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ABSTRACT

Acute Effects of Match play Induced Fatigue on Jump Performance in Collegiate Women's
Volleyball
by

G. Trader Flora

This study investigated changes in maximal jump performance in response to match play
induced fatigue. During six sets of tournament match play, seven National Association of
Intercollegiate Athletics women’s volleyball athletes accumulated a mean Player Load of
758.6£216.89 au (measured via microsensor accelerometry), and mean session rate of perceived
exertion of 1184.1+363.2. Repeated measures ANOVAs were used to identify change with
Hedge’s g effect sizes used to assess magnitude of change. Short recovery stress scale results
indicated elevated stress (ES=1.401 to 1.588) and decreased recovery (ES =-1.358 to -1.848) 24
hours post-match, trending towards baseline 48 hours post-match. Countermovement jump
height (CMJH) decreased immediately post-match (p<0.01, ES=-0.216), partially recovered
Post24 (p=0.109, ES=0.130), and fully recovered by Post48 (p <0.01, ES=0.216). It was
concluded that match-play may have contributed to the observable decline in post-match
maximal jump performance, and CMJH testing may be an effective assessment of acute

neuromuscular status.
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Chapter 1. Introduction

The sport of volleyball has drastically increased in popularity since its inception in 1895.
Currently, more than 800 million people participate in the sport of volleyball worldwide
(Hopkinson et al., 2016). Volleyball’s popularity has recently experienced rapid growth in the
United States. More than 46 million Americans take part in the sport annually (Hopkinson et al.,
2016). Volleyball recently surpassed basketball as the most popular American high-school sport

for females (Hopkinson et al., 2016).

Volleyball has been defined as an intermittent sport consisting of high intensity actions
with considerable demands placed on the neuromuscular (NM) system (Duarte et al., 2019;
Gabbett & Georgieff, 2007; Kiinstlinger et al., 1987). During match play, athletes perform
intense and repetitive vertical jumps, landings, accelerations, changes of direction, and dives
(Pelzer et al., 2020; Sheppard et al., 2008). Lower body mechanical power output has been
identified as a key attribute for volleyball performance, as it may aid in the execution of common
volleyball movements (Lidor & Ziv, 2010; Sheppard et al., 2008). Of these movements, vertical
jump (VJ) ability is especially important (Barnes et al., 2007; Fry et al., 1991; Lidor & Ziv,
2010), as VJs are utilized in fundamental defensive and offensive actions including blocking and
hitting, respectively (Brazo-Sayavera et al., 2017). Jump height (JH) has been identified as a
differentiating factor in volleyball competition level (Barnes et al., 2007; Fleck et al., 1985;
Smith et al., 1992; Spence et al., 1980) and a predictor of success in a United States Volleyball
Association National Tournament, women’s open division (Gladden & Colacino, 1974).
Considering the importance of jumping for success in volleyball, regularly monitoring VJ

alterations in volleyball athletes should be performed.
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Considering the high intensity nature of the sport, it is possible the neuromuscular (NM)
system may be fatigued from match play (Boyas & Guével, 2011; Kamandulis et al., 2016;
Skurvydas et al., 2002). NM fatigue can negatively affect jumping ability (Kamandulis et al.,
2016; Skurvydas et al., 2002; Watkins et al., 2017), further compounding the importance of

monitoring VJ performance in volleyball athletes.

Several longitudinal studies have concluded that V] performance is largely maintained in
collegiate women’s volleyball (WVB) athletes throughout a competitive season (Carroll et al.,
2019; Pascal, 2020; Sanders et al., 2018). However, there is a lack of published evidence
measuring acute VJ performance changes in collegiate WVB athletes, particularly concerning
recovery after match play. Several studies investigating acute performance changes in different
levels of men and women volleyball players reported mixed results as to the magnitude, duration,
and mode in which fatigue is expressed (Brazo-Sayavera et al., 2017; Pelzer et al., 2020;
Magalhaes et al., 2011). The divergent results may be due to difference in participants (sex,
competition level), sport (indoor court versus sand volleyball), and intervention design (practice

versus match play).

Therefore, the purpose of this study was to expand upon the current shortcomings in
related literature. This thesis investigated the acute changes in maximal jump performance after
match play in collegiate women's volleyball. The results of this study can improve the current
understanding of the physical response to WVB match play along with the time course of
recovery. Additionally, the findings began to establish an effective acute athlete monitoring
system which can be utilized by sport scientists and coaches alike. This can be especially useful

as volleyball teams often practice multiple times between matches in the same week.
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Chapter 2. Comprehensive Literature Review

The Training Process & Athlete Monitoring

The goal of the athlete training process is to elicit positive adaptations that improve
athletic performance. This is accomplished by preparing the athlete technically, tactically,
psychologically, and physically (Stone et al., 2007). Training involves many variables which
influence adaptation (DeWeese et al., 2015; Plisk & Stone, 2013; Suarez et al., 2019; Suchomel
et al., 2018; Travis et al., 2020; Wernbom et al., 2007). The training program should be tailored
to the requirements of the athlete, demands of the sport, and constraints of the sport schedule.
For example, a program to develop strength may be particularly useful in untrained and weaker
athletes (Suchomel et al., 2016). The program should be designed to develop specific
characteristics beneficial to performance in sport (Suarez et al., 2019). Additionally, the training
process is a long-term endeavor, which may be divided into phases or periods that complement

the sport schedule (DeWeese et al., 2015; Plisk & Stone, 2013; Stone et al. 2021).

The training process is broadly based upon the understanding of stress-response. One
pillar of this concept is Selye’s model of stress & adaptation “The General Adaptation
Syndrome” (Selye, 1946), in which an overloading stimulus is first applied (DeWeese et al.,
2015), initiating the alarm phase, which is followed by a period of adaptation (Cunanan et al.,
2018) (Figure 1.1). If the training process is designed with inappropriate stimulus or recovery,
maladaptation can occur (Cunanan et al., 2018). Improper program design can result in
stagnation, acute negative adaptation, or chronic negative adaptation (Cunanan et al., 2018;
Stone et al., 1991; Stone et al. 2021). Positive adaptation can occur provided proper stimulus and

recovery are provided. Selye described this as the resistance stage (Selye, 1946). This process of

12



positive adaptation is also referred to as the supercompensation effect (Haff & Triplett, 2021;
Zatsiorsky & Kramer, 2006) as the athlete expresses enhanced fitness, known as “realization”
(Cunanan et al., 2018). If excess time passes without proper stimulation, performance can return

to or fall below baseline, termed the exhaustion phase (Cunanan et al., 2018).

Figure 2.1

The General Adaptation Syndrome

ALARM PHASE RESISTANCE PHASE EXHAUSTION PHASE

Introduction of
training / other
stressors

/

Supercompensation
Effect

gl

Effect of improper
recovery or
overtraining

Performance Level
/,

Modified from: Cunanan et al. (2018) and Haff & Triplett (2021).

The training process is additionally based upon the fitness-fatigue paradigm, originally
proposed by Morton et al. (1990). The model proposes two effects of training - fitness and

fatigue - which can be summated to predict performance capability (Chiu & Barnes, 2003;
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Morton et al., 1990) (Figure 1.2). General fitness aiding performance in strength power sports
may include muscle cross sectional area, fiber type composition, advantageous muscle
architecture, neural adaptations, force production capabilities, and muscular enzyme
concentrations (Chiu & Barnes, 2003; Suchomel et al., 2016; Travis et al., 2020; Stone et al.
2021). The fatigue response from training stimuli provides a deleterious effect to performance.
Peak performance can be observed when fitness characteristics remain high, and fatigue is

reduced.

Figure 2.2

The Fitness-Fatigue Paradigm

Taper / Peak Performance /
Realization Important

l / Competition

Training
Load

Baseline >

[71 Performance Capability

[ Fitness (additive effect to performance)

Bl Fatigue (deleterious effect to performance)

Modified from: Chiu & Barnes (2003), Plisk and Stone (1991), and Stone et al. (2021).
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Using a broad understanding of the GAS and Fitness-Fatigue model, the training process
can be strategically designed to promote realization of fitness and reduction of fatigue at optimal
periods, such as important competitions (Cunanan et al., 2018). This is often accomplished by a
taper, where temporarily reducing training volume or intensity in the period immediately before
competition reduces fatigue and allows the athlete to display peak performance levels (DeWeese

et al., 2015; Plisk & Stone, 2013; Stone et al. 2021).

Athlete monitoring programs can be initiated in order to monitor the response to training
(adaptation and fatigue). The data collected can be used by coaches and sport science staff to
inform the training process. The fundamental objective of monitoring is to increase performance
and reduce the occurrence of long-term maladaptation or even injury (Foster, 1998; Halson,
2014; Taylor et al., 2012). Sport coaches and sports science staff have implemented numerous
methodologies of athlete monitoring: subjective internal load / wellness surveys, objective
internal load monitoring (e.g., heart rate), external load monitoring (e.g., Global Positioning
Systems, accelerometry), physical performance assessments (e.g., maximal jump tests, sprint
tests, strength assessments such as the Isometric Mid-Thigh Pull), sport specific tests, and
monitoring of sport performance (Stone et al., 2019; Taylor et al., 2012). Executed appropriately,
the information attained from athlete monitoring can be exceptionally valuable in informing

coaching decisions, including implementation of appropriate training loads and methods.

Fatigue: Potential Sites and Causes

Fatigue has been defined as the reduction in force generation ability (Bigland-Ritchie &
Woods, 1984), the failure to maintain force at the required level (Edwards, 1981), or impaired

motor performance (Bigland-Ritchie & Woods, 1984). Fatigue is a complex phenomenon that
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can be caused by a variety of stressors, ranging from various modes of physical exercise to
inadequate sleep (Kamandulis et al., 2016). A common indicator of bioenergetic processes
related to fatigue is the onset of blood lactate accumulation (OBLA) (Sahlin, 1986; Westerblad et
al., 2002). Other mechanisms such as neuromuscular fatigue play an important role in fatigue

experienced when OBLA is not reached.

Neuromuscular (NM) fatigue has two primary categorical components; “central fatigue”
and “peripheral fatigue.” Central fatigue signifies a decrease in the ability to voluntarily activate
motor units due to alterations in the nervous system proximal to the neuromuscular junction
(NMJ) (Boyas & Guével, 2011). Central fatigue may occur due to lack of activation in the
primary motor cortex, decreased propagation from the central nervous system (CNS) to the
motor units, or decreased activation of the motor units (Boyas & Guével, 2011). While not fully
understood, supraspinal fatigue may be related to levels of neurotransmitters such as dopamine
and serotonin (Nybo & Secher, 2004), ammonia created from deamination of amino acids during
exercise (Nybo et al., 2005), and altered glycogen levels (Dalsgaard et al., 2002; Nybo, 2003).
Subcortical nerual fatigue can be attributed to either a reduced corticospinal impulse to the motor
neurons, or inhibitory afferent feedback from the muscle, repressing excitability at the cortical
level or the spinal cord (Boyas & Guével, 2011; Davis & Bailey, 1997). Group III and IV
muscular afferent pathways may be stimulated by several exercise induced mechanisms
including ischemia and hypoxemia (Lagier-Tessonnier et al., 1993). Stimulation of these afferent
pathways may inhibit alpha motor neuron activity (Boyas & Guével, 2011). Several biochemical
sources are likely related to CNS fatigue. Alterations in neurotransmitter level and function

including serotonin, acetylcholine (ACh), and dopamine may reduce propagation of nervous
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signaling during CNS fatigue (Davis & Bailey, 1997). Exercise released ammonia could

additionally impact CNS function (Dalsgaard et al., 2002; Davis & Bailey, 1997).

Peripheral fatigue denotes repressed propagation of action potentials at or beyond the
NMJ, inhibited excitation contraction coupling, or reduced contractile ability of the muscle fibers
(Boyas & Guével, 2011). Fatigue induced inefficiencies at the NMJ may include alterations in
ACh levels and functioning of ACh receptors (Magleby & Pallotta, 1981). Additional effects of
fatigue may occur due to changes in the intracellular environment or changes within the muscle
fibers. Fatigue may be caused due to alterations in calcium release from the sarcoplasmic
reticulum or repressed binding of calcium to troponin (Allen et al., 1992). Intracellular
concentrations of hydrogen ions and inorganic phosphate accrued during exercise appear to be
leading causes of reduced force generating ability in the muscle fiber when fatigued (Westerblad
et al., 1997; Westerblad et al., 2002). Muscle fibers may be directly disturbed from intense
exercise. Lauritzen et al. (2009) observed severe disruptions to the z disks and myofibrils as a
result of heavy eccentric exercise, which could likely limit the contractile ability in the active

tissue.

Acute decreases in performance (such as muscular force production and jump height)
have been observed as a result from repetitive high intensity NM exercise, including drop jumps
(Kamandulis et al., 2016; Linnamo et al., 1997; Skurvydas et al., 2002; Strojnik & Komi, 1998).
Considering the damaging effect of eccentric exercise (Lauritzen et al., 2009), it is possible that
repeated landing impacts, consisting of intense eccentric muscle actions, may be the source of

observed fatigue (Kamandulis et al., 2016; Skurvydas et al., 2002).
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Volleyball: Sport and Considerations

Volleyball has been defined as a sport with intermittent, high intensity actions with
considerable demands placed on the NM system (Duarte et al., 2019; Gabbett & Georgieff, 2007;
Kiinstlinger et al., 1987). During match play athletes undergo intense and repetitive vertical
jumps, landings, accelerations, changes of direction, and dives (Pelzer et al., 2020; Sheppard et
al., 2008). Volleyball players do not reach the onset of blood lactate accumulation (OBLA)
during match play, as they are given ample rest time between high intensity playing sessions
(Kiinstlinger et al., 1987; Mroczek et al., 2011). Therefore, blood lactate concentrations are
likely not a factor affecting volleyball performance (Magalhaes et al., 2011). Considering the
high intensity nature of the sport, it is probable that the NM system is the sight of fatigue

resulting from match play and could therefore hinder performance.

Lower body explosive ability has been identified as a crucial attribute for volleyball
performance, as it may aid in the execution of typical volleyball movements (Lidor & Ziv, 2010;
Sheppard et al., 2008). The importance of vertical jump (VJ) ability in volleyball athletes is well
understood (Barnes et al., 2007; Fry et al., 1991; Lidor & Ziv, 2010). Vertical jumping is used in
integral volleyball defensive and offensive actions including blocking and hitting, respectively
(Brazo-Sayavera et al., 2017). Jump height (JH) has been identified as a differentiating factor in
volleyball competition level (Barnes et al., 2007; Fleck et al., 1985; Smith et al., 1992; Spence et
al., 1980) and a predictor of success in a United States Volleyball Association National
Tournament, women’s open division (Gladden & Colacino, 1974). Considering NM fatigue can
negatively affect jumping ability (Kamandulis et al., 2016; Skurvydas et al., 2002; Watkins et al.,

2017), it is prudent to monitor jump performance in volleyball.
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Vertical Jump Testing

Vertical jump testing is regularly used in athlete monitoring and has been researched
extensively. A survey of coaches and sport scientist staff in high performance sport found jump
testing to be the most commonly used assessment in monitoring programs (Taylor et al., 2012).

A recent meta-analysis by Claudino et al. reviewed 151 peer reviewed papers
investigating the use of the countermovement jump (CMJ) as a tool to monitor neuromuscular
status (Claudino et al., 2017). Studies included in the meta-analysis represented investigations
with a wide age range of participants (8 =1 to 82 + 3 years old) with a pooled sample mean of 23
+ 12 years. 60% of the studies included specifically investigated athletes, participating in 21
different sports, with soccer (49%), basketball (10%), track and field (8%), and volleyball (5%)
being the most common. Throughout the 151 included studies, Claudino et al. (2017) identified
63 different CMJ kinetic variables used by researchers. As a secondary goal of the meta-analysis,
Claudino et al. (2017) statistically assessed the compiled studies’ kinetic variables for reliability
and ability to detect change in NM status. The authors found that countermovement jump height
(CMJH) averaged between trials intrasession was more representative of performance than using
only the highest CMJH trial in monitoring NM status. In fact, they found that averaging intra-
session trial results for all kinetic variables revealed more accurate performance changes
(Claudino et al., 2017). Additionally, the authors found that the following variables were suitable
for detecting positive adaption effects following a training intervention: peak power (PP), mean
power (MP), peak velocity (PV), peak force (PF), mean impulse, and PP calculated by equations
using CMJH and body mass. These results were based on the following practical applications for

best practice of monitoring NM status via CMJ:
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» Averaged CMJ performance without arm swing should be used to track neuromuscular

status.

» Average CMJ height was more sensitive than highest CMJ height to monitor changes in

neuromuscular status.

* Variables used to monitor neuromuscular status should have a small-moderate
coefficient of variation (CV) and a moderate-large effect size (ES). (Claudino et al.,

2017, p. 401)

Characteristics of the CMJ force-time (F-T) curve have been extensively researched. The
CMIJ is typically divided into the weighing, unweighting, braking, propulsion, flight, and
landings phases (McMahon et al., 2018) (Figure 1.3). The weighing phase (also referred to as the
stance phase or silent phase) consists of no movement, as the athlete stands as still as possible
(McMahon et al., 2018). This phase is utilized to establish a static system weight, where
accuracy is essential for determining start of the counter movement and calculation of jump
kinetics and kinematics (McMahon et al., 2018; Mizuguchi et al., 2015). The unweighting phase
begins as the athlete initiates the countermovement by relaxing agonist muscles, creating a
downward displacement of the center of mass (COM), resulting in a net force less than that of
system mass. (McMahon et al., 2018). The unweighing phase ends as net force returns to
baseline, indicating peak downward velocity has been reached (McMahon et al., 2018). At this
point, the braking phase begins, as the athlete begins to decelerate their downward descent. This
phase has also been described as the “eccentric phase,” as the jumping agonist muscles work
eccentrically the brake the downward acceleration (McMahon et al., 2018). Peak force is
typically found during this phase. The braking phase continues until negative velocity reaches

zero; this point additionally indicates the greatest negative displacement of COM (McMahon et
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al., 2018). The propulsion phase begins as the athlete’s COM obtains a positive, upwards
velocity. A hypothetical momentary pause between the braking and propulsive phases of the
CMJ - termed the amortization phase — exists as the athlete transitions from eccentric to
concentric muscle action and the COM briefly remains stationary (McMahon et al., 2018).
Upwards velocity is accomplished as the athlete’s hip, knee, and ankle extensors begin to
concentrically push the COM upwards (McMahon et al., 2018). This phase ends at take-off, as
the athlete’s feet leave the ground, and net force equals zero, beginning the flight phase
(McMabhon et al., 2018). Before the athlete lands, they often “tuck” their legs by flexing the
joints, in anticipation of the landing (McMahon et al., 2018). This change in joint position can
cause overestimation in flight time. As the athlete’s feet touch the ground, the landing phase
begins, and the athlete produces force to brake their landing, stopping their downward

deceleration caused by gravity.
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Figure 2.3

Phases and Landmarks of the Countermovement Jump
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Several valuable metrics can be derived from the CMJ F-T curve, including acceleration,
velocity, and displacement (McMahon et al., 2018). This can be accomplished by a set of
calculations often referred to as “forward dynamics” (McMahon et al., 2018). The calculations
are fundamentally based on Newton’s low of acceleration, which can be mathematically

expressed as follows:

Y F = m*a (equation 3.22) (McGinnis, 2013, p. 102)

22



Where F' = force, m = mass, and a = acceleration. Assuming that mass remains constant
throughout the jump, acceleration can be calculated by dividing the net force-time record by the
athlete’s body mass (McMahon et al., 2018). Considering acceleration is the time-derivative of
velocity, velocity can be calculated by integrating the acceleration-time curve between two
timepoints. Further considering velocity is the time-derivative of displacement, COM

displacement can be calculated by integrating the velocity—time curve between two timepoints.

Considering acceleration is equal to change in velocity divided by change in time, an

alternative equation for force can be expressed as:

X F =m(4 v/4 t) (equation 3.7) (McGinnis, 2013, p. 102)

Where v = velocity and ¢ = time.

During the CMJ, athletes apply force over a span of time (Mizuguchi, 2012). The product
of force over a length of time is impulse (McGinnis, 2013, p. 102). By multiplying both sides of
the above equation by time, the impulse-momentum relationship is produced (Descarte, 1644;

Newton 1729), which is mathematically expressed as follows:

X F*4t = m*4 v (equation 3.7) (McGinnis, 2013, p. 102)

Considering impulse (force multiplied by time) can be graphically calculated during a CMJ, and
athlete mass is assumed to be constant during a CMJ, take off velocity can be ascertained
(Mizuguchi, 2012). Take-off velocity can then be used to calculate a theoretically perfect JH
using the laws of constant acceleration, considering gravity is a constant accelerant (Mizuguchi,
2012). This method of calculating JH, known as “JHivp-mom” is therefore recommended as

opposed to JH calculated from F-T, “JHr.r” (Moir, 2008).
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A recent study by Ishida et al. (2021) demonstrated the usefulness of acute CMJ testing to
assess NM status in Division 1 (D1) women’s soccer athletes. Ishida et al. (2021) measured
changes in maximal jump performance in unloaded and loaded (20 kg barbell) CMJs 3 hours
before a match (Pre), 12 hours after the match (Post12), and 38 hours after the match (Post38).
Researchers observed statistically significant moderate to large decreases from Pre to Post12 in
unloaded CMJ variables, including: CMJH, reactive strength index (RSI), concentric impulse
(CI), PP, relative peak power (rPP), and concentric average power (Ishida et al., 2021).
Statistically significant moderate to large decreases were also observed in loaded CMJ variables:
RSI, eccentric impulse (EI), CI, PP, rPP, and CAP (Ishida et al., 2021). However, there were no
statistically significant differences in any CMJ variables between Pre and Post38. The
researchers concluded that both CMJH and PP are viable measures of acutely assessing NM
status in the studied population (Ishida et al., 2021). Additionally, the results of the study were
used to determine the time course of recovery for NM status after a collegiate women’s soccer
match. The researchers indicated that 38 hours may be sufficient time to return to baseline NM
status following a collegiate women’s soccer match (Ishida et al., 2021). Considering several
matches often take place within a week, with practices interspersed between games (Ishida et al.,
2021), understanding the predicted time course of NM recovery could be instrumental as the
coaching staff plans the training week. Furthermore, acute athlete monitoring throughout the
week could have additional benefit to the coaching staff, providing them with real-time updates

on athlete status, further informing the training process.

Longitudinal WVB Monitoring Studies

Several studies have monitored jump performance longitudinally in WVB. A thesis study

by Pascal (2020) monitored a NCAA D1 WVB team throughout a preseason and competitive
24



season. The study by Pascal (2020) was divided into 4 distinct time-points: preseason (PS), (in-
season non-conference (ISNC), 1°t half of conference play (ISC1) and 2" half of conference play
(ISC2). Athletes wore a VERT (Vert, Fort Lauderdale, FL) inertial measurement unit (IMU) with
a 3-axis accelerometer and 3 axis gyroscope every practice throughout all timepoints. Before the
first practice of every week, starting at ISNC, athletes underwent CMJ testing on a switch mat
(Probotics Inc, Huntsville, AL), which calculated jump height from flight time. In contrast to the
recommendation by Claudino et al. (2017), athletes were allowed to use an arm swing when
jump mat testing (Pascal, 2020). No information was provided on the numbers of CM] test trials
recorded each session, or if the results were averaged. No statistically significant differences in
average jump height (VERT), total jumps over 50.8 cm (VERT), average highest jump, or
maximal jump mat height were observed between any periods (Pascal, 2020). Effect sizes were
not reported in the paper. Effect sizes using Hedge’s g were calculated from PS baseline using
the means and standard deviations provided. Results yielded trivial changes in average jump
height (VERT) until a moderate increase during ISC2 (p = 0.221 g = 0.65), trivial decreases in
total jumps over 50.8 cm (VERT) in all periods until a small decrease during ISC1 (p=1, g=-
0.27), small increases in average highest jump (VERT) (ISNC: p =1,2=0.22,ISCl:p=1,g =
0.20, ISC2: p = 1, g = 0.45), and trivial changes in maximal jump mat height. Pascal (2020)
concluded that jump performance was maintained throughout the course of the season. Effect
size analysis indicates that jump performance was maintained throughout the season, and
possibly slightly increased during ISC2 match play. While these findings elucidate the chronic
response to a collegiate WVB season, they do not provide insight on acute (e.g., daily) changes

in jump performance.
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This longitudinal evidence is further supported by Carroll et al. (2019), who found little
variation in CMJH among a D1 WVB team throughout a 14-week season. Athletes underwent
CMJ testing twice weekly on portable force plates sampling at 1,000 Hz (PASCO, Roseville,
CA, USA). CMJ testing procedures aligned with the recommendations by Claudino et al. (2017);
athletes performed two jump trials every session while holding a Polyvinyl Chloride (PVC) pipe
on their upper back (removing arm swing) - the trials were averaged for longitudinal comparison
(Carroll et al., 2019). Excellent intrasession reliability was observed for CMJH (ICC = 0.94) and
Reactive Strength Index-modified (RSImop) (ICC = 0.93), while good reliability was found for
rPP (ICC = 0.79), and moderate reliability for countermovement depth (CMDepth) (ICC =0.61)
(Carroll et al., 2019). Intersession reliability was again excellent for CMJH (ICC = 0.92) and
RSImop (ICC =0.92), but poor for rPP (ICC = 0.41) and CMDepth (ICC = 0.39) (Carroll et al.
2019). The authors concluded that CMJH was maintained throughout the season (Carroll et al.
2019), which is in line with the research from Pascal (2020). Practically, the authors suggest that
CMJH may be used to monitor chronic adaptations to training, whereas acute fatigue may have
been detected by rPP and CMDepth, explaining the differences between intrasession and

intersession reliability (Carroll et al. 2019).

In a case study by Sanders et al. (2018), a National Collegiate Athletic Association
(NCAA) Division I (D1) women’s volleyball (WVB) female outside hitter was monitored
throughout a competitive season. Jump performance and external training load were monitored
via a microsensor device including a gyroscope, magnetometer, and tri-axial accelerometer
sampling at 100 hz every match and practice. The athlete’s weight and approach jump (AJ) (a
sport specific jump test with three or four steps leading into a maximal effort vertical jump) were

measured before the season as a baseline, and 48 hours after every match (Sanders et al., 2018).
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The best of three AJ trials was recorded (Sanders et al., 2018), in contrast to the recommendation
by Claudino et al. (2017) to average the trials. The athlete’s power output from the AJ was
estimated based off Sayer’s equation (Sanders et al., 2018; Sayers et al., 1999). Match play
statistics including hitting percentage, blocks, kills, digs, wins and losses were also recorded. The
researchers observed that the athlete’s body weight and absolute power decreased by 4.8% 3.8%,
respectively, relative power increased by 1.9%, and maximal AJ height showed no change
(0.0%) from baseline to final measurement (Sanders et al., 2018). The analysis indicated that
medium and high intensity accelerations, low intensity decelerations, and low and high intensity
jumps accounted over 90% of the variation in maximal relative AJ performance (r = 0.958, 1> =
0.917, p <0.001) (Sanders et al., 2018). Additionally, the athlete displayed a better hitting
percentage in matches won versus matches lost (p=0.05). Lastly, the researchers observed that
the athlete completed statistically significantly fewer high intensity jumps during practices that
preceded matches won compared to practices preceding matches lost (Sanders et al., 2018).
Combining the latter two observations, the researchers concluded that decreased high intensity
jump volume may have contributed to lowered fatigue on game day, improving performance,
and impacting the outcome of the match (Sanders et al., 2018). The findings regarding VJ
performance from the current case study (Sanders et al., 2018) agree with the findings from
Pascal (2020) and Carroll et al. (2019), indicating that jump performance is maintained
throughout a competitive season in WVB. Additionally, the day-to-day findings from Sanders et
al. (2018) indicate that training loads can acutely affect performance in the subsequent days. This
illustrates the importance of acutely monitoring NM status in order to understand athletes’

reaction to training and readiness for competition. Considering several matches often take place
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within a week, with practices between games, monitoring NM status could be valuable as the

coaching attempts to manage fatigue and implement appropriate training loads.

Acute Volleyball Monitoring Studies

The acute effects of volleyball training sessions and matches have been previously
investigated, to a minor extent. Brazo-Sayavera et al. (2017) examined the acute effects of
“fatigue” induced from a scripted volleyball training session on different jump tests in WVB
athletes. Participants included two groups: “Elite Group” (EG) and “Amateur Group” (AG)
(Brazo-Sayavera et al., 2017). EG athletes competed in national level (Spanish Volleyball First
League) and AG athletes competed in amateur level National Second Division. The “fatiguing”
training intervention included 45 block jumps (BJ) - a sport specific jump where the arms are
held upright during the jump - executed in 15 sets of 3 BJ. Maximal squat jump (SJ) (one second
pause dividing the eccentric and concentric portions, at 90° knee flexion), CMJ, and BJ were
tested pre and post intervention. Contrary to the recommendation by Claudino et al. (2017), only
the best jump trial was used in analysis (Brazo-Sayavera et al., 2017). No statistically significant
changes were observed from pre to post intervention in SJ (p = 0.965 and p = 0.655; g =0.01 and
g=20.09), CMJ (p=0.742 and p=0.211; g=0.04 and g = 0.10) in either group (Brazo-Sayavera
et al., 2017). BJ did decrease substantially in the EG (p = 0.043; g = 0.40), but not in the AG (p =
0.569; g = 0.08) (Brazo-Sayavera et al., 2017). Brazo-Sayavera and colleagues (2017) designed
the “fatiguing” intervention to reflect the average amount of jumps and landings an athlete would
experience in two “games”, based on research by Tillman et al. (2004). However, it seems that
inconsistent terminology usage has caused some confusion amongst the literature; Tillman et al.
(2004) refer to periods of a single match as “games.” In this definition, several "games” make up

one match. These periods are typically referred to as “sets,” to limit confusion. Therefore, the
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intervention design by Brazo-Sayavera et al. (2017) included the VJ volume from two sets of a
typical match. Considering that matches consist of three to five sets, the intervention design by
Brazo-Sayavera et al. (2017) does not represent VJ quantity from full match play. Additionally,
the intervention did not include other integral aspects of typical volleyball matches including
sprinting, diving, rapid changing of direction, and other types of jumps including AJ and spike
jump (Pelzer et al., 2020; Sheppard et al., 2008). Therefore, the study design by Brazo-Sayavera
et al. (2017) likely did not equate to the external training load expected from a WVB match and
was not powered to produce fatigue similar to that of exhaustive match play. This may explain

the lack of changes in jump height in the study.

The relationship between external training load, internal training load, markers of fatigue,
and maximal jump performance in elite youth beach volleyball athletes was recently studied
(Pelzer et al., 2020). Two male and five female athletes (18.9 + 1.3 years) competing in the
highest national level of either under 19 or under 23 years old at the German national training
center boarding school participated in the study. External training load was measured via VERT
microsensor and video recording in three different practice types: practice type A was
predominantly based on jumping, type B involved moderate volumes of jumping and diving, and
type C was diving and follow up action focused. Pre and post intervention testing included: CMJ
with no arm swing on stable surface via Optojump (Optojump Next, Microgate, Bolzano, Italy),
BJ and spike jump on sand via VERT microsensor, delayed onset of muscle soreness (DOMS),
and creatine kinase levels (CK). DOMS and CK were measured 30 and 15 minutes post-training,
respectively, and again at 48 hours post training. Rate of perceived exertion (RPE) was measured
on a scale of 1-10 with 10 reflecting total exhaustion, and then multiplied by session duration to

calculate session rate of perceived exertion (SRPE). Significantly higher sSRPE was observed
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after practice type C (diving dominant) than A (jumping dominant) (Pelzer et al., 2020). Pre-post
changes in DOMS were significantly higher in practice type C than type A, and no significant
changes were found pre-post in type A (Pelzer et al., 2020). Significant changes in CK pre to
post intervention were found for all practice types, with no statistically significant differences
between practice types; however, the authors did note a trend towards larger response inversely
related to jump volume (Pelzer et al., 2020). Interestingly, non-significant increases in CMJ
performance pre to post intervention were observed in all practice types (ES = 0.18 to 0.30).
(Pelzer et al., 2020). The authors theorize this finding may be related to a post activation
potentiation effect, or a sign of low NM fatigue, despite the changes in internal load and indirect
markers of muscle damage (Pelzer et al., 2020). Irrespective of CMJ performance, the
researchers suggest that solely monitoring jump volume to assess training load in beach
volleyball may be insufficient, as activities such as diving may have a larger effect on fatigue
(Pelzer et al., 2020). This evidence is in line with findings from Sanders et al. (2018), who found
that accelerations and decelerations account for a substantial portion of variation in AJ height.
Further, the authors note the limitations of comparing findings from beach volleyball to court
volleyball, as the instable playing medium and game characteristics vary, potentially altering the

activity and response to match play (Pelzer et al., 2020).

The acute impact of beach volleyball match play on NM status has been investigated in
internationally competitive elite Portuguese males (Magalhaes et al., 2011). Participants
underwent the following testing procedures immediately pre, immediately post, and three hours
after several matches in a one day tournament: three CMJ trials with arm swing testing on a
Bosco jump mat (Ergojump, Globus, Italy), two laser timed sprint trials with splits at 7.5 and 15

m, three maximal isometric voluntary contraction (MIVC) trials of dominant leg knee flexors
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(hip angle of 0°, knee angle of 90°) and extensors (hip angle of 90°, knee angle of 90°) using a
isometric dynamometer. The best trial of each test was recorded, in contrast to recommendations
by (Claudino et al., 2017). Capillary blood samples from the earlobe were drawn during the
match to analyze blood lactate levels. Blood lactate increased significantly during match play
(baseline: 0.95 £+ 0.23 mM, match play: 2.30 + 0.46 mM), but returned to baseline by 3 hours
post-match (Magalhaes et al., 2011). CMJH was not affected substantially O or 3 hrs. after the
match (Magalhaes et al., 2011). However, 7.5m and 15m sprint ability significantly decreased at
0 hrs. post (~3 and 3.6%, respectively) and 3 hrs. post (~2% and 2.5%, respectively) (Magalhaes
et al., 2011). Knee extension and flexion MIVC was significantly decreased at O hrs. post-match
(-19% and -17%, respectively) (Magalhaes et al., 2011). MIVC returned to baseline at 3 hrs.
post-match. The observed blood lactate results are in line with research by Mrozcek et al. (2011)
and Kiinstlinger et al., (1987), suggesting that volleyball athletes do not reach OBLA during
match play. Despite the absence of OBLA, some performance markers of fatigue were observed
as a result of match play. The sprint and MIVC results indicate that there was a decrease in NM
status immediately post-match, but that the athletes were at least partially recovered by the 3-hr.
time point. These results do not align with the lack of changes observed in CMJ performance, to
the authors’ surprise. The authors suggest that the sprint and MIVC findings indicate decreased
NM performance may have been possible late in the match, but the CMJ testing wasn’t sensitive
to detect the changes. This may be due to the testing methodology, which is inconsistent with the
recommended methodology (elimination of the arm swing, averaging of trials) proposed by

Claudino et al. (2017).

Alternatively, the lack of changes in jump performance observed in the acute volleyball

research may be due to altered jump strategies. A simulation study determined jump height does
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not increase with increases in muscular force production alone; the increased force production
must be accompanied by a complimentary reorganization of activation patterns (Bobbert & Van
Soest, 1994). Rodacki et al. (2002) directly investigated the topic by measuring changes in jump
performance and strategy in fatigued conditions. The authors theorized that jumping performance
may be inhibited when fatigued due to altered coordination/organization (neural input), reduced
contractile capacity of the muscle, or both (Rodacki et al., 2002) After a fatiguing knee extensor
intervention, decreased CMJH, lessened negative displacement of the COM, and reduced angular
displacement of the knee joint were observed, indicating possible changes in the jump mechanics
when fatigued (Rodacki et al., 2002). Despite decreased displacement, the jump took the same
duration to complete, indicating decreased COM velocity throughout the eccentric and

concentric portions of the CMJ (Rodacki et al., 2002).

Similarly, Gathercole et al. (Gathercole et al., 2015) reported changes in different CMJ
kinetic variables after a fatiguing protocol. 24 and 72 hrs. post intervention, small to moderate
PP, eccentric duration (EccDur), concentric duration (ConDur), total duration (TotDur), flight
time: contact time (FT:CT), time to peak force and power, were observed (Gathercole et al.,
2015). The authors suggest these results indicate changes in movement strategy, even at time-
points when jump height was not significantly affected, which may yield a useful strategy to

detect NM fatigue (Gathercole et al., 2015).

Conclusion

Additional research on the acute effects of match play on NM status in collegiate WVB is
warranted. The purpose of the present thesis was to investigate the acute changes in maximal

jump performance after match play in collegiate WVB. The results of this study can improve the
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current understanding of physical response to WVB match play along with the time course of
recovery. Additionally, the findings aim to establish an effective acute athlete monitoring system

which can be utilized by sport scientists and coaches alike.

33



Chapter 3. Acute Effects of Match Play Induced Fatigue on Jump Performance in
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Abstract

The purpose of this study was to investigate changes in maximal jump performance in response
to match play induced fatigue. During six sets of tournament style match play, seven National
Association of Intercollegiate Athletics women’s volleyball athletes accumulated a mean Player
Load of 758.6+216.89 au (measured via microsensor accelerometry), and mean session rate of
perceived exertion of 1184.1+363.2. Repeated measures ANOV As were used to determine
changes amongst timepoints with Hedge’s g effect sizes used to assess magnitude of change.
Short stress recovery scale results indicated elevated stress (127.3 - 266.7%) and decreased
recovery 24 (25.8 - 33%) hours post-match, trending towards baseline 48 hours post-match.
Countermovement jump height (CMJH) decreased immediately post-match (p<0.01, ES= -
0.216), partially recovered 24 hours post-match (p=0.109, ES=0.130), and fully recovered by
Post48 9 (p < 0.01, ES=0.216). No other changes in countermovement jump variables were
observed. It was concluded that collegiate women’s volleyball match-play may have contributed
to the observable decline in post-match maximal jump performance, and CMJH testing may be

an effective assessment of acute neuromuscular status.

Keywords: Vertical Jump, Fatigue, Athlete Monitoring, Volleyball
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Introduction

The sport of volleyball has gained considerable popularity as 800 million people partake
in the sport of worldwide, and has surpassed basketball as the most popular American high-
school sport for females (Hopkinson et al., 2016). Volleyball has been defined as an intermittent
sport with high intensity actions and considerable demands placed on the neuromuscular (NM)
system (Duarte et al., 2019; Gabbett & Georgieff, 2007; Kiinstlinger et al., 1987). During match
play, athletes complete intense and repetitive vertical jumps, landings, accelerations, changes of
direction, and dives (Pelzer et al., 2020; Sheppard et al., 2008). Of these movements, vertical
jump (VJ) ability is especially important (Barnes et al., 2007; Fry et al., 1991; Lidor & Ziv,
2010), as VJs are used in fundamental defensive and offensive actions including blocking and
hitting, respectively (Brazo-Sayavera et al., 2017). Jump height (JH) has been identified as a
differentiating factor in volleyball competition level (Barnes et al., 2007; Fleck et al., 1985;
Smith et al., 1992; Spence et al., 1980) and a predictor of success in a United States Volleyball

Association National Tournament, women’s open division (Gladden & Colacino, 1974).

Fatigue has been defined as the reduction in force generation ability (Bigland-Ritchie &
Woods, 1984), the failure to maintain force at the required level (Edwards, 1981), or impaired
motor performance (Bigland-Ritchie & Woods, 1984). Neuromuscular (NM) fatigue has been
observed as a result of high intensity exercise, causing acute decreases in performance
(Kamandulis et al., 2016; Linnamo et al., 1997; Skurvydas et al., 2002; Strojnik & Komi, 1998).
Due to the high intensity nature of the sport, it is plausible the NM system may be acutely
fatigued from volleyball match play (Boyas & Guével, 2011; Kamandulis et al., 2016; Skurvydas
et al., 2002). Further, NM fatigue can negatively affect jumping ability (Kamandulis et al., 2016;

Skurvydas et al., 2002; Watkins et al., 2017). Considering the importance of VJ in volleyball
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combined with the potential for fatigue to affect sport performance, it is imperative to monitor

NM status and VJ ability in volleyball athletes.

Athlete monitoring programs can be initiated to monitor the response to training
(adaptation and fatigue). The data collected can be used by the coaches and sport science staff to
inform the training process. External training load is defined as physical work completed, while
internal training load is the physiological and psychological response to the external load (Taylor
et al., 2012; Vlantes & Readdy, 2017). External and internal training load in collegiate women’s
volleyball (WVB) has been studied via microsensor accelerometers and session rate of perceived
exertion (sSRPE) (Vlantes & Readdy, 2017). One popular metric used to summarize external load
via accelerometry data is Player Load (PL), which summates magnitude of accelerations in all
three axes (Vlantes & Readdy, 2017). Athlete monitoring may additionally assess athlete
performance levels. The countermovement jump (CMJ) has been demonstrated to be an acute

assessment of NM status (Claudino et al., 2017).

Several longitudinal studies have concluded that VJ performance is maintained in
collegiate women’s volleyball athletes throughout a competitive season (Carroll et al., 2019;
Pascal, 2020; Sanders et al., 2018). However, a lack of published evidence exists in studies
measuring acute changes in VJ performance in collegiate women’s volleyball athletes. The few
studies available report mixed results as to what mode, magnitude, duration, and effect of fatigue
can be expected, with limited changes in maximal jump performance. Brazo-Sayavera et al.
(2017) observed minor decreases in block jump but not static or countermovement jump (CMJ)
performance after a short training session in elite WVB athletes. However, external training load
during the intervention was substantially less than that of a full volleyball match. This could

explain the lack of changes in NM status and CMJH post intervention. Pelzer et al. (2020)
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observed small, non-statistically significant increases in VJ performance after different practice
sessions, despite increase in indirect markers of muscle damage and fatigue in elite male and
female youth beach volleyball athletes. The authors discuss, however, the limitations of
extrapolating results from beach volleyball research to court volleyball research. Magalhaes et al.
(2011) observed no statistically significant changes in vertical jump performance despite
decreased sprint performance and maximal isometric voluntary contraction of the knee extensors
and flexors post-match play in elite male sand volleyball athletes. The divergent results may be
due to difference in participants (e.g., sex, competition level), sport (indoor court versus sand
volleyball), intervention design (practice versus match play), and data collection methodology

(jump test and procedures).

The limitations in the current body of acute monitoring research in female court
volleyball athletes yields an incomplete understanding of the effects of match play on NM status
in the given population. It is not clear if court volleyball match play induces fatigue sufficient to
affect VJ ability in female athletes. Alternatively, there is some evidence suggesting that jump
movement strategy may be altered when fatigued (Rodacki et al., 2002; Gathercole et al., 2015).
It is plausible that volleyball athletes adopt an altered movement strategy to accomplish the same
VI performance when fatigued. Given the popularity of the sport and lack of acute monitoring

research, further investigations are warranted.

The purpose of this study was to observe the acute changes in maximal jump
performance following match play in collegiate women's volleyball. Changes in
countermovement jump height (CMJH) and peak power (PP) were observed to monitor changes
in NM status. Changes in eccentric phase duration (EccDur), concentric phase duration

(ConDur), eccentric unloading phase impulse (EccUnlmp), eccentric deceleration phase impulse
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(EccDeclmp) and countermovement depth (CM Depth) were observed in order to investigate

signs of potential changes in movement strategies during the CMJ.

The findings can expand upon the current understanding of physical response to WVB
match play along with the time course of recovery. This information can be used to inform
coaching decisions regarding match preparation and recovery, as volleyball teams compete in
multiple matches and training sessions each week. This is especially important, as a case study
by Sanders et al. (2018) reported that a D1 WVB hitter’s match performance was influenced by
the external training load in preceding practices. Additionally, the study explores the
effectiveness of an acute athlete monitoring system, informing future methods utilized by sport

scientists and coaches aiming to acutely monitor NM status.

The following were hypothesized, based on the relevant previous literature:

e CMIJH would decrease significantly from Pre to Post0

e CMIJH would return to baseline by Post24

e PP would decrease from Pre to Post0

e (CM depth, EccDur, and ConDur would increase Pre to Post0 & Post24

e All variables would return to baseline by Post48

Methods

Participants

Seven National Association of Intercollegiate Athletics (NAIA) women’s volleyball
athletes (freshmen, n = 3; sophomore, n = 1, junior n = 3) participated in this study (age, 20.2 +
0.9 years [age range, 18-21 years]; height, 172.5 cm £ 5.7; body mass (BdM), 81.7 £ 16.6 kg).

The inclusion criteria required participants be (a) currently training and competing in collegiate
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women’s volleyball at the NAIA level, (b) cleared for activity by the athletic training staff at the
time of competition. Data were only included in analysis for athletes who (a) competed on the
day of the tournament, and (b) were on time and completed the 3 subsequent testing sessions.
The testing was part of an on-going monitoring program. Prior to the study, the participants were
informed of the potentials risks and benefits of participating in the study before signing a written
informed consent document, as approved by the East Tennessee State University institutional

review board.

Timeline

Maximal jump performance and athletes’ subjective recovery were measured using CMJ
and short recover stress scale (SRSS) at 4 different time-points surrounding tournament style
match play: 1 hour before match (Pre), immediately upon conclusion of tournament match play
(Post0), 24 hours post conclusion of match play (Post24), and 48 hours post conclusion of match
play (Post48) (Figure 3.1). External training load during match play and related activity was
measured via a microsensor IMU. Internal training load was assessed via RPE after the
conclusion of the final match. Athletes were familiarized with all the testing procedures prior to
the tournament and data collection. Athletes were instructed to refrain from alcohol, physical
exercise, and ice-baths between all time-points. Data collection procedures were kept consistent

throughout the time-points.

Pre-Match. 1 hour and 10 minutes before the first match, the short recovery stress scale
(SRSS) survey was completed on paper. 1 hour before the match, the participants underwent a
standardized dynamic warm-up. CMJ testing commenced 45 minutes before the start of the

match.
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Match play. The athletes participated in a normally scheduled tournament during their
off-season. While the matches did not count toward the team’s record, the matches were all
played against other collegiate WVB teams. All matches were played according to standard
NAIA rules and regulations. The tournament consisted of three matches against different teams,
two sets per match, with an hour break between matches. External training load was measured
using Catapult OptimEye S5 accelerometry units. Accelerometry data collection began at the
onset of the pre-match warmups and continued until completion of the ensuing match. “Match
play Duration” data included activity from athletes during active sessions of the match; data
collection paused during intermissions, and activity was excluded during players’ time on the
bench. “Total Activity Duration” included activity during the warmups, in addition to match play

activity.

Post0. RPE was recorded independently by each athlete on paper within 10 minutes of
conclusion of the final match. CMJ testing was completed in the same manner as before. CMJ

initiated 10 minutes after completion of the final match.

Post24. SRSS, Standardized warm-up, and CMJ testing were completed again on the day
following match play. The SRSS survey was completed between 24 and 24 hours 15 minutes of
the previous day SRSS completion. The athletes then underwent the standardized-warm up. CMJ
testing commenced 24 hours and 30 minutes after Post-0 jump testing commenced, 24 hours and

45 minutes after the completion of the final match.

Post48. SRSS, Standardized warm-up, and CMJ testing were completed again on the
third day. The SRSS survey was completed between 48 hours and 48 hours 10 minutes of the

previous day SRSS completion. The athletes then underwent the standardized-warm up. CMJ
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testing commenced 48 hours and 20 minutes after Post-0 jump testing commenced, 24 hours and

30 minutes after the completion of the final match.

Figure 3.1

Timeline of Tests.

Day 1 Day 2 Day 3
-
7:55 AM: SRSS 9:00 AM: Match- 1:50 PM: RPE 2:15 PM: SRSS 2:05 PM: SRSS
8:00 AM: play Begins
Standardized 1:55 PM: CM) 2:25 PM: 2:15 PMI:
Dynamic 1:45 PM: Match- Testing Standardized Standardized
Warm-Up play ends Dynamic Dynamic
8:10 AM: CMJ Warm-Up Warm-Up
Testing
8:25 AM: 2:30 PM: CMJ 2:20 PM: CMJ
Volleyball Testing Testing
Warm-Up
Procedures

Short Recovery Stress Scale. The SRSS survey was used to subjectively measure player
recovery and stress state each day. The survey consists of a recovery state assessment and a
stress state assessment, each with 4 subscales, including physical performance capability (PPC),
mental performance capability (MPC), emotional balance (EB), overall recovery (OR), muscular
stress (MS), lack of activation (LA), negative emotional state (NES), and overall stress (OS)

(Kolling et al., 2020). The survey was filled out independently by athletes on paper.
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Standardized Dynamic Warm-Up. The participants completed a standardized dynamic
warm-up before the Pre, Post24, and Post48 jump collection time-points. The warm-up consisted
of light jogging, dynamic stretches, and bodyweight muscular activation exercises. The dynamic
warm-up concluded with position specific jumps and agilities designed to mimic in-game

activity.

CMJ Jump Testing. Each athlete completed the following procedures, one athlete at a
time, immediately following the standardized dynamic warm-up. CMJ testing procedures were
consistent at each time-point, including force plate placement (level, hard rubber horse stall mat
atop concrete), athlete order, and clothing worn (shoes, knee pads, shorts, and jersey). The force
plates were leveled before each testing session. CMJ testing began with each athlete completing
a CMJ warm up trial at 75% perceived effort and another at maximum effort. All trials, including
warmups, were completed on the force plates with a near weightless poly-vinyl chloride pipe
resting on the back of their shoulders, held on their shoulders, just below the seventh cervical
vertebrae. The force plates were then zeroed before each athlete completed their maximal trials
for analysis. The athlete was directed to step onto the force plate and stand still for
approximately three seconds to establish a static system weight. The athletes were allowed to
jump on their own initiative after the three second quiet period, with the only instruction being
“jump as high as you can.” Two CMJ jump trials were recorded for analysis, separated by 60
seconds of rest. Athletes were required to give maximal effort and land on both force plates for
the trial to be deemed valid. If these criteria were not met, the trial was dismissed, and an
additional trial was completed for analysis. The results from the two trials were averaged
together for analysis. Countermovement jump data was collected using dual force plates

sampling at 1000Hz (ForceDecks FD Lite, Vald Performance, Brisbane, QLD). Data was
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collected and analyzed using the manufacturer’s proprietary software (Force decks, Vald
Performance, Newstead, QLS, AUS). Detection of movement initiation was set as 20 N from
baseline weight. This value was calculated to be an average of 2.5% of the athletes’ body mass,

matching the recommendation by Meylan et al. (2011).

External Training Load. External training load was measured using seven portable
microsensor units comprised of a gyroscope, magnetometer, and tri-axial accelerometer
(Catapult OptimEye S5, Catapult Innovations, Team Sport 5.0, Melbourne, Australia) sampling
at 100 hz. The units were secured to the subjects’ upper backs between the scapulae via the
manufacturer’s custom-made harnesses. The accelerometry data was analyzed using the

manufacturer’s software (Catapult OpenField, Melbourne, Australia).

Session Rating of Perceived Exertion. Athlete RPE for the entire tournament was
recorded independently by each athlete on paper using a modified Borg scale ranging from 0 = to
10 (Foster et al., 2001) within 10 minutes of conclusion of the final match (Uchida et al., 2014).
Athletes were directed to rate their perceived exertion from all matches, not solely the final
match. This rating was then multiplied by the total activity duration to calculate SRPE (Foster et

al., 2001).

Statistical Analysis
The following CMJ variables were investigated: CMJH (derived from the impulse

momentum relationship), PP, EccDur, ConDur, EccUnlmp, EccDeclmp, and CM Depth.

To assess changes in CMJ performance and SRSS results, a one-way repeated measure
analysis of variance (ANOVA) was conducted. Significant main effect was followed by a Holm

adjustment to further examine the result. Effect size using Hedge’s g with a 95% CI was also

44



calculated between time points for CMJ data. Effect size values were classified in the following
manner: trivial < 0.2, 0.2 <small < 0.6, 0.6 < moderate < 1.2, 1.2 <large <2.0, and < 2.0 = very
large (Hopkins, 2000). The assumption of sphericity was evaluated using Mauchly’s test.
Violations of the assumption of sphericity were corrected using the Greenhouse-Geisser method.
The assumption of normality was evaluated using a Shapiro-Wilke test. CMJ data found to be
non-parametric was analyzed using Friedman’s test with Conover’s Post Hoc analysis. Due to
the ordinal nature of Likert scales, SRSS results were also assessed via these non-parametric
tests. The mean individual percent change in CMJ and SRSS results were quantified across
timepoints. Pearson’s coefficient correlation was performed to examine relationships between
TL measurements and changes from baseline in CMJ kinetic variables that were found to change
significantly. Correlation was classified in the following manner: » <0.10 = trivial, 0.10 <r <
0.30 = small, 0.30 <~ <0.50 = moderate, 0.5 <r < 0.7 = large, 0.70 < r <0.90 = very large, 0.90
<r<1.00 = nearly perfect, and » = 1.0 = perfect. All data were expressed as mean + SD.
Statistical significance was set at p = 0.05. Statistical analyses were performed in JASP (version

0.16.2) and Microsoft Excel 2016 (Microsoft Corporation, Redmond, WA, USA).

Results

ANOVA Assumptions
No violations of sphericity were revealed, as assessed by Maulchy’s test, for any CMJ
variables or SRSS results (p= 0.223 -0.865). No violations of normality for any CMJ variables

were found, as assessed by Shapiro-Wilk tests (p=0.116-0.997).
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Tournament Match Play
Three matches were played, two sets each match. 277 total points were played (46.2 + 3.5
points per set). Athletes’ match play duration averaged 110.9 + 31.8 minutes total throughout the

tournament (range: 38.95 - 129.33 min).

Training Loads from Match play
During the tournament, athletes accumulated a mean Player Load of 758.6 + 216.89 au.
Hitters (n=4) jumped 152.8 + 81.9 times throughout tournament match play. The mean sRPE for

the tournament was 1184.1 + 363.2.

Short Recovery Stress Scale

Recovery. A statistically significant decrease in PPC was observed from Pre to Post24 (p
=0.043, -33%) (Table 3.1, Figure 3.1). Decrease in OR from Pre to Post 24 was observed
approaching statistical significance (p = 0.067, -30%) (Figure 3.2). An increase in PPC was
observed approaching significance from Post24 to Post48 (p = 0.069, 40%). Increase from

Post24 to Post 48 in OR was observed, to a statistically insignificant extent (p = 0.136, 38.1%)).

Stress. Statistically significant increases in SRSS stress items were observed from Pre to
Post24: MS (p = 0.022, 136.4%), OS (p =0.043, 127.3%) (Table 3.1, Figure 3.4, Figure 3.5).
NES increased substantially, although not to a statistically significant extent from Pre to Post24
(p=0.131, 266.7%) and Pre to Post 48 (p=0.131, 366.7%). Nonsignificant decreases in stress

scales from Post24 to Post48 were observed: MS (p = 0.264, -23%), OS (p = 0.336, -24%).
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Table 3.1

Changes in SRSS Responses Across Time-points

Percent Change (%)

Pre- Pre- Post24-

Item Pre Post24 Post48 Post24 Post48 Post48

Recovery State

PPC 43+£0.7 29+0.6 40+0.8 333 * -6.7 40.0
MPC 44+0.7 33£1.5 43+1.0 -25.8 -3.2 30.4
EB 4.7+0.7 44+09 46+1.2 -6.1 -3.0 3.2
OR 43+0.9 3.0+£0.8 41+1.1 -30.0 -3.3 38.1

Stress State
MS 1.6+1.0 37+1.3 29+1.0 136.4 * 81.8 -23.1
LA 1.4+0.7 33+14 23+1.5 130.0 60.0 -30.4
NES 0.4+0.7 1.6+1.2 20+1.5 266.7 366.7 27.3
oS 1.6£1.0 36+t1.4 27+1.6 127.3 * 72.7 -24.0

Pre, Post 24, Post48 columns represent average raw scores on a 7 point Likert scale (0-6).
Positive % change values indicate an increase between time-points. PPC = physical performance
capability, MPC = mental performance capability, EB = emotional balance, OR = overall
recovery, MS = muscular stress, LA = lack of activation, NES = negative emotional state, and

OS = overall stress.

* Denotes statistical significance (p < 0.05)
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Figure 3.1

Physical Performance Capability (PPC) across all time-points

PPC

7 pt. Likert Scale

Pre Post24 Post48

* Denotes statistical significance between time-points (p < 0.05).
Figure 3.2

Overall Recovery (OR) across all time-points

OR

7 pt. Likert Scale

Pre Post24 Post48
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Figure 3.3

Muscular Stress (MS) across all time-points

MS

(%]

7 pt. Likert Scale

Pre Post24 Post48

* Denotes statistical significance (p < 0.05).

Figure 3.4

Overall Stress (OS) across all time-points

0S

()]

7 pt. Likert Scale

Pre Post24 Post48

* Denotes statistical significance (p < 0.05).
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Intrasession Reliability of Kinetic Variables
Test-retest reliability of the kinetic variables are displayed in Table 3.2. All variables
revealed sufficient ICC (range, 0.88-0.99) and CV (range, 1.04 - 2.9%), except for CMDepth

(ICC=10.64,CV=29 = 1.6).

Table 3.2

Intrasession Reliability of Kinetic Variables

Variable ICC CV (%)
CMJH 0.99 1.6+1.2
PP 0.93 1.0+0.8
EccDur 0.92 1.9+1.7
ConDur 0.88 24+15
EccUnImp 0.95 29+2.0
EccDeclmp 0.95 3.0+2.0
CMDepth 0.64 29+1.6

ICC = intraclass correlation, CV = coefficient of variation, CMJH = countermovement jump
height, PP = peak power, EccDur = eccentric duration, ConDur = concentric duration, EccUnlmp
= eccentric unloading impulse, EccDeclmp = eccentric deceleration impulse, CMDepth=

countermovement depth

Maximal Jump Performance

A statistically significant small decrease in CMJH was observed between Pre and Post0
(p =0.006, g =-0.216) (Figure 3.2). CMJH increased non-significantly from Post0 to Post24 (p
=0.109, g=0.130). A statistically significant small increase in CMJH was observed from Post0
to Post48 (p = 0.006, g = 0.216). No other statistically significant changes were observed in any

variables (Table 3.2).
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Figure 3.5

Countermovement Jump Height (CMJH) across all time-points

32

31 -

30
29

28

27

CMIJH (cm)

Pre Post0 Post24 Post48

Timepoint

t Denotes statistical significance between time-points (p < 0.01). Error bars represent 95%
confidence interval.
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Table 3.3

Changes in Kinetic Variables Across Time-points

Percent Change (%)
Pre- Pre- Pre-
Variable Pre Post0 Post24 Post48 Post0 Post24 Post48
817+ 82.0+ 815+ 813+
BW [kg] 166 16.67 162 16.4 04 0.2 03
360+ =360 357+ -37.0+
CMDepth [cm] 1.7 +3.0 2.3 2.6 02 0.9 2.7
288+ 272+ 282+ 288+
CMJH [cm] 6.0 6.4 6.6 6.4 SA4t 2.0 0.2
34143 3347.1 33754
. . " 33292%%* 2.0 11 0.7
PP [W] 2228 1873  231.1 '
3264 3279 3327 3331z 04 Lo 51
ConDur [ms]  +40.5 +369 +36.7  29.5 ' ' '
548.9 5341 551.6 5446+
EccDur [ms] +81.9 +774 +740  43.8 27 0.5 0.8
-103.2  -102.7 -100.6 -106.5+
EccUnImp [Ns] +21.6 +19.8 +23.0 208 03 23 3.2
1033 102.5 100.7 106.6 +
EccDecImp [Ns] +21.6 +£19.9 +23.1 20.9 0.7 23 3.2

Note. Positive values indicate an increase between timepoints. BW = body weight, CMJH =

countermovement jump height, PP = peak power, EccDur = eccentric duration, ConDur =

concentric duration, EccUnlmp = eccentric unloading impulse, EccDeclmp = eccentric

deceleration impulse, CMDepth= countermovement depth

+ Denotes statistical significance (p < 0.01).
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Relationship of External Training Loads with Changes in Countermovement Jump

A statistically significant, nearly perfect correlation was observed between total match
play duration and total daily PL (» = 0.906) (Table 3.4). Total match play duration showed very
statistically significant large and nearly perfect correlations with changes in CMJH from Pre-
Post0 and Pre-Post48, respectively. Several moderate to large correlations were found between
total PL and changes in CMJH, but only the relationship between PL and CMJH change Pre-

Post48 was statistically significant.
Table 3.4

Pearson’s Correlations of External Training Load’s relationship to CMJH

Pearson's Correlations
Pearson'sr p

Total Match Duration (min) - Total Daily Player Load 0.906F 0.005
Total Match Duration (min) - CMJH Change T1-T2 -0.840* 0.018
Total Match Duration (min) - CMJH Change T1-T3 -0.659 0.107
Total Match Duration (min) - CMJH Change T1-T4 -0.939% 0.002
Total Daily Player Load - CMJH Change T1-T2 -0.744 0.055
Total Daily Player Load - CMJH Change T1-T3 -0.665 0.103
Total Daily Player Load - CMJH Change T1-T4 -0.774* 0.041
CMJH Change T1-T2 - CMJH Change T1-T3 0.726 0.065
CMIJH Change T1-T2 - CMJH Change T1-T4 0.718 0.069
CMJH Change T1-T3 - CMJH Change T1-T4 0.663 0.104

* Denotes statistical significance (p < 0.05)

+ Denotes statistical significance (p < 0.01).
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Discussion

Match play duration results yielded sufficient playing time for all participants to be
included in analysis. Collegiate court WVB is typically played in a best of 5 sets manner, with 3
set matches being significantly shorter and less stressful than 5 set matches (Vlantes & Readdy,
2017). The unique tournament design was different than that of typical match-play, therefore,
activity was quantified in order to obtain a more precise measure of training load in the current
study. Results were compared to that of Vlantes & Readdy (2017), who observed training loads
in Division 1 (D1) WVB match play throughout a competitive season using the same make and

model of microsensor.

V] volume was assessed via automatic jump detection from the Catapult microsensor, a
previously validated method of quantifying jump volume in similar devices (Charlton et al.,
2017; Gageler, Wearing, & James, 2015). Outside hitters (OH) and middle blockers (MB)
observed in the current study (n=4) completed a similar quantity of jumps as reported in 5 set
matches (OH: 82 + 31.2 jumps, MB: 171 + 33.4 jumps) (Vlantes & Readdy, 2017). These results
are slightly greater than those reported by Tillman et al. (2004), who only reported an average 45

jumps between two sets, equating to approximately 112 jumps per 5 sets.

Previous literature has suggested that VJ volume alone may not be sufficient to assess
external load (Pelzer et al., 2020, Sanders et al., 2018). This is likely due to the variety of high
intensity movements volleyball athletes perform (Pelzer et al., 2020; Sheppard et al., 2008).
Therefore, metrics such as PL may be useful, as it summates activity in all axes (Vlantes &
Readdy, 2017). The device used in the current study to measure PL had been previously shown

to be sufficiently reliable in laboratory and sport settings (Boyd, Ball & Aughey, 2011). The
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current study observed substantially higher total PL than the previous reported average of 484 +

125.7 au in 5 set matches (Vlantes & Readdy, 2017).

Internal training load in the current study was assessed via sSRPE. This method has been
previously validated in high-level volleyball (Rodriguez-Marroyo et al., 2014). sRPE observed in
the current study was similar to that reported by Vlantes & Readdy (2017) in 5 set matches (1038
+294.9 au.). Pelzer et al. (2020) reported substantially lower sRPE from 3 different practice

session types (439 + 208 to 689 + 158 au).

Due to the unique tournament design, it is difficult to precisely compare the total amount
of match play to a single, normal match. This is a limitation of the present study. Based on the
jump quantity, PL, & sRPE, the match observed in the current study likely equates to at least that
of a 5-set match. Previous literature observing changes in maximal VJ performance was likely
underpowered to replicate volleyball match play workloads, and therefore elicit fatigue (Brazo-
Sayavera et al., 2017, Pelzer et al. 2020). This likely explains the divergent results of the current
study and the previous literature. If acute decrements in VJ as a result of volleyball match are
possible, the training load experienced in the current study is sufficiently powered to reveal such
results. Future researchers should however be cognizant of the high levels of external load in the

current study when attempting to extrapolate the results to lesser matches or training sessions.

The SRSS is a valid method of monitoring athletes’ perceived wellbeing and readiness
status in English speaking countries (Kolling et al., 2020). Results of the SRSS in the present
study are displayed in Table 3.1. The SRSS results suggest that, compared to baseline, the
athletes’ perceived recovery may be decreased (Figure 3.1, Figure 3.2) and perceived stress may
be increased (Figure 3.3, Figure 3.4) at 24 hours post-match. This response is logical based on

the training load completed during the tournament. The results further indicate that while
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perceived recovery likely will return to baseline levels by 48 hours post-match, the athletes may
retain increased perceived stress increased stress 48 hours post-match, with a trend towards a
return to baseline values. While these results can be useful to help explain the time course of
perceived recovery from match play, the change in physical performance characteristics should

additionally be considered as these measures represent the athlete’s actual physical capabilities.

Acceptable intrasession reliability was observed in all, except for CMDepth (Table 3.2).
While the ICC for CMDepth yielded lower reliability than what was observed for other

variables, the low CV (>3%) yielded sufficient reliability to be included in analysis.

The only CMJ kinetic variable to display statistically significant change at any time-point
was CMJH (Table 3.3, Figure 3.5). These results suggest that maximal jump performance may
be inhibited immediately after match play, and will return to baseline by 48 hours post-match,

but not necessarily by 24 hours post-match.

These results are in line with the current understanding of fatiguing NM interventions
(Boyas & Guével, 2011; Claudino et al., 2017; Gathercole et al., 2015; Kamandulis et al., 2016;
Rodacki et al., 2002; Skurvydas et al., 2002, Watkins et al., 2017). They are, however, contrary
to the acute monitoring research in volleyball. Brazo-Sayavera et al. (2017) monitored changes
in maximal jump performance in high-level WVB athletes after a volleyball training
intervention. As previously discussed, the intervention by Brazo-Sayavera and colleagues (2017)
did not represent the training loads associated with match play. This likely explains the lack of
changes in jump performance post intervention. The current study contained considerably higher
workloads, which can account for the observed changes in CMJH. Pelzer et al. (2020) observed
changes in physical performance and indirect markers of fatigue and muscle damage after

different practices in elite youth men and women beach volleyball athletes. Despite observing
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increases in creatine kinase and delayed onset muscle soreness, VJ ability increased slightly post
intervention, although to a statistically non-significant extent (Pelzer et al., 2020). The authors
noted the difficulty of extrapolating results from sand volleyball to court volleyball (Pelzer et al.,
2020). Pelzer et al. (2020) reported significantly lower sRPE than the sSRPE observed in the
current study and previously reported match play values (Vlantes & Readdy, 2017). Gender,
playing surface, and/or lower training loads therefore could explain the contradictory outcomes
between the current study and the results reported by Pelzer et al. (2020). These differentiating
factors may also explain the divergent results of the current study and those reported by
Magalhaes et al. (2011). Magalhaes et al. (2011) reported no change in VJ height post-match
play in elite men beach volleyball athletes, despite significant decreases in maximal voluntary
contraction of the leg musculature and decreased sprint performance. The acute volleyball
monitoring studies included several methodological flaws contrasting the recommendations by
Claudino et al., (2017), who concluded that CMJ trials with no arm swing should be averaged in
order to accurately assess NM status. This could additionally explain the lack of changes in

maximal VJ performance in the previous acute volleyball research.

Previous research has indicated that jump mechanics may change during fatigued
conditions, such as altered CMDepth (Carroll et al., 2019; Rodacki et al., 2002). Gathercole et al.
(2015) additionally suggested changes in kinetic variables such as EccDur and ConDur may
represent changes in jump strategy when fatigued. However, the current study revealed no
changes in any variables that might suggest changes in jump strategy (CMDepth, EccDur,
ConDur, EccUnlmp, EccDecImp). These findings suggest that changes in jump movement

strategy may not be expected after match play in the studied population.
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PP has also been identified as a variable that may be appropriate for monitoring acute
changes in NM status (Carroll et al., 2019; Gathercole et al., 2015; Ishida et al., 2021; Sams,
2014). However, the relatively small change in PP in the current study does not support the
previous suggestions. These differences may be due to study design factors including sport and

testing time-points.

The results from the current study suggest that match play duration may have a stronger
relation to changes in CMJH than PL (Table 3.4). It is logical to predict that greater match play
duration and PL would indicate greater decrements to NM status, and therefore maximal jump
performance. While the results from the current study may lean towards supporting this
prediction, the analysis may however be limited to the small sample size of the current study
(n=7). Further research with larger samples should be conducted to more assuredly assess the
relationship between external load and changes in maximal jump performance in collegiate

WVB.

Practical Applications

The current study indicates that maximal jump performance can be negatively affected by
collegiate WVB match play. CMJH is likely to decrease immediately after match play and may
not make a full return to baseline until 48 hours post-match. NM status is likely recovered by 48
hours post-match despite lingering perceived muscular and overall stress. This suggests that
match play or training sessions occurring 24 hours post-match play could be somewhat
compromised by insufficient recovery. These results may, however, be dependent upon several

factors, including the external training load associated with match play. Further studies should be
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conducted with larger sample sizes and multiple match play assessments to expound on these

results.

Testing CMJH is likely a useful acute assessment of NM status in collegiate WVB. The
data collection methods from the acute monitoring strategy in the current study can be used by
coaches seeking to inform the training process. Practitioners can use methods similar to those

outlined in the current study to acutely monitor collegiate WVB athletes.
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Chapter 4. Conclusion

The purpose of the present thesis was to fill the current gap in literature by investigating
the acute changes in NM status and maximal jump performance after match play in collegiate
women's volleyball. Additionally, the study was designed to establish an acute athlete
monitoring system effective in assessing the NM status of collegiate women’s volleyball

athletes.

The current study indicates that maximal jump performance can be negatively affected by
collegiate WVB match play. CMJH is likely to decrease immediately after match play and may
not make a full return to baseline until 48 hours post-match. NM status is likely recovered by 48
hours post-match despite lingering perceived muscular and overall stress. No indications of
altered movement strategy were observed. These results may, however, be dependent upon
several factors, including the external training load associated with match play. Further studies

should be conducted with larger sample sizes to expound on these results.

Practically, testing CMJH is a useful acute assessment of NM status in collegiate WVB.
The real-time data collected from this acute monitoring strategy can be utilized by coaches
seeking to inform the training process. Practitioners can use methods similar to those outlined in

the current study to acutely monitor collegiate WVB athletes.
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