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RESUMEN

Objetivo: Este trabajo revisa
consideraciones practicas
esenciales para el entrenamiento
y la salud de los atletas en
disciplinas como el trail running,
el surf, las carreras de aventura,
el ciclismo de montafia, los
deportes aéreos, el snowboard,
el esqui, el rafting, el kayak y el
buceo.

Metodologia: Se efectud un
estudio documental de revision
bibliografica. = Se  abordan
estrategias de  hidratacion,
prevencion de lesiones, riesgos
fisiologicos y programas de
entrenamiento estructurados,
destacando la importancia de un
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enfoque integral que garantice la
seguridad y el rendimiento.
Conclusion:  Esta  revision
ofrecer una guia util para atletas,
entrenadores y profesionales
de la salud en el ambito de los
deportes extremos.

Palabras clave: deportes
extremos, entrenamiento,
prevencion de lesiones,

hidratacion, salud del deportista.
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ABSTRACT

Rev.peru.cienc.act.fis.deporte

Objective: This paper reviews essential practical considerations for the training and health of
athletes in disciplines such as trail running, surfing, adventure racing, mountain biking, aerial
sports, snowboarding, skiing, rafting, kayaking, and diving.

Methodology: A literature review was conducted. Hydration strategies, injury prevention,
physiological risks, and structured training programs are addressed, highlighting the importance
of a comprehensive approach that ensures safety and performance.

Conclusion: This review offers a useful guide for athletes, coaches, and healthcare professionals

in the field of extreme sports.

Keywords: extreme sports, training, injury prevention, hydration, athlete's health.
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Introduction

The so-called extreme sports are those types of
sports that carry with them some risk factor or
that directly or indirectly can affect the physical
integrity of those who practice them, or in more
serious cases, contemplate death as a consequence
of a small error in the preparation or execution of
the same'.

In today's world, extreme sports have taken on
a prominent role in both sports culture and society
at large. These challenging disciplines, which
often involve significant risks and the pushing
of physical and mental limits, have captivated
a diverse audience, especially among younger
generations. Extreme sports offer a unique and
exciting experience that appeals to those seeking
thrills and a sense of adventure, which has led
to their growing popularity and recognition
worldwide?.

In addition to their emotional appeal, extreme
sports have also had a significant influence
on culture and industry. They have inspired
technological advancements in equipment and
techniques, and generated opportunities for
sponsorship and marketing. The values of self-
improvement, courage, and resilience promoted
by these sports have transcended the slopes and
mountains, inspiring people to set challenging
goals in their everyday lives. In short, extreme
sports play an important role in today's dynamic
by enriching the sports offerings, influencing
culture, and fostering a self-improvement mindset
in society”.
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Regarding the risk associated with these
sports, it is mentioned that the injury rate in the
practice of extreme sports is 1/60 people, which is
why it is argued that extreme or adventure sports
are not significantly riskier than activities or sports
practiced in everyday life, the probability of injury
is also higher in sports such as rugby, basketball,
or physical contact sports*.

Within the wide range of extreme sports, some
subdivide them into classifications such as lifestyle
sports or natural sports, which are performed in
environments where nature plays a very important
role in their execution. These sports have a
more sociological approach that delves into the
connection and relationship between nature and
the environment with the athlete and their goals®.

In addition, these types of sports are currently
impacting the economic sphere of many regions,
since the adventure tourism market has had a
significant growth in the last decade, generating an
amount of approximately 444,859 million dollars
globally in 2016, so its popularity benefits various
regions around the world, thus contributing to the
economy of the population and in turn generating
a wider number of job opportunities and leisure
venues®.

Regarding the group of people who practice
these sports, the population that mostly practices
extreme sports is young people, which is based on
the need and preference of young people for risky
behaviors and is a consequence of the constant
search to experience strong emotions that provide
heightened sensations’.
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This review highlights basic considerations
that lay the foundation for training in the most
popular extreme sports. These initial considerations
are crucial to ensuring a solid, safe approach to
preparing for and participating in extreme sports.
By establishing these pillars, we aim to provide a
solid foundation for athletes and extreme sports
enthusiasts to develop their skills and carry out
their activities responsibly and effectively. The
aim of this study was to critically analyze and

synthesize the available scientific evidence on
practical considerations for the training and health
of the extreme athlete, integrating physiological,
metabolic, neuromuscular, and psychosocial
aspects, to identify risks, preventive strategies,
and applied recommendations that optimize
performance while preserving health in high-
demand training and competition contexts.

Methodolog

This work was designed as a narrative literature
review to synthesize current knowledge on
training and health considerations in extreme
sports. The review did not follow systematic
review protocols (e.g., PRISMA) and therefore
did not involve formal study selection or risk-of-
bias assessment. Instead, it focused on identifying,
summarizing, and critically discussing relevant
empirical evidence and conceptual frameworks.
No publication date restrictions were applied.

Literature Search

A comprehensive search of scientific literature
was conducted across the databases PubMed,
Scopus, Web of Science, and Google Scholar,
covering publications available up to June 2025.
Search terms included combinations of keywords
related to extreme sports (e.g., “extreme sports”,
“adventure sports”, “trail running”, “surfing”,
“mountain biking”, “snowboarding”, “skiing”,
“paragliding”, “rafting”, “kayaking”, ‘“scuba
diving”) and training- and health-related concepts
(e.g., “training”, “health”, “injury prevention”,
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“hydration”, “performance”).

Titles and abstracts were screened to
identify publications relevant to training load,
physiological stress, health risks, injury patterns,
and performance considerations in extreme or
adventure sport contexts. Full texts were consulted
when necessary to clarify relevance. The final
selection of articles was based on relevance to the
topic, conceptual contribution, and applicability to
extreme athlete training and health.
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Eligibility Criteria

Publications were included if they met at least one
of the following criteria:

Addressed physiological, health-related, or
training aspects of extreme sports.

Reported injury risks, hydration, or
performance optimization strategies in relevant
populations. Provided theoretical, narrative, or
empirical insights applicable to athletes, coaches,
or health professionals.

No restrictions were placed on study design,
allowing the inclusion of original research articles,
reviews, case studies, theses, and consensus papers.
Literature in English, Spanish, and Portuguese was
considered.

Data Extraction and Synthesis

Relevant information was extracted regarding
sport-specific risks, physiological demands, injury
epidemiology, hydration strategies, and training
recommendations. Evidence was synthesized
thematically across different extreme sport
disciplines, highlighting both shared principles
and unique considerations. Special emphasis was
placed on practical applications and preventive
strategies. As this review was narrative in nature,
the numbers reported are intended to provide
transparency regarding the literature exploration
process rather than a formal study selection flow.

2026,13(1):2412 - 2430
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Limitations

As a narrative review, this work does not claim
to provide an exhaustive or systematic analysis
of all available studies. Instead, it aims to offer a

The literature search identified 2,751 records
across all databases, with Google Scholar yielding
the highest number of results, likely due to its
broader indexing coverage (Table 1).

Rev.peru.cienc.act.fis.deporte

structured synthesis of key literature and practical
recommendations to guide athletes, coaches, and
health professionals.

Table 1. Literature search process and article selection.

Stage of the review process

Number of records (n)

Records identified through database searching
PubMed

Scopus

Web of Science

Google Scholar

Total records identified

Duplicate records removed

Records screened by title and abstract

Records excluded after screening (low relevance)

Full-text articles assessed for eligibility

Full-text articles excluded (scope, population, context)

Articles included in the narrative synthesis

412
685
534
1,120
2,751
1,094
1,657
1,409
248
200
48

Table 2., provides a synthesized overview of
health- and training-related considerations across
adventure and nature-based sports.

Across adventure and nature-based sports, the
relevance of each core domain (hydration, health
risks, injury exposure, and training specificity)
was established through a structured narrative
synthesis guided by three complementary criteria.
First, emphasis in the literature was evaluated by
examining the frequency, depth, and consistency
with  which each domain was addressed,

2026,13(1):2312 - 2430

including the presence of dedicated sections or
repeated discussion within narrative reviews,
epidemiological studies, and consensus statements.
Domains that were consistently highlighted across
multiple sources were considered more relevant.

Second, the consequences of inadequate
management were considered, focusing on the
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severity of potential outcomes when a given domain
was insufficiently addressed. Domains associated
with substantial risks to athlete safety, health, or
performance, such as acute medical events, severe
injuries, or pronounced performance decrements,
were assigned higher relevance compared
with domains linked primarily to secondary or
supportive outcomes.

Third, sport-specific dependency was assessed
by determining the extent to which each domain

Rev.peru.cienc.act.fis.deporte

was intrinsic to the safe and effective practice of
the sport. Domains that represented non-negotiable
requirements for participation, where failure to
address them would markedly compromise safety
or feasibility, were classified as highly relevant.

The integration of these three criteria
enabled the classification of each sport-domain
combination into ordinal relevance levels (low,
moderate, or high), as shown in Figure 1.

Sport Hydration Health Risk Injury Exposure Training Specificity
Trail running ee0 00O (YY) YY)
Surfing eoo ee0 ee0 ee0
Adventure racing eeco eece eece eoe
Mountain biking ee0 00 000 eeo
Aerial sports 000 (YY) (YY) YY)
Snowboarding & skiing [ Yelo ee0 eeoe eeoe
Rafting & kayaking e00 000 ee0 ee0
Diving 00 eeoo [ Yel¢) ee0

Figure 1. Icon-based synthesis of core hydration requirements, health risks, injury exposure, and training specificity
across adventure and nature-based sports. Domain relevance is represented using ordinal icon intensity (low to
high). This minimalist framework facilitates cross-sport comparison while maintaining print and accessibility
compatibility. Low (e00), moderate (#®0), or high (eee) relevance based on the convergence of the following

criteria.

2026,13(1):2312 - 2430
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This  approach  facilitated  cross-sport
comparison while preserving the qualitative nature
of the evidence and highlighting both shared
and sport-specific priorities across outdoor and
adventure disciplines.

Trail running

Trail running presents unique challenges for
runners. To fully enjoy the experience and
safeguard participants' well-being in events of
this type, it is essential to consider hydration,
health maintenance, common injuries, and a well-
structured training program.

Proper hydration is essential for trail running,
where access to water sources can be limited.
Dehydration can lead to fatigue, impaired
performance, and even serious health problems®’.
Carrying an adequate supply of water and planning
hydration stops along the route is essential. Some
participants opt for a hydration pack or handheld
bottles for added convenience. Tailor your fluid
intake to the demands of the trail, considering
factors such as temperature, elevation, and, above
all, physical load'. Electrolyte-rich beverages can
replenish essential minerals lost through sweat,
ensuring optimal performance and minimizing the
risk of dehydration-related complications''.

Trail runners should be aware of potential health
issues associated with their activity. A common
concern is exposure to the elements, from intense
sunlight to variable weather conditions. Protecting
yourself with appropriate clothing, sunscreen, and
sunglasses is critical. Also, consider the impact of
trail running on respiratory health, especially in
areas with poor air quality. If you have preexisting
health conditions, consult with a healthcare
professional to ensure trail running aligns with
your fitness goals without compromising your
well-being. Some of the most frequently reported
issues are atrial fibrillation, acute kidney injury,
and integumentary problems!>'3,

While trail running offers a truly engaging
experience, it is not without inherent risks.
Common injuries include ankle sprains, knee
problems, and overuse injuries. Strengthening
exercises that target the lower body, particularly
the ankles and knees, can help mitigate these risks.
Trail runners should also incorporate dynamic
warm-ups before running and dedicate time to

2418

stretching and flexibility exercises afterward'.
Regularly assessing footwear wear is essential,
as worn shoes can contribute to injury. If injuries
occur, treat them promptly with adequate rest,
rehabilitation exercises, and, if necessary, seek
professional medical advice'>'®.

Trail runners seeking peak performance
and injury prevention. Incorporate a variety of
workouts into your regimen, including trail-
specific runs, strength training, and cross-training
activities. Hill repeats can improve your uphill
running capabilities, while downhill intervals
prepare your muscles for descents!'’. It's essential
to build recovery time into your training program,
as trail running can be particularly demanding on
muscles and joints. Periodization, which alternates
between phases of intense training and recovery, is
a proven strategy for optimizing performance and
minimizing the risk of burnout or overtraining'*"3.

Consistency is key in training. Gradually
increase your mileage and elevation gain to build
endurance and adapt to the demands of trail
running. Integrate trail-specific elements into
your workouts, such as lateral movements and
balance exercises, to improve agility and stability
on uneven surfaces'. Prioritize hydration to
maintain your energy, be aware of potential health
issues, address and prevent common injuries, and
implement a well-structured training program.
By approaching trail running holistically, you
can unlock the participant's full potential while
safeguarding your health and well-being on the
trails'.

Surfing

Surfing isn't just a sport; it's a lifestyle embraced
by those who enjoy riding the waves. Whether
you're an experienced surfer or a beginner seeking
your first waves, understanding the practical
considerations for surfing training and health is
crucial to enhancing your experience and overall
well-being in the water.

Being surrounded by water may give the
illusion of constant hydration, but surfing is an
intense physical activity that demands special
attention to fluid intake. Dehydration can occur
rapidly due to sun exposure, salt air, and the
physical exertion of paddling and wave riding'’.
Results from some studies suggest that prolonged

2026,13(1):2412 - 2430
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surfing at high ambient temperatures in participants
with a high body mass index resulted in significant
body water deficits. Since there is no opportunity
to rehydrate during a surf session, surfers should
adequately hydrates before surfing to avoid the
detrimental effects of dehydration!®2°.

Surfing exposes individuals to unique
environmental factors, and understanding how
these factors can impact health is crucial. Prolonged
sun exposure can lead to sunburn, skin damage,
and an increased risk of skin cancer*'?2. Applying
water-resistant sunscreen, wearing protective
clothing, and using surf hats or rash guards can
mitigate these risks. Additionally, surfers should
be mindful of water quality, as polluted waters
can lead to ear and sinus infections®. Competitive
status, limited surfing experience, older age, and
a history of previous surgical injuries are risk
factors for surfing injuries. The most common
types, anatomical locations, and mechanisms of
injury appear to be similar between recreational
and competitive surfers?!?,

Surfing is a dynamic, physically demanding
activity, and injuries are common. Sprains, strains,
and overuse injuries often affect surfers, especially
in the shoulders, back, and knees*®. Bumps and
collisions with the board or other surfers can lead
to cuts, bruises, and more serious injuries®>. To
reduce your risk of injury, incorporate strength and
flexibility training into your routine, with a focus
on core stability and joint mobility. Proper warm-
up and cool-down sessions, including stretching,
can prepare your body for the demands of surfing
and aid in recovery.

An effective training program for surfers goes
beyond simply riding waves. It should encompass
cardiovascular fitness, strength training, and
targeted exercises focused on balance and agility.
Cardiovascular fitness is crucial for endurance
during long paddles and catching multiple
waves in a session. Activities such as swimming,
running, and cycling can improve cardiovascular
health?. Strength training, especially focusing on
the core, shoulders, and legs, is crucial for surfers.
Core strength improves balance and stability,
while strong shoulders and legs aid paddling,
board maneuvering, and wave riding. Balance
and agility exercises, such as yoga or stability
ball balance exercises, are valuable additions to
a surf training program. These activities mimic

2026,13(1):2312 - 2430
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the dynamic movements required in surfing and
improve overall coordination*-*°.

It's essential to tailor your training program to
your skill level and the unique demands of surfing.
Consistency is key but allows for rest and recovery
days to avoid overtraining and reduce the risk of
burnout or injury.

In conclusion, surfing training and health
considerations are closely intertwined to ensure
a satisfying and sustainable surfing experience.
Prioritize hydration, address potential health
issues, consider common injuries, and design
a comprehensive training program. By
incorporating these practical considerations,
you'll not only improve your surfing performance
but also cultivate a healthier and more enjoyable
connection with the waves.

Adventure race

Adventure racing is the ultimate test of endurance,
combining trail running, mountain biking,
paddling, and navigation skills across a variety of
challenging terrains. To excel in this demanding
sport and safeguard your health, it's essential
to prioritize practical hydration considerations,
address potential health issues, prevent common
injuries, and design a comprehensive training
program tailored to the unique demands of
adventure racing.

Proper hydration is crucial for adventure racers
who cover long distances in diverse environments.
Dehydration can lead to fatigue, impaired
cognitive function, and increased susceptibility
to injury. Because adventure races often take
place in remote locations, racers should plan and
transport their water supply?’. Hydration packs or
flasks designed for endurance sports are essential
equipment.

There is considerable evidence supporting the
use of sports drinks, gels, and bars as convenient,
portable sources of carbohydrate for exercise,
training, and competition. Similarly, protein and
amino acid supplements may help meet increased
protein requirements during periods of increased
activity. Caffeine can be used as an ergogenic
aid to help competitors stay awake for prolonged
periods, enhance glycogen resynthesis, and
improve endurance performance®.
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Adventure runners face several health issues
due to the demanding nature of the sport®.
Exposure to varying weather conditions, from
scorching heat to cold nights, requires appropriate
clothing and equipment to prevent hypothermia or
heat-related illnesses. Additionally, runners may
experience blisters, chafing, and skin abrasions.
Rigorous hygiene practices and carrying a basic
first aid kit can address these concerns. Pre-
race medical checkups and consultations are
recommended, especially for runners with pre-
existing health conditions™.

The unpredictable terrain and multidisciplinary
nature of adventure racing make participants
susceptible to a variety of injuries. Running on
uneven trails, mountain biking on rough terrain, and
paddling in challenging waters can lead to sprains,
strains, and overuse injuries’'*?. Navigation
errors can lead to falls or collisions. To minimize
injury risk, racers should incorporate strength and
flexibility training into their preparation. Focusing
on the core, lower body, and specific muscle groups
used in each discipline can enhance stability and
reduce the risk of injury. Proper warm-ups and
cool-downs, along with regular rest days, are
crucial components of injury prevention®**.

Creating a comprehensive training program
is paramount for adventure racers, given the
diverse physical demands they face. The program
should encompass cardiovascular fitness,
strength training, endurance, and navigation
skills. Cardiovascular fitness is the foundation of
adventure racing. Participate in activities such as
trail running, mountain biking, and paddling to
build endurance and acclimate your body to the
diverse demands of racing. Strength training,
focusing on the core, legs, and upper body, is
crucial for overall stability and power. Functional
movements that simulate running, such as lunges,
squats, and rowing, should be integrated into the
program. This is because these factors are often
decisive when carrying weight?>.

Endurance training is crucial for sustaining
the effort required in adventure racing. Incorporate
long-distance runs, bike rides, and paddling
sessions to prepare your body for the rigors of
prolonged physical exertion. Navigation skills are
a critical aspect of adventure racing. Practice map
reading, compass navigation, and route planning
regularly to improve your ability to navigate
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efficiently during the race. Periodization, which
involves alternating cycles of intense training and
recovery, is crucial. Plan your training program to
gradually increase intensity around race time, then
allow sufficient recovery to avoid burnout and
overtraining.

In conclusion, adventure racing is a physically
and mentally demanding sport that requires
meticulous preparation. Prioritizing hydration,
addressing potential health issues, preventing
common injuries, and designing a comprehensive
training program tailored to the demands of the
race will contribute to a safer and more successful
adventure racing experience. As you embark
on the exciting journey of adventure racing, let
these practical considerations guide you toward
achieving your goals while safeguarding your
health and well-being.

Mountain biking

Mountain biking is a stimulating and physically
demanding sport that combines the thrill of speed
with the challenges of varied terrain. As riders
blast through trails and overcome obstacles, it's
essential to prioritize practical training and health
to ensure a safe, enjoyable experience.

Proper hydration is crucial for mountain
bikers, particularly during extended rides in
various conditions. Dehydration can lead to
fatigue, impaired performance, and an increased
risk of injury*®. Cyclists should carry a hydration
pack or water bottles on their bikes to ensure a
convenient and accessible water supply. In hot,
humid conditions, the need for hydration becomes
even more pronounced, and electrolyte-rich drinks
can help replenish essential minerals lost through
sweating”’. Establishing a regular hydration
routine before, during, and after rides is crucial for
maintaining optimal performance and preventing
dehydration-related complications™.

Mountain biking exposes cyclists to various
health considerations, primarily related to the
physical demands of the sport and environmental
factors®. Prolonged sun exposure can lead to
sunburn and heat-related illnesses, emphasizing
the importance of sunscreen, appropriate clothing,
and strategic riding schedules*. Additionally,
cyclists should be aware of trail conditions that
may include allergens, dust, and airborne particles.
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Protective eyewear can protect the eyes, reducing
the risk of irritation and injury.

Mountain biking, with its dynamic movements
and challenging terrain, carries inherent risks
of injury. Common injuries include abrasions,
bruises, and cuts resulting from falls or contact with
obstacles. Overuse injuries, such as tendonitis or
muscle strains, can also occur, particularly in areas
such as the knees and lower back®. Protective
equipment, including helmets, gloves, and knee
pads, is crucial for minimizing the impact of falls
and reducing injury severity. Cyclists should also
focus on body position and technique to improve
control and stability on the bike, reducing the
likelihood of accidents*.

A well-structured training program is crucial
for mountain bikers seeking to enhance their skills,
endurance, and overall performance. The program
should encompass cardiovascular fitness, strength
training, technical skills, and flexibility.

Cardiovascular fitness is critical for sustained
performance during long rides. Engage in
activities such as cycling, running, or interval
training to improve cardiovascular health and
endurance®. Strength training, focusing on the
lower, core, and upper body, is essential for
achieving optimal power and stability on the bike.
Incorporate exercises such as squats, lunges, and
core exercises to build strength and resilience*.
Technical skill training is vital for navigating
challenging terrain and conquering obstacles.
Practice maneuvers such as cornering, jumps,
and descents in controlled environments before
tackling more advanced trails*,

Flexibility is crucial for adapting to the dynamic
movements required in mountain biking. Regular
stretching and mobility exercises can improve
flexibility and reduce the risk of muscle strains or
imbalances?’. Periodization, which incorporates
cycles of intense training and adequate rest, is
crucial for preventing burnout and overtraining.
Plan training phases to align with specific riding
goals and allow for sufficient recovery between
challenging rides.

In conclusion, mountain biking offers an
exciting blend of adventure and physical exertion;
however, riders must prioritize their health and
training to fully enjoy the experience. Prioritizing
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hydration, addressing potential health issues,
preventing common injuries, and implementing
a comprehensive training program tailored to the
sport's demands will contribute to a safer and
more rewarding mountain biking experience. As
riders tackle trails and overcome obstacles, these
practical considerations serve as guidelines for a
successful and health-conscious journey on two
wheels.

Skydiving, Base Jumping, Paragliding, Hang
Gliding

Skydiving has seen a significant increase in
participation rates and popularity in recent years.
In 36 countries, the number of licensed skydivers
increased from 0.3 million to 1.5 million between
1996 and 2017. A total of 519,620 licenses has
been issued between 2010 and 2019; 5.1% were
awarded to students, 27.9% at the experienced
level, and the remaining 67% in tandem jumps
(with an instructor). The American Hang
Gliding and Paragliding Association (USHPA)
has around 10,000 members. The British Hang
Gliding and Paragliding Association (BHPA) has
approximately 6,729 members, and the USHPA
has around 4,500 active members who practice
paragliding®.

Brief exposure to altitude and the resulting
dramatic changes in gas volume and pressure pose
physiological challenges. While several sports
(skydiving, base jumping, paragliding, hang
gliding) involve rapid descents from high altitudes
to face immediate changes in air pressure, as
ambient air pressure decreases and gases in these
spaces attempt to expand, ascending to altitude
before a jump can result in reverse contractions
and compressions of the middle ear and sinuses
during the rapid change in altitude during free fall,
and barotrauma can cause pain, imbalance, and
severe disorientation®.

An approximate analysis of 10 million jumps,
with an average of 610,000 per year, found that
0.044% posed a risk of injury and 0.0011%
posed a risk of fatality. The most common types
of injuries suffered in skydiving occur mostly in
lower extremities (51%), upper extremities (19%),
and spine (18%), respectively. Through trauma
registries and analysis of demographic data, it was
identified that 66% of serious injuries correspond
to skydiving, and the main causes are attributed
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to errors in calculating landing speed and altitude.
The highest incidence of injuries in skydiving
and the main causes of death occur in the landing
phase (87.9%), exiting the aircraft (2%), free fall
(2.7%), and parachute opening (7.4%).

Mortality rates in the last decade have
decreased and equaled the number of reported
deaths, according to reports compiled by the
Deutscher  Fallschirmsportverband ~ (DFV),
0.0005%, the United States Parachute Association
(USPA), 0.0007% and the British Parachute
Association (BPA) 0.0003%?°!. Between 2010 and
2019, itreported about 35 skydiving-related deaths;
29 (82.9%) of the deceased were experienced
skydivers, 32 (91.4%) were male, and there were
no records of tandem deaths. Leaving a mortality
rate of 0.57 per 100,000 jumps, 0.54 per 100,000
jumps in student skydivers and 0.63 per 100,000
jumps in experienced skydivers®.

People who practice base jumping commonly
do so from buildings or cliffs, 97% of the
participants who had very severe injuries were
men. It has a very low injury rate, out of every
1000 jumps there are 2 serious injuries (0.2%) and
the mortality rate is approximately 0.4 deaths per
1000 jumps™.

Paragliding was the leading cause of injuries
in aerial sports (79.6%), followed by skydiving
(10.5%) and base jumping (6.1%). All types of
paragliding have an annual injury rate of 10.8
injuries per 1,000 participants. The mortality rate
is approximately 0.46 per 1,000 people at risk,
with the mean age at injury ranging from 30.7
to 44.5 years. Injuries primarily occurred in the
lower extremities’. The hang gliding injury rate
(injuries/1,000 participants/year) was 10.4 and the
mortality rate (deaths/1,000 participants/year) was
estimated at 40.4 between 2010 and 2014,

Snowboarding and Skiing

A total of 4,571,008 participants were analyzed
over 18 seasons (1988-2006), 3,787,913
(82.9%) were skiers and 783,795 (17.1%) were
snowboarders. The prevalence of snowboarders
compared to skiers gradually increased from
percentages below 5% in participation rates to
as high as 34% in the 2000-2001 season and
then decreased to around 20% in the later years
of the study52 (52). Between 2000 and 2020 the
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number of annual visits by skiers, snowboarders,
and other downhill activities has remained stable
at approximately 400 million®.

Anthropometric variables of elite
snowboarders, firstly the average height in athletes
is 165.7 and 183.4 cm, elite Italian snowboarders
have an average of 76 kg in body mass, the
average body mass of Canadian athletes is 86 kg
in men and 64 kg in women, expert snowboard
participants have a body fat percentage between
12 and 14%, physical training can be crucial for
snowboard performance, helping to control actions
such as quick turns, reception, edge changes and
overcoming obstacles’.

The force of acceleration and the relative
velocity of a snowboarder body with respect to
their body weight can directly affect muscle loads
during alpine skiing. The lower extremity muscle
strength and power of snowboarders, particularly
in the quadriceps, have been measured. This
problem is because injuries (primarily knee
injuries) are common in elite snowboarders; lack
of strength in the quadriceps muscles can make
snowboarders unable to withstand extreme forces
and loads during high-performance activities®.

Cold stress reduces the cost of submaximal
oxygen consumption®’. Efficient aerobic training
is critical for recovery between competitive runs;
in snowboarding, heart rate is a valid and reliable
method for monitoring exercise intensity during
training sessions. Aerobic fitness is beneficial in
terms of training and recovery; snowboarding
performance is not directly influenced by aerobic
fitness*®.

The cardiovascular system's ability to deliver
oxygen to the muscle, the metabolism's ability
to produce sufficient energy, primarily from
stored substrates, the proper functioning of the
neuromuscular system, and focused psychological
skills (e.g., cognitive function, motivation, pain
resistance) are some of the factors that affect
athletic performance. These factors can be affected
by cold exposure, which can impair athletic
performance®’.

Skiers have an average annual injury incidence
of 345 and 400, respectively. Since 2001, there
have been increases in snowboarding injuries and
decreases in skiing. The most common accident
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mechanisms are falls and impacts with the snow
(90-92%) and jumps (33.7%) in general. The most
common injuries are wrist injuries, 1258 have
occurred among snowboarders, while anterior
cruciate ligament (ACL) injuries are the most
common injury among skiers, accounting for 2332
injuries™.

Rafting and Kayaking

With over 18 million people in the United States
estimated to participate in canoeing, stand-up
paddleboarding (SUP), rafting, and whitewater
kayaking combined, paddle sports remain a
popular form of outdoor recreational activity.
Approximately 2.6 million people in the United
States engage in strong current kayaking, with 3.4
million participants annually. Whitewater rafting
remains the most popular activity in the United
States, with the majority of its participants being
commercial passengers®,

Participating in aquatic activities involves
great responsibility. Athletes must maintain
optimal physical fitness. Their swimming
discipline and skills must be able to accommodate
the physical challenges they are likely to face.
Factors such as speed, wind direction, current
size, water temperature, and river flow are very
important pieces of information to consider when
participating in your activity for your safety and
health®.

Training programs focused on working on
strengthening the trunk and main rowing structures
(upper extremities) have proven to be effective for
kayaking and rafting athletes with respect to their
sports performance, strength development work in
the main core muscles promotes better control in
the lumbar motor area and mainly to have good
postural hygiene, the main problems of chronic/
acute pain in the lumbar area can be prevented
through adequate training prescription®®,

Athletes must be mentally prepared to face the
most challenging situations and develop strategies
to maintain their own safety, just as they would
in other natural environments. The decision rests
solely with the athlete; they must consider not only
the risks to their own health, but also the risks they
could pose to potential rescuers if they encounter
problems in the water®.
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Fifty-eight percent of injuries in various
strong current paddling disciplines are acute,
with the most common being sprains and strains.
Serious injuries frequently require hospitalization
or medical treatment; collisions with other
people's paddles and even with the raft itself are
common, as are serious traumatic injuries when
paddlers are thrown from the raft and hit rocks,
logs, and underwater objects. Chronic injuries are
primarily related to a higher frequency of practice
and repetition of symmetrical movements, are
associated with expert paddlers, and account for
42% of musculoskeletal injuries.

Injury rates among recreational participants
are quite low overall, at about 4.5 per 1,000
paddler-days in whitewater rafting and 26.3 per
100,000 paddlers in rafting. Mortality rates are
lower in rafting than in kayaking, with drowning
and immersion accounting for 94% of deaths.
Mortality rates in the United States have shown
rates of 2.9 deaths per 100,000 paddlers per year.

Diving

Since 1976, the Professional Association of Diving
Instructors (PADI) has issued more than 28 million
diving certifications worldwide, representing 60%
to 70% of the global diving market®,

The exercise intensity of recreational divers
resulted in an average relative to maintaining
an exercise capacity of 7 METs, a maximum
oxygen consumption (VO2max) between 24.5
ml/kg/min in men and 22.4 ml/kg/min in women,
which is adequate for recreational diving practice.
Professional  diving organizations (police,
firefighters, and military) require an exercise
capacity of 13 METs (VO2max 40 ml/kg/min).
Before starting to dive, physical fitness should
be improved. People are recommended to dive
with a VO2max of 25 to 40 in men and 25 to 35
in women; those with lower ranges should not
perform diving activities®.

Immersion has a significant impact on the
cardiovascular, renal, respiratory, endocrine, and
central nervous systems. It increases hydrostatic
pressure in healthy individuals, causing fluid to shift
into the central circulation and thereby increasing
left ventricular preload and cardiac output via the
Frank-Starling mechanism. This volume loading
of the ventricles causes right atrial and ventricular
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dilation, and natriuretic peptide secretion increases
to compensate. This will gradually increase urine
output during the immersion period, leading to
a relatively hypovolemic state at the end of the
dive®.

Studies show that diving can damage the
central nervous system, in addition to physiological
stress, exercise as a form of physical exertion,
the mixing of inhaled air and its rapid ascent
can affect a diver's safety underwater. Factors
such as cold, water currents, visibility, stress and
claustrophobia can affect cognitive functions.
Environmental factors (water temperature and
visibility) can negatively affect the diver's ability
to adequately assess underwater situations, cold as
an environmental stress has an impact on cognitive
functions and disorders®'.

Stress, when uncontrolled, can cause
underwater incidents. It's no surprise that
inexperienced divers are unable to control their
reactions and panic, even their cognitive reactions,
when their survival instincts are primarily at play.
However, the diver's personality and ability to
adapt to new circumstances have not yet been
clearly established; these factors directly impact
the prevention of diving accidents®'.

Diving, especially when frequent, can have
long-term detrimental effects on the nervous
system and cognitive function. It is essential to
note that chronic effects do not typically appear

until three months after diving. Middle-aged divers
who make regular and frequent dives (100 dives/
year) to depths greater than 40 meters are more
likely to experience long-term effects on cognitive
functions, manifested in spatial disorientation and
memory impairment®'.

Immersion causes peripheral vasoconstriction,
which increases systolic blood pressure and
ventricular afterload, even in tropical waters.
The diving reflex will be stimulated by exposing
the trigeminal nerve to cold water. This will
cause bradycardia (60% decrease in heart
rate), prolongation of the QT interval, and
vasoconstriction by inhibiting the cardiorespiratory
center in the medulla oblongata. This could cause
fatal arrhythmias in vulnerable hearts, such as
those with hypertrophy, ischemia, preexisting
arrhythmias, and channelopathies®.

Hemodynamic alterations caused by diving
may disrupt previously tolerated cardiac status
in patients with cardiovascular disease. Volume
shifts may cause cardiac decompensation and
immersion pulmonary edema (IPE), particularly
in patients with decreased right or left ventricular
systolic function, restrictive diastolic function, or
moderate to severe valvular disease. In patients
with depressed left or right ventricular systolic
function resulting in decreased cardiac output, the
development of diving reflex bradycardia might be
especially relevant®,

Conclusions

Extreme sports have become an integral
component of the contemporary sports landscape,
characterized by high physical and psychological
demands. Their growing popularity, particularly
among younger populations, is driven by the
pursuit of challenge, performance, and personal
limits. Beyond sport, these disciplines influence
culture, technological innovation, and economic
development, particularly through sport tourism.
However, their expansion has raised increasing
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concerns regarding athlete safety and health.
Consequently, there is a growing need for
evidence-based training, risk management, and
health-oriented strategies to balance performance
demands with long-term athlete well-being. Some
core recommendations for the practice of extreme
sports are given in Figure 2.
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Figure 2. Core principles of training and health in extreme sports.

Future research lines

Future research in extreme sports should address the
physiological, psychological, and environmental
complexities that characterize these disciplines.
Although evidence has advanced in areas such as
injury epidemiology and hydration, longitudinal
and interdisciplinary studies are still needed to
understand how chronic exposure to extreme
conditions, such as altitude, temperature variation,
hypoxia, and immersion, affects multisystem
adaptation and recovery. Integrating physiological,
biomechanical, and psychophysiological measures

could elucidate the mechanisms underlying
resilience and  performance  sustainability.
Moreover, the use of wearable sensors,

biomarkers, and artificial intelligence represents
a promising avenue for real-time monitoring
of load, fatigue, and safety during training and
competition. Psychological dimensions, including
emotional regulation, decision-making under
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pressure, and risk perception, also warrant deeper
exploration to prevent accidents and enhance
performance. Additional emphasis should be
placed on nutrition and hydration strategies
adapted to environmental stress and prolonged
exertion, as current recommendations remain
generalized. Future work should include sex- and
age-specific analyses to account for hormonal
and developmental differences in adaptation and
recovery. Finally, as participation in extreme sports
continues to grow, research should evaluate their
ecological and ethical implications, promoting
sustainable practices and athlete welfare. Overall,
advancing the scientific understanding of extreme
sports requires collaborative, technology-driven,
and holistic approaches that bridge physiology,
psychology, and environmental science to optimize
performance while preserving health and safety.
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