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This perspective article aims to discuss the usefulness of tools that can assist tennis
professionals effectively manage the well-being of their players. This includes
identifying and monitoring meaningful metrics (i.e., training load, training
intensity, heart rate variability), as well as careful planning of training and
competition schedules with appropriate recovery periods. The use of innovative
training methods (i.e., repeated-sprint training in hypoxia and heat training), and
proper dietary practices, along with biometric assessment for young players,
represents should be considered. Adopting a holistic approach to decision-
making about training and competition, balancing both health and performance
considerations, is crucial for tennis players and their support teams. More
research is needed to refine best practices for enhancing tennis performance
while prioritizing the well-being of players.
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Introduction

In recent years, we have witnessed a significant rise in injuries among the top tennis
players competing in Grand Slam tournaments (1). This is concerning, as sustaining an
injury can have serious implications for a player’s career, potentially leading to a decline
in rankings and even endangering their presence on the tour. Injury not only affects
top-level adult tennis players but also elite junior tennis players. Approximately one out
of every eight elite juniors tennis players encounters health-related issues weekly,
encompassing overuse injury, medical illness, and acute injuries (2). Moreover, in a
separate study, 41% of these young athletes reported experiencing injuries within a year
(3). Considering the link between good health and optimal performance, perhaps
prioritizing players’ well-being may hold the key to unlocking peak performance.

In the August 2023 rankings, there were three male players and one female player aged
21 or younger in the Association of Tennis Professionals and the Women’s Tennis
Association Top 10, compared to none a decade ago. Professionalization is beginning at
an increasingly young age in tennis. Hence, our approach extends to players aged 10 and
above, in line with the growing trend of early professionalization in tennis. The influence
of the 10,000 h rule and the 10-year rule in highly coordinated sports further shapes our
approach (4). Professional tennis players face a grueling and often largely unpredictable
schedule of matches, training, and travel throughout the year. The players’ competition
schedule is determined by tournament play, which dictates the periodization of their
calendars. Tournament opportunities arise on a weekly basis at the highest level, resulting
in approximately 30 weeks of competition per year, with only about 20 weeks dedicated
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to training and recovery (5). To accumulate ranking points and
gain prestige and recognition, players must maintain peak
performance, while also considering their well-being. General
(i.e., physiological and psychological) well-being in this context
can be understood as a combination of happiness derived from
pleasurable experiences and a sense of living up to one’s
potential and “true self” (6). However, the demanding nature of
the sport and the high frequency of tournaments can take a toll
on their physical condition and increase the risk of injuries.
Indeed, studies revealed that injured athletes often experience
lower self-esteem and higher levels of depression and anxiety
compared to their uninjured counterparts (7-9). Therefore,
meticulous planning of the training program and a
comprehensive approach to player well-being become essential
factors in maximizing performance and minimizing injury risks.

At the core of player monitoring practice lie two fundamental
constructs: performance improvement and injury prevention.
Although distinct, these constructs are closely linked, as injuries
and subsequent inability to train can significantly impact player
performance (10). Recognizing this interconnection, adopting a
comprehensive approach to training and player well-being
becomes paramount. By effectively implementing systematic
monitoring techniques, optimizing training approaches, and
embracing innovative methods, junior tennis players can not
only enhance performance but also safeguard players’ health and
minimize the risk of injuries. By integrating these elements into a
cohesive player management approach, coaches and support
teams can collaborate to unlock the true potential of their young
players, fostering not only improved performance but also long-
term general health and success on the court.

To ensure a comprehensive approach to training and
performance, tennis professionals must implement a
systematic monitoring plan that ultimately identifies key
metrics. This will help them maintain a balanced approach to
training and competing while managing the players’ health
and competition preparedness (11). Often, the focus is on
performance improvement, which may overlook potential
general health consequences. To gauge the player’s day-to-day
readiness, various tools for assessing training responsiveness
can be considered. These include

and general fatigue

monitoring factors such as training volume, duration,
intensity, load, and/or type, along with skill repetitions,
maximal oxygen uptake, rating of perceived exertion (RPE),
heart rate variability (HRV), functional movement screen
(FMS™), and peak height velocity (PHV). Additionally, such
monitoring encompasses aspects related to recovery periods
and techniques, sleep quantity and quality, and nutrition. This
approach allows for a better understanding of the relationship
between the collected data and the evaluated performance
construct (12). Identifying key physical determinants of
performance enables coaches and sports scientists to track
individual players’ fitness responses through specific testing
during the season, optimizing their on-court physical qualities.
Although studies indicate that both over-training or under-
training can increase injury risk (13), appropriate training may

have a protective effect against injury (14).
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In the following sections, we will delve into various aspects of
optimizing training and performance in tennis players. This will
encompass strategic monitoring of training load and intensity,
biometric assessment follow up, early fatigue detection, and the
benefits  of
tournaments approach.

potential innovative training techniques as

Training monitoring and optimization

Training blocks are an integral part of the development of
junior elite players. Typically, these players adhere to tailored
competition schedules that align with specific competitive
priorities, such as ITF junior events. These training blocks are
strategically placed between tournament clusters, enabling
coaches to allocate dedicated tennis sessions for refining
specific goals including technical, tactical, physical, or mental
aspects (15). This approach emphasizes the individualized
nature of junior player development and underscores the
importance of employing various tools to facilitate their
progress.

By utilizing load monitoring techniques, coaches can make
informed decisions to fine-tune training programs. A growing
number of studies have measured training load in arbitrary units
(AU) on a weekly basis using the RPE in developing tennis
players (5, 16). Gomes et al. (17) demonstrated that the session
RPE method effectively serves as an indicator of training and
competition loads in professional tennis players. This method
helps coaches compare planned and perceived loads and plan
future training based on players’ responses. However, this
method acknowledges the potential for athletes to perceive the
effort required as greater than anticipated in the prescribed easy
sessions (18). Care should be taken to expose players to match-
like physical intensities and training loads during preparatory
training blocks, as training load is often increased during
preparation periods compared to competition (19). In tennis,
Perri et al. (5) found that loads tend to be higher during focused
training periods than during competitions for players aged
between 12 and 18, due to higher weekly training volumes.
Effective monitoring allows for achieving desired physiological
adaptations, as determined by the physical preparation staff, in
the absence of competitive requirements. Increased training
volume, in particular, promotes the development of the crucial
aerobic base Nonetheless, Gomes et al. (20)
demonstrated that the load during official matches (881.3 +
375.1 AU) is approximately 60% higher than that observed
during training sessions (551.9+183.0 AU) in 12 professional

in tennis.

tennis players (age: 18.5+0.4 years). Moreover, similar RPE
scores were observed during official and simulated tennis
matches. Overall, match RPEs typically range from 5 to 8 (out of
10), with loads ranging from 370 to 1,078 AU (5, 20, 21).
Through close monitoring of training loads and player responses,
using techniques like the session RPE method, coaches can make
informed decisions to optimize training programs. This involves
considering the variation in load between official matches and
training sessions.
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Within the context of tennis training, intensity is a crucial
that
proposed model with three intensity zones, based on the heart

aspect impacts players’ physiological adaptations. A
rate (HR) response associated with reproducible metabolic
demarcation points [ie., ventilatory thresholds (VT)], allows for
the examination of physiological strain during tennis training.
This HR-based model defines the following distribution: Zone 1
(low intensity, <VT1), Zone 2 (moderate intensity, >VT1 and
<VT2), and Zone 3 (high intensity, >VT2). Researchers have
that a

commonly followed in young elite tennis players (age: 13.8 +1.0

found ‘pyramidal’ intensity distribution model is
years), allocating approximately 75% of training time to low-
intensity activities, 20% to moderate—intensity exercises, and 5%
(16). This

development of the aerobic base, which plays a pivotal role in

to high-intensity drills model promotes the
tennis performance. Careful management of the intensity load,
considering both the HR zones and the distribution model, is
essential to achieve desired physiological improvements and
enhance overall player performance on the court. By aligning
training intensity zones with the HR response, coaches and
sports scientists can create more effective and individualized
training programs, ensuring players reach their optimal fitness
levels.

As tournaments approach, it is crucial to reduce the training
volume and load while maintaining the “specificity” of on-court
training exposure. With the modern tennis game becoming
increasingly ~dynamic and tournament schedules more
demanding, adapted strategies to improve or maintain physical
fitness are needed (22). In this context, innovative training
methods such as repeated-sprint training in hypoxia (RSH) may
represent an effective short-term intervention for tennis players
to optimize their sport-specific fitness levels, particularly during
Brechbuhl et al

programming this intervention 2-3 times per season to develop

consecutive tournaments. (23) propose
or maintain the players’ aerobic capacity and ball accuracy. By
incorporating five RSH sessions over a 12-day preparation
period, beneficial adaptations can be triggered for both sprinting
and tennis-specific performance without additional fatigue (23).
By strategically implementing RSH in their training regimen,
tennis players can enhance their physical capabilities and
maximize fitness, thereby improving their performance during
demanding tournament schedules.

Besides hypoxic training, heat-based methods can also improve
players’ performance and acclimatize them to high-temperature
conditions. Recommendations for heat acclimatization include
engaging in repeated training sessions lasting at least 60 min per
day, which induce marked increase in body core and skin
temperatures, as well as stimulate sweating (24). Ideally, players
should also train in the same environment as the competition
venue. Early adaptations, constituting up to 75% of physiological
adjustments and performance improvements, typically manifest
within the first 4-6 days of repeated heat exposure (25). Maximal
adaptation is generally achieved after a period of 10-14 days of
heat exposure (26).

To accurately assess players’ progress and performance, the
Test to Exhaustion Specific to Tennis (TEST) is commonly used
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(e.g, French Tennis Federation). This on-court procedure
includes elements of the game such as ball hitting, lateral
movements, and intermittent exercise, simulating tennis
dynamics. This test evaluates players’ technical and physiological
changes at specific intensity thresholds, helping coaches and
sports scientists identify individual strengths and weaknesses for
personalized training programs (27). The TEST allows for
various training approaches, depending on the objectives,
whether they are technical-focused (Zones 1 and 2) or energy-
focused (Zone 3), always emphasizing the precision and speed of
strikes with appropriate feedback (28). For instance, in Zone 1,
the objective is to maintain the workout as long as possible at
VTI1, with 2 or 3 series of continuous play lasting 5-10 min
each, followed by 3 min of passive recovery period between series
(28). On the other hand, for Zone 3, shorter striking intervals
(15 s-1 min) are preferred, with passive rest periods (15-30s) in
between. During the TEST, expert players aim to maintain
intense hitting 70% of shots on the designated target, while
lower-level players have a tolerance of up to 50%. Regularly
conducting this specific test enables continuous evaluation of
players’ progress and the effectiveness of training interventions,
ensuring optimal resource utilization and maximizing training

efficiency.

Biometric assessment follow up

As players reach ages around 14, a careful and individualized
approach to training becomes even more crucial, especially from
a health perspective. During this stage of development, players
undergo significant physical and physiological changes [i.e., peak
height velocity (PHV)], making it essential to adapt training
strategies to their evolving specific needs and capabilities [i.e.,
functional movement screen (FMS™)].
growth
paramount in optimizing their potential for overall well-being

Understanding their
unique and physiological characteristics becomes
and reducing susceptibility to overuse injuries, such as Osgood-
Schlatter disease and Little Leaguer’s elbow. This approach not
only safeguards their development but also establishes a
foundation for sustained athletic careers.

During the pubertal growth spurt, a significant transition
occurs, increasing utilization of anaerobic pathways that
produce metabolites leading to muscular fatigue (29). As a
result, it becomes crucial to implement a high volume of low-
intensity aerobic training to delay fatigue, facilitate recovery,
and optimize technical training (30). By utilizing objective
measurements of anthropometric variables (31), players can
receive training tailored to their biologic status instead of their
chronological age (32), using the pivotal marker of maturation
being PHV. This

individualization and overall development, fostering a sense of

player-centered approach emphasizes
well-being and providing long-term gains. Understanding the
timing of the PHV enables coaches and sports scientists to
design training regimens that emphasize specific aerobic
exercises, which are particularly crucial during this critical
coaches must consider

phase of development. Moreover,
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maturation differences, as tennis players with a more advanced
biological age tend to possess superior speed, agility, and
their
counterparts (33). To further enhance the performance in

explosive power qualities compared to younger
young tennis players during the pre-puberty and early puberty
phases, additional studies should determine the most effective
training approaches and content tailored to each maturity stage,
as well as to examine the exact impact of PHV on injury risk.

The FMS™ is a popular movement screen that assesses
fundamental movements, emphasizing the balance between
stability and mobility in a proximal to distal sequence (34). It
comprises seven individual movement patterns, each qualitatively
assessed and scored based on compensatory movements or the
presence of pain during the pattern. Several studies have
explored the FMS™, investigating normative values, differences
in scores based on sex, body composition, and skill level, as well
as its reliability, validity, and potential association with injury
(34). A significant area of study revolves around the relationship
between FMS™ scores and the musculoskeletal injury risk.
However, the findings have been mixed, with some studies
reported a significant higher likelihood of an injury with low
FMS™ scores (35), while others have not found strong
predictive value (36). Although the FMS™ lacks strong evidence
as a robust injury prediction tool, it can still be utilized to
enhance individual workout or training plans and potentially
improve performance. For example, individuals with poor
FMS™ scores tend to exhibit compensatory movement patterns
during regular activities. If left unchecked, these patterns may
reinforce sub-optimal movement mechanics and increase the
likelihood of future injuries (37).

Early fatigue detection and recovery
techniques

In conjunction with monitoring training intensity and
employing period-specific training methods, it is essential to
adopt tools that can routinely detect early signs of fatigue. One
such promising tool is heart rate variability (HRV), which can be
used to monitor fatigue states (38). HRV should be integrated
into a comprehensive monitoring program as it reflects overall
stress. Higher HRV is associated with improved recovery and
readiness for training, while intense exercise acutely decreases
vagal-related HRV indices for 24-48h (39). Therefore, the
integration of HRV monitoring within a holistic program may
allow for the adjustment of training plans and the identification
of optimal training load and recovery strategies for each player.
HRV assessment encompasses various techniques such as

electrocardiography, interbeat interval ~measurement, and
photoplethysmography (40). Smartphone applications, connected
to a heart rate monitor, have gained popularity for HRV
monitoring due to their convenience and affordability, effectively
addressing the practical needs of coaches and practitioners.
Furthermore, commercial heart rate monitors have been shown
to be a valid tool for HRV analysis during the resting state and

incremental exercise (41). To implement this, player can perform
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HRV tests under identical conditions, either every morning
before the breakfast, immediately upon waking up, or after a
training session, match, and/or recovery period, even in the
comfort of their homes. The test involves spending 5 min in a
supine position followed by 5min in a standing position,
allowing for the measurement of HR, root-mean-square of
successive R-R interval differences (RMSDD), and spectral power
values. These data are then decomposed into low-frequency (LF)
which reflects vagal modulation, and high-frequency (HF) bands,
indicating both sympathetic and parasympathetic influences, after
processing (42).

Both researchers and practitioners are increasingly focusing
on improving the recovery capabilities of tennis players, with the
aim of mitigating fatigue effects and expediting recovery
(43).
explored, including compressive clothing and temperature-

processes Various recovery techniques have been
based interventions such as cold-water immersion [between 5°
C and 15°C (43)]. The latter method effectively reduces body
(core, muscle and skin) temperature, inflammation, and heart
(i.e.,

endurance, strength, sprint, and jumps activities) by 2%-3%

rate, resulting in improved performance measures
(43). Another technique involves the use of compressive
clothing, which applies hydrostatic pressures to reduce muscle
soreness, fatigue, and oedema, while enhancing the clearance
of lactate and creatine kinase (43).

Nutrition also plays a pivotal role in optimizing recovery,
overall health and well-being, and performance for tennis
players. Proper dietary practices, including rehydration and
consumption of a well-rounded diet with a variety of nutrient-
rich foods, are essential for meeting the nutritional needs of
players. Adequate intake of macronutrients, such as
carbohydrates (6-10 gkg™'.d™") and proteins (~1.6 gkg ".d™"),
is crucial for replenishing energy stores and aiding in muscle
recovery (43). A balanced diet brings about numerous benefits
that become evident over the course of the season, inducing
reduced injuries (44), improved recovery (45), and enhanced
training capacity (46). These factors contribute to an overall
well-being and performance progression throughout the season.
Additionally, incorporating specific supplements into a player’s
nutrition plan can greatly contribute to optimal athletic
performance and overall health and well-being (47). For
instance, caffeine in doses of 3 mgkg " can provide ergogenic
benefits when taken before and/or during tennis match play,
enhancing alertness and performance on the court (48).
Furthermore, players should aim to consume 200ml of
electrolytes-containing fluid every 15 min in mild to moderate
ambient temperatures (<27°C) (48), adjusting their intake based
on their individual thirst levels. Moreover, when match play
exceeds 2h, players are advised to ingest 30-60 gh™' of
carbohydrates to sustain energy levels and support their
endurance during prolonged matches (48). By adopting these
tennis-specific nutritional strategies, players can optimize their
performance and overall well-being on the court.

Considering the paramount significance of sleep, it is
recommended to adhere to the recommendations set forth by
the National Sleep Foundation. These guidelines advocate for
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8-10 h of nightly sleep for adolescents aged 13-18 (49). The
importance of these guidelines is reinforced by Watson et al.
(50), who underscore sleep’s pivotal role in health and well-
being, impacting physical development, emotional regulation,
cognitive performance, and overall quality of life. Combining
good sleep hygiene practices and mindfulness techniques has
demonstrated the ability to enhance sleep quality, perceptual
well-being, and mitigate tournament-related anxiety (51).
Adequate sleep plays a critical role in athletic performance
(50), particularly in sports like tennis that require speed,
tactical strategy, and technical skill (52). Following sleep
hygiene recommendations has even been linked to increased
playing shots (53).
interventions aimed at extending sleep duration have resulted

time and more taken Long-term
in significant improvements, including a 20 to 30% increase in
serve accuracy (54). Prioritizing adequate sleep not only
reduces the risk of injury and illness in athletes but also
optimizes health and the potential to enhance performance
through increased training participation. Coaches are therefore
encouraged to implement sleep hygiene education and
mindfulness techniques to reinforce healthy sleep behaviors

and improve the performance of junior players.

Where to now?

As we progress in optimizing training and performance for
tennis players, several areas warrant further exploration and
research. Firstly, there is a growing need for innovative training
methods that can address the challenges posed by a grueling
and unpredictable tournament schedule. Research on the
effectiveness of RSH and heat-based training methods, and
how these interventions may be combined, could provide
valuable insights into their impact on players’ performance in
challenging conditions. The choice of one of these two
approaches will also depend on the current training phase,
upcoming competitions, and individual athlete considerations.
By investigating the optimal timing and frequency of these
training interventions, coaches and sports scientists can
develop more tailored training regimens that maximize players’
physical capabilities and improve their on-court performance
during tournaments. Furthermore, while the use of biometric
assessments shows promise in guiding personalized training
strategies, more comprehensive studies are needed to establish
its robustness as an injury prediction tool in tennis players.
Further research can help validate the relationship between
FMS™ scores and musculoskeletal injury risk and shed light
on its potential benefits in preventing injuries and enhancing
performance over the long term. Finally, the exploration of
new technologies and methodologies, including artificial
intelligence and machine learning [e.g., supervised learning
(55)], for early fatigue detection and recovery is essential in
providing timely interventions to optimize players’ readiness
in HRV

monitoring and other fatigue assessment techniques can help

for training and competition. Advancements

coaches and players fine-tune training plans and recovery

Frontiers in Sports and Active Living

10.3389/fspor.2023.1259821

strategies, ultimately contributing to better overall player
management.

Concluding remarks

Our comprehensive examination underscores the fundamental
principles for optimizing training and ensuring the well-being of
young tennis players. It emphasizes the importance of holistic
player management, which involves the integration of systematic
monitoring (ie., training load, training intensity), innovative
training methods (ie., RSH, heat acclimatization), tailored

. . . T™M
biometric assessments (i.e., FMS

, PHV), early fatigue detection
(i.e., HRV), effective recovery strategies (ie., temperature-based
interventions), attention to nutrition (i.e., well-rounded diet), and
promoting healthy sleep hygiene (i.e., 8-10h of nightly sleep).
Continuous research and collaboration between sports scientists,
coaches, and support teams will further refine these approaches
and drive improvements in tennis performance and injury

prevention.
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