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Abstract 

 Critical Torque (CT) is defined as the asymptote of the torque-duration relationship, 

representing the maximal force a muscle can sustain with wholly aerobic metabolism. In this 

way, CT serves as a determinant of pacing in individual muscles. Impulse Above Critical Torque 

(IACT) represents a finite amount of work produced above CT before fatigue accumulates. IACT 

is often linked to anaerobic energy stores, such as creatine phosphate, and represents anaerobic 

work capacity within the muscle. It has been suggested that both CT and IACT are determined, 

in part, by muscle mass and fiber type. Increased lean muscle mass has been associated with 

greater anaerobic work capacity, like IACT, and the whole-body analog of CT, Critical Power 

(CP). Muscle fiber biopsies have revealed significant relationships among fiber type, CT, %CT 

(CT relative to maximum voluntary contraction [MVC]), and IACT. Alternatives to muscle 

biopsy have been demonstrated using maximal neuromuscular stimulation (to derive contractile 

properties) and the Thorstensson protocol. These noninvasive measures of fiber type have yet to 

be examined in relation to CT and IACT. Therefore, the primary purpose of this study was to 

assess the relationship among lean muscle mass, contractile properties, and CT. A secondary 

purpose was to assess the intersession reliability of the Thorstensson protocol. Methods. Thirty-

one participants (18 males, 13 females) took part in this study, with thirty participants 

completing all three visits across one week. One female participant dropped out of the CT 

protocol and was subsequently omitted from the correlations among lean thigh mass, contractile 

properties, and CT. Visit 1 consisted of electrically stimulating the right knee extensor (KE) 

muscle for contractile properties, familiarization with MVC and CT protocols, and the 

Thorstensson protocol. Visit 2 involved a DXA scan, followed by the MVC and CT protocols. 

Electrical stimulation was provided on the 1st and every 6th contraction during the CT protocol. 
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Visit 3 consisted of the Thorstensson protocol only. Results. Pearson correlations revealed a 

weak correlation between TLM and CT (r = 0.389, p < 0.05). No significant correlation was 

found between TLM and %CT (r= -0.334, p > 0.05). Positive correlations were found between Pt 

and CT (r = 0.362, p < 0.05; Table 4), as well as RTR and CT (r = 0.434, p < 0.05). No 

significant correlations were found among TPT and CT (r =0.163, p > 0.05), 1/2RT and CT (r = -

0.238, p > 0.05), or RTD and CT (r = 0.299, p > 0.05). No significant correlations were found 

among contractile properties and %CT (p  0.05). Significant negative correlations were found 

among %Type-II fibers and CT (r = -0.422, p < 0.05) and %CT (r = -0.57, p < 0.001). ICCs for 

%Type-II Fiber demonstrated moderate reliability and variability (ICC = 0.616, p < 0.05, CV= 

12.9%). Conclusion. Findings of this study are consistent with previous studies suggesting that 

CT is positively associated with greater lean thigh mass and negatively associated with increased 

distributions of type-II fibers. A novel finding of this study is the moderate intersession 

reliability of the Thorstensson predicted fiber type—suggesting that it is fairly consistent 

between trials. 
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Chapter 1 

Introduction  

 The power-duration curve posits that power output (P) is inversely related to time-to-task 

failure (Tlim) (Poole et al., 2016). As the duration of an activity increases, maximal sustainable 

power output declines, eventually reaching the asymptote of this relationship, Critical Power 

(CP). Mathematically, this relationship can be represented in the following equation (Burnley, 

2009): 

Tlim= W’/ (P-CP) 

The curvature constant, (W’), represents the finite, total amount of work that can be performed 

above the CP threshold (Abdalla et al., 2018). At intensities above the CP threshold, W’ is 

depleted more rapidly, whereas below the threshold, the amount of work performed can be 

sustained longer (Jones et al., 2008). In this way, the CP threshold is a major determinant of 

pacing during exercise. Metabolically, CP represents the greatest rate of wholly oxidative 

metabolism. Oxygen consumption (VO2) and blood lactate levels are relatively constant at and 

below the CP threshold, but above the threshold, blood lactate and VO2 increase, with the latter 

increasing until VO2 Max is obtained (Poole et al., 1988). Therefore, CP indicates a threshold, 

above which steady-state aerobic metabolism cannot be achieved. Exercise above the CP 

threshold has also been linked to increasing hydrogen (H+) ion concentrations and decreasing 

creatine phosphate (PCr) concentrations, whereas at CP, they are relatively constant (Jones et al., 

2008). The increased depletion of PCr and production of H+ above CP suggest that the threshold 

exists as the upper boundary of steady state activity, above which, peripheral fatigue metabolites 

begin to accumulate.  
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 Critical Torque (CT) represents a parameter similar to CP. Over time, during intermittent 

maximal isometric contractions, torque falls until the asymptote (CT) is reached. When utilizing 

Burnley’s 5-minute CT protocol, the average of the last six contractions of the protocol are 

deemed end-test torque (ET), which is assumed to represent the CT asymptote (Burnley, 2009). 

The analog of W’ is Impulse Above Critical Torque (IACT), whose utilization is linked to the 

depletion and reconstitution of PCr above the CT threshold (Abdalla et al., 2023). In this way, 

CT and IACT represent similar parameters to CP and W’.  

 Greater total lean-mass of the thigh (TLM) has been demonstrated to positively influence 

W’ during CP testing, suggesting that muscle mass may be a determinant of CP (Byrd et al., 

2018). There is a positive correlation between contractile force and intramuscular pressure, 

where muscles of smaller size experience increased oxygen delivery and blood flow due to low 

intramuscular pressures (Abdalla et al., 2018). When CT values were compared between muscles 

of different sizes, the knee extensor (KE) muscles demonstrated higher absolute IACT/CT values 

than the plantar flexor (PF) muscles (Abdalla et al., 2018). However, when CT was relativized to 

each muscle’s maximal voluntary contraction (MVC), the PF demonstrated greater relative CT, 

but not relative IACT, values than the KE (Abdalla et al., 2018), suggesting that muscle 

characteristics, like MVC, muscle mass, and fiber type, given the well documented differences 

between the PF and KE, may be a determinant of IACT/CT. Considering that CP is sensitive to 

oxygen delivery and blood flow (Vanhatalo et al., 2010; Kellawan et al., 2014), it is plausible 

that fiber type, such as oxidative Type-I fibers, could positively influence CP/CT parameters. 

Indeed, fiber type composition has been correlated to both CP and CT. Type-I, slow-twitch fibers 

have been shown to be positively correlated to the CP threshold, while Type-II fast-twitch fibers 

are negatively correlated to CP (Vanhatalo et al., 2016). Additionally, type-I fiber distribution 
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has been shown to positively correlate with CT (relative to maximal voluntary contraction), with 

type-II fiber distribution positively correlating with IACT (McDougall et al., 2023).  

 Aside from histochemical analysis, relative fiber type composition among muscles or 

individuals can be identified through skeletal muscle contractile properties such as peak torque 

(Pt), time-to-peak tension (TPT), half-relaxation time (1 2⁄ RT), Rate of Torque Development 

(RTD), and Rate of Relaxation (RTR). Using interpolated twitches, Harridge et al. (1996) 

demonstrated that Type-I fibers in the soleus muscle produced lower Pt values, possessed slower 

TPT, and slower RTD, than Type-II fibers in the triceps and quadriceps. Another contractile 

characteristic, fatiguability during repeated isokinetic muscle contractions, has been 

demonstrated to be predictive of Type-II fiber type in the KE muscles (Thorstensson and 

Karlson, 1976). To our knowledge, no study has examined the relationship between twitch 

contractile properties and type-II fiber distribution estimated from the Thorstensson fatigability 

test.  

 Given the limited data available on the potential influence of fiber type on critical torque 

the purpose of the present study will be to assess the relationships (1) between lean mass of the 

thigh and CT (relative to maximal voluntary contraction) (2) among twitch contractile properties 

and absolute and relative CT (3) and among estimated type II fiber type percentage from the 

Thorstensson fatigue test and absolute, and relative, CT. A fourth purpose of the study will be to 

assess the reliability of the Thorstensson fatigue test between days.  
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1.1  Research Questions/Hypotheses 

0. Is there a relationship between total lean mass of the thigh and i) absolute and ii) relative 

critical torque? 

1. Is there a relationship among muscle twitch properties (which are linked to fiber type), like 

iii) Pt, iv) TPT, v) 1 2⁄ RT, vi) RTD, and vii) RTR  and relative critical torque? 

2. Is there a relationship between predicted type II fiber percentage from the Thorstensson test 

and viii) absolute and ix) relative critical torque? 

 

3. Is the Thorstensson fatigue test a x) reliable measure of type-II fiber distribution across two 

testing sessions? 

 

a. Research Hypotheses:  

i. Lean mass of the thigh will positively correlate to absolute CT  

ii. Lean mass of the thigh will positively correlate to relative CT 

iii. Pt will negatively correlate to relative CT 

iv. TPT will positively correlate to relative CT 

v. 1/2RT will positively correlate to relative CT 

vi. RTD will negatively correlate to relative CT 

vii. RTR will negatively correlate to relative CT 

viii. %Type-II Fibers will negatively correlate to CT 

ix. %Type-II Fibers will negatively correlate to relative CT 

x. %Type-II fibers will be a reliable between visits 

xi. **Null hypotheses will be no relationship among contractile properties, thigh 

lean mass, absolute and relative CT, and estimated fiber type percentage from 

the Thorstensson test.  
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1.2  Significance 

 CT represents an important fatigue threshold that separates domains of intensity. Unlike CP, 

there is a paucity of research on the individual physiological characteristics that 

influence/determine differences in CT among individuals. A better understanding of the role of 

skeletal muscle fiber type, muscle mass, and associated muscle contractile properties in CT, if at 

all, can lead to more individualized training regimes to aid endurance performance.  

  1.3 Delimitations of the Study 

1. Males and Females 18-35 years of age. 

2. Healthy individuals without cardiometabolic disease. 

3. Healthy individuals without neuromuscular disease or injury within the previous 12 

months. 

4. Individuals capable of generating repetitive maximal voluntary contractions. 

5. Individuals capable of withstanding electrical stimulation of the muscle. 

1.4 Limitations of the Study 

1. Will not reflect dynamic/ecological conditions. 

2. Non-invasive measure of fiber type. 

1.5 Assumptions of the Study 

1. Participants will give maximum effort during all voluntary exercises.  

2. KE will have a high percentage of type-II fibers. 
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3. The Thorstensson fatigue test is a valid and reliable estimate of type II fiber percentage. 

4. Time to peak tension is primarily influenced by myosin ATPase enzyme function. 

5. Half-relaxation time is primarily influenced by calcium ATPase enzyme (SERCA) 

function. 

      1.6 Operational definitions 

1. Critical Torque (CT): during isometric exercise, the threshold above which force 

production cannot be sustained without a reduction in force, and below which time-to-

task failure becomes unpredictable. Considered the equivalent of the average of the last 

six contractions (end-test torque; ET) of the 5-minute, all-out protocol (Burnley 2009)  

2. Half relaxation time (1 2⁄ RT): the halfway point on the downward slope of the force curve  

3. Impulse Above Critical Torque (IACT): total area of impulse above CT; represents the 

total work that can be done above CT (Abdalla et al., 2018). 

4. Knee Extensor (KE) muscles: quadriceps femoris (vastus intermedius, vastus lateralis, 

vastus medialis, and rectus femoris) 

5. Maximal Voluntary Contraction (MVC): average of the two highest torque values 

produced during a single bout of effort  

6. Peak Twitch Torque (Pt): greatest value of produced torque during electrically evoked 

muscular contraction (Harridge et al., 1996) 

7. Rate of Relaxation (RTR): relaxation rate of twitch torque (Harridge et al., 1996) 

8. Rate of Torque Development (RTD): slope of peak twitch torque over TPT (Harridge et 

al., 1996) 

9. Time to peak torque (TPT): total amount of time from the initiation of force to maximal 

force production during electrical muscular stimulation (Harridge et al., 1996).  
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10. Thigh Lean Mass (TLM): local mineral-free lean mass (g) of the thigh (Byrd et al., 2018), 

as measured by DXA, in the determined region of interest (ischial tuberosity to middle 

knee joint of the leg) 

11. %CT: CT relative to MVC (Abdalla et al., 2018) 
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Chapter 2: Literature Review 

2.1 Introduction 

Fatigue has long been an area of interest for exercise physiologists. Critical Torque (CT) 

represents an important fatigue threshold that separates domains of exercise intensity during 

intermittent isometric contractions. A threshold similar to CT, deemed Critical Power (CP), has 

demonstrated correlations to fiber type and muscle mass in contemporary research. Recently, CT 

has been compared between muscle groups of different sizes. However, there is still a paucity of 

research examining muscle mass, fiber type characteristics, and their relationship to CT 

parameters. Therefore, the purpose of this literature review is to consolidate current research 

regarding CT, fiber type characteristics, and muscle mass.  

This literature review includes studies from SPORTDiscus, PubMed, CINAHL, and the 

Journal of Applied Physiology. The search process included several key words: “power-

duration,” “Critical Power,” “Critical Torque,” “Isometric torque,” “Fiber type,” “Contractile 

properties,” “Rate of force development,” “twitch,” “SERCA,” and “central and peripheral 

fatigue.” Studies from these results were included in this review. Some studies included in this 

review were found through manually searching the references provided within articles. 

2.2 Fatigue 

Fatigue is a reduction in the expected or required force needed to sustain performance. It can 

be characterized as central fatigue, arising from the alterations in the central nervous system 

(CNS), or peripheral fatigue, arising from mechanical and metabolic mechanisms distal to the 

neuromuscular junction (Costa Filho et al., 2019). The metabolic factors contributing to 

peripheral fatigue include intracellular calcium (Ca2+) and byproducts of anaerobic metabolism. 

The accumulation of lactic acid in the blood, and therefore Hydrogen ions (H+), are two 
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byproducts associated with peripheral fatigue (Burnley et al., 2012). The incerasing presence of 

H+ decreases the pH of the intracellular space, creating acidic conditions. Decreased pH can 

inhibit the recycling of Ca2+ by calcium pumps into the sarcoplasmic reticulum (SR), increasing 

intracellular Ca2+ and reducing the number of cross-bridges that can form (Costa Filho et al., 

2019). In this way, metabolic mechanisms limit the mechanical properties of muscles, resulting 

in peripheral fatigue. 

 Today, fatigue is understood to occur at different rates depending on the exercise 

intensity (Poole et al., 2016) and can be characterized by specific domain-linked mechanisms. 

The accumulation of metabolic byproducts, like H+ and lactate, has been associated with 

peripheral fatigue, increasingly impairing neuromuscular function at higher rates of intensity 

(Jones et al., 2008; Burnley, 2009). Development of peripheral fatigue at high intensities is 

supported by muscular activation during exercise. Burnley et al. demonstrated greater prevalence 

of peripheral fatigue at increasing intensities than at lower intensities by comparing voluntary 

activation to EMG activity in the knee extensor muscles (2012). The presence of different 

metabolic and electrical activity at high and low intensities suggests that fatigue is domain-

dependent. Where these domains of fatigue occur can be explained by the power-duration curve 

and the purported relationships derived from it. 

2.3 Power-Duration Relationship and Critical Power 

 It is well established that exercise at high intensities is not sustainable for long durations, 

while submaximal exercise can be sustained much longer before task failure. This hyperbolic 

relationship is represented by the power-duration curve (Burnley and Jones, 2018), which posits 

that power output is inversely related to time-to-task failure. As power output (P) increases, time-

to-task failure decreases, eventually approaching the asymptote of this relationship, deemed 
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Critical Power (CP). The curvature constant in the power-duration curve, W’, represents the total 

amount of work that can be sustained above CP (Abdalla et al., 2018). This relationship is 

represented in the equation (Burnley, 2009) below: 

Tlim= W’/ (P-CP) 

 In other words, time-to-task failure can be predicted by the relationship between CP and 

W’. CP represents the greatest rate of primarily oxidative metabolism (Poole et al., 2016). This is 

evidenced by the metabolic profile at and above CP. During cycling, pulmonary gas exchange, 

ventilation, and blood lactate all reach a steady state at exercise intensities at CP, while exercise 

above CP is characterized by the slow component rise of oxygen consumption (VO2) until 

VO2Max is reached, and increasing blood lactate levels (Poole et al., 1988). Jones et al. found 

that H+ and Creatine Phosphate (PCr) levels were constant at CP, but above CP, H+ levels and 

PCr depletion increased drastically (2008). In this way, CP identifies the threshold below which 

steady state metabolic activity is achievable, but above which it is not. 

2.4  Critical Torque 

 When the power-duration relationship is examined in intermittent isometric contractions, 

it is deemed the Critical Torque (CT). The asymptote of the torque-duration relationship 

(Abdalla et al., 2018), CT, represents a threshold similar to CP. For example, the amount of force 

produced above CT before task failure, Impulse above Critical Torque (IACT), represents a 

parameter akin to W’ (Kellawan et al., 2014; Abdalla et al., 2023). Formerly, a major limitation 

of CT testing was the necessity to perform multiple tests across multiple days. Five submaximal 

tests (intensities ranging from 35% to 60% of maximal voluntary contraction) would be 

performed until task failure, days apart, with CT being calculated from all five trials (Burnley, 

2009). However, Burnley developed a 5-minute CT protocol involving 60 isometric MVCs; each 
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contraction is sustained for 3 seconds, followed by 2 seconds of rest (2009). Within this protocol, 

the torque produced in the final 6 contractions was considered the end-test torque (ET). The ET 

for the 5-minute protocol (77.8  17.8 Nm) was no different than the time impulse model CT 

(77.8  17.8 Nm vs 77.9  15.1 Nm; t = 0.07, p = 0.95), and was significantly correlated to time 

impulse model CT (r = 0.88, p = 0.004) (Burnley, 2009). This protocol illustrates that repeated 

isometric contractions can estimate CT within one visit. 

               

Studies have shown that, like W’, IACT values are related to PCr utilization. Abdalla et 

al. demonstrated that PCr supplementation increased IACT compared to baseline measures (7878 

 1903 Nms vs 5761  1710 Nms) (Abdalla et al., 2023). In fact, creatine supplementation 

increased the reconstitution of IACT (669  98s, p = 0.001, F = 90.364) when compared to the 

placebo group (792  166s, p = 1.0, F = 0.072) (Abdalla et al. 2023). The link between PCr 

utilization and IACT suggests that the parameters of IACT/CT are similar to W’/CP. Moreover, 

different fatigue profiles have been demonstrated above and below CT using electromyography 

(EMG) to assess voluntary activation. Burnley et al. showed that peripheral and central fatigue 

were present below the CT threshold, yet muscles were still capable of producing more force 

(2012). Peripheral fatigue developed up to five times greater above the CT threshold than trials 

below CT (Burnley, 2012). Like CP, this implicates CT as a measure of fatigue, not just time-to-

task failure.  
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2.5 Muscle Mass, Critical Power, and Critical Torque 

 Attempts to link whole muscle metabolic characteristics to CP parameters have relied on 

muscle mass and histochemical analysis thus far. In a body composition study, total lean mass of 

the thigh (TLM) explained 47.9% of the variance in W’ (r2 = 0.479, p = 0.004) (Byrd et al, 

2018). As well, Byrd et al. found that TLM positively correlated to CP (r = 0.538, p < 0.05). This 

study posits that muscle mass potentially influences both W’ and CP. While muscle mass has yet 

to be linked to IACT, muscles of different sizes have demonstrated distinct absolute and relative 

CT values. 

 When CT and IACT were compared between muscles possessing different masses, the 

plantar flexor (PF) and knee extensor (KE) muscles, the KEs demonstrated greater absolute CT 

(84.4  24.8 vs 73.9  19.5 Nm), IACT (7243.2  1942.9 vs 3357.4  1132.3 Nms), and  

MVCs (294.9  62.5 vs 181.5  37.6 Nm) than the PF muscles (Abdalla et al., 2018). However, 

when CT was expressed relative to MVC, the PFs demonstrated greater relative CT (CT/MVC) 

(0.41  0.08 vs 0.29  0.08, ES = 1.50) than the KE, but not relative IACT (IACT/MVC) (PF 

17.7  5.4 vs KE = 22.4  7.9, ES = 1.25) (Abdalla et al., 2018).  

Both the PF (r= 0.62, p < 0.05) and KE (r= 0.67, p < 0.05) demonstrated significant 

correlations between MVC and IACT (Abdalla et al., 2018), suggesting that greater absolute 

maximum force, due to increased muscle size, influences IACT. This study did not measure 

muscle mass; however, it can be readily done via dual x-ray absorptiometry (DXA) scans. DXA 

has been demonstrated to be a valid measure of thigh muscle mass when compared with MRI (r= 

0.89, p < 0.001) (Tavoian et al., 2019) and has been demonstrated to be a reliable measure of 

thigh lean mass between days (r= 0.99, p ≤ 0.05) (Byrd et al., 2018). By using DXA, as in Byrd 

et al. (2018), the relationship between CT and muscle mass can be further characterized. Still, 
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Abdalla et al. (2018) suggests that metabolic and contractile properties inherent to each muscle 

may play a part in determining their fatiguability.   

2.6 Oxygen (O2) Delivery, Critical Power, and Critical Torque 

 It is widely accepted that larger muscles, which produce greater force, are associated with 

greater intramuscular pressures that inhibit blood flow and oxygen delivery. Conversely, muscles 

with smaller volume to force ratios experience less intramuscular pressure, resulting in more 

adequate oxygen delivery during exercise (Abdalla et al., 2018). Oxygen concentration and 

oxygen delivery have been implicated as factors influencing both CP and CT, respectively. In a 

study comparing an individual’s CP between hyperoxic and normoxic conditions, the hyperoxic 

condition exhibited greater CP values (18.0  2.3 W; p < 0.05) than the normoxic condition (16.1 

 2.6 W, p < 0.05) (Vanhatalo et al., 2010). This confirms that the CP threshold is sensitive to 

alterations in oxygen concentrations, suggesting that a greater ability to utilize and deliver 

oxygen is beneficial to performance. In fact, interindividual variation in CT has been 

demonstrated to be influenced by oxygen (O2) delivery to the muscle. O2 delivery explained 85% 

of the variance in CT (r2 = 0.85, p < 0.001) when blood flow and arterial oxygen content were 

measured in the forearm (Kellawan et al., 2014). In conjunction, these studies suggest that 

fatiguability is dependent on muscles’ ability to receive (based on blood flow and oxygen 

content) and utilize oxygen.  

2.7  Fiber Type, Critical Power, and Critical Torque 

 A muscle’s ability to utilize oxygen is innately tied to the composition of the muscle 

itself, or muscle fiber type. This is evidenced further by the positive correlation found between 

type-I fiber distribution and CP (r = 0.67, p < 0.05), and the inverse relationship between type-II 

fiber distribution and CP (r = -0.76, p < 0.05) (Vanhatalo et al., 2016). The same relationship is 
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demonstrated in CT. Type-I fibers were demonstrated to strongly correlate to relative CT 

(CT/MVC) (r = 0.615, p < 0.05), while type-II fibers correlated negatively to relative CT (r = -

0.495, p < 0.05), but positively to IACT (r = 0.541, p < 0.05) (McDougall et al., 2023). The 

relationships between fiber type and CT suggest that the ability of individual muscle fibers to 

utilize oxygen, or lack thereof, may be a considerable determinant of exercise tolerance, like CP 

and CT. 

2.8 Contractile Properties and Fiber Type 

 Type-I and type-II fibers possess different mitochondrial densities that contribute to 

oxidative capacity. Type-I fibers are more mitochondrially dense and can utilize more oxygen for 

energy and ATP resynthesis than type-II fibers (Blaauw et al., 2013). The high oxidative 

capacity of type-I fibers makes them more fatigue resistant and less forceful, yet may also 

present significant implications for muscle size. Type-II fibers with low mitochondrial density 

have been shown to be comparatively bigger than type-I fibers with high mitochondrial density 

(van Wessel et al., 2010). This is indicative of a trade-off between mitochondrial density 

(oxidative capacity) and force production, suggesting that metabolic properties intrinsic to the 

fiber may influence contractile force and similar mechanical properties. 

 Muscle fibers can be identified by the contractile properties that they possess, most 

commonly through histochemical staining or electrophoresis, which reveal the presence of 

different myosin isoforms (Harridge et al., 1996). Myosin isoforms display different myosin-

ATPase activity, which directly influences the rate at which ATP can be hydrolyzed for force 

production (Blauuw et al., 2013), giving rise to the nomenclature “fast” vs “slow” twitch fibers. 

Slow-twitch, or type-I, fibers are defined by their low mechanical power and slow myosin-

ATPase activity, while type-II, fast-twitch fibers possess greater mechanical power and myosin-



 

 15 
 

ATPase activity (Blaauw et al., 2013). The differences in myosin isoforms contribute to 

contraction time, shortening speed, and fatiguability between fiber types (Harridge et al., 1996). 

It is these contractile properties that can help identify fiber type without the use of a muscle 

biopsy.  

2.9 Electrical Stimulation and Fiber Type  

 Electrical stimulation (e-stim) is a tool that can be utilized to determine contractile 

characteristics of muscles. In a study comparing electrically evoked contractions to muscle 

biopsies, it was demonstrated that the PF muscles exhibited the slowest time to peak torque 

(TPT) (120  15 ms) when compared to the KEs (81  8 ms) (Harridge et al., 1996). Incidentally, 

both histochemical analysis (78.1  16.8% vs 47.3 14.6%) and electrophoresis (70.4  14.0% vs 

47.1  8.5%) confirmed that the PF had higher distributions of Type-I fibers compared to the KE 

(Harridge et al., 1996). This suggests that contractile characteristics of whole muscle, like TPT, 

are influenced by the fiber type distributions within them.  

 This is further evident when correlations are run between fiber distribution, TPT, 

fatiguability, and the rat. Harridge demonstrated that Type-II fiber composition was highly 

predictive of TPT (r = 0.990, p < 0.05), RTD (r = 0.957, p< 0.05), and fatiguability (r = 0.976, p 

< 0.05) (1996). This study demonstrates that whole muscle contractile properties, as measured by 

e-stim, are associated with type-II fiber distributions in the KE muscles. While contractile 

properties like twitch half-relaxation time (1 2⁄ RT), and Rate of Relaxation (RTR) are associated 

with Ca2+ reuptake, Harridge et al. did not find significant differences in 1 2⁄ RT, or RTR, between 

the three muscle groups (1996). However, this could be that single twitches are not sensitive 

enough to detect differences in 1 2⁄ RT between fiber types. Still, e-stim poses a viable option for 

assessing fiber type properties in muscle.  
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2.10 Thorstensson Protocol 

 Another way fiber type can be differentiated is through Thorstensson’s fatigue test. The 

protocol involves 50 maximal isokinetic contractions of the KE performed at 180 deg/s across a 

90 range of motion (Thorstensson and Karlson, 1976). The mean peak torque of the initial three 

contractions is compared to the mean of the last three contractions, and a force decrement 

percentage is calculated. The resulting percent force decrement for 10 active males was highly 

correlated to the distribution of Type-II fibers (r = 0.86, p < 0.01) in the KE muscles 

(Thorstensson and Karlson, 1976). Using the regression equation from this protocol, the 

distribution of Type-II fibers in the KE muscles can be estimated. While the Thorstensson test 

has been utilized to estimate type-II fiber distribution since 1976, seemingly no study has tested 

the reliability of the protocol to date. Thus, the present study will also aim to investigate the 

reliability of the Thorstensson fatigue test. 

 

2.11 Conclusion 

 In summary, CT represents a threshold of fatigue specific to intermittent isometric 

contractions, like the CP threshold. Muscle mass has been associated with both CP/W’ and has 

been suggested to influence CT/ IACT. Type-I fiber distributions have been demonstrated to 

positively correlate with CP and CT, indicating that fiber type plays a role in exercise tolerance. 

In the absence of a muscle biopsy, a valid alternative for measuring fiber type lies in the 

contractile characteristics derived from electrically evoked muscular contractions. Additionally, 

the Thorstensson protocol provides a noninvasive measure of Type-II fiber distributions in the 

KE muscles that can be compared to the electrically stimulated contractile characteristics. In 
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conjunction, assessing muscle mass and contractile properties in the KE may further elucidate 

the relationship among skeletal muscle fiber type, muscle mass, and CT. 
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Chapter 3: Methods 

3.1  Introduction 

Critical Torque (CT) represents a fatigue threshold above which fatigue becomes 

predictable, but below which fatigue is less predictable. An individual’s CT can be estimated in 

one visit using a 5-minute all-out protocol of the KE muscles (Burnley, 2009). CT parameters 

from this protocol have been suggested to be influenced by muscle mass and fiber type through 

comparison of different muscle groups (Abdalla et al., 2018), though no study to our knowledge 

has examined lean thigh mass (TLM) specifically. DXA has been shown to be a reliable and 

valid measure of TLM in the KE muscles (Byrd et al., 2018; Tavoian et al, 2019). Without the 

use of muscle biopsies, fiber type composition in the KE can be estimated using the 

Thorstensson protocol (Thorstensson and Karlson, 1976), while twitch interpolation can be used 

to infer contractile characteristics of fiber type in different muscle groups (Harridge et al., 1996). 

By running correlations between muscle mass, contractile characteristics, and CT parameters, the 

relationship between fiber type in the KE and CT can be better understood. 

3.2 Sample and General Design 

A power calculation was performed using the G Power program based on the results of 

Byrd et al. (2018). Using the correlation between thigh lean mass and CP (r= 0.538, p < 0.05), G 

Power determined a total sample of 18 participants would be required at an  level of 0.05 and a 

 level of 0.20. However, given that 30 participants are considered the suggested minimum 

sample size for correlational studies (Baumgartner et al., 2021), the present study aimed to 

recruit over 30 participants. The sample was collected from the University of Oklahoma, and 

Norman, Oklahoma, specifically males and females aged 18-35. Similar age groups have been 
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used to examine CT and fiber type composition in previous studies (Abdalla et al., 2017; Abdalla 

et al., 2023; Burnley, 2009; Burnley et al., 2012). Recruitment involved word-of-mouth 

recruitment, flyers, and emails. Convenience sampling was used, given that we cannot randomly 

choose participants from the University for neuromuscular testing and must rely on volunteers. 

Inclusion criteria consisted of males and females 18-35 years of age. Participants were 

excluded if they possessed any neuromuscular or cardiometabolic conditions, as well if they 

experienced any significant musculoskeletal injury in the last twelve months. Participants were 

excluded if they could not sustain repetitive maximal voluntary contractions or neuromuscular 

stimulation. Overall, thirty-two total participants were recruited for this study (18 males, and 14 

females). However, one female participant withdrew from the study entirely, while one female 

participant elected not to complete the CT protocol. In total, thirty participants (18 males and 12 

females) completed the entirety of the study.  

 An overview of experimental procedures can be seen in Figure 1. Each subject 

participated in a total of three visits. Visit 1 involved participant consent and familiarization with 

the study protocols. Contractile properties of the KE were assessed using single and doublet 

twitch responses. Electrode placement was marked for each participant to ensure consistency 

between Visits 1 and 2. Following stimulation, participants were familiarized with generating 

maximal voluntary contractions (MVC) separated by three minutes of rest and followed by five 

minutes of rest after the third effort. Following MVC assessment, participants were familiarized 

with the CT protocols for the KE muscle. Positioning on the dynamometer was recorded for each 

participant for consistency. After an additional ten minutes of rest, each participant completed a 

familiarization of the Thorstensson test, followed by completion of the full Thorstensson 
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protocol. The percent type-II fiber distribution was estimated and recorded using the percent 

force decrement expressed during the Thorstensson protocol. 

 Visit 2 occurred within 24-72 hours of Visit 1. First, muscle mass was assessed using dual 

X-ray absorptiometry (DXA) scans. Afterwards, each participant generated three MVCs 

separated by three minutes of rest. After five minutes of rest, participants completed the total CT 

protocol using the KEs. Finally, Visit 3 consisted of a second Thorstensson test for a reliability 

assessment. Intraclass correlation coefficients were run for Thorstensson percent type-II fiber 

predictions and force decrement between Visits 1 and 3. 

 

 

Figure 1 – Experimental overview 
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3.3 Instrumentation 

 Dynamometry—Participants were seated on a KinCom 125AP (Chattex Corp; 

Chattanooga, TN) isokinetic dynamometer for three different measures. All dynamometry testing 

was completed on the right leg. With the KinCom in an upright seated position, participants were 

secured with a strap across the waist, shoulders, and non-exercising left leg. The participant’s 

knee joint was aligned with the KinCom’s axis of rotation. The force transducer was positioned 

above the lateral malleolus of the right foot and secured firmly 

Thorstensson Protocol. Range of motion was limited to 90 as described previously 

(Thorstensson and Karlson 1976). Range of motion was relativized to each participant by finding 

the average of three maximum knee extension trials, then subtracting by 5 to determine the stop 

angle. The start angle was determined by subtracting 90 from the stop angle. Torque was 

recorded continuously for the entirety of the Thorstensson Protocol.  

 Assessment of Knee Extensor MVC and Critical Torque. The KinCom was in a similar 

upright configuration to the Thorstensson Protocol. The participant’s knee was aligned with the 

KinCom axis of rotation, and the force transducer secured above the lateral malleolus (Abdalla et 

al., 2018). Range of motion was restricted to 0, specifically at 109 for isometric torque 

measures. Participants were strapped around the waist, shoulders, and non-exercising leg as 

described above. Torque was recorded continuously throughout the CT protocol.   

Electrical Stimulation—The KE muscles were electrically stimulated via two (3”x 4”) 

gel adhesive rectangular electrodes (Axelgaard Manufacturing Co., LTD; Fallbrook, CA). One 

electrode was placed on the proximal portion of the vastus lateralis and the distal portion of the 

vastus medialis. A single twitch and double twitch pulse (doublet) were delivered to the KE 
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muscles in stepwise increments until no more force was evoked. The force produced from the 

maximal doublet twitches was then used to calculate the time-to-peak tension (TPT), half 

relaxation time (1 2⁄ RT), rate of torque development (RTD), and rate of relaxation (RTR) 

(Harridge et al., 1996).  

Muscle Mass— Total lean mass (TLM) of the thigh was measured using dual X-ray 

absorptiometry (DXA) (GE Healthcare, Schenectady, NY). The region of interest for the thigh 

was drawn from the ischial tuberosity to the middle of the knee joint of the right leg (Byrd et al., 

2018). TLM was assessed as the lean mass (g) of this region of interest. Participants were asked 

to remove shoes and wear light clothing for the DXA scan. Female participants completed a 

pregnancy test before DXA procedures began.  

3.4  Measures  

MVC—Participants were asked to generate three maximal voluntary isometric 

contractions for three seconds, separated by three minutes of rest. The MVC was considered the 

average of the two highest contractions. Standardized verbal encouragement was provided during 

each MVC attempt.  

CT —The CT protocol involved 60 isometric MVCs (3 sec contraction, 2 sec rest) for a 

total of five minutes (Burnley, 2009). Standardized verbal encouragement was provided 

throughout the protocol such as “Kick hard as you can,” and “Hard as you can, every time.” Each 

participant’s MVC was displayed visually to ensure maximal effort was achieved. An audio 

queue sounded for three seconds during the time participants needed to exert maximal effort, 

followed by two seconds of silence for rest. was CT was measured as the average of the last six 

contractions, and IACT was calculated as the total area under the torque-time curve minus the 
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torque area for CT (Burnley, 2009). CT was then relativized to MVC (%CT) for the KE muscles. 

Lastly, the total amount of force generated across the entirety of the CT test is considered Total 

Impulse and will be included in reported results.  

Contractile Properties—For the assessment of contractile properties, the KE muscles 

were electrically stimulated until a stepwise increase in amplitude did not yield an increase in 

torque (Harridge et al., 1996). A single and doublet twitch were delivered to each muscle at this 

maximum amplitude. Pt was measured as the highest value in torque evoked from the maximal 

doublet twitch. TPT was calculated from the doublet twitch as the time from the onset of force 

generation to maximum twitch torque. The halfway point between maximum force generation 

and complete relaxation from a single twitch was considered 1 2⁄ RT. RTD and RTR were rates of 

torque development, and relaxation, calculated by dividing maximal twitch torque by the time to 

reach peak tension (for RTD) and by dividing maximal twitch torque by 2 and then dividing by 

the ½ relaxation time (for RTR).  

Thorstensson Fatigue Test—The relative distribution of Type-II fibers in the KE 

muscles were assessed via the Thorstensson protocol. Participants were familiarized beginning 

with three MVCs at 60 deg/s, followed by three MVCs at 180 deg/s. After rest, the participants 

performed 50 isokinetic contractions of the KE and hamstrings at 180 deg/s. Percent force 

decrement was calculated as the percent change from the average peak force of the first three 

contractions (PFi) to the average peak force of the last three contractions (PFf) and plugged into 

the regression equation for Type-II fiber distribution, where y = 0.9x + 5.2 (Thorstensson and 

Karlsson, 1976). 
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3.5 Data Collection Procedures 

Data was collected over a sixteen-week period by the Sensory and Muscle Function Lab 

and its members. Quantitative data was collected for muscle mass, CT, impulse above critical 

torque (IACT), Pt, TPT, 1 2⁄ RT, RTD, and RTR, in BioPac. Personalized information was 

deidentified and stored in a password-protected file on a password-protected device.  

Statistical Analysis 

SPSS v. 31 was used for data analysis. The Shapiro-Wilk test confirmed normality for 

each data distribution. Pearson correlations were performed to examine the relationship between 

TLM and CT values, among contractile properties (Pt, TPT, ½ RT, RTD, and RTR) and CT 

values obtained from the KE, and between type II fiber percentage and CT. Intra-class 

correlation coefficients were used to assess the reliability of the Thorstensson protocol. Statistical 

significance was set a priori at P < 0.05.  
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Chapter 4: Results 

4.1 Sample 

Mean participant characteristics are expressed in Table 1. A total of 31 (18 males and 13 

females) participants took part in this study, with one female participant opting out of the Critical 

Torque (CT) protocol. As such, this participants data was excluded from correlations between 

CT, Contractile Properties, and Body Composition, but was used to assess the reliability of 

Thorstensson. Mean values for CT, Contractile Properties, and Body Composition are provided 

in Table 1 and contraction-by-contraction values for the CT test can be seen in Figure 2.  
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Figure 2 – Absolute (A) and relative (B) torque values across the 60 contractions of the critical 

torque assessment.  
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While not the primary focus of this research, sex differences were observed in the present 

study. Men were taller (p < 0.05), heavier (p < 0.05), and had greater thigh lean mass (p < 0.05) 

than women. Men had a greater MVC than women (p < 0.01) as well as a greater absolute CT (p 

< 0.05) and total torque impulse (p < 0.05). No differences were observed in relative CT (p > 

0.05) or IACT (p > 0.05). In relation to twitch properties, men had a larger peak twitch torque (p 

< 0.05) and a faster rate of torque development (p < 0.05), but no differences were found for time 

to peak tension (p > 0.05), ½ relaxation time (p > 0.05), or rate of torque relaxation (p > 0.05).  

 

Table 1. – Participant characteristics and neuromuscular outcomes 

Measure Total (n = 30) Male (n = 18) Female (n = 12) 

Age (yr) 23.4 ± 3.0 23.3 ± 2.4 23.5 ± 3.8 

Height (cm) 173.9  9.8 177.5 ± 8.5  168.8 ± 9.5* 

Weight (kg) 76.3  15.9 81.1 ± 15.1 69.5 ± 15.0* 

Thigh Lean Mass (g) 6895.6 ± 1747.3 7537.4 ± 1706.2 5932.8 ± 1365.8* 

    

Voluntary Measures    

MVC (Nm) 250.5 ± 81.6 293.3 ± 73.3 186.3 ± 42.0* 

Critical Torque (Nm) 88.6 ± 27.3 98.0 ± 27.0 74.5 ± 21.6* 

Relative Critical Torque 

(%MVC) 

37.4 ± 12.9 34.9 ± 12.3 41.3 ± 13.4 

IACT (Nm·s) 7745.0 ± 3517.1 8533.0 ± 3630.5 6563.1 ± 3114.8 

Total Torque Impulse (Nm·s) 20707.4 ± 5422.3 22700.2 ± 5221.2 17718.2 ± 4374.5* 

    

Twitch Properties    

Pt (Nm) 64.1 ± 22.4 72.2 ± 22.8  51.9 ± 15.8* 

Time to peak tension (sec) 0.134 ± 0.009 0.132 ± 0.010 0.137 ± 0.009 

1/2 Relaxation time (sec) 0.067 ± 0.013 0.070 ± 0.015 0.064 ± 0.007 

Rt Torque Development 

(Nm·s-1) 

484.2 ± 186.5 550.9 ± 191.3 384.0 ± 130.1* 

Rt Torque Relaxation (Nm·s-

1) 

485.8 ± 176.8 535.1 ± 193.9  411.7 ± 119.8 
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Values expressed as mean  SD; MVC = maximum voluntary contraction; IACT = impulse 

above critical torque;  Pt  = peak twitch torque. *indicates a significant difference (t-test) 

between values for men and women (p < 0.05). 

 

4.2 Thorstensson Measures 

Mean values for the Thorstensson trials are represented in Table 2 and Figure 3. Mean 

values for initial force (PFi) were lower (p < 0.05) during Visit 2 compared to Visit 1. Mean 

values for final force (PFf) were higher (p < 0.05) during Visit 2 compared to Visit 1. This 

resulted in less force decrement (p < 0.01) during Visit 2 compared to Visit 1 and therefore a 

lower predicted type II fiber type percentage (p < 0.01) in Visit 2 compared to Visit 1. Women 

had significantly lower PFi and PFf compared to men across both Visit 1 and Visit 2 (p < 0.05) for 

all), as expected. Additionally, percent force decrement and estimated type II fiber percentage 

were lower in Visit 2 compared to Visit 1 for both men and women (p < 0.05 for all). Initial force 

did not differ between Visit 1 and Visit 2 for both men and women. Final force did not differ 

between visits for men but was higher in Visit 2 for women (p < 0.05).  
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Table 2. – Values from Thorstensson Tests Between Visits 

Measure Visit 1 Visit 3 

PFi (N) 439.0 ± 121.1 414.6 ± 121.5*,# 

PFf (N) 144.3  49.8 155.2 ± 49.9*,# 

Percent Force Decrement  67.1  8.4 61.6 ± 11.1*,# 

Estimated Type II% 65.6 ± 7.6 60.7 ± 9.9*,# 

   

Men   

PFi 497.4 ± 121.7 473.1 ± 121.9* 

PFf 165.3  46.1 172.0 ± 48.5* 

Percent Force Decrement  66.1  8.8 62.5 ± 11.5* 

Estimated Type II% 64.7 ± 7.9 61.4 ± 10.3* 

   

Women   

PFi 358.2 ± 59.5 333.6 ± 59.9*,# 

PFf 115.2  40.1 132.1 ± 43.5*,#
 

Percent Force Decrement  68.3  8.1 60.5 ± 10.9* 

Estimated Type II% 66.7 ± 7.3 59.6 ± 9.8* 

Values expressed as mean  SD; PFi = mean peak force of initial three contractions, PFf = 

mean peak force of final three contractions. *indicates a significant main effect for time 

between visit 1 and visit 3 (p < 0.05). # indicates a significant main effect for sex with 

values differing between men and women (p < 0.05).  
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Figure 3 – Values from Thorstensson tests for Visit 1 and Visit 2. PFi = mean peak force of 

the initial three contractions in the Thorstensson test; PFf  = mean peak force of the final three 

contractions in the Thorstensson test; %Force Decrement = percentage of decline in force from 

the initial to final three contractions; %Type-II = mean value of type-II fiber distribution 

predicted by Thorstensson test on Visit 1 and Visit 3.* indicates a significant difference between 

Visit 1 and 2 (p <0.05). Values are means with individual participants shown.   
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The intra-class correlation coefficients for Thorstensson are shown in Table 5. %Type-II Fiber 

was found to have moderate intersession reliability and variability (ICC = 0.616, p < 0.05, CV = 

12.9%).  

 

4.3 Relationships to Critical Torque 

Thigh Lean Mass - A weak positive correlation was found between TLM and CT (r = 

0.389, p < 0.05; Table 4). No significant correlation was found between TLM and %CT (r= -

0.334, p > 0.05; Table 4).  

Contractile Properties - Positive correlations were found between Pt and CT (r = 0.362, p 

< 0.05; Table 4), as well as RTR and CT (r = 0.434, p < 0.05). No significant correlations were 

found among TPT and CT (r =0.163, p > 0.05), 1/2RT and CT (r = -0.238, p > 0.05), or RTD and 

CT (r = 0.299, p > 0.05). No significant correlations were found among contractile properties and 

%CT (p > 0.05). 

IACT - Positive correlations were found among IACT and TLM (r = 0.727, p < 0.01). 

Significant positive correlations were also found among contractile properties and IACT, such as 

Pt (r = 0.692, p < 0.01), RTD (r = 0.669, p < 0.01), and RTR (p = 0.534, p < 0.01). Total Impulse 
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performed in the CT protocol was found to positively correlate to LTM (r= 0.720, p < 0.01), Pt (r 

= 0.643, p < 0.01), RTD (r = 0.578, p < 0.01), and RTR (r = 0.606, p < 0.01). 

Predicted Fiber Type - %Type-II Fiber was found to significantly correlate to CT (r =       

-0.422, p < 0.01). As well, a moderate negative correlation was found between %Type-II Fibers 

and %CT (r = -0.57, p < 0.01), displayed in Figure 4.  

 

 

 

 

Table 4. Correlations Among Muscle Mass, Contractile Properties and Critical Torque 

Parameters (N=30) 

  

MVC 

  

CT 

  

%CT 

  

IACT 

  

Total 

Impulse 

 

TLM 

 

0.731* 

 

  

0.389* 

  

-0.334 

  

0.727* 

  

0.720** 

Pt 0.677* 

 

 0.362*  -0.302  0.692*  0.643* 

TPT -0.044 

 

 0.163  0.188  -0.144  0.063 

1/2RT -0.001 

 

 -0.238  -0.258  0.206  -0.052 

RTD 0.630** 

 

 0.299  -0.314  0.669**  0.578** 

RTR 0.634**  0.434*  -0.182  0.534**  0.606** 

 

%Type-II 
 

0.162  -0.421*  -0.570**  0.130  -0.312 

TLM = lean thigh mass; Pt = peak twitch torque; TPT = time to peak torque; 1/2RT = half-twitch 

relaxation time; RTD = rate of force development; RTR = relaxation rate; MVC = maximum voluntary 

contraction; CT = Critical Torque; %CT = critical torque relative to MVC; IACT = impulse above critical 

torque; %Type-II, mean Thorstensson predicted Type-II fiber distribution between Visits 1 and 3. 

*Significant at 0.05 **Significant at 0.01 
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Figure 4 – Correlations among relative CT and a) %Type-II Fiber, b) RTD, c) RTR, and d) 

MVC.  Relative CT (%MVC) = Critical Torque (CT) relative to maximum voluntary 

contraction and expressed as a percentage; %Type-II Fiber = mean Thorstensson predicted 

Type-II fiber distribution between Visits 1 and 3; RTD = rate of torque development; and RTR = 

rate of relaxation. 
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Figure 5—Correlations among IACT and a) MVC, b) TLM, c) Relative CT, and d) %Type-

II Fibers.  IACT = impulse above Critical Torque; MVC = maximum voluntary contraction; 

TLM = thigh lean mass; %CT= Critical Torque (CT) relative to maximum voluntary contraction 

and expressed as a percentage; %Type-II fibers = mean Thorstensson predicted Type-II fiber 

distribution between Visits 1 and 3. 
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Chapter 5: Discussion 

The present study sought to examine the relationship among muscle mass, contractile 

properties, and parameters of the Critical Torque (CT) threshold, as well as assess the reliability 

of the Thorstensson test, commonly used in fiber-type prediction. Results from the present study 

found TLM to positively correlate to CT (r = 0.389). These results are consistent with research 

examining the relationship between TLM and CP. However, Byrd et al. found a stronger 

correlation between TLM and CP (r = 0.538). This difference could be attributed to the smaller 

average muscle mass in the present study (6895.6  1747.3 g) compared to Byrd et al. (14,330  

2,560 g) (2018), or the greater homogeneity of the sample (resistance trained males) in the 

former study. Still, the results of the present study uphold the notion that lean thigh mass is 

associated with localized and whole-body aerobic capacity.  

Whole muscle contractile properties have been shown to differ between muscles of 

different fiber types, with muscles possessing more Type-II fibers demonstrating greater Pt and 

RTD, and lower TPT (Harridge et al., 1996). Weak, positive correlations among Pt, RTR, and CT 

were found in the present study. These results conflict with research examining fiber type 

biopsies and CT, that suggest higher proportions of type-II fibers should negatively correlate 

with CT (McDougall et al., 2023). Whole muscle contractile characteristics (TPT and RTD) have 

been previously demonstrated to correlate to %Type-II fiber distribution (Harridge et al. 1996). 

Results of the present study did not find any significant correlations among %Type-II Fibers and 

contractile characteristics. However, a negative correlation was found between %Type-II Fibers 

and %CT, suggesting that a higher percentage of type-II fibers are associated with a lower CT 

value. This relationship is visible in Figure 1. 
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To our knowledge, this is the first study to assess intersession reliability of the Thorstensson 

test. In the present study, ICCs for %FD and %Type-II Fibers demonstrated moderate reliability 

between Visits 1 and 3. The relative error in %FD and %Type-II Fibers could be explained by the 

high variability in the dynamic force measures between visits. In the present study, PFi between 

visits was reliable (ICC = 0.883), meaning measurements of participant’s peak force remained 

consistent in relation to one another, but demonstrated significant error (CV = 27.7%). The PFf 

measures shared similar consistency and slightly higher variability. These results slightly conflict 

with the findings of studies examining the intersession reliability of knee extensor peak torque. 

Mau-Moeller et al. found knee extensor peak torque, performed at 180 deg/s, to be reliable between 

visits separated by a week (ICC = 0.98, CV = 4.9%) (2017).  

Therefore, it is possible that the error and relative inconsistency expressed in %FD and 

%Type-II Fiber is due to the notable error in PFi and PFf.. PFi values were found to significantly 

decrease between Visit 1 and Visit 3 (439.0  121.1 vs 414.6  121.5 N; t = 2.467, p < 0.05). 

However, PFf  values significantly increased between Visit 1 and 3 (144.3  49.8 vs 155.2  49.9 

N; t = -2.355, p < 0.05). While PFi decreased between visits, the %FD exhibited on Visit 3 was 

lower than Visit 1 (61.6  11.1% vs 67.1  8.4%; t = 3.986, p < 0.01), suggesting less fatigue 

occurred during the second trial. No intrasession, or intersession, learning effect has been found 

for maximal peak torque of the KEs (Lund et al., 2005), leaving the reason for this uncertain. 

However, it could suggest that participants engaged in some level of pacing given that they better 

understood the demands of the Thorstensson protocol by their second trial. 

When PFi and PFf are converted from Newtons (N) to kilograms (kg), the apparent 

differences between visits appear trivial. While PFi exhibited a 24.4 N difference between visits 1 

and 3 (439.0 vs 414.6 N), it is only a 2.5 kg difference (44.8 vs 42.3 kg) when converted. 
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Similarly, when expressed as kg, PFf  values exhibit an increase of 1.1 kg (14.7 vs 15.8 kg) as 

opposed to an increase of 10.9 N (144.3 vs 155.2) between visits. These results suggest that the 

differences in force measures between visits 1 and 3 may not be as large as originally observed, 

and therefore, may not be as meaningful in interpretation. Still, a decrease in %Type-II fibers and 

%FD was observed between visits, suggesting that less fatigue may have occurred. Given the 

Thorstensson test’s reliance on fatigability correlating to type-II fibers, it is possible that the first 

attempt at the Thorstensson trial may yield the most accurate results. Future studies should 

examine the Thorstensson test’s fiber prediction across several visits in order to confirm this 

notion. 

It is worth mentioning that, due to the Thorstensson’s type-II fiber prediction being 

calculated out of 100%, that Type-I fiber distribution can be inferred through simple subtraction. 

Each participant’s %Type-II fiber values were subtracted from 100 and averaged across Visits 1 

and 3. Mean Type-I fiber distribution was found to be 36.9  8.2 %, compared to the mean Type-

II fiber distribution of 63.1  8.2%. Given the moderate reliability of the Thorstensson test, and 

this indirect measure of Type-I fiber distribution, the present study refrained from calculating 

correlations among Type-I fibers, CT, contractile properties, and LTM.  

Lastly, results from this study indicate a strong, positive correlation among TLM and 

IACT. While IACT and W’ are not synonymous, they both represent anaerobic work capacity 

above CT/CP, respectively. Therefore, these results are consistent with previous findings 

regarding TLM and W’ (Byrd et al., 2018). However, the present study found a stronger 

correlation between TLM and IACT (r = 0.727), compared to Byrd et al. (r = 0.692) (2018). 

Since CP represents the greatest rate of wholly oxidative metabolism, it is possible a single 

muscle group measure does not correlate as strongly to whole-body CP parameters such as W’. 
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Whereas, the present study examines this rate of wholly oxidative metabolism within the thigh 

itself, potentially lending to a stronger correlation between LTM and IACT. However, consistent 

with McDougall et al. (2018), the present study found positive relationships among Pt, RTD, 

RTR, and IACT, suggesting contractile characteristics frequently associated with type-II fibers 

are fairly correlated to IACT.  

Conclusion 

In conclusion, the results of our study suggest that lean thigh muscle mass is associated 

with an increased ability to perform work above the CT threshold, while mildly contributing to 

CT in the thigh. Contractile characteristics associated with type-II fibers were found to positively 

correlate to IACT, and to a weak degree, CT. Still, this study is limited by its use of a single 

muscle group. Future research should examine these non-invasive measures of contractile 

characteristics between muscle groups with known fiber type differences. Examining a wider 

distribution of contractile characteristics could help further characterize the relationship among 

fiber type and fatigability without the use of fiber biopsy. Lastly, this study sought to test the 

reliability of the Thorstensson test, finding weak consistency and considerable variability 

between days. Therefore, future studies should exercise caution when utilizing the Thorstensson 

test for measures of fiber type. 
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