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Abstract: The sport of basketball exposes athletes to frequent high intensity movements including 

sprinting, jumping, accelerations, decelerations and changes of direction during training and 

competition which can lead to acute and accumulated chronic fatigue. Fatigue may affect the ability 

of the athlete to perform over the course of a lengthy season. The ability of practitioners to quantify 

the workload and subsequent fatigue in basketball athletes in order to monitor and manage fatigue 

levels may be beneficial in maintaining high levels of performance and preventing unfavorable 

physical and physiological training adaptations. There is currently limited research quantifying 

training or competition workload outside of time motion analysis in basketball. In addition, 

systematic research investigating methods to monitor and manage athlete fatigue in basketball 

throughout a season is scarce. To effectively optimize and maintain peak training and playing 

performance throughout a basketball season, potential workload and fatigue monitoring strategies 

need to be discussed. 

Keywords: microtechnology; smallest worthwhile change; training load; countermovement jump 

 

1. Introduction 

Basketball is an intermittent, court-based team sport comprised of repeated high intensity 

movements such as change of direction, accelerations and decelerations interspersed with periods of 

low to moderate intensity activity [1]. Athletes also perform regular maximal efforts during 

competition including extensive high intensity shuffling, sprinting and jumping [2,3]. Research using 

time motion analysis (TMA) to investigate the competition demands of basketball have revealed that 

the mean distance covered by female and male athletes was 5–6 km during live playing time across 

40 min games [1]. Physiological traits such as blood lactate and heart rate responses to competition 

demands reveal athletes are competing at an average physiological intensity above lactate threshold 

and 85% maximum heart rate [1]. The competition demands encountered by basketball players 

suggest that both anaerobic and aerobic energy pathways contribute to energy sources. Basketball 

also has one of the longest seasons in professional sports. Typically, a professional National 

Basketball Association (NBA) season consists of 82 games played over six months. If successful, teams 

can play over 100 games if they make post season play offs. Competitive seasons in Division I 

collegiate basketball in the United States span five months and include approximately 30 regular 

season games which is consistent with other semi-professional and professional leagues around the 

world. The high intensity movement demands and physiological stress on the athletes during 

competition may accumulate over the pre-season and competitive season and present as signs of 

fatigue leading to decreased performance output and/or injury [4]. Combining objective and 
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subjective measures of workload and fatigue provides practitioners such as strength and 

conditioning coaches and sport scientists with a global picture of how the athlete is responding to the 

training dose, competition demands and non-training stressors. Early identification and subsequent 

management of fatigue may prevent detrimental physical and physiological adaptations often 

associated with injury and enhance athletic performance and player availability [5,6]. 

It is well understood that fatigue can inhibit athletic performance [4,7–10], however, conflicting 

definitions of fatigue make monitoring and measuring the underlying fatigue mechanisms 

problematic. The two attributes of fatigue that need to be acknowledged are: perceived fatigability, 

the maintenance of homeostasis and subjective psychological state of the athlete; and performance 

fatigability, the decline in objective performance measures derived from the capacity of the nervous 

system and contractile properties of muscles over time [11] (Figure 1). To align with a recent report 

[11], this review will define fatigue as a symptom where cognitive and physical function is limited 

by the interaction between perceived fatigability and performance fatigability. These two measures 

are able to normalize observed fatigue to the demands associated with the sport. For example, 

athletes who are less fatigable are able to endure a greater amount of workload before reaching a 

given level of fatigue [11]. Whilst multiple methods to monitor and manage perceived and 

performance fatigue in other sports have been investigated such as sprint speed [12,13], wellness 

questionnaires [14–16], biochemical markers [17] and neuromuscular tests [18], there is a lack of 

research examining the longitudinal use of these methods and practices in basketball. This review 

aims to provide practitioners with an overview of fatigue monitoring tools and management methods 

that have been reported in the literature or appear suitable in collegiate or professional basketball.  

 

Figure 1. Modulating factors of perceived and performance fatigability (Adapted from [11]). 

2. Materials and Methods 

The search strategy used to locate articles included an online search of journal databases 

including PubMed, Web of Science, EBSCO host and Google Scholar. Key terms used in the search 

included monitoring OR managing AND fatigue OR performance AND basketball. In addition, 

articles cited in the reference lists of identified journals were manually searched and examined. 

3. Quantifying Workload 

Before managing fatigue, it is important to quantify and understand the training and 

competition workload the athlete has completed. Combining the athletes’ workload and fatigue 

measurement will allow practitioners to determine the dose-response relationship and help inform 

whether the athlete is prepared for competition. Since the physical and physiological adaptations 

from a training stimulus vary between individuals based on modifiable (strength, aerobic/anaerobic 

capacity) and non-modifiable (age, gender, anatomy, genetics) factors, it is necessary to monitor the 

individual dose-response relationship [6]. For example, a strong correlation was detected in elite 

European basketball athletes between distance covered in the Yo-Yo intermittent recovery level one 

test and session rating of perceived exertion (s-RPE) scores during practice (r = 0.68) [19]. This 

suggests that assuming athletes achieved equal amount of workload, athletes with an increased 
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aerobic capacity perceive the same training session as being easier than athletes who have a lower 

aerobic capacity. Currently, TMA and s-RPE are the most common methods to quantify the 

movement and workload demands in basketball [20], however recent advances in technology have 

allowed microtechnology devices to objectively quantify the external load of athletes in training and 

competition. A recent review of player monitoring approaches in basketball extensively discusses the 

advantages and disadvantages of several methods to quantify an athlete’s workload [20]. A unique 

aspect of this review is that it adds to Fox and colleagues [20] review by briefly discussing the findings 

and results of previous research that has investigated basketball training and/or competition 

demands using microtechnology or s-RPE. 

3.1. Microtechnology 

Microtechnology has become a popular tool for practitioners and researchers to monitor and 

quantify the physical demands of athletes during training and competition in outdoor field sports 

such as soccer, rugby league, rugby union and Australian Rules football (AF) [21,22]. However, 

quantifying the external demands of basketball using microtechnology is challenging due to several 

limitations including that the game is played in indoor stadiums, the feasibility of acquiring enough 

units and the reliability and validity of microtechnology to detect basketball specific movements [22]. 

Recently, advances in technology have integrated a number of micro inertial sensors including 

triaxial accelerometers, gyroscopes and magnetometers into single units commonly referred to as 

inertial measurement units (IMU) [22]. These devices have assisted in overcoming some of the 

previously mentioned limitations that surround quantifying movement demands in basketball 

training and competition. The IMU provides an array of information that can inform practitioners’ 

decisions on the performance of basketball players in training and competition including the position, 

direction, velocity, accelerations and decelerations [21,22]. A recent study used a tri-axial 

accelerometer with a sample rate of 100 Hz to examine the external demands of common training 

drills [23]. Instantaneous data from all 3 axes (x, y and z) were assimilated into a resultant vector 

through the Cartesian formula √[(xn − xn−1)2 + (yn − yn−1)2 + (zn − zn−1)2]. Accelerometer Load (AL) for 

each drill and activity was then calculated by summating the instantaneous change of rates of 

resultant accelerations over time [23]. The authors reported full court 3v3 and 5v5 (18.7 ± 4.1; 17.9 ± 

4.6 AL/min, respectively) produced greater AL than full court 2v2 and 4v4 (14.6 ± 2.8; 13.8 ± 2.5 

AL/min, respectively) [23]. In regards to playing position, the authors reported higher AL for point 

guards irrespective of training drill. This may represent tactical requirements of the position as 

smaller players may be required to cover more distance per possession. Another logical reason for 

guards to have greater AL is that they are able to accelerate easier with less applied force due to lower 

body mass [23]. A more recent investigation into training and competition demands of semi-

professional basketball players reported significantly higher absolute and relative AL during game 

based training than competition (624 ± 113 AL vs. 449 ± 118 AL, ES = 1.54; 6.10 ± 0.77 AL/min vs. 4.35 

± 1.09 AL/min, ES = 2.14 respectively) [24]. This shows that pre-season training in semi-professional 

basketball appears to adequately prepare players for competition. The combination of these findings, 

and the application of IMUs in basketball, may help practitioners improve athletes’ conditioning by 

developing position specific drills, improve training periodization, and provide more accurate drill 

clarification and description. However, systematic monitoring of external demands using IMUs is 

still warranted to provide a greater understanding of the suitability and effectiveness of the devices 

in basketball to quantify basketball activities such as shuffling and jumping.  

3.2. Session Rating of Perceived Exertion 

An issue that practitioners are commonly faced with when quantifying an athlete’s workload is 

that the different scale, units and type vary across different training modalities. For example, 

comparing the load of a resistance training session (sets × reps × weight) and a court based training 

session (accelerations, decelerations, velocity) is problematic as there is no single objective load 

monitoring variable for both modalities of training. The simple method of s-RPE can overcome this 

issue and be used across several training modalities to monitor an athlete’s perceived exertion from 
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a particular training session [25,26] and longitudinally across an entire season [27,28]. By using a 

modified Borg RPE scale ranging from 0 to 10 which represent rest and maximal exertion 

respectively, athletes can provide a subjective rating of the intensity of a particular training session 

[26]. This number is multiplied by the duration in minutes to provide an arbitrary unit of subjective 

internal training load [26]. Unlike microtechnology, s-RPE has been widely reported in basketball 

literature that has investigated internal responses to training and competition [3,19,29–32]. In elite 

European basketball weekly s-RPE training load significantly differed between the control week (no 

game) and those accumulated during 1 or 2 game week microcycles (3334 ± 256 vs. 2928 ± 303 vs. 2791 

± 239 arbitrary units (AU), respectively) [19]. In addition, authors reported a strong correlation 

between s-RPE and heart rate based training load model (Edwards’ TRIMP) in the same population 

(r = 0.68) [19]. However, s-RPE exhibited a moderate relationship (r = 0.49) and low commonality (R2 

= 0.24) with accelerometer derived training load in semi-professional Australian basketball players 

[32]. This suggests that s-RPE measures different training constructs than external AL. Therefore, it 

is recommended that practitioners collect both external and internal training load measures such as 

s-RPE and accelerometer or IMU training load as the intermittent demands and lateral movements 

required in basketball can increase an athlete’s s-RPE by 13–25% when external load is controlled 

[33]. S-RPE is non-invasive, simple to calculate and quantify across the length of a basketball season 

making it an efficient and practical tool to use in both research and practice.  

4. Fatigue Monitoring Tools 

A number of different fatigue monitoring tools exist that may assist practitioners in identifying 

indicators of performance and perceived fatigability in basketball athletes including sprinting ability, 

vertical jumps, athlete self-report measures (ASRM), heart rate indices and biochemical markers. 

These fatigue monitoring tools may be beneficial in monitoring athletes’ fatigue levels during a long 

season where accumulation of fatigue may affect player on court performance. Incorporating several 

fatigue monitoring tools simultaneously may provide practitioners with a global understanding of 

how athletes are responding to training and non-training stressors. Subsequently, a player’s 

prescribed workload can be altered as necessary.  

4.1. Sprinting Ability 

Sprinting is a critical movement performed by all players during basketball training and 

competition [34]. Sprint speed has been identified as an important attribute of basketball athletes, 

specifically 5 m sprint times has exhibited a moderate inverse relationship to playing time (r = −0.59) 

in the NCAA Division II competition [35]. Conversely, 20 m sprint time demonstrated a weak 

correlation to total playing time [35,36] and basketball specific statistics including points, assists, 

rebounds, steals and blocks [37]. Monitoring an athlete’s acceleration ability may be a more 

appropriate method to identify fatigue in basketball athletes in contrast to maximal speed as players 

rarely sprint the length of the court and therefore do not reach maximal speed in competition [34]. 

However, conjecture surrounds the use of sprint assessments as fatigue monitoring tools in previous 

literature. In rugby league, non-significant changes in 10 and 40 m were reported following six weeks 

of deliberate overreaching [28]. Meanwhile, in soccer players, 20 yard (18.3 m) sprint times decreased 

in starters and not in non-starters during 11 weeks of soccer competition [13]. Specifically, to 

basketball 10 m sprint time was decreased up until 24 h post-match (ES = 0.5) in elite European 

basketball players [38]. Therefore, monitoring acceleration ability over 5 to 10 m seems promising as 

a measure of performance fatigability in basketball.  

4.2. Athlete Self-Report Measures 

A recent survey on fatigue monitoring tools in high performance sport reported a high usage of 

ASRM across various sports and levels of competition for assessing overall well-being of team sport 

athletes [4]. Several ASRM have been used in the literature including the Profile of Athlete Mood 

States (POMS) [39], Daily Analysis of Life Demands of Athletes (DALDA) [40], Total Quality 
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Recovery (TQR) [41] and the Recovery Stress Questionnaire for Athletes (REST-Q) [28]. However, to 

minimize time constraints on athletes, many team sport practitioners prefer shorter, customized 

versions that can be completed on a daily basis [4]. The shorter customized ASRM has been shown 

to be sensitive to daily, weekly and seasonal changes in training load in elite AF and English soccer 

players [14,16,42]. Specifically, daily ASRM that included fatigue, sleep quality, stress, mood and 

muscle soreness significantly associated with daily fluctuations in training load during the pre-

season and competitive periods of elite AF and English soccer players respectively [16,42]. More 

recently, pre-training subjective ASRM have been suggested to provide practitioners with 

information on an athlete’s capacity to train [7,15]. For example, in American collegiate football an 

increase of one unit in muscle soreness (players felt less sore) z score led to a trivial 4.4% decrease in 

s-RPE training load [7]. In AF, a one unit decrease in wellness z score corresponded to 4.9% decrease 

in player load [15]. The z score indicates how many standard deviations a variable is from the mean 

and can be calculated using the following formula: z score = athlete’s score—athlete’s mean 

score/standard deviation (SD) of athlete’s score [7,8,15]. Whilst there is limited research investigating 

customized ASRM in basketball, the evidence in several other sports suggest that lower pre-training 

wellness scores may lead to a decrease in external load and an increase in internal load [7,9,15,40]. 

Implementing daily ASRM into an athlete monitoring program for basketball athletes may assist 

practitioners in understanding the perceptual fatigue of athletes, how they are coping with training 

and competition schedule, and also provide insight into intensity of output expected from an athlete 

in training.  

4.3. Vertical Jumps  

The use of vertical jump performance as a fatigue monitoring tool is also popular in high 

performance sport to assess lower body strength and power, and the integrity of the 

musculotendinous pre-stretch, or countermovement stretch shortening cycle (SSC) [43,44]. More than 

half of the respondents (54%) in a fatigue monitoring survey reported using vertical jump testing on 

either a daily, weekly or monthly basis to monitor performance and neuromuscular fatigue [4]. A 

variety of offensive and defensive movements are completed by basketball athletes during training 

and competition including accelerating, decelerating and change of direction that rely heavily on the 

athletes ability to rapidly transition from eccentric to concentric contraction via the SSC [45]. 

Repetitive performance of these movements can result in reduced movement efficiency through 

neuromuscular and performance fatigue [43,44]. Several vertical jump protocols have been used to 

monitor neuromuscular function and the SSC including the drop jump (DJ) and the 

countermovement jump (CMJ) [4,9]. In addition, a number of different apparatus have also been used 

in the literature to monitor vertical jump performance in athletes including a Vertec system (jump 

and reach) [12], contact mats [46], force plates [18] and linear position transducers [45]. Many of these 

protocols and instruments can be administered, analyzed and reported quickly in order to make 

decisions regarding the athlete’s daily or weekly training prescription.  

A meta-analysis reported using the average height of multiple CMJs was more sensitive in 

detecting CMJ fatigue and supercompensation than the maximum CMJ height [47]. However, 

conflicting evidence surrounds the use of jump height as the sole fatigue monitoring variable. For 

example, results from a 3 day elite handball competition demonstrated significant decline in CMJ 

height [48] though no changes in CMJ height were observed in elite rugby sevens players during the 

final preparation period [49]. The inconsistent findings surrounding jump height as a global indicator 

of neuromuscular function and performance fatigue is likely due to its gross representation of several 

underlying kinematic variables that contribute to CMJ height. These underlying variables that 

contribute to CMJ height relate to the eccentric and/or concentric phase and may provide a greater 

insight into the integrity of the SSC, loading strategies and behaviors used to execute a CMJ [50]. 

Findings from a study investigating the response of a CMJ following training and competition 

suggest flight time to contraction time (FT:CT) ratio appears to be a sensitive measure able to detect 

neuromuscular fatigue in female basketball athletes [51]. In contrast, basketball players reactive 

strength index (flight time/contact time) derived from a 40 cm drop jump was not sensitive to detect 
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changes in s-RPE training load during a competitive elite Australian basketball season [46]. It is 

difficult to make comparisons between the two findings as they both elicit different loading strategies 

and behaviors. For example, the CMJ assesses a slow SSC response (contact time > 250 ms) whilst the 

DJ elicits a fast SSC response (contact time < 250 ms) [46]. Despite this, administering vertical jump 

performance test as fatigue monitoring tools seem promising as high levels of neuromuscular 

function is critical to vertical jumping capacity, change of direction ability and basketball 

performance [52].  

4.4. Heart Rate  

The autonomic nervous system (ANS) is linked with many physiological systems and can 

potentially identify fatigue and negative training adaptations through alterations in heart rate [53]. 

Specifically, several heart rate derived metrics including resting heart rate (RHR) and heart rate 

variability (HRV) have the potential to provide practitioners with an understanding of how an athlete 

is responding to fluctuations in training and competition workload. The use of heart rate metrics for 

monitoring athlete fatigue has been comprehensively reviewed [53], therefore the following will 

provide a brief overview of each variable and the applicability to basketball.  

4.4.1. Resting Heart Rate 

One of the first signs of overtraining syndrome commonly reported in the literature is an 

increase in RHR [54]. However conflicting research exists with some early investigations reporting 

increased RHR in overreaching athletes and those with overtraining syndrome [55], whilst other 

studies found RHR remained similar in overreaching and normal states [56,57]. A systematic review 

of 34 studies investigated whether RHR can be used to determine overreaching in athletes reported 

moderate increase in RHR after short (<2 weeks) interventions but no difference was found in longer 

(>2 weeks) interventions [54]. These findings suggest that the use of RHR to monitor fatigue in 

basketball athletes may be beneficial during intensive training camps (<2 weeks) and congested 

fixtures where spikes in workload are common potentially leading to an increase in fatigue. 

Consequently, including RHR in a longitudinal athlete monitoring system over the length of a season 

or to monitor non-functional overreaching or over training syndrome may not provide a valid sign 

of fatigue.  

4.4.2. Heart Rate Variability 

Research investigating changes in HRV in athletes during heavy training and competition 

periods has received increased interest due to the high reliability and the ability to capture data over 

a short period (~60 s) [58,59]. A common interval period often used as an index of ANS 

responsiveness is known as the R-R interval, or the time between heart beats. Whilst RHR can remain 

relatively stable, vagal related time periods can vary substantially [59]. However, conflicting findings 

are reported in the literature in relation to the use of HRV as a fatigue monitoring tool. Specifically, 

HRV has demonstrated sensitivity to changes in workload and performance in individual sports such 

as weightlifting [60], swimming [61] and middle-distance running [62] with only trivial evidence in 

team sport athletes [9,10]. In spite of the support of HRV in individual athletes, a systematic review 

reported only small effects of overreaching on HRV [54]. Similarly to RHR, this finding was also 

limited to short (2 weeks) interventions/overload [54]. An absence of research in determining the use 

of HRV in basketball athletes suggest that more research is needed to further clarify its usefulness as 

a fatigue monitoring tool. In addition, previous research in team sports suggest using caution if 

including HRV in an athlete monitoring program [9,10,54].  

4.5. Biochemical Markers  

When prescribing an athlete’s workload to optimize training adaptations and avoid inducing 

further fatigue, it is important to remember that the endocrine system plays an important role [63]. 

The most commonly investigated biochemical markers in response to workload are testosterone and 
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cortisol. Testosterone is an anabolic hormone that promotes amino acid incorporation into proteins 

whilst inhibiting protein breakdown [63]. Approximately 98% of testosterone is bound to carrier 

proteins such as sex-hormone-binding globulin (54%) and albumin and other proteins (44%) [64]. Of 

importance to practitioners is free testosterone, which is the part of serum testosterone that is 

available to tissues of the body [64]. Monitoring free testosterone levels can provide practitioners with 

an understanding of the anabolic status of the body [63]. Greater levels of free testosterone have been 

seen as a result of acute heavy resistance training [63]. However, conflicting findings have been 

reported in regards to the effect of training volume on resting free testosterone levels. A short-term 

investigation found a negative correlation between resting free testosterone levels with increases in 

training volume [65], whilst longitudinal studies have reported no changes in resting levels [66]. 

Cortisol is a catabolic hormone that converts amino acids to carbohydrates when muscle 

glycogen levels are depleted [63]. Similar to testosterone, there have been varied reports on the acute 

response of cortisol to workload with cortisol levels returning to pre-exercise levels within 2 to 3 h 

after cessation of exercise [67] whilst increased levels have also been observed for up to 24 h [67]. The 

free testosterone:cortisol (TC) ratio represents the imbalance between anabolic and catabolic state of 

the athlete or response to workload and has been used as a marker to determine anabolic and 

catabolic activity during periods of increased workloads [66,68,69]. During an 11-week training 

period in female weightlifters a very strong relationship was reported between percentage change in 

TC ratio and volume load (r = −0.83) and training intensity (r = −0.72) suggesting concomitant changes 

in the anabolic to catabolic ratio [17]. Specifically in regards to athlete monitoring, a decrease of 30% 

has been attributed towards overtraining with a number of investigations reporting significant 

relationships between performance and the TC ratio [8,66,69]. A longitudinal study involving 

basketball athletes over four consecutive years concluded that an athlete’s hormonal status is linked 

with playing position, with power forwards and small forwards exhibiting the most catabolic state 

[70]. Overall, all players presented the most catabolic state in the final third of the regular season [70]. 

However, no changes were noted in testosterone, cortisol or TC ratio during a 28 day training camp 

in elite basketball athletes [71].  

In addition to testosterone and cortisol, creatine kinase (CK) is also a commonly measured 

fatigue marker in athletes. The CK enzyme is stored inside muscle cells, however after heavy exercise 

is often released into the blood reflecting muscle damage [8]. Hence practitioners are interested in 

measuring CK levels to determine the level of exercise induced muscle damage. Acute CK responses 

have been documented in basketball [72] with increases following three days of tournament play. 

Longer investigations have also demonstrated increases in CK levels in team sport and non-team 

sport athletes. For example, following a six week deliberate overreaching phase in rugby league 

players, a significant increase in CK levels was observed [73]. Similar results were reported during 

six weeks of progressive endurance training in healthy adults [74]. The above evidence appears 

appealing for use of CK as a fatigue monitoring tool in basketball; however, large individual 

variability in resting CK levels exist which can make it problematic to measure change induced by 

training [75]. It is recommended that practitioners establish baseline levels for each athlete from a 

large number of samples in order to understand the degree of variability [8]. 

5. Fatigue Management 

The advantages and disadvantages of the fatigue monitoring tools discussed in this review are 

outlined in Table 1 however practitioners can face unique challenges and scenarios depending on the 

time of year [8]. For example athletes are required to complete higher training volumes during a 

training camp or pre-season period. Strength and conditioning practitioners may use different 

strategies to manage athlete fatigue during this period compared to the competition period. The 

following sections discuss several methods in which the practitioner can manage athlete fatigue 

during intensive training camps and the competition period. 
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Table 1. Advantages and Disadvantages of Fatigue Monitoring Tools. 

Fatigue Monitoring 

Tool 
Advantages Disadvantages 

Vertical Jumps 

• Easy to administer 

• Minimal additional fatigue 

• Replicates common athletic movement 

performed in competition 

• Easily implemented 

• Lack of motivation to perform 

maximally 

• No consensus as to which variable is 

most sensitive to fatigue 

• Limited information regarding cause 

of performance reduction 

Wellness Questionnaire 

• No additional fatigue 

• Can be completed on a daily basis 

• Easy to administer 

• Rely on subjective information 

• Athletes can manipulate data 

Sprint Assessment 

• Replicates movement performed in 

competition 

• Easily implemented 

• Provides information even when athlete 

not in a fatigue state 

• May add to existing fatigue 

• Lack of motivation to perform 

maximally 

• Limited information regarding cause 

of performance reduction 

Resting Heart Rate + 

Heart Rate Variability 

• Most accessible physiological measure 

• Ability to capture over short period of time 

• Valid for short term (<2 weeks) 

overload only 

• Limited evidence support use in team 

sports 

Biochemical Markers 

• Assist in understanding whether athlete is 

in a catabolic or anabolic state 

• CK levels may help determine level of 

muscle damage 

• High time, cost and expertise demand 

for data collection 

• Time consuming analysis and feedback 

5.1. Training Camp 

Typically training camps or pre-season can last from seven weeks in collegiate basketball to only 

three weeks in the NBA. During this period athletes are exposed to high training loads to physically 

prepare them for the upcoming season. A challenge that faces strength and conditioning practitioners 

and coaching staff is the prescription of appropriate training volumes and recovery periods to 

optimize physiological adaptation and development of technical and tactical skills without the 

negative effects of high training loads [8]. Research indicates that players who complete a greater 

number of training sessions in the pre-season have a reduced injury rate during the competitive 

season [76]. Evidence also shows that teams with the lowest injury burdens had greater success in 

competition [77]. Whilst basketball training camps are typically shorter than those of other sports 

such as AF and rugby, it is recommended that strength and conditioning practitioners avoid large 

spikes (>10%) in workload to avoid increased risk of injury [5]. Given the shortened training camp in 

basketball compared to other sports, it is important to assess prior training load history as the off 

season break generally results in a low training base or chronic workload. A multi-disciplinary 

approach between sport coaches, strength and conditioning coaches, sport scientists, and athletes 

may be able to reduce the large spikes in workload period by voluntarily completing more training 

prior to the training camp, less training at the camp or a combination of both to ensure individual 

training prescription [5]. In addition, pairing individual athletes workload with fatigue monitoring 

tools will provide a global understanding of the dose-relationship and how the athlete is coping with 

the current workload [8]. Research studies report that no single fatigue monitoring tool can give a 

complete picture of an athlete’s response to training and recommend using several fatigue 

monitoring tools across the squad of athletes to inform training and recovery decisions [14]. An 

example athlete monitoring system for training camp in basketball is detailed in Table 2.  
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Table 2. Example Monitoring System for a Basketball Training Camp [8]. 

Monitoring Tool Frequency Purpose Analysis Method Interpretation 

Microtechnology 

(Player Load) 

Every court 

based 

session 

Measure of 

external load 

• Z-score relative to individual 

• Acute to chronic ratio 

• Z-score ≤ −1.5 

• Acute to chronic ratio 

≥1.5 = increased risk of 

injury 

S-RPE training 

load 

Every 

session 

Measure of 

internal load 

• Z-score relative to individual 

• Acute to chronic ratio 

• Z-score ≤ −1.5 

• Acute to chronic ratio 

≥ 1.5 = increased risk 

of injury 

Wellness 

Questionnaire 
Daily 

Measure of sleep 

quality, fatigue, 

soreness etc. 

• Z-score to baseline measures 

• Smallest meaningful change 

relative to reliability 

• Z-score ≤ −1.5 ± on 

item = positive or 

negative change 

Countermovement 

Jump 
Daily 

Measure of 

neuromuscular 

fatigue 

• Z-score to baseline measures 

• Smallest meaningful change 

relative to reliability 

• Z-score ≤ −1.5 

• If a variable decreases 

greater than the SWC 

RHR/HRV Daily Measure of ANS • Z-score to baseline measures • Z-score ≤ −1.5 

RHR = Resting Heart Rate; HRV = Heart Rate Variability; ANS = Autonomic Nervous System; S-RPE 

= Session Rating of Perceived Exertion; SWC = Smallest Worthwhile Change. 

5.2. Competition Periods 

A concern for practitioners during the competition period of basketball season is the impact of 

travel and the different turnaround times between matches. This must be considered by practitioners 

and sport coaches when planning the team’s training program. Evidence in rugby league 

demonstrated that some positions had higher injury rates with longer turnaround times, whilst those 

in other positions had higher injury rates in shorter turnaround times [78]. Whilst there is limited 

research in basketball investigating the effects of travel and different turnaround times, practitioners 

need to take the positional differences into account as physical demands of training and competition 

are largely varied [23]. Quantifying individual athlete’s workload and fatigue response can provide 

practitioners with insight in to how each athlete responds to travel, turnaround times and match load 

[8,78].  

In any given week collegiate basketball teams play two games whilst in the NBA teams can play 

up to five games in a seven day period. Congested fixtures are also prevalent in post-season 

tournament play in which athletes are required to compete with only 24 h between games [8]. 

Evidence suggests higher levels of fatigue and increased injury rates are associated with congested 

fixtures due to spikes in game load [79]. Specifically, to basketball, 10 m sprint speed and CMJ height 

decreased until 24 (ES = 0.5) and 48 h (ES = 0.6) post-match [38]. These findings indicate that basketball 

athletes may need ~24–48 h of recovery post-match before the next intensive practice or match. 

Implementing fatigue monitoring strategies into daily training sessions such as CMJ and wellness 

questionnaires in combination with internal and external workload monitoring tools may assist 

practitioners to inform training and recovery strategies [8,38]. Longitudinally, athlete monitoring 

systems provide strength and conditioning practitioners a clearer understanding of scheduling 

variations and how each athlete responds to certain situations.  

6. Interpretation Considerations 

Before basketball practitioners use a fatigue monitoring tool it is important to ascertain the tool’s 

reliability within their population as it has been shown to differ between sports and competition 

levels [8]. Several methods of assessing reliability of monitoring tools exist however intraclass 

correlations (ICC) and coefficient of variation (CV) are most common [8]. An ICC is used to determine 

the relationship between repeated tests or monitoring tools. A correlation of 1.0 represents a perfect 

relationship whilst 0.0 represents no relationship [8]. The CV refers to the typical error of a variable 

expressed as a percentage of the athlete’s mean. A variable is often considered reliable when the ICC 

is >0.8 and/or if the CV is <10% [9]. In addition to establishing the reliability of a particular variable, 

the smallest worthwhile change (SWC) should also be calculated to allow practitioners to determine 
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the smallest practical change in a fatigue monitoring tool that is important or worthwhile [8]. To 

calculate the SWC the following formula can be used: 0.2× between-subject standard deviation [8]. 

The SWC should be put into the context of the reliability of the fatigue monitoring tool. For example, 

for a practitioner to be confident that a change is not due to the noise associated with the test, the 

SWC should be greater than the CV [8]. However, it is important to incorporate both the CV and SWC 

together to determine the reliability and sensitivity of a fatigue monitoring tool variables that express 

the highest reliability may be too consistent and not sensitive to changes in athletic performance [8]. 

In contrast, variables that express poor reliability may be sensitive to fatigue despite having large 

variations that are greater than the SWC [8]. Therefore it is necessary that practitioners establishing 

the above statistics within their population in order to identify when athletes are in a fatigued state.  

7. Conclusions 

Basketball athletes playing at a professional or collegiate level participate in demanding pre-

seasons to prepare for long playing seasons often coupled with extensive travel schedules. Ultimately 

this may result in an accumulation of perceptual and/or performance fatigue which could lead to a 

decrease in playing performance. Therefore, it is important that sport scientists and strength and 

conditioning practitioners implement appropriate athlete monitoring protocols to: (1) monitor the 

activity demands of training and competition; (2) monitor athlete fatigue levels; (3) prescribe 

appropriate recovery sessions; and (4) subsequently adjust and manage the athletes’ workloads in 

order to potentially decrease and prevent high levels of fatigue that may affect playing performance. 

This review discussed several methods that may be used to quantify workload and athlete fatigue in 

basketball. However, it is important when practitioners pursue workload and fatigue monitoring 

tools that they also consider the feasibility, applicability and availability of equipment or resources. 

Implementing an athlete monitoring program that includes workload and fatigue monitoring 

and management in basketball may assist practitioners and sport coaches to prescribe appropriate 

workloads that optimize training adaptations, decrease accumulated fatigue and allow athletes to 

perform at their highest level. Many of the discussed workload and fatigue monitoring tools have not 

been longitudinally investigated in basketball but are supported in several other sporting 

populations. Caution should be taken when initially implementing them into an athlete monitoring 

program. However, by implementing several workload and fatigue monitoring methods 

simultaneously, valuable information on an athlete’s global fatigue and general workload trends over 

the length of a basketball season can be further understood. It should be noted that this review 

discusses common fatigue monitoring tools and variables reported in the literature that may be 

applied to monitor workload and fatigue in basketball. Several other methods can also be applied 

and incorporated in to an athlete monitoring program that may effectively monitor fatigue in 

basketball players that should also be investigated.  
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