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ABSTRACT 
 
Purpose: To establish the relationship between the acute:chronic workload ratio and peak 

performance in division 1 NCAA track and field sprinters over the course of the 2018 outdoor 

season. Methods: The acute:chronic workload ratio was determined by calculating the sum of the 

week before the competition’s session rating of perceived exertion of training load (acute load) 

and dividing it by the average weekly session rating of perceived exertion of training load over 

the previous four weeks (chronic workload). All ratings of perceived exertion were self-reported 

through an Athlete Management System (AMS) no later than one hour after the training session 

or competition. The sprinters’ race times were recorded through an online data base and, in the 

primary statistical analysis, were analyzed for confounding variables. Once the confound 

variables were established, Pearson correlations were used covarying for the confounding 

variables. Our hypothesis was that there would be a positive relationship between the 

acute:chronic workload ratio and the 100m and 200m race times. In a secondary analysis, 

violating the statistical assumption of independence, the acute:chronic workload ratio was 

correlated to the sum of all data points for male and female 100m and 200m race times and the 

male and female 100m and 200m Z-scores for each sprinter. Bins were created with the 

hypothesis that having an acute:chronic workload ratio between 0.8 and 1.3 would be correlated 

with lower race times in the 100m and 200m races and more negative Z-scores for the 100m and 

200m races. Results: A lower acute:chronic workload ratio resulted in a moderate positive 

correlation with lower race times in the 100m (R= 0.542) and 200m (R= 0.711) races. 

Conclusions: Maintaining an acute:chronic workload ratio between 0.8 and 1.3 may be optimal 

for elite division 1 NCAA track and field sprinters to reach their peak performance in the 100m 

and 200m races. An individualized approach to training load using the acute:chronic workload 

ratio should help coaches and performance staff with individualized training-load planning and 

prescription for the sprinters to reach peak performance.
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CHAPTER 1 
 

INTRODUCTION  
 
Exercise is a physiological stress that disrupts homeostasis. Repeated exposure to the stress of 

exercise will allow for various physiological systems to adapt to the stress and improve 

performance (9, 17). Methods to quantify the physical adaptations an athlete experiences from 

repeated exposure to exercise, or training, have been sought after even before the classification 

of the Systems Model by Calvert et al. (15). The systems model concluded how the improved 

performance the athlete experiences from training occurs through an interplay between fitness 

and fatigue. The relationship of fitness and fatigue lead to the desire to monitor the amount of 

training an athlete experiences to find the balance for peak performance (15).  

 

An athlete’s workload (session RPE x session duration) completed during training sessions and 

competitions is referred to as training load (9, 11). Athletes respond differently to the same 

training load, so the ability to measure and monitor training load is important in forming training 

programs that will lead to peak performance (9, 11). Measuring the response to training load is 

achieved by monitoring both internal and external factors. Internal factors include the 

physiological and psychological stresses an athlete experiences during a training session or 

competition. Quantifications of internal training loads include heart rate, blood lactate, oxygen 

consumption, and ratings of perceived exertion (RPE) (8, 10, 11, 34). External factors include 

objective measures such as the weight moved or repetitions completed or distance traveled by an 

athlete during training sessions or competitions. Quantifications of external training loads 

include power output, speed-acceleration, time-motion analysis, global positioning system (GPS) 

parameters, and accelerometer derived parameters (11, 33, 38, 66, 69, 72). 

 

The primary value in quantifying and recording internal and external training loads is to monitor 

the acute and chronic training loads in athletes. In team sports, a single week of training is a  

common way of quantifying acute workload (31). Chronic training load represents a rolling 

average of the most recent 28 days of training and represents a longer duration of training. Acute 

workload is a much shorter time period (7 days) and can be as short as one training session (52).  



 2 

 

In Australian football players, a high chronic workload was protective against injury. However, 

when acute workload was greater than chronic workload, injury risk was higher and performance 

was decreased. An acute:chronic workload ratio of  >2.0 for total distance during the in-season 

competition, the football players had a 5 to 8 fold greater injury risk (R2= 5.49, P=0.016). Players 

with a high-speed distance acute:chronic workload ratio of 2.0 had a 5 to 11 fold greater injury 

risk compared to players with acute:chronic workload ratio less than 2.0  (R2= 5.10, P=0.014) 

(52). These findings show that the players may not be able to handle sharp spikes in acute 

training during season compared to pre-season, and therefore decrease the protective nature of 

the chronic workload (52). In agreement with Gabbett and colleagues, multiple studies have 

reported a strong correlation between high chronic workload reducing the risk of injury and high 

acute workloads increasing the risk of injury (6, 28, 31, 35, 36). 

 

Quantifying acute and chronic workloads is completed through the acute:chronic workload ratio, 

which provides an index of preparedness of the athlete and is useful in determining injury risk in 

athletes. The acute:chronic workload is found by dividing the last weeks (week four) workload 

by the four-week average. If acute workload is low and chronic workload is high, the ratio will 

be less or close to one and is correlated to lower risk of injury. If acute workload is high and 

chronic workload is low, the ratio will be greater than one and is correlated with higher risk of 

injury (31). Using heart rate monitors or GPS devices are ways to quantify external workloads 

over four weeks. However, in team sports, session rating of perceived exertion (sRPE) is the 

most validated way of quantifying training load as it combines the principles of Borg’s modified 

RPE scale (1 to 10) and the acute:chronic workload ratio (73). sRPE is found by multiplying 

session time by the RPE rating from the 1-10 scale. sRPE has been shown to correspond with 

heart rate and blood lactate markers of exercise intensity (26). Foster and colleagues have 

validated sRPE for being successful in monitoring training load in a variety of exercise modes 

(27, 48, 62, 70, 73). Using sRPE and the acute:chronic workload ratio can be used to predict how 

ready an athlete is to perform.  It has been proposed that using session RPE provides accurate 

feedback from athletes on actual internal training load and strain vs. desired training load. It is a 

valid, reliable, minimally invasive, and easy to collect method of monitoring training load (23). 

To our knowledge, there is no research using the acute:chronic workload ratio as a training load 
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management in elite track and field sprinters. There is also no research using the acute:chronic 

workload ratio (sRPE) to predict performance as most of the previous literature exists primarily 

in relation to injury.  

 
1.1 Purpose 

 
The purpose of this investigation was to use session RPE to correlate acute:chronic load ratio to 

peak performance in elite division 1 NCAA track and field sprinters during the outdoor season of 

2018.  

1.2 Aim and Research Hypothesis 

 
1.2.1 Aim 1 

To determine the correlation between acute:chronic workload ratio (using session rating 

of perceived exertion (sRPE)) and peak performance in competition for elite division 1 

NCAA track and field sprinters. 

Hypothesis for Aim 1: We hypothesized that the sprinters who had an acute:chronic 

workload ratio 0.8 to 1.3 the week before a competition will have improved performance 

in competition compared to the sprinters who had an acute:chronic workload ratio over 

1.5.  

 
1.2.2 Assumptions  

The following assumptions will be made in this investigation: 

1) Participants accurately filled out a daily questionnaire reporting wellness and session 

RPE for the training sessions. 

2) Mechanical efficiency apart from injury was similar for the sprinters.  

3) All athletes attempted to perform their best at all competitions. 

 

1.3 Delimitations 

 
Delimitation will include the following: 

1) The track athletes were sent the session RPE questionnaire one hour after practice 

was completed.  
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1.4 Limitation  
 

The limitations of this study include: 

1) These data were collected on one team with seven sprinters, therefore the data may 

not be generalized for all track athletes. 

2) These data were collected on division 1 NCAA track and field sprinters and may not 

be transferable to other division athletes. 

3) That these data were collected in track and field sprinters and may not be generalized 

to all athletes.  
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CHAPTER 2 

REVIEW OF LITERATURE 
 

2.1 Defining Training Load 

 
2.1.1 Training Load Defined 

 
Training load is the quantification of the work performed by an athlete or group of athletes 

during the training sessions and competitions. Measuring an athletes response to the workload is 

achieved with a unique combination of internal and external factors (11). Internal training loads 

are defined as the relative biological stressors, which includes both physiological and 

psychological, the athlete experiences within the training session or competition. Quantification 

of internal training loads includes heart rate, blood lactate, oxygen consumption, and ratings of 

perceived exertion (RPE). External training loads are objective measures such as the work 

performed by the athlete in competition or training sessions (11). External training loads are 

measured separately from internal workloads. Metrics used in measuring loads include power 

output, speed-acceleration, time-motion analysis, global positioning system (GPS) parameters, 

and accelerometer derived parameters. It is important to have an integrated approach to training 

load because the athlete experiences both internal and external factors during the training session 

and competitions. Understanding internal and external training loads provides greater insight to 

how an athlete responds to training stress, which allows coaches and training staff the ability to 

create a more effective training program for the athlete (11).  

 
2.1.2 Importance of Monitoring Training Load 

 
Load monitoring informs a coaches’ decision making on an athletes’ ability to train with the 

goals of creating a training program that reduces injury rates and leads to performance 

enhancement.  Internal and external monitoring can provide data on the consequences of training 

(60), identify fatigue levels after competition (2, 40),  and identify changes in fatigue or fitness 

status (12). Training load monitoring allows open communication between the coach and athlete 

where both can provide feedback on current training (11).  
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Monitoring training loads can lead to enhanced athletic performance by maximizing the athlete’s 

opportunities to train and therefore improve their condition and skills. Performance is difficult to 

measure because performance responses to training are non-linear and are influenced by both 

non-training and training-related factors. Even though research is limited on the accuracy of 

using methods that monitor training load  to predict performance in elite athletes, the methods 

still provide an important theoretical framework that allows scientists and coaches the ability to 

better understand and control the training process (11) 

Monitoring training loads can also be helpful in reducing injuries by avoiding inappropriate 

training load (28). Gabbett et al. (28) examined the influence of perceived intensity, duration, 

and load of matches/training on injury of 79 semi-professional rugby league players. These 

authors reported that more training injuries were sustained in the first half of the season (first vs 

second: 69.2% vs 30.8%, P < 0.001) which coincided with increased training load. Similarly, 

match injuries occurred more frequently in the latter stages of the season (53.6% vs 46.4%, P < 

0.001) when match load was at its greatest. A significant relationship (P < 0.05) was observed 

between changes in training injury incidence and changes in training intensity (r = 0.83), training 

duration (r = 0.79) and training load (r = 0.86). In addition, changes in the incidence of match 

injuries were significantly correlated (P < 0.05) with changes in match intensity (r = 0.74), match 

duration (r = 0.86) and match load (r = 0.86). These findings suggest that as the intensity, 

duration and load of rugby league training sessions and matches is increased, the incidence of 

injury is also increased (28).   

Gabbett et al. (29) have also reported that lower pre-season training loads reduced training injury 

rates in rugby league players and resulted in greater improvements in maximal aerobic power 

during pre-season and continuing into the season during the 2001-2003 seasons. The training 

loads (in hours) for the 2002 (1165.9) and 2003 (1478.9) pre-season periods were significantly 

lower (p < 0.001) than those in 2001(1442.4). The incidence of injury was significantly higher 

(x2 = 44.3, p<0.001) in the 2001 pre-season period (156.7 per 1000 training hours, 95% CI: 

136.3 to 177.1) than the 2002 (94.4 per 1000 training hours, 95% CI: 76.7 to 112.0) and 2003 

(78.4 per 1000 training hours, 95% CI: 64.2 to 92.7) pre-season periods. There were no 

significant differences in the incidence of injury between the 2002 and 2003 pre-season periods. 
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The increases in maximal aerobic power steadily improved across the three seasons with a 62–

88% probability that the 2002 and 2003 pre-season improvements in maximal aerobic power 

were of greater physiological significance than the 2001 pre-season improvements in maximal 

aerobic power (29). 

 
2.1.3 Internal Training Workload Quantification  

 
Internal workloads reflect how the athlete is responding biologically to the training session or 

competition. There are multiple ways to quantify internal workloads within the athlete. Heart 

rate, blood lactate, other biochemical markers such as cortisol, oxygen consumption, and ratings 

of perceived exertion (RPE), questionnaires, or Profile of Mood States questionnaire (POMS) are 

commonly used to assess internal load (10). Using questionnaires and diaries to assess regular 

physical activity and wellness in team sports is common because the methods are easy, cost 

effective, and do not interfere with training. Both questionnaires and diaries are used to measure 

physical activity during the past week, month, or year. Both also account for some external 

variables such as environmental factors that affect motivation, physiological, and physical 

effects. However, it must be noted a limitation to any questionnaire is the subjective nature of the 

data collection (8, 34).  

O’Connor et al. (54) conducted a Profile of Mood States questionnaire (POMS) and obtained 

resting salivary cortisol concentrations in 14 female collegiate swimmers and 8 active college 

women who were controls. Both quantification methods were used since POMS is a 

psychological marker, or internal method, and cortisol is a physical marker, or external method, 

important in determining an athlete’s competitive preparedness. Salivary cortisol has been 

determined to be an efficient tool for monitoring the effects of training. Training load baseline 

was 2,000 yards/day in September to a peak of 12,000 yards/day in January followed by a taper 

to 4,500 yards/day in February. Specifically, the swimmers experienced significant (p <0.01) 

negative changes in depression, tension, energy, anger, fatigue, and global mood across the 

training season compared to the controls. Salivary cortisol was significantly (p <0.01) greater in 

the swimmers compared to the controls during baseline and overtraining but was not different 

between the groups following the taper. Salivary cortisol was significantly correlated with 

depressed mood during overtraining (r = 0.50; p <0.05), but not at taper or baseline (54). 



 8 

2.1.4 External Training Workload Quantification 

External workloads are measured objectively and independently from internal workloads. The 

most common measurement of external training load in elite team sports is derived from the use 

of a global positioning system (GPS) device. GPS devices measure distance calculated by 

positional differentiation, which takes the GPS location and compares the location to a known 

location then calculates the difference which accounts for variance in speed (69). Velocity is 

calculated via the Doppler-shift method, which is the change in frequency or wavelength of a 

wave for an observer who is moving in relation to a related source (33, 69). The Doppler-shift 

method results in better precision and fewer errors than calculating velocity from distance. Speed 

is then calculated from changes in the given GPS distance divided by the time between each 

logged position (11, 69).  Elite Australian football players (n=20) were studied to identify the 

accuracy of GPS devices (38). The athletes wore two GPS devices and completed straight-line 

movements (10, 20, 40 meter (m)) at various speeds (walk, jog, stride, sprint), changes of 

direction at two different frequencies, and a team sport running circuit. The athlete’s position and 

speed data were collected by the GPS devices at 1 and 5 Hz (Hz is the measure of frequency). It 

was reported that the GPS accuracy decreased as speed of locomotion increased in both straight 

line and the change of direction courses. Difference between criterion and GPS measured 

distance ranged from 9.0% to 32.4%. A higher sampling rate improved validity regardless of 

distance and locomotion in the straight line, change of direction and simulated running circuit 

trials. The reliability improved as distance traveled increased but decreased as speed increased. 

Total distance over the simulated running circuit exhibited the lowest variation (coefficient of 

variation: 3.6%) while sprinting over 10 m demonstrated the highest variation (coefficient of 

variation: 77.2% at 1 Hz) (38). Overall, GPS as a measure of external workloads is valid and 

reliable as long as acceleration, deceleration, and directional changes are measured with room for 

variation when distance is accounted for (11, 38, 66, 72). 

Other measures of external workload include multimeter, computer-based time-motion analysis, 

and accelerometer derived parameters like speed acceleration. These other measures are not used 

as often as GPS and vary depending on the mode of exercise (11).  
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2.1.5 Current Perspective on Quantifying Training Load  

 
As time has evolved, the approach to quantifying training load has grown from using 

stopwatches to more precise measures. Most models that quantify training load in hopes of 

linking training and performance consider the athlete as a system where training load is the input 

and performance is the output (10). Even though more research is warranted on each of the 

current methods to measure training load, coaches often choose to quantify training load through 

diaries, questionnaires, physiological monitoring, and direct observation (10). In search of 

quantifying training stress, coaches typically will observe training impulses (TRIMP) and session 

rating of perceived exertion (sRPE). TRIMP is a method proposed by Banister et al. (4) where 

they suggested that a person’s heart rate response to exercise, along with exercise duration make 

up a training impulse. sRPE is a rating of overall difficulty of the exercise session obtained 30 

minutes after the completion of the exercise (10, 25). Although Session RPE and training 

impulse  may prove to be useful tools in recording physiological adaptations to training, their 

influence on performance has not been accurately quantified due to limited research (10, 34, 67). 

However, conducting research on the frequency, duration, and intensity of exercise is extremely 

valuable because peak performances require an understanding of how the quantifiable effects of 

training influence performance in order to create an optimal training program (9, 34). 

 

Optimizing training begins by quantifying what the athlete is currently doing. Both internal and 

external quantification methods are used to determine an athlete’s performance status. The next 

step in optimizing training is understanding the athlete’s ability to undergo certain levels of 

exertion. The use of measures like sRPE and training impulse (TRIMP) can help quantify an 

athlete’s level of exertion. Once the current level the athlete is training at and the highest training 

load the athlete can sustain are determined, an optimal training load can be defined in a specific 

terms (9). 

2.2 Historic Quantification of Workload 

 
2.2.1 The Systems Model  

 
One question that has been debated since the early 1970’s is: how does training modify 

performance throughout the whole training period? The traditional problem has been finding a 



 10 

model that addresses both quantification of training and performance. Past research has 

concluded that performance appears to be related to the difference between fitness and fatigue, 

but the issue of how to quantify fitness and fatigue still remains. The search has been for a model 

that would be able to reflect an athlete’s response to extremely intensive training and “tapering” 

and also explain the connection of the training to performance. Calvert et al. were the first to 

propose the Systems Model for training in athletes. The Systems Model consists of four 

components: endurance, strength, skill, and psychological factors (15).   

 

The basis for the four component Systems Model was the observed need to include more 

dynamic responses to training. Previously, the observed relationship between performance and 

training was seen through a mathematical approach. As the athletes training increases 

moderately, w(t), a limited rise in performance, p, with a time constant, T, of 30-50 days (d) is 

seen. As training continues to increase, the increase in performance would be proportional to the 

difference between the potential maximal performance determined inherently and the current 

performance level, p(t), attained by the athlete. After continuous training stops, performance will 

decrease exponentially back to a lower level. From the observed relationship, a simple first order 

differential equation was formed (15).  

dp(t) + 1p(t)= w(t) 

𝑑𝑑𝑑𝑑          𝑇𝑇 

The corresponding transfer function is: 

 
G(s)= P(s) = 1   1    1 

W(s)     s+ 1/T 

 
And in terms of convolution: 

 
P(t)= w(t) * g(t) 

 
= w(t) * e -1/T 

Equation 1. Corresponding transfer function of the systems model (15). 
 

Where * indicates convolution, g(t) is the impulse response e -1/T , and T is the time constant (30-

50 days). When the T constant exceeds 50 days and is closer to 150 days of training, the equation 
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showed correlation between a decrease performance and the observed effects of overtraining. 

However, the major issue with simply restricting the relationship between training and 

performance to a simple mathematical equation is that the equation does not account for the 

active response a person has to training (4, 15).  

 

The four component Systems Model was the first multicomponent model that sought to explain 

effects of different factors (endurance, strength, skill, and psychological) of training on 

performance. Endurance involves the respiratory, cardiovascular, and cell metabolism systems. 

To sustain work, the muscles use aerobic process (oxygen used to utilize the energy stored in 

glycogen) (15). One aim of endurance training is to increase oxygen supply since the level of 

performance is limited by the rate of oxygen supply to the cell. Oxygen supply can be limited by 

the lungs, cardiac output, the number of red blood cells, and by peripheral circulation of the 

blood to the muscles (63). Since the body sends additional blood to active muscles, the heart rate 

observed when performing exercise provides and indirect measure of aerobic performance (43). 

Stroke volume is the amount of blood ejected from the ventricles during one systole. It is the 

difference between end-diastolic and end-systolic volumes. Stroke volume increases to a heart 

rate of approximately 110 beats per minute (bpm) and above 110 bpm it is at the maximal level. 

Cardiac output is the product of strove volume x heart rate. Heart rate influences ventricular 

filling time and stroke volume so that changes in cardiac output caused by changes in heart rate 

are attenuated (61). Some endurance exercise results in heart rate over 110 bpm, so increase in 

output is due to heart rate rather than stroke volume. Therefore, heart rate can be used as an 

indirect measure of aerobic performance (43, 61). The time constant in equation 1 is 30-50 days 

for performance increases to be recognized as the aerobic adaptations of heart rate, stroke 

volume, and cardiac output develop (13, 42).   

 

Strength of the muscles can be increased by functional hypertrophy and improving neural 

organization for recruiting muscle fibers mainly through resistance training. During hypertrophy, 

contractile elements within the muscle enlarge and the extracellular matrix expands to support 

growth. Hypertrophy can occur by adding sarcomeres in series or in parallel. When the skeletal 

muscle is subjected to an overload stimulus, the stimulus causes disruption in myofibers and in 

the related extracellular matrix. The disruption causes a chain of myogenic events that ultimately 
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leads to an increase in size and amounts of the myofibrillar contractile proteins actin and myosin, 

and the total number of sarcomeres in parallel, increasing the muscles cross-sectional area (65). 

The central nervous system (CNS) controls resistance-trained muscles better than non-trained 

muscles. The resistance trained muscles have an increase in their force-generating capacity. If 

each motor unit within a muscle is capable of producing more force after training, fewer motor 

neurons need to be recruited to elicit a large recruitment of muscle fibers (16, 18). Strength 

training is an important factor in the systems model and the time constant for performance 

improvement in equation 1 is 20-40 days. With disuse, CNS control of the muscles will decrease 

and muscle strength will decrease as the muscle is no longer experiencing a stimulus to induce 

hypertrophy (15, 16, 18, 65). Skill is important in activities like high jump or javelin throwing 

and unimportant in other activities like long-distance running. With an increase in physical 

training of specific skills, the learning curve for the skills increases as well. Psychological factors 

refer, in part, to the athletes’ motivation to perform. Increase in motivation can increase 

performance, but an increase in motivation can also cause an increase in overtraining. The 

Systems Model is applicable to specific individuals, type of performance, and type of training 

(15).  

 
2.2.2 Fitness and Fatigue Model  

 
A case study was conducted on fourth year swimmers for a university testing the application of 

the four component Systems Model. The swimmers participated in flexibility exercises and 

weight exercise to develop strength and swimming power. Swimmers were asked after every 

training session how they felt. The most interesting finding was how the interplay between 

fitness and fatigue affected overall performance (15). Banister et al. proposed an equation to 

assess the training effect (dose) on performance (response) to establish a quantifiable relationship 

between training load and performance (equation 2) (4, 9, 15):  

Model performance=(fitness from training model)- K(fatigue from training model) 

A(t)= k1w(t)e-t/T1- k2w(t)e-t/T2 

            Equation 2. Calculation for training effect on performance (4). 

 

where K (1 for fitness and 2 for fatigue) is the constant that adjusts for the magnitude of the 

fatigue effect relative to the fitness effect, w[t] is the training impulse, and k1 and k2 are 
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weighting factors (initially k1 = 1 for fitness and k2 = 2 for fatigue). The fitness impulse (k1w[t]) 

and the fatigue impulse (k2w[t]) can be calculated by multiplying the training impulse (w[t]) by 

the appropriate weighting factor (k1 or k2) (4, 10, 15). Fatigue was measured in terms of a deficit 

in the endurance and strength categories. Since fatigue had a dominant effect on performance, it 

can be said that a deficit in an athlete’s endurance and strength is the reason for lower 

performance (15).  

Equation 2 includes two functions where one represents a negative influence on performance 

and the other represents a positive influence on performance. Between training sessions, the 

fitness and fatigue variables decline exponentially but at different rates. Sudden spikes in training 

lead to fatigue rather than a gain of fitness. Nonetheless, the decay time constant of fitness is 

longer. Banister et al. (4) suggested that the fitness decay time constant (t1) may be estimated 

initially as 45 days and the fatigue decay time constant (t2) as 15 days. With the initial values for 

the weighting factors (k1 = 1 and k2 = 2), the time constants are only estimates that allow for a 

prediction to be made of future performance. Data from real performances are then collected and 

compared with the predicted performance, and the decay time constants and weighting factor 

constants adjusted if inconsistencies occur between the predicted and real performance (4, 10).  

 Calvert et al. (15) conducted a case study on a collegiate swimmer using the systems model over 

the two seasons (1970- 1971 and 1973-1974) he participated in swimming at university. The 

swimmer underwent a regular training program of flexibility exercises, weight exercise, and 

swimming. The swimming consisted of a warm up (500m), low-quality activity (long distance- 

3000-5000m) and high-quality (short distance swam quickly with long rests in between e.i.100m 

at intervals of three or four minutes). The swimmer was asked RPE at the end of each session. In 

the first season, the criteria for performance of the swimmer was taken to be his best time to 

swim 100-m time trials.  

The difference between the two charts can be explained by the athletes training load. The 

swimmer swam up to 12,000 meters per day for several weeks and experienced serious fatigue 

measured by decrease in performance. Figure 1 shows the time function for fatigue and fitness 

in response to the training impulses. When comparing the modeled performance for the 1970-

1971 season and the 1973-1974 season, the additive constant a(t) was reduced from 66.5 to 55.5 
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showing the improvement in the swimmer’s level of performance.  The effect of the fatigue 

function on performance was almost the same between two seasons (multiplying constants are 

0.017 and 0.015). This was not expected since the swimmers are more fit in the later season 

(1973-1974). The effect of fitness function (equation 2) on performance is about four times less 

in the later season (results from equation 1 0.0017 compared to 0.0075). This indicates that 

training has less effect on the fitness of the swimmer who is already very fit. Linking 

performance to the systems model showed the model can be applied to athletes and be useful in 

quantifying training load (15). Busso et al. (14) later tested the accuracy of a simplified form of 

the above model, comprising only the fitness impulse [a(t) = w(t)k1e t=t1]. They reported that it 

produced a similar fit of estimated and real performances, accounting for 61–87% of the total 

variation in estimated and actual performances (10, 14). 

 
Figure 1. Impulse responses used for fitness and fatigue function (15). 

Even though the fitness and fatigue model has been criticized for oversimplifying the complex 

relationship between training load and performance, the approach provides a basis to set future 

training loads and recovery periods and allows coaches to understand to general responses of 

athletes to training. The interplay between fitness and fatigue results in impulse-response models 

that relate training loads to performance and accounts for the dynamic and time-based 

characteristics of training and the effects of training over time (4, 10, 11, 15).  
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2.2.3 Perceived Exertion as an Indicator of Physical Strain  

 
Borg discovered a way to quantify subjective measures, and how they relate to objective 

findings. The basis for his search of a method to quantify workload was the observation that 

most people seek medical treatment when they observe a severe decrease in physical working 

capacity and have an increase in subjective strain. Borg believed that perceived exertion is the 

single best indicator of physical strain. Other measures of physical strain include blood chemistry 

like total blood count, creatine kinase, uric acid, urea, C-reactive protein, and ferritin as well 

performance markers like vertical jump height, maximal velocity, and recovery stress 

questionnaires (1, 23, 48, 49). From the need to quantify perceptual intensities, “ratio-scaling 

methods” were created where the methods had the same metric makings as methods used in 

physiology, where there is an absolute zero with the same distance between all scale values. 

However, the major issue with the ratio-scaling methods are that the methods do not provide 

direct levels for comparisons between individuals (7).  

 

2.2.4 Borg’s Rating of Perceived Exertion (RPE) Scale 

 
To address the challenges with the ratio-scaling methods, Borg created a scale for ratings of 

perceived exertion. His first scale was a 21-grade scale containing verbal anchors that 

represented previous RPE scales that used verbal anchors to assess subjective perception but did 

not have any metric value. An advantage of the category scale is its usefulness for direct 

individual comparisons since the person responds to the stimuli in a more absolute way, meaning 

it is specific to that person only (7).  

 

After his first scale, Borg created a new category scale for RPE rating to increase linearly with 

the exercise intensity for work on cycle ergometer. Oxygen consumption and heart rate increase 

linearly with workload, so if RPE also increased linearly with workload, it would be useful way 

to construct a scale. The RPE scale (Table 1) scale range from 6 to 20 and are a reflection of 

heart rates ranging from 60-200 beats/minute. The correlation of heart rate should be approached 

with some caution as the values may indicate different strain based on age, type of exercise, 

exertion, environment, and other factors. However, many studies show correlations of the ratings 

from the scale and heart rate range from 0.80-0.90 (53).   
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Scherr et. al. (64) had male and female participants complete incremental exercise testing on a 

treadmill or cycle ergometer. Rate of perceived exertion, blood lactate concentration, and heart 

rate were taken at the end of the test to quantify workload. Rate of perceived exertion was 

strongly correlated with heart rate (r=0.74, p<0.001) and blood lactate (r=0.83, p<0.001). It was 

concluded that Borg’s RPE can be practical, cost effective, and valid tool for prescribing exercise 

training load and intensity independent of age gender, exercise modality, physical activity level, 

and cardiovascular disease (64). Words accompany numerical rating allowing the athlete to 

quantify the meaning of the numbers. The words “somewhat hard” correlate with what would be 

“moderate” exercise (130 bpm) and are in the middle of the scale. Symmetrically on either side 

of the middle, words correlating with “weak” and “strong” are “very” and “fairly.” The words 

transform the scale from an interval scale to a category scale since the values increase linearly 

(7).    

 

Table 1. Borg’s rating of perceived exertion (RPE) scale (7). 

6  

7 Very, very light 

8  

9 Very light 

10  

11 Fairly light 

12  

13 Somewhat hard 

14  

15 Hard 

16  

17 Very hard 

18  

19 Very, very hard  

20  
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2.2.5 Use of Borg’s RPE Scale 

 
Category expressions may not be as mathematically accurate as a ratio scale, but category scales 

provide more context, giving the ratings more applicable significance than a ratio scale values. 

Category scale expressions are grounded in certain “population norms” or “experimental values” 

giving accurate inter-individual meaning to the work performed. The verbal expression given to 

report perceived exertion (Table 1) by a subject running on the treadmill or cycling on an 

ergometer in a laboratory setting depends more heavily on sensory signals than the cognitive 

frame of reference. The physical stress each participant feels while performing work depends 

purely on his or her capacity relative to each participant’s “absolute” range. The category scale 

Borg developed is a range-model, which indicates a fundamental principle for inter-process 

comparisons such as exercise exertion between walking and running for the same person (7). 

 

RPE can be useful outside of the laboratory as well. When creating exercise prescriptions, RPE 

can be a valuable marker of exertion rather than using heart rate. Assigning someone to work at a 

specific heart rate can limit the person’s ability to exercise because one day 130 beats per minute 

(bpm) may feel easy and the next day 130 bpm will feel extremely difficult. Using RPE may help 

quantify a person’s risk for injury or strain while working at a specific workload (7). In older 

adults undergoing exercise, it was reported that oxygen uptake (VO2) (p<0.01) and HR (p<0.01) 

increased linearly with RPE showing that RPE is an accurate tool to use in exercise prescription 

(46). 

 

The American college of Sports Medicine (ACSM) recommended the rating of perceived 

exertion as a significant means of monitoring exercise intensity during graded exercise testing 

and controlling exercise intensity during endurance training (47). RPE exertion levels of 12 to 16 

on Borg’s RPE Scale are claimed to be equivalent to between 50 to 85% of a person’s VO2max 

(5). Currently, RPE is included in the ACSM’s Exercise Testing and Prescription best practices 

for monitoring during a symptom-limited maximal exercise test along with electrocardiogram, 

heart rate, blood pressure, and signs and symptoms (47).  
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2.2.6 A New Category with Ratio Based RPE  

 
Over time, a new category scale was developed by Borg with ratio properties. The main notion is 

that the numbers should be anchored by verbal expressions that are simple and easy to 

understand by most people (7). Expressions are placed on the ratio scale according to their 

quantitative meaning.  The verbal words quantify the numerical number meaning if “light” 

quantifies 4, then “very light” should quantify 2. The new category scale with ratio properties 

range from 0-10 with 10 as “very, very heavy” and 0 as “nothing at all.” The new category scale 

(Table 2) is mainly used for the heaviest exercise or physical work perceived by the subject like 

lifting weights or running. It is not known if there is one perfect scale to address all types of 

subjective intensities in all types of situations. The first scale presented by Borg best fits simple 

applied studies, exercise testing, and prescriptions of exercise intensities. The new category scale 

is more applicable in field situations (7). 

 

Table 2. The new rating scale constructed as a category scale with ratio properties (7).  

0 Nothing at all                            (Just noticeable) 

0.5 Very, very weak 

1 Very weak 

2 Weak                                         (Light) 

3 Moderate 

4 Somewhat strong 

5 Strong                                        (Heavy) 

6  

7 Very Strong 

8  

9  

10 Very, very strong                       (Almost max) 

• Maximal   
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2.3 Current Physiological Methods to Quality Training Workload 

 
2.3.1 Physiological Effects of Exercise Training 

 
Exercise is a stimulus that causes a disturbance in homeostasis. Homeostasis is then restored 

after the training session during recovery. The body’s efficiency to return to homeostasis after a 

training is altered after several training sessions, so that subsequent exercise at the same intensity 

may cause less disturbance to homeostasis then before training began. Optimal training 

adaptations are produced when training load and recovery are balanced so the athlete’s 

physiological systems are adequately stimulated to adapt and recovery is not diminished. 

Because a method to determine balance between training load and fatigue is highly sought after, 

methods to quantify training workload have been developed (10, 24, 42, 71).  

 
2.3.2 Oxygen Consumption  

 
Oxygen consumption (VO2) is a valuable measure in steady state exercise. The steady state  

concept implies that the oxygen flow and carbon dioxide flow are equal at each level along the 

respiratory system during exercise. VO2 is a measure of steady state exercise because the 

relationship between oxygen consumption (VO2) and steady state workload is linear, meaning as 

the workload increases, VO2 increases (22, 62). The VO2 response to exercise is a function of 

exercise intensity and can therefore be divided into three domains. The first domain is called 

moderate exercise or moderate intensity because it does not elicit a significant increase in blood 

lactate. The upper limit of the first domain is called the lactate threshold or anaerobic threshold. 

The second domain is heavy exercise. Heavy exercise is quantified as an exercise intensity above 

lactate threshold. Lactate production is greater than blood lactate clearance, but the lactate levels 

can be stabilized if the work rate is below the maximum lactate steady-state. The third domain is 

severe intensity where work rate is above the maximum lactate steady-state and results in a 

systemic increase in blood lactate (55, 75, 76).   

 

In moderate exercise, three phases of the exercise VO2 occur. Phase 1 represents the quick 

increase in VO2 within the first 15 to 25 seconds of exercise. Any changes in venous O2 content 

from the active muscles may not arrive in the lungs and do not affect phase 1 VO2 kinetics. 
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Phase 2 reflects the influence of muscle metabolic change on VO2 measured at the mouth. After a 

short delay of phase 1, VO2 increases exponentially to a steady state level. Neither the slop of the 

increase in VO2 with respect to work rate or the VO2 time constant have been found to be a 

function of work rate indicating a linear dynamic relationship between the VO2 and work rate. 

Phase 3 is steady-state VO2 levels and can be seen after 3 minutes. During phase 3, VO2 

increases linearly with work rate with a gain of 9 to 11 ml/O2/watt/ min during moderate exercise 

(10, 55, 75, 76). 

 

Another use of oxygen consumption as a method to quantify training is VO2max. VO2max is the 

maximum consumption measured during incremental exercise. VO2max test fully exhausts the 

aerobic energy system through increasing intensity at set workloads on a treadmill or cycle 

ergometer in a laboratory setting using a metabolic cart.  

 

The test measures ventilation, oxygen and carbon dioxide concentration for the inhaled and 

exhaled air. VO2max is reached when oxygen consumption remains at a steady state despite an 

increase in workload (19). VO2max can be expressed either as an absolute rate in liters of oxygen 

per minute (L/min) or as a relative rate in milliliters of oxygen per kilogram of body mass per 

minute (mL/kg . min). Relative VO2max rather than absolute VO2max is more commonly used to 

compare the exercise intensities completed by endurance athletes because has been found that 

VO2max is exercise mode specific, so VO2max needs to be determined for each mode before 

exercise can be prescribed or quantified using relative VO2 values (19, 34, 41).  

 

VO2max is properly defined by the Fick equation (equation 3): 

 

VO2max= Q x (CaO2 – CvO2)  
Equation 3. Fick equation using values obtained during maximal exertion at maximal effort.  

 

Where Q is cardiac output, CaO2 is the arterial oxygen content, CvO2 is the venous oxygen 

content and (CaO2 – CvO2) is the arteriovenous oxygen difference (21). Approximations of 

VO2max through submaximal tests where the level of effort is limited to submaximal exertion. 
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Submaximal exercise tests require clients to perform a fixed amount of work per unit of time 

(44).   

 
2.3.3 Lactate  

 
Assessment of the accumulation of blood lactate during exercise and following exercise is a 

common measure of exercise intensity (9). Blood lactate levels are reflective of the contribution 

of anaerobic metabolism towards exercise. Elevated blood lactate levels are indicate greater 

contribution of anaerobic metabolism and as such a higher intensity of exercise (59). Even 

though the measurement of blood lactate concentration has become easier over time, measuring 

lactate frequently during every training session to prescribe or quantify intensity is impractical 

because it is invasive (59). 

 

The intrinsic intra- and inter-individual differences of how much or how fast lactate accumulates 

during exercise are two major limitations of the use of lactate to prescribe exercise training load. 

Other factors such as ambient temperature and dehydration may influence the interpretation of 

lactate measurements. Mode of exercise can also influence lactate, as it alters the muscle mass 

used during exercise such that the same lactate concentration occurs at different VO2 levels 

during running and cycling. Exercise duration and intensity may also influence lactate 

concentration leading to more limitations in using lactate concentration for quantifying training 

load (10, 37, 68). 

 
2.3.4 Heart Rate 

 
Using heart rate to quantify training load is based on the observed principle that the relationship 

between heart rate and steady state work rate is linear (34, 62). Heart rate is a sound measure of 

internal workload, but the access to heart rate monitors or the use of heart rate monitors in daily 

practice may be a limitation. Percent maximum/competition heart rate has been used to prescribe 

exercise intensity (34), but the Karvonen Method is more commonly used in prescribing 

intensity. The Karvonen Method is a mathematical equation that is used to determine a target 

heart rate training zone.  The Karvonen Method uses maximum heart, resting heart rate and 
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desired intensity to find the heart rate an athlete should be at to match the prescribed intensity 

(equation 4) (10, 39). 

 

Target Heart rate = ((max HR- Resting HR) x % desired exercise intensity) + resting HR                                   

Equation 4. Karvonen Method formula. 

Where % intensity is the prescribed intensity, HRrest is resting heart rate and HRmax is maximal 

heart rate.  

 
2.3.5 TRIMP Method  

 
Many different methods have been formed for quantifying internal workload based on heart rate. 

Banister et al. proposed a method for quantifying a training session into a “dose” of physical 

effort where the “dose” is the unit. A person’s heart rate response to exercise with the exercise 

duration could be used as a measure of physical effort since it is based on how exercise causes a 

physiological rise between resting and maximal levels in response to intensity. The combined 

heart rate response and duration of exercise was called training impulse (TRIMP). A training 

impulse (TRIMP) is calculated (equation 5) using maximal heart rate, heart rate at rest, the 

average heart rate during exercise, and exercise duration (4, 10). 

 

TRMIP (w(t)) = duration of training (min) x ∆HR ratio x Y 

Where ∆HR ratio=𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 − 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 
𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 − 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 

 
Where Y= 0.64e1.92x for males, Y= 0.86e1.67x for females, 

 
E= 2.712, and x= ∆HR ratio 

Equation 5. Calculation for training impulses. 

 

Y is a weighting factor that emphasizes high intensity exercise and avoids disproportionate 

importance of the type of exercise, whether long-duration, low intensity or short duration, high 

intensity exercise (4). The use of training impulse (TRIMP) is limited to the need of heart rate 

monitors throughout training. Another limitation to using TRIMP to quantify training load is the 

inability to quantify non-aerobic methods of exercise like resistance training (4, 10).  
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2.3.6 Summated Heart Rate Zone Score 
 
The summated heart rate zone score is a five heart rate zone modification to the calculation of 

training impulses that simplifies the quantification of interval training (10, 20).The time spend in 

five HR zones was multiplied by a corresponding weighting factor (Table 3) (10). The results of 

a study examining the variance in the relationship between objective methods like summated 

heart rate zone and TRMIP and subjective methods like session RPE suggested that for athletes 

who spent a greater percentage of their training time doing high-intensity exercise, the subjective 

RPE-based method accurately quantifies the athlete’s workload where the objective heart rate-

based equations may overestimate training load (9). On the other hand, in athletes who spent an 

equal amount of their training time doing low-intensity exercise, the session RPE method may 

overestimate training load and the heart rate-based methods may underestimate training load. 

The authors suggest that it may be the weighting system used in this equation that limits its 

accuracy (9). After an extensive review of the literature, there appears to be no evidence that the 

summated heart rate zone score method of quantification has been validated. The summated 

heart rate zone equation may therefore have been derived theoretically and not through 

experimentation, raising the question of the legitimacy of validating the session RPE method 

against this heart rate based method (10).  

 
Table 3. Weighting factors for respective heart rate zones (20). 

 

 

 

 

 

 
2.4 Session Rating of Perceived Exertion as a Measure of Workload  

 
2.4.1 Defining Session Rate of Perceived Exertion 

 
Session RPE takes Borg’s RPE scale and multiplies the value by the total duration in minutes of 

the training session to create a single measure of internal training load in arbitrary units (73).  

Fullarton and Benton studied how session RPE can be used to control and monitor internal 

% HRmax Weighting Factor 
50- 60% 1 
60-70% 2 
70-80% 3 
80-90% 4 
90-100% 5 



 24 

training load in national rugby league athletes. Data was collected throughout the year after 

every training session and game the athletes completed. Training load was calculated by 

multiplying session RPE x duration (minutes). Collection of RPE was completed by asking the 

athletes “How was your workout?” The question requires the athlete to think globally rather than 

specifically. Session RPE advantages include how it is minimally invasive, easy to collect, and 

easy to implement. Session RPE provides accurate feedback from athlete on actual internal 

training load and strain vs. desired training loads (Figure 1) (27). Session RPE may be less 

sophisticated compared to heart rate methods, but it may be more sensitive to internal training 

load than heart rate (73). It identifies individual athletes at risk for injury and athletes who find 

the training load too high and is useful for identifying overtraining or training induced fatigue. 

By collecting session RPE as a measure of workload, the staff can create training programs that 

tailor volume and intensity to match the athletes training load and strain threshold to optimize 

performance (27).  

 

2.4.2 Validation of Session Rating of Perceived Exertion  

 
Even with the different methods measuring internal and external workload, the need for a 

method that is successful in monitoring training in a variety of exercises still exists. 

Traditionally, Banister’s training impulse concept has been the gold standard in monitoring 

workload. However, there are two major limitations to using the training impulse method. The 

first limitation is that monitoring heart rate over a long period of time can be very variable in 

accuracy and depend on the athletes’ consistent use as well as working correctly in every session 

(26). Next, heart rate is a poor method of evaluating high-intensity exercise like, interval 

training, weight training, and plyometric training. Foster et al. developed a modification of 

Borg’s RPE method called session RPE, which uses RPE as a marker of intensity within the 

training impulse method. Session RPE has been shown to correspond with heart rate and blood 

lactate markers of exercise intensity (26, 48, 62). 

 

Foster et al. (26) applied session RPE to different types of exercise training to test session RPE’s 

correlation to heart rate.  The first part of the study the participants had a common exercise 

activity that allowed good quantitative control of the exercise performed on the cycle ergometer 
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and treadmill. During the first part, subjects were well trained cyclists. In a maximum exertion 

test, VO2peak, blood lactate, and heart rate were measured. Next, each subject underwent eight 

randomly ordered exercise training bouts differing in length and intensity. Heart rate, RPE, and 

blood lactate were all taken during the exercise bouts.  Another RPE was recorded 30 minutes 

post-exercise for the entire session. An exercise score for each session was computed by 

multiplying the duration of the exercise session by the session RPE for the session. In the second 

part of the study, the subjects were members of a collegiate men’s basketball team who were 

monitored during basketball practices and competitions. Heart rate was monitored, recorded, and 

analyzed using the summated HR method. Thirty minutes after the session, participants rated the 

overall difficulty of the session using session RPE (Table 3) (26).  

 
Table 4. Comparison of calculated exercise training impulse scores using summated heart rate 
(HR) zone method and the session rate of perceived exertion (RPE) method as a prediction of 
performance (26). 

 
 
Results showed that both the interval trained cyclists and the basketball players HR zone 

correlated to the session RPE. Both groups gave higher exercise scores in the RPE than the 

summated HR method (26). The summated HR zone is based on 5 zones, so an athlete working 

at maximal HR for the entire exercise session would have their exercise duration multiplied by 5 

(51). In contrast, session RPE has 10 effective zones creating a high multiplier for the exercise 

session, especially if the intensity was high. The athletes showed consistency when reporting 

session RPE and the value reflecting the athlete’s performance was portrayed accurately under a 

specific training load. The overall consistency between summated HR zone and session RPE 
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methods of monitoring training suggests that session RPE can be useful over multiple types of 

exercise (26).  

 

Present data support the use of the session RPE method as a subjective method for monitoring 

training load during high-intensity, non-steady state exercise like team sports. Session RPE is a 

simple, accurate method and is a useful technique for quantitating training load in a variety of 

athletic applications. Data also show that it is a reliable method that is consistent with objective 

physiological indicators of the intensity of the workout (26, 48, 62).         

 
2.4.3 Timing and Session RPE 

 
Traditionally, session RPE is recorded thirty minutes after a training session or competition. 

Uchida et al. (70) researched if timing of the measurement of session RPE altered the RPE rating 

in boxers. No significant difference was observed in session RPE load measures recorded 10 or 

30 minutes after easy, moderate, and hard training sessions. Mean HR was significantly different 

between each intensity. The main finding of the study is there was no significant difference in 

RPE taken 10 minute or 30 minutes after easy, moderate, or hard session. The time observation 

from this study only further implies that session RPE is a valid, reliable method for monitoring 

training load (70).  

  
2.5 Acute:Chronic Workload Ratio 

 
2.5.1 Acute Workload 

 
Acute training loads can be as short as one training session. However, in team sports, one week 

of training is a more common way of quantifying acute workload. Since acute training loads are 

usually a short period of time, they can be analogous to a state of fatigue (31). Sharp spikes in 

acute workload compared to chronic workload are associated with an increased risk of injury in 

Australian football players. Murry et. al showed  pre- vs. in-season acute total distance (m) was 

not significantly different (P<0.069), acute low speed distance (m) was significantly different 

(p<0.032), acute moderate speed distance (m) was significantly different (p<0.042), high speed 

distance (m) was significantly different (p< 0.001), acute very high speed distance (m) was 

significantly different (p<0.001), and acute player load (au) was significantly different 
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(p<0.046). Higher acute workload relative to chronic workload increases risk of injury in the 

subsequent week to the workload being performed. Players may not be able to handle sharp 

spikes in acute training during season compared to pre-season, most likely due to the extra 

physical demands of competition and the need for recovery (52). 

 
2.5.2 Chronic Workload 

 
Chronic training loads represents a rolling average of the most recent 3-6 weeks of training and a 

longer duration of training and can therefore be analogous to a state of fitness as detailed by 

Banister et al. fitness and fatigue model (31). When chronic workload is greater than acute 

workload, a lower risk of injury is observed. In Australian football players, a pre- vs. in-season 

chronic total distance (m) was higher than the acute distance (p<0.024), chronic low speed 

distance (m) was higher than the acute distance (p<0.020), chronic moderate speed distance (m) 

was higher than the acute distance (p<0.006), high speed distance (m) was higher than the acute 

distance (p< 0.001), chronic very high speed distance (m) was higher than the acute distance 

(p<0.001), and chronic player load (au) was higher than acute player load (p<0.007). From the 

results, high chronic workloads alone are associated with a lower injury risk in a group of 

Australian football players, suggesting that higher chronic workloads may be protective against 

injury (52).  

 

Hulin et al. (36) studied elite ruby league players and reported that compared with all other 

rations, a very-high acute:chronic workload ratio (>2.11) demonstrated the greatest risk of injury 

in the current week and subsequent week. High chronic workload combined with a moderate 

workload ratio (1.02-1.18) had a smaller risk of injury than low chronic workload. The results 

showed higher workloads can have a positive or negative influence on injury risk specifically 

when players with a low chronic workload are compared to a high chronic workload. Players 

with a high chronic workload are more resistant to injury with moderate-low through moderate-

high acute:chronic workload ratio (0.85-1.35) and are less resistant to injury when subjected to 

spikes in acute workload leading to an acute:chronic workload ratio of 1.5 or greater (36). 
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2.5.3 Contemporary Quantifications of Acute:Chronic Workload  

 
Comparing the chronic workload to the acute workload as a ratio provides an index of 

preparedness of the athlete based on Banister et al. (4) Fitness and Fatigue Model. If the acute 

training load is low (fatigue is low) and chronic training load is high (fitness is high), then the 

athlete is prepared for competition or sustained training level. The ratio of acute:chronic ratio 

should be close to one or less (31). On the other hand, if the acute training load is high (fatigue is 

high) and chronic training load is low (fitness is low), then the athlete is not prepared and is at 

higher risk of injury. When the acute:chronic ratio is greater than one, the athlete is in a fatigued 

state (31). An acute:chronic workload ratio of 0.5 would suggest that an athlete trained or 

completed only half as much of the workload in the most recent weeks as what he/she had 

prepared for over the past 4 weeks. An acute:chronic workload ratio of 2.0 suggest that the 

athlete performed twice as much of the workload in the current week as what he/she had 

prepared for over the previous 4 weeks. “Spikes” in training and playing load are defined as 

periods where a player has an acute:chronic workload >1.5 (6).The use of the acute:chronic 

workload ratio emphasizes the negative and positive aspects of training (35).    

 

In elite cricket fast bowlers, a study was conducted using session RPE as an internal measure and 

balls bowled as an external measure to quantify training load over four seasons. The relationship 

between acute external workloads in the current week and injury was significant (p=0.0001), 

with higher external workloads associated with a lower injury risk. No relationship was found 

between acute external workloads and injury in the subsequent week (p>1.0). The relationship 

between higher chronic external workloads in the current week (p=0.002) and subsequent week 

(p=0.017) were associated with lower injury likelihoods. For internal workloads, no relationships 

were found between acute or chronic internal workloads in the current or subsequent week. The 

size of the acute workload in relation to the chronic workload provided either a negative positive 

training-stress balance. A negative training-stress balance occurred when the acute workload was 

close or similar to the chronic workload. A negative training-stress balance was associated with 

an increased risk of injury in the subsequent week for the internal workload (p=0.009) and the 

external workload (p=0.01). (35).  
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2.5.4 Acute:Chronic Workload Ratio and Risk of Injury 

 
When considering the acute:chronic workload ratio, clinicians should understand that normal 

training should include ratios above 1.0 when the athlete is increasing his/her training load. How 

far above 1.0 and for how long will be what influences injury risk within the athlete. A large 

number in a ratio can be from a small denominator or a by a large numerator, which would 

reflect a relatively large acute workload or a relatively small chronic workload. Injuries can also 

occur when the athlete undergoes significant loading in a single week (large numerator) or when 

training load has decreased over the past four weeks (small denominator) even with a normal 

acute workload (6). 

  

Data collected from three different sports (cricket, Australian football, and rugby league) was 

interpreted and applied to the acute:chronic workload ratio in figure 2. Players with a high 

chronic workload are more resistant to injury with moderate-low through moderate-high 

acute:chronic workload ratio (0.85-1.35) and are less resistant to injury when subjected to spikes 

in acute workload. As the acute workload increases leading to an acute:chronic workload ratio of 

1.5 or greater, injury risk increases (34). In terms of risk of injury, acute:chronic workload ratio 

in the range of 0.8-1.3 could be considered the training “sweet spot.” In the “sweet spot” the 

acute:chronic workload ratios show low risk of injury.  An acute:chronic ratio > 1.5 could be 

considered the “danger zone.” The “danger zone” contains acute:chronic ratios where injury risk 

is high. To prevent injuries the athlete should be within 0.8-1.3 acute:chronic ratio. Successful 

sporting teams report lower injury rates and greater player availability than unsuccessful teams 

(6, 31). 

 

Murray et al. (52) conducted a study on 59 elite Australian Football players over two seasons (16 

weeks pre-season and 23 weeks in-season). During the study, 40 injuries were recorded, with 18 

of the injuries obtained during the pre-season. The most common injury sites pre-season were the 

hamstring and thigh and in-season were hamstring, calf, and thigh injuries. Descriptive statistics 

from the study can be seen in figure 2 below. To summarize the findings related to statistics, 

acute workloads were significantly higher (p <0.05) during the pre-season period for low, high, 

and very high-speed distances, and player load when compared with the in-season period. 
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Similarly, chronic workloads were significantly higher (p<0.05) for high and very high-speed 

distance during the pre-season period. However, chronic workloads for total, low, and moderate 

speed distance were significantly higher (p <0.05) during the in-season period. The acute:chronic 

workload ratio was significantly higher (p<0.05) for total, low, moderate, high, and very high-

speed distance along with player load during the pre-season period when compared with the in-

season period (52).  

 
Figure 2. Guide to interpreting and applying acute:chronic workload ratio (31). Chronic 
workload is the rolling 3-6 weeks while the acute workload is the immediate week to a training 
session or competition. 
  

In summary, chronic workload was greater than acute workload, the acute:chronic workload ratio 

was lower resulting in observed lower risk of injury. When there were sharp spikes in acute 

workload compared to chronic workload, the acute:chronic workload ratio was higher resulting 

in association with greater injury risk. The application of the study shows the need to increase 

workload systematically and progressively in order to reach high chronic workloads in both pre-

season and in-season training to prevent injuries and increase performance (52). 
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Similarly, Hulin et al. (36) studied 53 elite rugby players over two seasons (13 weeks pre-season 

and 27 weeks in-season). Over the course of the study, a total of 205 injuries were recorded with 

the most common injury sites being the thigh, knee, and ankle. A very-high acute:chronic 

workload ratio in the current week of >2.11 was associated with an injury risk that was: 1) 6.9 

times greater than the risk of injury in a very-low acute:chronic workload ratio of <0.30 2) injury 

risk was 3.4 times greater than a low acute:chronic workload ratio of 0.31-0.66 3) injury risk was 

2.3 times greater than a moderate acute:chronic ratio of 1.03-1.38.  

 

A very high two-week average acute:chronic workload ratio of >1.88 was associated with a risk 

of injury that was: 1) 2.2 times greater than a low acute:chronic ratio of 0.46-0.74 2) injury risk 

that was 1.9 times greater than a moderate-low acute:chronic ratio of 0.75-1.01 3) injury risk 2.4 

times greater than a moderate acute:chronic ratio of 1.02-1.30. In the subsequent week, a very-

high acute:chronic workload ration demonstrated a 10-fold increase in injury risk compared with 

very-low ratio. Athletes can sustain a spike in the acute:chronic workload ratio as training 

becomes more intense, but a double spike in the acute:chronic workload ratio is what leads to a 

greater risk of injury. A novel finding of this study was that a high chronic workload combined 

with moderate, and moderate-high workload ratios had a smaller risk of injury than a low chronic 

workload combined with several acute:chronic workload ratios (36). 

 
2.6 Peak Performance  

 
2.6.1 Performance in Sports 

 
Performance in most sports is determined by the athlete’s technical, tactical, physiological, and 

psychological/social characteristics (3). In some sport disciplines, like marathon running, rowing, 

and 100-m run performance is closely related to the physical capacity of the athletes, whereas 

other sports like ball games, high tactical and technical standards may make up for weakness 

within the fitness level. Most sports require the athletes to have a high standard of fitness to cope 

with the physical demands of the competition and to allow for their technical and tactical skills to 

be used throughout the competition. Under optimal conditions, the demand in sports are closely 

related to the athlete’s physical capacity, which can be divided into categories: 1) endurance 2) 
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the ability to exercise at high-intensity for a prolonged period 3) the ability to sprint and 4) the 

ability to develop a high power output (force) in single actions like kicking or jumping (3).  

 
2.6.2 Defining Peak Performance 

 
Peak performance is a state of superior functioning that characterizes optimal sports 

performances. It results in personal bests and outstanding achievements. Peak performance is a 

prototype of superior use of human potential, often rising above prior standards of performance 

more fully than could reasonably be expected. It is also describes the upper limits of functioning 

(56, 57). The distinguishing characteristics of peak performance are full focus and self in clear 

process. Self in clear process refers to the clarity of inner processes, awareness of power, and 

clear focus (58). 

 
2.6.3 The Effect of Training on Overuse  

 
Training loads determine physical performance ability, but are subject to individual variations. 

Overall, it is suggested that physically appropriate, higher training loads are associated with 

more positive performance adaptation to a certain point (32). If higher training loads surpass 

positive performance, an overuse injury could occur. Recently, it has been suggested that an 

overuse injury is a training load prescription error. Overuse injury can form the great majority of 

injury burdens within sports and is driven by incorrect training practice. Because overuse injuries 

are a concern, medical staff advocate for lower training loads. However, if low injury rates are 

the primary aim, training loads should be minimized and alternately physical preparation training 

loads should be maximized (32).      

 
2.6.4 The Acute:Chronic Workload Ratio and Performance 

 
Using the acute:chronic workload ratio is extremely valuable for optimizing training loads in 

relation to improving athletic performance and guard against overuse. For performance to be 

maximized and injury to be minimized, the training staff should create high chronic training 

loads in their athletes, well in excess of the average demands of competition (32). When 

improving an athlete’s performance is the main goal of the training staff, each member of the 

staff should focus in the pre-season period as well as during season on creating a high chronic 
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training load, which is achieved through staged monitored increases. The athlete should also 

understand the importance of high chronic training loads on performance. If athletes fail to 

understand the relationship between periods of reduced activity and the associated reduction in 

chronic loading, the athletes performance will decrease and risk of injury increase compared to 

athletes who better understand the relation between training loads, injury, and performance (32).   

 
2.7 Conclusion 

 
Understanding internal and external training loads provides a greater insight to how an athlete 

responds to training stress. RPE has traditionally been an excellent indicator for expressing the 

internal response to external training loads. The acute:chronic workload ratio provides an index 

of preparedness of the athlete and is useful in determining injury risk in athletes. The 

acute:chronic load ratio is a validated method of analyzing session RPE data collected from 

athletes. Quantifying training load is important in determining an athlete’s ability to reach peak 

performance. Currently, to our knowledge, there is no research on quantifying training load in 

elite track and field athletes. Therefore, this investigation will, for the first time, examine the 

acute:chronic training load ratio and its relationship to sprint performance during competition in 

elite division 1 NCAA track and field sprinters during the spring season of 2018.  
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CHAPTER 3 

METHODOLOGY 
 

3.1 Participants 

 
Male and female (N=7; 4 male; 3 female) sprinters (100m, and 200m) on the collegiate Track 

and Field team were included in this retrospective analysis of the 2018 outdoor season (13 

weeks, 7 meets). Participants gave written and oral consent (APPENDIX A) prior to the 2018 

season for any regularly collected data to be used in future analysis. Participants were eligible to 

take part in the study if they met the following criteria: 1) student-athlete at Florida State 

University for the 2018 season, 2) active sprinter in the 100m or the 200m events, and 3) had 

access to a computer or cellular device to self-report data. Participants were excluded from the 

study if they meet the following criteria: 1) failed to self-report data on a consistent basis, and/or 

2) did not comply to NCAA rules and regulations. This study was approved by the Florida State 

University’s Human Subjects IRB Committee (APPENDIX B).   

 
3.2 Study Design 

 
This was a retrospective study, analyzing session rating of perceived exertion (sRPE) and the 

acute:chronic workload ratio amongst division 1 NCAA collegiate track and field sprinters at 

Florida State University. The present study sought to identify the correlation between 

acute:chronic workload ratio (using sRPE) and peak performance in the 100m and 200m events.  

 
3.2.1 Data Collection 

 
The Florida State University strength and conditioning, sports medicine, and Institute of Sports 

Sciences and Medicine staff collaborated to collect self- reported data on RPE through an athlete 

management system (AMS; Kitman Labs, Dublin, Ireland) as part of routine data analytics on 

the university’s track and field team. As such, the sprinters were familiarized with the AMS and 

the Borg CR-10 RPE Scale (Appendix C) prior to data collection.  
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Specifically, the 100m and 200m sprinters were prompted electronically (text and email alert) 

seven days per week, 30-60 minutes after the completion of either a training session or 

competition, to rate their perceived intensity of the exercise session as a whole using the 

modified Borg CR-10 RPE scale through the AMS. The daily training load, measured with 

arbitrary units (AU), was automatically quantified in the AMS by multiplying each athlete’s RPE 

by the training duration in minutes. The sRPE was used to estimate the internal workloads. 

 
3.2.2 Events Chosen 

 
Sprinters that competed in the 100m and 200m sprint events were included in the analysis. In the 

2018 outdoor season, the 100m and 200m sprinters had the opportunity to compete in seven 

competitions including Atlantic Coast Conference (ACC) Championship and the National 

Collegiate Athletics Association (NCAA) Championship. All seven competitions were analyzed 

(however, not all sprinters participated in all seven competitions). 

 
3.2.3 Peak Performance Determination 

 
The sprinters’ race times and ranks through the duration of the 2018 outdoor season were posted 

to Track and Field Results Reporting System (TFRRS) (77), a universally accessible roster. The 

present study used the race times and individual z-scores for 100m and 200m races to quantify 

performance, and correlated with the acute:chronic workload ratio as measured by sRPE.  

 

To investigate the relationship between peak performance and the acute:chronic workload ratio, 

we first determined each individual sprinters best performance over the seven meets. The 

average of the race times for each individual sprinter in each of the competitions that they 

participated in were set as 0.00. If a sprinter’s time in a specific race is a negative score, this 

demonstrates that for that individual, the race time was better than their own average. If a 

sprinter’s time in a specific race was a positive score, the race time was a worse time than their 

own average. To calculate Z-score, the following calculation was used: (race time – individual’s 

average race time)/individual’s standard deviation). 
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3.2.4 Acute:Chronic Workload Ratio Determination 

 
The acute:chronic workload ratio was determined by using each sprinter’s weekly average 

session RPE (sRPE) from the 7 days leading up to the each of the seven competition (acute load) 

and dividing it by the sprinter’s weekly average sRPE over the previous 28 days prior to the 

competitions. The acute workload was embedded in the chronic workload. The weekly averages 

for the sRPE’s were taken from the recorded sRPE’s in the AMS.  

 
3.2.5 Confounding Variable Determination 

 
The sprinters participated in the 2018 outdoor season, leading to the influence of environmental 

factors on the race times for each athlete. To account for the influence that temperature, 

humidity, and wind could have on an athlete’s race time, weather data was collected through an 

online weather data base for each day the sprinters ran in the 100m and 200m events. The 

average temperature (degrees Fahrenheit), the average humidity (%), and the average wind speed 

(miles per hour) were calculated for each athlete for the races they competed in over the season. 

The average were used for the correlation to the athlete’s best 100m race time and 200m race 

time to determine if any of the environmental factors influenced both the predictor (acute:chronic 

workload ratio) and the outcome (100m and 200m best race times).  

 
3.2.6 Statistical Analysis  

 
The primary statistical analysis correlated the average acute:chronic workload ratios and 

averages for the best race times for the 100m and 200m events. First, a correlation matrix was 

generated using the variables: acute:chronic workload ratio, 100m best time, 200m best time, 

wind speed, temperature, and humidity to identify confounding variables. Once the covariates 

were determined, a partial correlation as performed between the acute:chronic workload ratio 

and the 100m and 200m best times accounting for the confounding variables. The relationship 

between acute:chronic workload ratio and the sprinters’ best individual times for  the 100m and 

200m races they participated in were analyzed. 

 

Secondarily (and violating the statistical laws of independence), the relationship between the 

acute:chronic workload ratio and performance (z-scores and 100m and 200m race times) for 
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seven time points for the seven sprinters were analyzed. Using the seven time points for seven 

sprinters created a possible 49 rows of data linking the acute:chronic workload ratio and 

performance. To represent the 49 rows of data for the 100m best race times, 200m best race 

times, and the z-scores, “bins” were created and pooled by sex into category ranges of <0.79, 0.8 

to 1.3, 1.3 to 1.5, >1.5 according to previously published research (31).  

 

R values were used to assess the strength of correlation between the acute:chronic workload ratio 

and each of the factors listed above. We defined a weak correlation as R= 0.0- 0.3, a moderate 

correlation as R=0.5- 0.7, and a strong correlation as R=0.7- 1.0. The data from the bins will be 

reported as means ± standard deviation. The statistical measures will be performed using SPSS.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 38 

CHAPTER 4 

RESULTS 
 

4.1 Results 

 
4.1.1 Descriptive Characteristics 

 
Table 5 summarizes the descriptive characteristics of the total sprinters (N=7), female sprinters 

(N=3), and males (N=4) at the beginning of the 2018 outdoor track and field season.  

 

Table 5. Participant descriptive characteristics measured at the beginning of the 2018 outdoor 
track and field season for the total sprinters (N=7), female sprinters (N=3), and males (N=4).  
 

Descriptive 

Characteristics 

Total Sprinters 

(N=7) 

Female 

Sprinters (N=3) 

Male Sprinters 

(N=4) 

Age (yrs) 21.43± 1.40 

 

20.67 ± 1.53 

 

22 ± 1.15 

 

Height (cm) 167.64 ± 8.16 

 

165.95 ± 2.93+ 

 

168.91 ± 11.07 

 

Weight (kg) 67.01 ± 13.45 55.52 ± 6.31* 75.63 ± 10.20 

 + p-value >0.05,  * p-value <0.05 , Note: yrs, years; cm, centimeters; kg, kilograms; Data are presented as 

mean   ± SD. 

 
4.1.2 Confounding Variables and Pearson Correlations 

 
Table 6 summarizes the sprinters individual average best times in the 100m and 200m races, the 

average temperature (degrees Fahrenheit), the average humidity (%), and the average wind speed 

(miles per hour). The averages were calculated from the possible seven race days each sprinter 

competed in. 

 

For a variable to be considered a confounding variable, it needs to be related to both the 

independent variable (acute:chronic workload ratio) and the dependent variable (time). A 

spurious relationship between the acute:chronic workload ratio and time occurs because both of 
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these variables are associated but are not casually related because of the presence of wind, 

humidity, and temperature on the race days (13). The acute workload is embedded in the chronic 

workload, so it is important to include any factors that can effect the sprinters perception of 

performance. The acute:chronic workload ratio to 100m best times (R= 0.322), 200m best times 

(R= 0.295), temperature (R= 0.094), humidity (R= 0.605), and wind speed (R= 0.447). The 

acute:chronic workload ratio (predictor) is related to humidity and to wind, but humidity is not 

related to the 100m (R= 0.026) or 200m times (R= -0.110) (outcomes). Wind speed was the only 

variable related to the 100m (R= -0.285) and 200m times (R = -0.540) such that a higher wind 

speed was correlated with a faster time. High wind speed was also correlated with a higher 

acute:chronic workload ratio. However, none of the correlations reached statistical significance.  

 

When performing a partial correlations covarying for wind speed, a moderate positive 

relationship between the acute:chronic workload ratio and 100m race times (R= 0.542) was 

discovered. The results from the partial correlation for the 200m race times and acute:chronic 

workload ratio (R= 0.711) demonstrated a moderate positive relationship also. However, there 

was no significance between the acute:chronic workload ratio for the 100m or 200m best race 

times.  

 

Table 6. Averages calculated from the possible seven race days the sprinters competed in. 

Sprinter Average 

Acute:Chronic 

Workload 

Ratio (sRPE) 

Average 

100m 

Best 

Time (s) 

Average 

200m 

Best 

Time (s) 

Average 

Temperature 

(degrees F) 

Average 

Humidity 

(%) 

Average 

wind 

(mps) 

Sprinter 1 1.18 10.49 21.47 76 44.2 0.7 

Sprinter 2 1.48 11.19 22.91 76.7 51.3 1.11 

Sprinter 3 1.53 11.81 23.45 77.8 58.8 0.95 

Sprinter 4 1.77 11.27 23.30 76.6 52.2 1.34 

Sprinter 5 1.34 10.23 21.62 78.3 46.8 1.08 

Sprinter 6 1.56 10.61 - 76.5 67 0.45 

Sprinter 7 1.62 10.04 20.16 77.8 62.8 2.18 
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4.1.3 Acute:Chronic Workload Ratios and Individual Race Times 

 
Figures 3 and 4 illustrate the relationship between acute:chronic workload ratio and the 

sprinters’ best individual times for each of the 100m and 200m races the sprinters competed in 

for the 2018 outdoor season. The range of races the sprinters competed in is 2-4 races for the 

100m and 200m. The figures exemplify that the majority of the sprinters had their lowest race 

times at a lower acute:chronic workload ratio. 85% of 100m sprinters and 60% of 200m sprinters 

had their lowest times within the 0.8-1.3 range previously seen in research as the lowest risk of 

injury (30).  

 

 
Figure 3. Relationship between acute:chronic workload ratio and the sprinters’ best individual 
100m times. 
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Figure 4. Relationship between acute:chronic workload ratio and the sprinters’ best individual 
200m times. 
 
4.1.4 Acute:Chronic Workload Ratios and Binned Data 

 
Examining the relationship between the acute:chronic workload ratio and performance using the 

time points within each of the seven individuals violated the statistical assumption of 

independence. To address this, the acute:chronic workload ratio and performance data for each 

individual was aggregated (i.e., mean of the 7 ratio scores and mean of the 7 performance scores 

creating 7 rows). However, when the sprinters data was represented as 49 rows, “bins” were 

formed to compare each person to the group. Figures 5-8 show the binned data (<0.79, 0.8-1.3, 

1.3-1.5, >1.5) for the mens’ and womens’100m best times, mens’ and womens’100m z-scores, 



 42 

mens’ and women’s200m best times, and mens’ and women’s 200m z-scores. Data are 

represented as mean ± SD. 

 

 

  
Figure 5. The acute:chronic workload ratio and the male (top pannel) and female (bottom 
pannel) best 100m times (seconds). 
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Figure 6. The acute:chronic workload ratio and male (top pannel) and female (bottom pannel) 
individual 100m z-score.  
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Figure 7. The acute:chronic workload ratio and the male (top pannel) and female (bottom 
pannel) best 200m times (seconds). 
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Figure 8. The acute:chronic workload ratio and the male (top pannel) and female (bottom 
pannel) individual 200m z-score.  
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CHAPTER 5 

DISCUSSION 
 

5.1 Discussion 

 
The present study examined how the acute:chronic workload ratio influenced 100m and 200m 

sprinter performance. The primary findings of this investigation were: 1) a lower acute:chronic 

workload ratio resulted in a moderate positive correlation to lower race times, and 2) having an 

acute:chronic workload ratio between 0.8 and 1.3 was correlated to peak 100m and 200m sprint 

performance in most (85% of 100m and 60% of 200m) of the sprinters.  

 

By examining the relationship between workload and performance, coaches and support staff 

may be able to make more informed choices when prescribing training loads in order to optimize 

training to produce peak performance in the 100m and 200m races in outdoor track and field. An 

athlete’s workload (session RPE x session duration) completed during training sessions and 

competitions is referred to as training load (9, 11). Sprinters respond differently to the same 

training load, so the ability to measure and monitor individual training loads is important in 

forming training programs that will lead to peak performance (9, 11). In the current study, the 

response to training load was achieved by internal training load monitoring of session rating of 

perceived exertion (sRPE). The sprinters received a notification from the AMS 30-60 minutes 

after a training session or competition asking them to quantify their rating of perceived exertion 

(RPE) using Borg’s Modified RPE Scale (appendix C). The strength and conditioning coach 

input the amount of time in minutes the athletes training session or competition was into the 

AMS. The sprinters’ reported RPE was then multiplied by the duration in minutes of the session 

or competition within the AMS to provide the sRPE for each sprinter. The primary value in 

quantifying and recording internal training loads was to monitor the acute:chronic workloads in 

the sprinters using the sRPE (31). If the acute training load is low (fatigue is low) and chronic 

training load is high (fitness is high), then the athlete is prepared for competition or sustained 

training level. The ratio of acute:chronic ratio should be close to one or less (31). On the other 

hand, if the acute training load is high (fatigue is high) and chronic training load is low (fitness is 
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low), then the athlete is not prepared and is at higher risk of injury. The correlations between the 

acute:chronic workload ratio and performance were then observed. 

 

A novel finding of this study was that the Pearson correlations between the acute:chronic 

workload ratio and best race time for the 100m and 200m events were moderate and positive, 

indicating that the acute:chronic workload does effect performance. While the correlations for 

the acute:chronic workload ratio and 100m and 200m times are moderate to strong, statistical 

significance was not reached. The lack of significance was most likely due to the small sample 

size (100m N=7; 200m N=6). In competitions like the 100m and 200m races, tenths of a second 

can make a difference between first and second place. Even though the findings were not 

significant in the current study, the correlations show monitoring the acute:chronic workload 

ratio can provide useful information on how to best train for competitions for each individual 

sprinter (11, 31, 32, 52).  

 

By observing figures 3 and 4, it is apparent that the lower the acute:chronic workload ratio, the 

lower the sprinter’s time (figures 9 and 10). This preliminary data indicated that at lower 

acute:chronic workload ratios, most (85% of 100m; 60% of 200m) of the sprinters had their 

lowest race times. There are a few exceptions to the tendency, but there are many factors like 

chronic loss of sleep or if the sprinter was returning from an injury, that can affect the 

acute:chronic workload ratio (11, 28, 31, 45). In previous research, a lower acute:chronic 

workload ratio has been linked to a lower risk of injury (35, 36, 52). This previous research has 

been conducted in basketball, cricket, rugby league, and Australian football players looking for a 

“sweet spot” for injury where the risk of injury is lowest (6). It has been suggested that this sweet 

spot is an acute to chronic workload ratio of 0.8-1.49, and the current study sought to examine if 

the same sweet spot exists for performance (6, 11, 31). Previous research shows a positive 

relationships between the acute:chronic workload ratio and injury with a lower acute:chronic 

workload ratio being related to a lower risk of injury (34, 35, 51). The current study shows a 

positive relationship between the acute:chronic workload ratio and performance with a lower 

acute:chronic workload ratio being related to lower race times in the 100m and 200m races. 

However, the outliers within the data set (sprinters with an acute:chronic workload ratio of <0.8 

and >1.3) we are unable to fully conclude that the same “sweet spot” for a lower injury risk is the 
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same for a lower race time. To date, all of the research examining the acute:chronic workload 

ratio has been on injury. 

 

Currently, there is no research using the acute:chronic workload ratio to predict performance and 

no research using the ratio in track and field sprinters. Most of the research using the 

acute:chronic workload ratio is in injury risk and injury prevention (11, 31, 36, 52). One study 

demonstrated that rugby league players who achieved a higher chronic workload possibly had 

improvements in physical characteristics associated with decreased injury risk (36). Other studies 

have shown the importance of higher fitness levels to reduce post-match neuromuscular fatigue 

in rugby league players (30). Additionally, Banister et al. (4, 15) originally reported acute and 

chronic workloads as estimates of a relative relationship between fatigue and fitness. Fatigue was 

expressed as the acute workload while fitness was expressed as the chronic workload. For 

performance to be at its optimal level, fitness (chronic) would need to be greater than fatigue 

(acute) (4, 15, 50, 74). When considering our findings, most (85% of100m; 60% of 200m) of the 

sprinters who had acute:chronic load ratios within the range of 0.8-1.3 had their peak 

performances showing that when fitness is greater than fatigue, performance is optimal.    

 

Unlike previous research, we analyzed the relationship between the acute:chronic workload ratio 

and performance. The current study used the bins (<0.79, 0.8-1.3, 1.3-1.5, and >1.5) previous 

research has used for injury to see if the same sweet spot for performance exists as it does for 

lower injury risk (6, 11, 31). It is possible in track and field to assess performance because the 

sprinters’ best time is their best performance. To assess the best 100m or 200m time a sprinter 

ran within the competitions, z-scores were formed. There is no previous research showing the 

use of z-scores for performance. In a sport like sprinting in track and field, hundredths of a 

second can make a difference between first and second place. Finding the right acute:chronic 

workload ratio bin for the sprinters to train during the season for their peak performance is 

valuable information for the coaching staff as well as the sprinters themselves.  

 

In the current study, when all the best 100m times for the sprinters were separated by sex (figure 

5), a positive tendency emerged for the male and female 100m best race times such that when the 

acute:chronic workload was in the 0.8-1.3 bin, the lowest race times were observed. Race times 
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for the male and female 100m best race times were higher in other bins comparatively. The 

variance for the data within the 0.8-1.3 bin for the males and females is low suggesting that all of 

the race times are close together and close to the mean. For the male z-score and the female 

100m z-scores (figure 6), the most negative scores for each sex were seen in the 0.8-1.3 bin 

meaning the 100m race times within this bin were better than the average 100m race times. The 

variance for the male and female data within the 0.8-1.3 bin was lowest compared to the other 

bins. Previous research (6, 11, 31) has showed 0.8-1.3 to be a sweet spot for decreased injury 

risk, and the 100m data shows it could be a sweet spot for performance as well.   

 

The results were not as clear the male and female best 200m times (figure 7), only one male 

sprinter ran the 200m race with a time in the 0.8-1.3 bin. However, this one race time was the 

lowest out of all the male 200m race time means. For the female 200m race times, the female 

who ran the lowest time was in the 1.3-1.5 bin. The second lowest mean for the female 200m 

race time was within the 0.8-1.3 bin and the variance in this bin is lower than the others. For the 

male z-score and the female 200m z-scores (figure 8), the most negative scores for the male 

200m z-score was in the <0.79 category. The most positive male 200m z-score was in the 0.8-1.3 

bin meaning the time in this bin was worse than the best 200m race time. For the female 200m z-

score, the most negative score with the lowest variance is found within the 0.8-1.3 bin. Within 

the male and female 200m binned data outliers make the results unclear.  

 

There are several limitations to this study. The sample size of this study is low due to the use of 

team performance data where the sample is necessarily capped. Data were analyzed 

retrospectively from previously collected data from the strength and conditioning staff. We did 

not include other confounding variables like sleep or injury into our correlations. The direction 

of wind could have affected the race times; however, wind was not recorded on TFRRS, the 

track and field online data base for times. The data has also been collected on division 1 NCAA 

track and field sprinters, and therefore may not be generalized for all track athletes and collegiate 

divisions. More research needs to be done to clarify if acute:chronic workload ratio can be 

utilized to optimize performance outcomes in other sports and collegiate divisions. Future 

directions for research would be to have the athletes record sleep throughout the season, and to 

have a larger sample size.  
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In conclusion, this is the first investigation of peak performance relative to the acute:chronic 

workload in elite division 1 NCAA track and field sprinters. It was hypothesized that the 

sprinters who had an acute:chronic workload ratio between 0.8-1.3 the week before a 

competition would have improved performance in competition compared to the sprinters who 

had an acute:chronic workload ratio above 1.5. Our findings demonstrate that the acute:chronic 

workload ratio can provide a good indication of training loads to reach peak performance, as the 

correlations between the acute:chronic workload ratio and 100m (R= 0.542) and 200m (R= 

0.711) times were moderate and positive, supporting our hypothesis. However, with the small 

sample size, it is not necessarily applicable to all sprinters. While more research is needed, the 

current study exhibits the utility of using the acute:chronic workload to monitor training load 

within individual athletes. Our results establish that the acute:chronic workload ratio can be a 

beneficial workload management tool for coaches and support staff to create a training program 

for the sprinters to reach peak performance.    
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APPENDIX B 
 

INFORMED CONSENT 

FLORIDA STATE 
UNIVERSITY 

 
CONSENT TO PARTICIPATE IN A RESEARCH STUDY 

 
 
 

Study Title: Florida State University Athletics-Institute of Sports Sciences and 
Medicine (FSUA-ISSM) Integrated Data Repository Consent. 

 
Principal Investigator: Dr. Michael Ormsbee 

 
Introduction 

 
We invite you to take part in a research study at Florida State University. 

 
Before you decide to take part, please take as much time as you need to ask any 
questions and discuss this study with anyone on the FSU research team, or with family, 
friends or your personal physician or other professional. 

 
Key information about the research study 
Things you should know: 

 
The purpose of the study is to build a data repository that includes a range of 
information about athletic performance and well-being. This data repository 
will be used for research purposes. If you choose to participate, you will be 
asked to complete the types of assessments (outlined below) that are routinely 
completed by the Florida State University Athletics Strength and Conditioning, 
Sports Medicine, and Sports Nutrition Staff. 

 
Risks or discomforts from this research include that there may be a breach of the 
data repository and, your data may not stay confidential. If there is a breach, 
then it is possible that your data might be shared with others in society such as 
other teams or the press. 

 
The study will not directly provide you with any additional information. 
However, the data may help other athletes, coaches, strength and conditioning 
specialists, athletic trainers, and sport dietitians understand the impact of specific 
behaviors or factors on the development of optimal athletic performance and well-
being. 

Taking part in this research project is voluntary. You don’t have to participate and 
you can stop at any time.                                                                                      p. 1 of 13 
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FLORIDA STATE 
UNIVERSITY 

 
 

CONSENT TO PARTICIPATE IN A RESEARCH STUDY 
 
 
 

Study Title: Florida State University Athletics-Institute of Sports Sciences and 
Medicine (FSUA-ISSM) Integrated Data Repository Consent. 

 
Principal Investigator: Dr. Michael Ormsbee 

 
 

FSU Human Subjects Committee approved on 02/05/2019, void after 02/04/2020. HSC 
#2018.26525 

 
 
 
 

Please take time to read this entire form and ask questions before deciding whether 
to take part in this research project. 

 
Why is this study being done? 

 
This study is being conducted by the members of the Florida State University Athletics 
Department and the Institute of Sports Sciences and Medicine (FSUA-ISSM). There is no 
outside funding involved. 

 
The purpose of the study is to build a data repository that includes a range of information 
about athletic performance and well-being. This data repository will be used for research 
purposes. This may have included a project involving, but not limited to, areas of 
biomechanics, biochemistry, sport nutrition, and/or sport psychology. The FSUA-ISSM 
performance research team would like to save the information recorded during your 
participation in regularly collected data by your athletics staff in a larger data repository, 
so that we can better understand how different factors influence athletic performance and 
well-being of among a wide range of individuals. 

 
 

Why are you being asked to take part in this study? 
 

You are a member of a collegiate National Collegiate Athletic Association (NCAA) 
sports team at Florida State University. 

 
FSU Human Subjects Committee approved on 02/05/2019, void after 02/04/2020. HSC 

#2018.26525          p. 2 of 13 
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FLORIDA STATE 
UNIVERSITY 

 
 

CONSENT TO PARTICIPATE IN A RESEARCH STUDY 
 
 
 

Study Title: Florida State University Athletics-Institute of Sports Sciences and 
Medicine (FSUA-ISSM) Integrated Data Repository Consent. 

 
Principal Investigator: Dr. Michael Ormsbee 

 
 

How many people are expected to take part in this study? 
 
 

It is expected that all members of each collegiate NCAA sports team at Florida State 
University will take part in this study. 

 
Before you begin the study 

 
You will participate in a project with FSUA-ISSM staff or equipment. Additional 
inclusion criteria are determined by research parameters (anthropometrics, age, 
gender, skill level) and specific to each proposed project or investigation. 

 
 

Study procedures 
 

If you agree and are eligible to participate in this study, we would ask you to do the 
following: 

 
You will participate in a project involving one or more areas within FSUA-ISSM 
including biomechanics, biochemistry, sport nutrition, sports medicine, nutrition, exercise 
physiology and/or sport psychology. We are seeking your permission to save the 
information recorded from the study identified into the FSUA-ISSM data repository. 

 
We have outlined information on the types of assessments that are routinely completed 
by the Florida State University Athletics Strength and Conditioning, Sports Medicine, 
and Sports Nutrition Staff in the sections that follow. Here we highlight the type of 
information collected by FSUA-ISSM for on this data repository. Please place your 
initials on the line indicated if you would like to give us permission to confidentially 
save that portion of your information into FSUA-ISSM’s data repository: 

 
FSU Human Subjects Committee approved on 02/05/2019, void after 02/04/2020. HSC 

#2018.26525         p. 3 of 13 
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FLORIDA STATE 
UNIVERSITY 

 
 

CONSENT TO PARTICIPATE IN A RESEARCH STUDY 
 
 
 
 

Study Title: Florida State University Athletics-Institute of Sports Sciences and 
Medicine (FSUA-ISSM) Integrated Data Repository Consent. 

 
Principal Investigator: Dr. Michael Ormsbee 

 
a) Subjective Monitoring: Wellness questionnaires and ratings of perceived exertion 
are measured via various technology involving surveys of the athlete. 

 
b) Three-Dimensional Motion Analysis: The movements of your arms, legs, and 
trunk are tracked using small reflective markers that are taped on your skin. A special 
camera system records the movement of the markers and this information can then be 
used to re-create your movement patterns while you stand quietly and while you perform 
athletic activities (such as running). No recognizable image of your face or body is 
created. Instead, only a stick figure or skeleton is created. 

 
c) Two-Dimensional Motion Analysis: A digital camera system records your 
movements as you perform your athletic activity. These images are recorded so that we 
can make sure that the testing procedures proceeded as planned. We might need these 
images because sometimes markers fall off or you can inadvertently step in the wrong 
place. Your face may appear on the video; thus, you could be identified from the 
images. However, we will only use these images to assess the data. We will not publish 
them or use them for any marketing purposes or presentations. 

 
d) Force Plate Analysis: Special scales, embedded in the floor, measure the 
forces your body generates while standing on the scales and while performing your 
athletic activity. 

 
e) GPS Movement Tracking, Accelerometer, and Actigraph: A small device 

 
(approximately 1” by 2” by 1/2”) is worn in a harness under your shirt, or a bracelet-like 
actigraph device to wear around your wrist. The devices use accelerometer sensors and/or 
GPS technology to track your movement patterns during your athletic and/or normal 
everyday activities. 

 
f) Muscle Activation Patterns (Electromyography): Special electromyography 
(EMG) and accelerometer sensors about the size of a pen cap, taped on your skin over 

 
p. 4 of 13 
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FLORIDA STATE 
UNIVERSITY 

 
 

CONSENT TO PARTICIPATE IN A RESEARCH STUDY 
 
 
 

Study Title: Florida State University Athletics-Institute of Sports Sciences and 
Medicine (FSUA-ISSM) Integrated Data Repository Consent. 

 
Principal Investigator: Dr. Michael Ormsbee 

 
select muscles, record how hard your muscles work while you contract them forcefully, lie 
down or sit at rest, and perform your athletic activity. The sensors record the electrical signal 
that your muscle produces and can also record how rapidly you move your limb. 

 
 

g) Metabolic Testing: A metabolic instrument measures the amount of oxygen you 
use and carbon dioxide you breathe out at rest and during your athletic activity. While 
lying down, a see-through, plastic hood is placed over your head, which is connected to a 
hose and the metabolic instrument. The amounts of gases breathed in and out are used to 
estimate the amount of calories you burn at rest. During exercise, a rubber face mask is 
connected to a hose, which is then connected to the metabolic instrument. 

 
h) Cardiovascular Monitoring: A small sensor (roughly 1” x 2” x 1/4”) is strapped to 
your chest and records the frequency of your heart beat at rest and during your athletic 
activity. Alternatively, small electrode pads are affixed to the skin on various areas of 
your body including your chest. The electrodes connect to an ECG machine that 
monitors the electrical activity of your heart at rest and during your athletic activity. 

 
i) Dual-Energy X-Ray Absorptiometry: You lie face-up on a padded scanning bed 
for 5-10 minutes. During this time, a mechanical arm moves horizontally over your body 
while the machine emits low amounts of radiation in the form of x-rays. The machine 
accurately estimates the quantity of body tissues, including fat, muscle, and bone 
density. An unidentifiable image of your body (much like an x-ray image) is created. No 
recognizable image of your face or body is created. 

 
j) Bod Pod (air displacement plethysmography): You will sit in a small chamber with 
a window for approximately 5 minutes. During this time, air is displaced around your body 
and your body density is measured. The machine accurately estimates the body 
composition. No recognizable image of your face or body is created. 

 
FSU Human Subjects Committee approved on 02/05/2019, void after 02/04/2020. HSC 
#2018.26525 

 
p. 5 of 13 
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FLORIDA STATE 
UNIVERSITY 

 
 

CONSENT TO PARTICIPATE IN A RESEARCH STUDY 
 
 
 
 
 

Study Title: Florida State University Athletics-Institute of Sports Sciences and 
Medicine (FSUA-ISSM) Integrated Data Repository Consent. 

 
Principal Investigator: Dr. Michael Ormsbee 

 
 
 

k) Ultrasound Measurements: Non-invasive measurements of muscles, tendons 
and ligaments via ultrasound. Laying on a table, practitioner applies a non-stick gel to 
skin surface and applies ultrasound unit to the desired area to exam muscle thickness, 
pennation angle, or fascicle length. 

 
l) Food Records: you will fill out routine food analysis forms with your Director of 
Sports Nutrition. This may include the type, amount, and frequency of foods and drinks. 

 
m) Strength and Speed Assessment: You perform a standardized exercise task while an 
exercise machine or an examiner measures your strength or speed. Examples would be 
performing knee extensions in a seated position at a specific speed against the resistance of a 
device called the Humac Norm, Nordbord, or performing a 10-meter timed sprint. 

 
n) Motion Capture System: You perform an exercise task commonly performed 
during training and conditioning sessions. These exercises involve a barbell and include 
common movements such as squats, the bench press, and bicep curls. During these 
exercises, the EliteForm system uses special camera technology to track the velocity of 
bar movement and your power output. 

 
o) Anaerobic Cycle Ergometer: You perform a warm-up followed by a short, 
maximal effort exercise task on a stationary cycle to assess your anaerobic capacity. 
The height of the seat is adjusted to optimize your comfort. A constant, standardized 
amount of resistance is applied to the cycle flywheel and you cycle maximally for a 
specific duration (anywhere from 5 seconds to 1 minute). 

 
p) Biochemical Assessment: Blood or saliva testing involves laboratory analysis of 
saliva to identify markers of the endocrine, inflammatory, immune response, and other 
types of conditions. Collection of blood serum or saliva is minimally invasive, requiring 

 
p. 6 of 13 
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FLORIDA STATE 
UNIVERSITY 

 
 

CONSENT TO PARTICIPATE IN A RESEARCH STUDY 
 
 
 
 

Study Title: Florida State University Athletics-Institute of Sports Sciences and 
Medicine (FSUA-ISSM) Integrated Data Repository Consent. 

 
Principal Investigator: Dr. Michael Ormsbee 

 
 

1 to 5 drops of blood or approximately 2 milliliters of saliva. All Universal Precautions 
are observed in collection and handling of each sample prior to and during analysis. 

 
 

How long will I be in this study? 
 

You will be in this study as long as you remain an eligible member of a collegiate 
NCAA sports team at Florida State University. 

 
Risks of study participation 

 
The study has the following risks: There are minimal risks associated with participating 
in this study. The biggest risk is that there may be a breach of the data repository and that, 
as a result, your data may not stay confidential. If there is a breach, then it is possible that 
your data might be shared with others in society such as other teams or the press. 

 
Because this is a research study, there may be additional risks that we cannot identify 
at this time. 

 
Benefits of study participation 

 
The benefits to study participation are: You participated in a study with FSUA-ISSM 
staff. Your willingness to allow us to use the information recorded during that session for 
our larger data repository will not directly provide you with any additional information. 
However, the data may help other athletes, coaches, strength and conditioning specialists, 
athletic trainers, and sport dietitians understand the impact of specific behaviors or 
factors on the development of optimal athletic performance and well-being. In addition, 
if you would like to learn more about the findings from any published studies emerging 
from the data repository, please contact the Investigators at the phone numbers listed at 
the end of this document. 

p. 7 of 13 
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FLORIDA STATE 
UNIVERSITY 

 
 

CONSENT TO PARTICIPATE IN A RESEARCH STUDY 
 
 
 

Study Title: Florida State University Athletics-Institute of Sports Sciences and 
Medicine (FSUA-ISSM) Integrated Data Repository Consent. 

 
Principal Investigator: Dr. Michael Ormsbee 

 
 

Alternatives to study participation 
 

The alternative is to not participate in the study. 
 
 

Ending the study 
 

If you choose to withdraw from the study, or have any questions concerning this research 
and your data or your participation, before or after your consent, contact the investigators 
or referred to a knowledgeable source. You may contact Dr. Michael Ormsbee at (850) 

 
644-2194 (mormsbee@fsu.edu) for answers to your questions about this research 
study or your rights. If you are no longer an eligible member of an NCAA sports team 
at Florida State University, your data will no longer continue to be collected. 

 
Study costs/compensation 

 
Compensation: You will receive nothing of monetary value for your involvement. 

 
 

Research related injury 
 

In case of an injury, or if I have questions about my rights as a participant in this 
research, or I feel I have been placed at risk, I can contact the chair of the Human 
Subjects Committee, Institutional Review Board, through the office of the Vice President 
of Research at (850) 644-8633 (humansubjects@magnet.fsu.edu). 

 
FSU Human Subjects Committee approved on 02/05/2019, void after 02/04/2020. HSC 
#2018.26525 
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FLORIDA STATE 
UNIVERSITY 

 
 

CONSENT TO PARTICIPATE IN A RESEARCH STUDY 
 
 
 

Study Title: Florida State University Athletics-Institute of Sports Sciences and 
Medicine (FSUA-ISSM) Integrated Data Repository Consent. 

 
Principal Investigator: Dr. Michael Ormsbee 

 
 

Who can profit from study results? 
 

No financial conflicts or gains have been identified in connection with this study. 
 

Florida State University reviews staff researchers for conflicts of interest. 
 
 

How Will My Samples and Data be Used? 
 

1. The data repository will be used for future research purposes to help other 
athletes, coaches, strength and conditioning specialists, athletic trainers, and 
sport dietitians understand the impact of specific behaviors or factors on the 
development of optimal athletic performance and well-being. 

 
2. If you choose to include your data within the repository, we may use your data in 

articles published in scientific journals or presented at scientific meetings. We 
would not use your name or any photo/video images of you within these 
publications or presentations. 

 
 

Incidental and Secondary Findings 
 

Additional studies may arise within FSUA-ISSM. If you are interested in learning about 
these future studies, you can choose to give our research team permission to save your 
contact information in a secure file and try to contact you in the future. 

 
Confidentiality 

 
 
 
 

p. 9 of 13 
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FLORIDA STATE 
UNIVERSITY 

 
 

CONSENT TO PARTICIPATE IN A RESEARCH STUDY 
 
 
 

Study Title: Florida State University Athletics-Institute of Sports Sciences and 
Medicine (FSUA-ISSM) Integrated Data Repository Consent. 

 
Principal Investigator: Dr. Michael Ormsbee 

 
 

All data collected for the purposes of this study will be treated confidentially to the extent 
allowed by law, unless you give us permission to use it in an alternative manner. Upon 
gathering data, each participant will be given an alphanumeric ID. A list linking the 
names and alphanumeric IDs will be stored in a password protected, secure server, only 
accessible to the FSUA-ISSM research staff. This list will be kept for the life of the 
repository. In addition, all data gathered will be transferred to secure servers in the 
Principal Investigator’s laboratory (Dr. Michael Ormsbee). Co-investigators may include 
staff from athletics (strength and conditioning staff, sports medicine staff, Sports 
Nutrition Staff, and athletics administrators, as needed) and students from the ISSM. The 
current students involved include Brett Hanna, Hannah Saylor, Brandon Willingham, and 
Shiloah Fuller as graduate student co-investigators. 

 
 

Will my medical/health information be kept private? 
 

Your protected health information (PHI) created or received for the purposes of this study 
is protected under the federal regulations known as HIPAA. Refer to the HIPAA 
authorization for details concerning the use of this information. 

 
We will do our best to be sure that the personal health information you provide for this 
study will be kept private. However, we cannot guarantee total privacy. Organizations 
that may look at and/or copy your records for research, quality assurance and data 
analysis include: 

 
Certain government agencies (FDA, OHRP) 
The FSU Institutional Review Board 

 
 

What will happen to the information collected about me after the study is over? 
 
 

p. 10 of 13 
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FLORIDA STATE 
UNIVERSITY 

 
 

CONSENT TO PARTICIPATE IN A RESEARCH STUDY 
 
 
 

Study Title: Florida State University Athletics-Institute of Sports Sciences and 
Medicine (FSUA-ISSM) Integrated Data Repository Consent. 

 
Principal Investigator: Dr. Michael Ormsbee 

 
 

We may share your research data with other investigators without asking for your 
consent again, but it will not contain information that could directly identify you. If you 
choose to include your data within the repository, we may use your data in articles 
published in scientific journals or presented at scientific meetings. We would not use 
your name or any photo/video images of you within these publications or presentations. 

 
 

The results of this study could be published in an article or presentation, but would not 
include any information that would let others know who you are without your permission. 

 
Voluntary Nature of the Study 

 
Participation in this study is voluntary. Your decision whether or not to participate in 
this study will not affect your current or future relations with the Florida State 
University. If you decide to participate, you are free to withdraw at any time without 
affecting those relationships. 

 
 

Contacts and Questions for the study team about the research 
 

The researchers conducting this study associated with the Principal Investigator’s 
laboratory (Dr. Michael Ormsbee). Co-investigators may include staff from athletics and 
students from the ISSM. The current students involved include Brett Hanna, Hannah 
Saylor, Brandon Willingham, and Shiloah Fuller as graduate student co-investigators. 
You may ask any questions you have now, or if you have questions later, you are 
encouraged to contact Dr. Michael Ormsbee at (850) 644-2194 (mormsbee@fsu.edu). 

 
Contact information for questions about your rights as a research participant 

 
If you have any questions or concerns about your rights as a research participant, or 
regarding the study and would like to talk to someone other than the researcher(s), you 
 

p. 11 of 13 



 69 

FLORIDA STATE 
UNIVERSITY 

 
 

CONSENT TO PARTICIPATE IN A RESEARCH STUDY 
 
 
 

Study Title: Florida State University Athletics-Institute of Sports Sciences and 
Medicine (FSUA-ISSM) Integrated Data Repository Consent. 

 
Principal Investigator: Dr. Michael Ormsbee 

 
are encouraged to contact the FSU IRB at telephone number 850-644-7900. You may 
also contact this office by email at humansubjects@fsu.edu, or by writing or in person at 
2010 Levy Street, Research Building B, Suite 276, FSU Human Subjects Committee, 
Tallahassee, FL 32306-2742. 

 
 

You will be given a copy of this form for your records. 
 
 

Statement of Consent 
 

The nature, demands, benefits and risks of the study have been explained to me. I 
knowingly assume any risk involved. 

 
I have read the above informed consent form. I understand that I may withdraw my 
consent and discontinue participation at any time without penalty or loss of the benefits to 
which I may otherwise be entitled. In signing this consent form, I am not waiving my 
legal claims, rights or remedies. A copy of this consent form will be given to me. 

 
___________________ 
Signature of Subject 

 
____________ 

Date 

 
___________________ 
Printed Name of Subject 

 
 
____________ 

Date 
 
 

___________________ 
Person Obtaining Consent 

 
 
____________ 

Date 

FSU Human Subjects Committee approved on 02/05/2019, void after 02/04/2020. HSC 
#2018.26525 
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Medicine (FSUA-ISSM) Integrated Data Repository Consent. 

 

Principal Investigator: Dr. Michael Ormsbee 

 

FSU Human Subjects Committee approved on 02/05/2019, void after 02/04/2020. HSC 

#2018.26525 
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APPENDIX C 
 

IRB APPROVAL LETTER 
 

Office of the Vice President for Research 
Human Subjects Committee 
Tallahassee, Florida 32306-2742 
(850) 644-8673 · FAX (850) 644-4392 

 
APPROVAL MEMORANDUM 

 
Date:02/05/2019 

 
To: Michael Ormsbee <mormsbee@fsu.edu> 

 
Address: 430 Sandels Building Tallahassee, FL 32306 

 
Dept.: NUTRITION FOOD AND EXERCISE SCIENCES 

 
From: Thomas L. Jacobson, Chair 

 
Re: Use of Human Subjects in Research 

 
Florida State University Athletics-Institute of Sports Sciences and Medicine 
(FSUA-ISSM) Integrated Data Repository Consent. 

 
The application that you submitted to this office in regard to the use of human subjects in 
the proposal referenced above have been reviewed by the Secretary, the Chair, and two 
members of the Human Subjects 

 
Committee. Your project is determined to be Expedited per 45 CFR § 46.110(7) and has 
been approved by an expedited review process. 

 
The Human Subjects Committee has not evaluated your proposal for scientific merit, except 
to weigh the risk to the human participants and the aspects of the proposal related to 
potential risk and benefit. This approval does not replace any departmental or other 
approvals, which may be required. 

 
If you submitted a proposed consent form with your application, the approved stamped 
consent form is attached to this approval notice. Only the stamped version of the consent 
form may be used in recruiting research subjects. 

 
If the project has not been completed by 02/04/2020 you must request a renewal of approval 
for continuation of the project. As a courtesy, a renewal notice will be sent to you prior to 
your expiration date; however, it is your 
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responsibility as the Principal Investigator to timely request renewal of your approval from 
the Committee. 

 
You are advised that any change in protocol for this project must be reviewed and approved 
by the Committee prior to implementation of the proposed change in the protocol. A protocol 
change/amendment form is required to be submitted for approval by the Committee. In 
addition, federal regulations require that the Principal Investigator promptly report, in writing 
any unanticipated problems or adverse events involving risks to research subjects or others. 

 
By copy of this memorandum, the chairman of your department and/or your major 
professor is reminded that he/she is responsible for being informed concerning research 
projects involving human subjects in the department, and should review protocols as often 
as needed to insure that the project is being conducted in compliance with our institution 
and with DHHS regulations. 

 
This institution has an Assurance on file with the Office for Human Research 
Protection. The Assurance Number is IRB00000446. 

 
Cc: 
HSC No.  2018.26525 
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APPENDIX D 
 

BORG’S MODIFIED RPE SCALE 

 
0 Nothing at all                            (Just noticeable) 

0.5 Very, very weak 

1 Very weak 

2 Weak                                         (Light) 

3 Moderate 

4 Somewhat strong 

5 Strong                                        (Heavy) 

6  

7 Very Strong 

8  

9  

10 Very, very strong                       (Almost max) 

  

• Maximal   
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