

the triathlete to a lesser degree than the 80-rpm condition. This prediction was made due 

to an expected greater disruption of muscular timing between the flexors and extensors of 

the lower extremity following the 80-rpm pedal rate condition than for the 100-rpni pedal 

rate. /Vn increase in stride length over the preferred length would result in reduced 

economy via increased braking impulse and therefore a slower running time in a 

competitive situation. 

The results of the study indicate no significant differences between the control 

and either of the cycling conditions for stride length. Two groupings of subject abiliix 
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ee 

may have occurred in the study since there were t\\ o notable differences in stride length 

resuhs among the subjects with two, four, and six performing consistently across all thr 

conditions. Subjects one, five, and seven increased stride length for both 80 and 100-rpm 

conditions as compared to control. Subject eight's 80-rpm stride length w as neariy 

identical with control and the 100-rpm stride length increased. Subject three had 

opposing results with decreased stride length after the 80-rpm pedal rate and increased 

stride length following the 100-rpm effort. As noted in the results section, more 

experienced subjects appear to have retained their stride characteristics more successfully 

than their counterparts, especially with regard to stride length. Physiological adaptation 

or skill level may play an important role in the effects of the interventions, as suggested 

by Wilhams and Cavanagh (1987). The p-value for stride length of 0.055 was \ery close 

to significance and is worthy of additional examination since the calculated power in this 

study was low, as was the sample size. 

The second hypothesis was rejected as stride length w as predicted to change less 

following the 100-rpm cycling performance when in fact, the intei\ention appears to 

have affected both post-cycling mns equally. The stride lengths qualitatively increased 

for three subjects for both conditions while one person increased stride length for the 

100-rpm mn and performed equally for the control and 80-rpni mns. 

The hypothesis that related to differences in joint ROM siniilariy found 

insignificant statisfical differences among conditions. The A\OV.-\ results in this study 

indicated no significant differences between 80 and 100-ipni pedal rates on subsequent 

mnnint? ho\\e\er subtle differences in the way perfomiances were achieved nia\ ha\e 

been observable with the use of the angle-angle diagrams. The knee-hip angle-angle 
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diagrams were selected for examinafion in lieu of the complex knee-ankle diagrams 

because inspecfion was simpler and differences as a whole could be easily identified and 

compared to values in previous literature. The knee-hip diagrams for the performances in 

this study compared favorably with those presented by Milliron and Cavanagh (1990). 

The knee-hip angle-angle diagrams revealed qualitative differences between 

conditions for some subjects, specifically subjects one, five, and seven, that increased 

stride length with respect to their control mns. Interestingly, individual joint ROM 

decreased for the knee and hip during these 80 and 100-rpm mns in which stride length 

increased, possibly suggesting an altered swing phase of the gait cycle. The only subjects 

(subjects 1, 5, 7) with reduced knee ROM in the 80-rpm mn were also the subjects that 

increased their stride length. However, the subjects could not be classed together in this 

regard for the 100-rpm mn because performances varied without any apparent 

similarifies. The reducfion in knee ROM indicated a change in the swing phase of the 

gait cycle, likely a loss of heel recovery as a resuh of fafigue. Dillman (1974) and 

Williams, Snow, and Agmss (1991) observed the opposite resuhs in their studies of 

distance mnning compared to this study with the knee and thigh flexion variables 

increasing with stride length increases. It is difficuh to ascertain the reason these 

differences would occur with the selected variables of analysis. 

The mofive for selecting the joint ROM velocity variables for analysis stemmed 

from the need to answer issues related to neuromuscular timing and resultant propulsi\ e 

effecfiveness. These variables have not been commonly used in past studies (Williams, 

1990); however, ROM velocity variables were used to provide quantitative infomiation 

of the overall mnning performance, in addition to measuring stride length. The mean 
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ROM velocity values indicated slower ankle joint velocities for the 80 and 100-rpm mns 

compared to control data. Meanwhile, the mean knee and hip joint ROM velocity \ alues 

for the 100-rpm mn were considerably slower than the other mns in which the control 

and 80-rpm data had very similar values. The knee-hip diagrams that differentiate 

movement pattems for the performances provided additional evidence of stride alteration. 

Reduction in joint velocities was consistent with the angle-angle diagrams for subjects 

that exhibited increased stride lengths and consequently, decreased stride rate at identical 

mnning speeds. In a triathlon event, the tendency to slow stride rate and enhance stride 

length beyond normal could lead to slower mnning times or increased potential for 

injury. 

Conclusions 

The following conclusions can be made based on the results of this study: (1) no 

significant differences occurred in stride length resulting from either pedal rate protocol; 

(2) the 100-rpm condifion resuhed in qualitafively greater stride length changes than the 

80-rpm condition among subjects; (3) the examinafion of knee and hip joint ROM 

movement pattems illustrates a reduction in knee and hip ROM as stride length increased 

rather than the projected result with both increasing concurrently; (4) ROM velocities 

were inconsistent, but a general tendency for slowed ROM velocity was obser\ ed for the 

ankle, and in some cases for the knee and hip, following the cycling performances. 

Finally, no conclusion is offered regarding differences in the neuromuscular timing of the 

lower extremity musculature during running because of the inability to obtain EMC data 

during the prolonged exercise protocols. 
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Recommendafions for Future Research 

This study focused on the effects of cycling pedal rate on mnning during a 

simulated Olympic-distance performance; however, the expanding sport of triathlon has 

several popular distances including the sprint and ironman races. The sprint distance 

requires a greater sustained output, perhaps above ventilatory threshold, which would 

exact a greater toll on the subject. Pedal rate research incorporating a higher cycling 

power output of shorter duration may elicit alterations in gait associated with race-le\ el 

performance. A variation on this theme may utilize repeated cycle to run performances at 

increasing power outputs to discover a cycling effort level associated with diminished 

mnning performance. 

The selection of kinemafic variables is difficuh because of the number of highly 

correlated variables, however variables that reflect overall performance should be 

examined including stride length, vertical oscillation, and support time. 

The treadmill enables the researcher to control speed easily and facilitate repeated 

strides in succession both of which are helpful for data collection, however the inability 

to collect and analyze kinetic data is an notable limitation. A forceplate-integrated 

treadmill would allow vertical ground reaction force to be collected as w ell, which w ould 

allow loading rate and impact peak comparisons among conditions and over time. 

Further studies may benefit by a tighter screening of subjects and/or di\iding 

subjects by endurance training experience. This study appears to ha\ e identified 

differences in skill level among athletes. Run performance testing would provide the 

researcher with improved subject data to classify subjects. Finally, future research should 
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examine the effects of pedal rate during the time course of the mn to determine if any 

delayed effects on performance exist. 
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APPENDIX A 

HUMAN SUBJECTS 
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Outline of Oral Presentation for Recmitment of Subjects 
and Example Dialogue 

I. Brief introduction to the study. 

A. "I am conducfing an experiment to investigate the influence of cycling 
pedal rate on subsequent mnning." 

B. "I will examine the movement techniques exhibited during a test in a 
laboratory setting that closely mimics conditions experienced in a race." 

II. Solicitafion of Volunteers and Criteria for Subject Participafion 

A. "I am seeking volunteers to participate in this study." 

B. "Your participation could lead to a better understanding of factors 
affecting triathlon performance." 

C. "I have specific criteria that must be met in order to participate in the 
study. These restrictions have been set in order to identify and exclude 
individuals who may be at greater risk of injury by participation in this 
study." 

D. "Specifically, I am looking for volunteers who meet the following age, 
current activity level, injury history, and athletic experience criteria: 

1. Age and Gender: 18-39 years, male 
2. Injury History: 

a. Participants must not have incurred any inhibiting injury 
that prevented e.xercise within the last six months 

3. Current Activity Level: 
a. Training for the upcoming season w ith at least four w eeks 

continuous cycling and mnning prior to the study 
b. Exercise a minimum of two times per week in both cycling 

and mnning during the aforementioned four w eek period 
c. Have no more than a five day cessation of training within 

those four weeks 
4. Athlefic Experience: 

a. Participants must have proof of finishing at least two 
triathlons and or duathlons during the 2000 year 

b. Participants must have a minimum of two \ears cxperienee 
either running or bicycling, or both 
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III. Overview of Protocol 

A. "If you participate, you will be asked to perform a VO2 max cycling test in 
the laboratory prior to the actual testing to determine your fitness le\el. 
You will be asked to complete a continuous, incremental V02max cycle 
ergometer test to volifional fatigue. During the test you will have 
electrocardiogram sensors applied to your torso and breathe through a 
mouthpiece to measure gases. Participants will likely complete the ramp 
portion of the test within 8-12 minutes. You will then select a meeting 
time for the second and third sessions." 

B. "A second visit to the laboratory will begin the transifion tests w ith a brief 
mn on the treadmill to warm-up and obtain pre-cycling data." 

C. "You will be asked to participate in a concentrated cycling test for a 
period of 60 minutes, followed by an immediate mn on the treadmill for 
data acquisition." 

D. "The data collected will include video records of your movements, muscle 
electrical activity measurements from passive sensors affixed to your hind, 
quadriceps, hamstrings, and calf muscles, along with body weight and 
height." 

rV. Time and Place of Testing 

A. "All testing will take place in the Exercise Physiology Laboratory at the 
Men's Gym (Room 117)." 

B. "I will arrange the tesfing around your schedule, so we can meet at your 
convenience." 

C. "The combined time of the three sessions of testing should require no 
more than 5 hours to complete." 

V. Risks and Benefits to Subjects 

A. "Please note that I will not be able to compensate you monetarily. 
However, I will be happy to discuss your performance w ith you and 
answer any questions you might have regarding the testing." 

B. 'Also, note that while the chance for injury during this ,>iudv is highly 
unlikely, there is a chance that you w ill experience muscle soreness due to 
the exertion of muscles during the cycling and running activities. 
Additionally, just as in any sport or exercise, there is a small possibility 
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that you could sprain an ankle, twist a knee, or experience other mild, 
moderate, or severe injuries." 

C. "If you are prone to allergic or other reactions of the skin, you may be at 
slight risk for developing a minor skin irritation due to the paint and 
adhesive tape used to secure measurement sensors and markers." 

VI. For More Information- (Distribute copies of fliers/posters to interested 
individuals) 

A. "Contact myself. Glen Poklikuha or my thesis advisor. Dr. Roger James 
for more information regarding the experiment. I will be happy to clarify 
any concems or questions prior to your decision to participate." 

B. Glen Poklikuha: Office Phone: (806) 742-3380, Pager: (806) 767-8794. or 
Email: zbandit(a),hotmail.com 

Dr. Roger James: Office Phone: (806) 742-3371. or Email: 
chiames(a)ttacs.ttu.edu 
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Proposal for Activity Using Human Subjects 

I. Title: Effects of Cycling Pedal Rate on Running Kinemafics and Neuromuscular 
Timing in Triathletes. 

IL Rationale: 

The few studies examining the effects of cycling on subsequent mnning that is 
characteristic of Olympic-distance triathlon (1.5 km swimming, 40 km cycling, 10 km 
mnning) endurance events have typically focused on physiological factors (Devito, 
Bemardi, Sproviero, & Figura, 1995; Daniels, 1992). Quantitafive data from a 
biomechanical perspective examining the possible impaired performance and discomfort 
reported by endurance athletes during this transifion is lacking and warrants study to 
optimize performance in this area. The fast growing sport of triathlon now has 
approximately 2 milhon athletes worldwide and 200,000 in the United States since its 
inception 26 years ago (USA Triathlon, 1992). This rapid increase in participation and 
the addition of triathlon as a full-medal sport to the 2000 Olympic Games in Sydney 
further signifies the gaining popularity and interest in this endurance sport. The success 
of a triathlete relies on the ability to successfully transition from the cycling to the 
mrming portion of the race. In a sport that uses aerospace quality components and 
includes near-Olympic caliber performances by the athletes in the individual portions of 
the race, lost seconds in a race lasting just under two hours can be the difference between 
victory and defeat. This study will examine variables that may enhance the performance 
of elite-caliber competitors as well as enable aspiring endurance athletes to compete to 
the best of their ability by training via technique improvement. To determine a quality 
training program, the factors of cycling pedal rate and subsequent mnning gait must be 
examined. 

Several studies have focused on determining an ideal pedal rate for cyclists, but 
no articles have been published relafing the effects of pedal rate upon subsequent mnning 
performance (Takaishi, Yasuda, & Moritani, 1994; Hagen, Weis, & Raven, 1992; 
Hagberg, Mullin, Giese, & Spitznagel, 1981). A possible deficiency of the muscles to 
contract as a resuh of the cycling activity may contribute to instability and reduced 
performance during an ensuing mnning performance. A study by Coyle, Feltner, Kaui/, 
Hamilton, Montain, Baylor, Abraham, and Petrek (1991) analyzed data performed by an 
experienced group of cyclists pedaling at neariy 90 revolutions per minute. This pedal 
rate during cycling closely corresponds to the stride rate of elite-class mnners. However, 
many mulfi-sport endurance athletes cycle at pedal rates that \ ary considerably from this 
value ranging from 80 to 100 revolutions per minute. 

Research examining preferred pedaling rate has recently identified a preference 
for rates greater than 90 rpm by experienced cyclists (Marsh & Martin. 1993. Co\le, et al, 
1991) The study by Coyle, et al (1991) found a more experienced group of cyclists were 
able to produce greater power output than their countciparts due m part to generation oi: 
greater peak vertical forces upon the crank arm of a bicvcle. The study anaK/ed data 
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performed at self-chosen pedal rates of the two elite groups that averaged close to 90 rpm 
while cycling between 50 and 70 minutes. Experienced cyclists performed at higher 
power outputs than less experienced cyclists and exhibited a preference toward faster 
pedal rates. These athletes tend to perform at a lower percentage of their available force 
generating capacity while producing greater power. The purpose of this study w ill be to 
compare pre-cycling and post-cycling mnning performances within subjects after 
concentrated cycling efforts at two pedal rates to determine the rate that elicits the least 
significant change in mnning technique following the cycling phase. 

III. Subjects: 

A. Population. Sixteen experienced male triathletes, ages 18-39, will be asked to 
volunteer for this study. The subjects will be age-group competitive athletes who 
currently train for and participate in either triathlons or duathlons (running, c>cling, 
mnning format). Subjects will be required to produce verificafion of completion of a 
minimum total of two triathlons and/or duathlons during the 2000 season. 
Furthermore, subjects must have participated in both cycling and mnning training 
sessions for the last four weeks with no more than a five-day layoff for either 
discipline within those four weeks. Subjects must have no previous lower extremity 
surgical repair and no current injury or pain affecting the lower extremity that has 
altered participation within the last four months. This will ensure that subjects have 
the appropriate level of physical conditioning for participation in the study and 
exclude participants that could be at potential risk for injury. 

B. Source of Subjects. The subjects will be volunteers and recmits from the Southwest 
Area, including Texas, Oklahoma, Louisiana, and Arkansas. Individuals will be 
solicited from the area endurance-sport community and the Texas Tech University 
population. 

C. Recruitment. Subjects will be recmited via oral announcements and posters at the 
Texas Tech Student Recreation Center (SRC) and at area endurance-sport events and 
camps. Subjects will also be recmited by an advertisement placed in the West Texas 
Running Club monthly newsletter and in Runner Triathlete News monthly magazine. 
See the attached advertisements, poster, and outline of the oral presentation that will 
be used for subject recmitment. 

D. Consent Form. Before entering into the study, potential subjects will be given 
the Consent Form to read and one of the investigators will be present to explain 
the study and answer any questions. The in\ estigators will make certain that the 
subjects understand the study and any possible risks before asking the subjects 
to sign. 



IV. Protocol: 

After signing the consent form, qualified subjects will report to the Physiology 
Lab (MG 117) at Texas Tech University in active dress clothing (shorts, shirt, and 
personal mnning shoes) along with their personal bicycle and cycling shoes. Several 
anthropometric measurements, including height, weight, and leg length will be taken 
prior to testing. The investigator will posifion the subject's bicycle to the Computrainer 
cycle ergometer. The subjects will be asked to complete a standardized VO2 max cycle 
ergometer test to determine individual workloads (ACSM, 2000; Sleivert & Wenger, 
1993). The subjects will be asked to complete a continuous, incremental V02max cycle 
ergometer test to volitional fatigue using the Computrainer ergometer. VO2 and 
associated gas exchange parameters will be determined utilizing a MedGraphics CPX/D 
metabolic cart. Participants will breathe through a low-dead space mouthpiece fitted w ith 
sample lines to the MedGraphics gas analyzing system. Four electrocardiogram sensors 
will be fastened to the participant's torso with hypoallergenic adhesive. The EKG will be 
used to determine heart rate and a trained individual will monitor the EKG for abnormal 
changes during the VO2 max tests. The subjects will be instmcted to self terminate the test 
if they experience any unusual shortness of breath or any chest, neck, or arm pain. A 
telephone will be available on site to contact EMS immediately if any adverse event 
should occur. The test will be performed at a pedal rate of 90-rpm for all participants. 
The test will begin with the participant cycling for 5 minutes at a 100-watt workload to 
allow the respiratory exchange ratio to stabilize. Once stabilization has occurred, the 
workload will be increased to 160 watts followed by 30-watt increases at two-minute 
intervals unfil volifional exhaustion (Sleivert & Wenger, 1993). The aUainment of at 
least two of the following criteria will be used to confirm the completion of a maximal 
test: a respiratory exchange rafio (RER) greater than 1.10, leveling off of VO2 despite an 
increase in workload, and a measured heart rate within 15 beats of age-predicted maximal 
heart rate calculated by 220 beats minus the participant's age (ACSM, 2000). 

Participants should complete the ramp portion of the test within 8-12 minutes and 
thus avoid sustained fatiguing effects (ACSM, 2000). The measured heart rate and 
ventilatory parameters obtained during maximal testing will be used to determine the 
cycling workload during the transition testing. The knowledge of each individual's 
ventilatory threshold will permit the researcher to simulate racing effort and ensure the 
testing is completed safely. The participants w ill be fan-cooled and supplied w ith water 
during all cycling and mnning phases of the study. Upon completion of the VO2 testing, 
participants will schedule other visits to perform the two transition tests. The second and 
third visits will occur between two and fifteen days following the first \'0:niax test. 

The second and third visits will begin with a brief recap of the protocol. The 
transition tests will consist of a cycling effort at a workload corresponding with their 
ventilatory threshold with an immediate change to the treadmill for post-cycling running. 
Participants will perform two transition tests at constant pedal rates ĉ f both 80 rpm and 
100 rpm prior to subsequent mnning on the treadmill. These tests will replicate race 
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performances with the cycling portion being followed by a treadmill mn to determine the 
extent that gait may be affected by the cycling protocol. 

Non-reflective markers will be affixed with adhesive athlefic tape on the left side 
of the subject at the following locafions: point on shoe corresponding with the head of the 
fifth metatarsal and heel of the mnning shoe. Non-toxic (ASTM D-4236 approved), 
opaque paint markers (required for video analysis) will be affixed to the subject at the 
following locations: lateral malleolus, femoral condyle, greater trochanter, and estimated 
glenohumeral joint center. The EMG electrodes will be attached with hypoallergenic 
adhesive athletic and double-sided tape to the skin over the gluteus maximus, rectus 
femoris, biceps femoris, tibialis anterior, and lateral head of the gastrocnemius. Subjects 
will mn on a laboratory treadmill to warm-up and obtain pre-cycling heart rate values. A 
60 Hz video camera will be used at this time to record the mnning gait of each individual 
from the left sagittal view. 

Subjects will move to the bicycle to perform a 60-minute cycling performance at 
one of the two selected pedal rates determined by the investigator, either 80 rpm or 100 
rpm. This test will replicate a race performance with the cycling portion being follow ed 
by a 35 minute treadmill mn for post-cycling video recording and EMG activity 
measurements. Heart rate will be monitored throughout the cycling and mnning phases 
both for analysis and safety considerations using a non-invasive chest telemetry unit. 
Finally, the subjects will complete a short cool-down until their heart rate reaches 
acceptable levels and the subject has recovered. The captured data will be used to 
determine mnning differences within subjects following the 80 and 100 rpm cycle rate 
performances and determine the best cycling pedal rate to be used by athletes during 
Olympic-type distance events. Descriptive statisfics will be conducted to gain a general 
understanding of kinematic and muscular timing changes in the study. Variables 
considered for these tests include contraction duration of each muscle; contraction onset 
and duration differences between selected flexors and extensors; joint velocities; joint 
angles at footstrike, toe-off, and midstance; support and non-support time; and tmnk lean. 

A 2 X 2 repeated measures ANOVA will be performed using SPSS on the 
resuhing values for the two factors of the study. The first factor w ill include the pre-
cycling measurements and post-cycling measurements. The second factor will include 
the 80-rpm pedal rate and 100-rpm pedal rate. The dependent variables to be analyzed 
include the following: stride length, stride rate, range of motion (ROM) of the ankle, 
ROM of the knee, EMG onset timing differences between the rectus femoris and biceps 
femoris, and EMG onset timing differences between the gastrocnemius and tibialis 
anterior'. Further tests will be conducted as necessary to follow up significant ANOVA 
results in order to isolate specific differences. Additional follow-up tests may be 
conducted to explore results of the descriptiv e analysis. Alpha level will be adjusted as 
needed to avoid introducing Type 1 error. 

V. Consent Form: See attached. 
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VI. Arrangements for Handling Liability for Unexpected Injuries to Subjects: 

Injuries to subjects during cycling and mnning experiments of this nature are 
uncommon. The invesfigator is an accomplished mnner and triathlete who has six years 
of compefitive experience in the sports of cycling and mnning and has been involved in 
the tesfing of subjects performing similar protocols for class projects as well as 
collaborating with members of the USA Cycling staff None of the subjects in the 
previous projects experienced pain that would not normally be incurred during a typical 
workout or race. No project-related injuries have occurred during any of the previous 
tesfing sessions. However, the chance for injury is acknowledged and precautions will be 
taken to prevent injuries from occurring and for handling injuries if they do occur. Steps 
for injury prevenfion include allowing subjects adequate time for warm-up prior to the 
protocol and individual aerobic capacity testing prior to the protocol. Additionally, the 
criteria form for subjects requires them to be experienced athletes that have encountered 
similar conditions repeatedly in the past, oftentimes at greater intensities and under harsh 
environmental conditions. The exercise required of the subjects during the experiment is 
no more than that performed by them voluntarily during training and racing. 
Nevertheless, subjects will be encouraged to withdraw from the experiment if they 
experience any muscular or joint pain, shortness of breath, or chest pain beyond that 
normally associated with the integrated performance of cycling and mnning. In the 
unlikely event of an injury, the investigator will have at least a mdimentary knowledge of 
acute first aid procedures for injuries to the musculoskeletal system (e.g. ankle sprains, 
muscle strains). In the event of a more severe injury (e.g., ligament mpture, bone 
fracture), first aid procedures will be administered and campus officials and emergency 
medical professionals will be notified immediately. A standard first aid kit and telephone 
numbers of the appropriate authorities will be placed in the laboratory where they will be 
easily accessible in the case of an emergency. 
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Subject Informed Consent Form for Participation 

I hereby give my consent for my participation in the project enfitled Effects of Cycling 
Pedal Rate on Running Kinematics and Neuromuscular Timing in Triathletes. I 
understand that the person responsible for this project is Glen Poklikuha, who can be 
reached at (806) 742-3380 (Email: zbandit@hotmail.com) along with his thesis advisor, 
Dr. Roger James (806) 742-3371 (Email: chjames(gttacs.ttu.edu). Glen Poklikuha has 
explained that this study is part of a project that has the objective of providing insight 
regarding the cycling to mnning transition that occurs in triathlon and duathlon e\ ents. 

Glen Poklikuha has explained to me the procedures for the study, subject selection 
criteria, possible discomforts and risks, and benefits to be expected, all of which are 
described in the following sections. 

Procedures 
As a participant, I will be required to wear shorts and a shirt and engage in 

moderate exercise including a concentrated cycling performance and subsequent mn. I 
will be measured for my height, weight, and the lengths and girths of my legs. I will 
perform a standardized cycling VO2 max test during my first session to determine my 
personal fitness level. I will be asked to complete a continuous, incremental V02max 
cycle ergometer test to volitional fatigue using the Computrainer ergometer. During the 
test I will have electrocardiogram sensors applied to my torso and breathe through a 
mouthpiece to measure gases. The EKG will be monitored during the VO2 max tests for 
any abnormal changes (ST-T wave changes, any arrhythmia, or conduction defects that 
occur during exercise) which would be the basis for stopping the test. I understand that I 
should indicate that the test should be stopped if I experience any unusual shortness of 
breath or chest, neck, or arm pains. I will likely complete the ramp portion of the test 
within 8-12 minutes. I will then select a meeting time for the second and third sessions. 

During these sessions, I will be prepared for data collection by having opaque, 
non-toxic paint applied to areas of my ankle, knee, thigh, and shoulder. I am fully aware 
the paint is very resilient, meaning that it is difficult to remove with soap and w ater, 
however is necessary for video analysis. Additionally, passive sensors will be aUached to 
my right front and rear thigh, leg, and ankle and hind. My personal bicycle will be used 
during all performances and I will wear an extemal heart rate monitor throughout the 
second and third testing sessions. After being prepared for data collection, 1 will 
complete a brief mn on the treadmill to warm-up and obtain pre-cycling data from the 
heart rate monitor, passive sensors, and video recording of the markers. 1 will then 
transfer to the cycle ergometer to complete a 60-minute cycling test at a constant pedal 
rate and power output. Upon completion, I will immediately retum to the treadmill for 
post-cycling data collecfion mn of 35 minutes. 

Inclusion Criteria . . . , . 
I understand that I have been selected for participation in this study because I 

meet the criteria for age, injury history, current activity level, and athletic experience. 
Specifically, 1 understand that 1 must meet the following criteria: 
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• Age: I must be 18-39 years old. 

• Injury History: I must not have incurred any inhibiting injury that prevented exercise 
within the last six months. 

• Current Activity Level: I must be currently training for the upcoming season w ith at 
least four weeks confinuous cycling and mnning prior to the study. I have been 
exercising a minimum of two times per week in both cycling and mnning disciplines 
during the aforemenfioned four-week period. Finally, I have not had more than a 
five-day cessafion of training within those four weeks in either discipline. 

• Athletic Experience: I must have proof of finishing at least two triathlons and/or 
duathlons during the 2000 year. I must have a minimum of two years experience 
either mnning or bicycling, or both. 

Discomforts and Risks 
I understand that the risks associated with this study are the same as those 

associated with normal triathlon and duathlon events and training. Although I am well 
trained, accustomed to high levels of physical exertion and ha\'e not experienced any 
symptoms to suggest cardiovascular disease, I understand that there is a risk that I could 
experience an irregular rhythm or a heart attack during or just after the testing and the 
experiment. While injury is highly unlikely, a mild or severe injury to an ankle, foot, 
knee, or leg is possible. In addition, the possibility exists I could have an allergic 
reaction to the non-toxic paint or adhesive used to attach necessary sensors. 

Benefits 
While I will not be paid for participation in this study, information obtained about 

my performance will be made available to me at no cost and I may consult w ith Glen 
Poklikuha for an explanation of my performance. Also, I may gain insight from the 
results of the study related to the sport of triathlon and duathlon. 

Additional Information 

• I understand that the total time requested of my participation will be approximately 
five hours total across three days. 

• I understand that only Glen Poklikuha, his thesis advisors, and student assistants will 
have access to the record and data collected for the study and that all infomiation 
obtained will remain strictly confidential. Howe\ er, I also understand that results 
from this study will likely be published, including my data, but that any reference to 
my data or me will be strictly by number or code. 

• Glen Poklikuha has agreed to answer my questions conceming the procedures and has 
informed me that I may contact the Texas Tech University Institutional Review Board 
for the Protection of Human Subjects by writing to them in care of Office of 
Research Services, Texas Tech University, Lubbock, Texas 79409, or b\ calling 
(806) 742-3884. 
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I understand that if this research project causes me any physical injury, treatment is not 
necessarily available at Texas Tech University or the Student Health Center, nor is there 
necessarily any insurance carried by the University or its personnel applicable to cover 
any such injury. Financial compensafion for any such injury must be provided through 
my own insurance program. Further informafion about these matters may be obtained 
from Dr. Robert M. Sweazy, Senior Associate Vice President for Research, (806) 742-
3884, Room 203 Holden Hall, Texas Tech University, Lubbock, Texas 79409-1035. 

I understand that I may not derive therapeutic treatment from participation in this stud\-
and I understand that I may discontinue my participation in the study at any time of my 
own choosing without penalty. 

I acknowledge that Glen Poklikuha has provided me with a copy of this Consent Form 
for my records, and I agree to participate in the study. 

Signature of Subject 

Date 

Signature of Project Director or Authorized Representative 

Date 

Signature of Witness to Oral Presentation 

Date 
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APPENDIX B 

DATA COLLECTION FORMS 
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Subject Informafion Sheet 

Subject # 
Date: 
Name: 

Age: 
Sex: 

V 

V 

Height(reported): 
Weight/Mass: 

Race Verification 
Informed Consent 

Physiological Measurements: 

V02 Criteria: 

^ 

>/" 

V 

5' warmup 
Calibration (repeated) 

> 1.1 RER 
Age Predicted HR Ma 
O2 leveled off 

Athletic History: 
Primary Sport: 
Years Experience in: 

in cm 
lbs kg 

x-15 beats 

Triathlon 
Cycling 

Running 

(predicted value) 

2' Intervals @ 30 Watt Increments, values recorded at end of time period 

Watts 
Time 
HR 
VO2 

100 
2' 

130 
2-4 

160 
4-6 

190 
6-8 

220 
8-10 

250 
10-12 

280 
12-14 

310 
14-16 

340 
16-18 

370 
18-20 

400 
20-22 

430 
22-24 

NOTES: 

Subject Ht 
(cm) 

Mass 
(kg) 

Age Years 
Exp. 

V 0 : M 3 . % Pred VO2 
' vent 

VO: 
/oTvent 

Wattsu/ 
' vent 

1 
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Video 
C Checklist 

Marker and Anatomical Measurements: Camera Setup: 

V 

cm 
cm 
cm 
cm 
cm 
_deg 

EMG 

^ 

^ 

• 
^ 

5"" Met to Heel 
5"̂  Met to Malleolus 
Malleolus to Knee 
Knee to Hip 
Hip to Shoulder (Neck) 
Heel/Met/Malleolus angle 

Distance from Subject: 
Ht (lens center) 
Distance/Stationary Marker 
Sampling Frequency: 

8.60 
.985 
8.60 
60 

m 
m 
m 
m 

Camera square w/ electrical outlet & centered on tile 
Camera level w/ wall marker @ max zoom 
Manual Focus selected 
10,000 shutter speed 
Tape ready 
Lighfing in place & on 
Reference Cube frame 
Sagittal view 
HR monitor in place 

Sampling Frequency: 1000 Hz Period: 15 sec 
Input Box Turned on 
Synch Operational 
5 Channels Selected to Display, Last Channel, & Operational Check 
Zeroed?! 

Running Speed (mph) 
, C2 Cycle HR 

C2 Run HR 

Pre-Cycle Run HR 
, C3 Cycle HR 

C3 Run HR 

C (Clor C4) 
5' Tl 

T2 
10' T3 

T4 

C2 
0' Tl 

T2 
5' T3 

T4 
10' T5 

T6 
15' T7 

T8 
20' T9 

TIO 

25' Til 
T12 

30' T13 
T14 

35' T15 
T16 

40' T17 
T18 
T19 
T20 

C3 
0' Tl 

T2 
5' T3 

T4 
10' T5 

T6 
15' 17 

T8 
20' T9 
TIG 

25' Til 
T12 

30' T13 
T14 

35' T15 
T16 

40' T17 
118 
TI9 
120 

i 
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PERMISSION TO COPY 

In presenting this thesis in panial ftilftllment of the requuements for a master": 

degree at Texas Tech University or Texas Tech University Health Sciences Center. 1 

agree that the Library and my major department shall make it freely available for 

research purposes. Permission to copy this thesis for scholariy purposes may be 

granted by the Director of the Library or my major professor. It is understood that 

any copying or publicadon of this thesis for financial gain shall not be allowed 

without my ftirther wntten permission and that any user may be liable for copyright 

infringement. 

Agree (Permission is granted.) 

Disagree (Permission is not granted.) 

Student Signature Date 


