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Abstract: Basketball involves frequent high-intensity movements requiring optimal aerobic power.
Altitude training can enhance physiological adaptations, but research examining its effects in bas-
ketball is limited. This study aimed to characterize the internal/external workload of professional
basketball players during preseason and evaluate the effects of altitude and playing position. Twelve
top-tier professional male basketball players (Liga Endesa, ACB; guards: n = 3, forwards: n = 5,
and centers: n = 4) participated in a crossover study design composed of two training camps with
nine sessions over 6 days under two different conditions: high altitude (2320 m) and sea level
(10 m). Internal loads (heart rate, %HRMAX) and external loads (total distances covered across speed
thresholds, accelerations/decelerations, impacts, and jumps) were quantified via wearable track-
ing and heart rate telemetry. Repeated-measures MANOVA tested the altitude x playing position
effects. Altitude increased the total distance (+10%), lower-speed running distances (+10–39%),
accelerations/decelerations (+25–30%), average heart rate (+6%), time in higher-intensity HR zones
(+23–63%), and jumps (+13%) across all positions (p < 0.05). Positional differences existed, with
guards accruing more high-speed running and centers exhibiting greater cardiovascular demands
(p < 0.05). In conclusion, a 6-day altitude block effectively overloads training, providing a stimulus to
enhance fitness capacities when structured appropriately. Monitoring workloads and individualizing
training by playing position are important when implementing altitude training, given the varied
responses.

Keywords: training programs; hypoxia; heart rate; locomotion; microtechnology; sports

1. Introduction

Basketball is an intense intermittent team sport characterized by frequent high-intensity
movements, including sprints, jumps, shuffles, and rapid changes in direction [1]. These
external workload demands impose considerable physiological strain, demonstrated by
average heart rate (HR) over 80% of maximum HR and blood lactate levels exceeding
8 mmol/L during competition [2]. A key determinant of a basketball player’s capacity
to meet these internal [3] (effect that a certain effort causes in the body based on the task
that has been assigned to the athlete) and external [4] (indicator data of the work per-
formed, quantified through parameters such as duration, volume, intensity, etc.) workload
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requirements is maximal oxygen uptake (VO2MAX) [5]. The average VO2MAX values of
elite basketball players range from 50 to 60 mL/kg/min, with guards exhibiting slightly
higher aerobic capacities than forwards and centers [2]. Greater VO2MAX levels enable
faster recovery following repeated high-intensity bursts by enhancing oxygen delivery and
buffering accumulating metabolites [6].

Developing VO2MAX in basketball players traditionally utilizes high-intensity interval
training under normoxic conditions [7]. However, exposure to hypoxic conditions in simu-
lated or real environments 2000–3000 m above sea level (m.a.s.l.) stimulates physiological
adaptations such as increased hemoglobin mass, blood buffering capacity, and oxygen ex-
traction, which enhance oxygen delivery and utilization [8]. In recent years, there has been a
shift in altitude training strategy from “living high—training low” to “living low—training
high” due to evidence showing better benefits of training high compared to living high
for sea-level performance [9,10]. Most altitude research has focused on endurance sports,
but implementing altitude training camps during the preseason phase may provide bas-
ketball teams with competitive advantages [11]. A few studies in basketball have shown
the improvement of aerobic capacities [12], high-intensity running performance [13], and
on-court high-intensity actions (sprints, jumps, change in direction, etc.) following hypoxic
training [14,15].

Although hypoxic training enhances physical and physiological performance in bas-
ketball players, an increase in fatigue and stress values [14], along with reductions in lower
limb balance [16] and sleep quality [17], has been reported. Monitoring workloads at
altitude is critical to ensure optimal adaptations. External workloads can be quantified
using accelerometers, local positioning systems, and time–motion analyses [18]. Inter-
nal workload measures like heart rate variability and perceived exertion provide insight
into the physiological strain incurred [2]. While previous basketball research evaluated
physical fitness outcomes by altitude training, analyses of workload differences between
high-altitude and sea-level training environments are lacking.

In addition, playing positions present different physical demands [19,20] and technical–
tactical actions [21] due to their specific roles in the game. Different adaptations to altitude
have been identified across playing positions. Concerning internal responses, guards
and forwards report higher in-game fatigue and perceive greater exertion, while centers
experience more muscular pain and longer recovery times [22–24]. In terms of external
workload demands, guards cover less distance but with greater intensity, forwards cover
moderate total distances with mixed intensities, and centers have lower court time and
distance but perform more static actions with contact on the paint [2,19,25].

Therefore, this study aimed to characterize the external and internal workload de-
mands of basketball players during the preseason and evaluate the effects of altitude
(training high—living high) in comparison to sea level (training low—living low) on these
demands by playing position. It was hypothesized that altitude exposure would produce
an effect on physical and physiological demands across playing positions. Investigating
the influence of altitude training can help to determine the effectiveness of this protocol for
optimizing workload capabilities in preparation for basketball competitions.

2. Materials and Methods
2.1. Design

A within-subjects, quasi-experimental study following a quantitative and descriptive
design was conducted to evaluate the effect of altitude on the training location (sea level
vs. high altitude) in a Spanish basketball professional team (Liga Endesa, ACB) during
the preseason phase [26]. The data collection of internal and external workload demands
was performed by electronic performance tracking systems and heart rate telemetry from
18 training sessions in 12 days (9 sessions at high altitude vs. 9 sessions at sea level). The
session structure, training objectives (strength and conditioning, technical and tactical
components), and tasks between the two conditions were equal. A 48 h washout period be-
tween the high-altitude and sea-level training interventions was implemented to eliminate
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fatigue and achieve an optimal post-exercise recovery [11]. In addition, the group design
was equivalent through the study of the training load [26].

2.2. Participants

Fifteen professional basketball players (age: 24.6 ± 6.2 years; height: 196.8 ± 11.1 cm;
weight: 87.3 ± 10.2 kg) belonging to a top-tier Spanish league team (Liga Endesa, ACB)
participated in the present study. All of the players were active professionals contracted
with the same team during the competitive season when the study was conducted. The
inclusion criteria were as follows: (a) Belonging to the official squad of the ACB League first
team. (b) Participating in all training sessions. (c) Not having suffered a musculoskeletal
injury in the 15 days prior to the start of the preseason, which would limit their maximum
performance. (d) Having had an adaptation period of 2 days before the technological
equipment was equipped, and agreeing to be equipped during training. (e) Participating
voluntarily and signing an informed consent form. For these reasons, only 12 players that
met the inclusion criteria were included in the final analysis (guards, n = 3; forwards, n= 5;
centers, n = 4).

Before the assessments, the basketball team allowed the research team to access the
players’ data, and all players provided written informed consent. The study was conducted
in accordance with the ethics code of the World Medical Association and the 7th edition
of the Declaration of Helsinki [27], and it was approved by the Ethics Committee of the
University of Extremadura (protocol code: 233/2019, date of approval: 1 November 2019).

2.3. Variables

In this study, training altitude and playing position were considered as independent
variables. To assess the impact of altitude, two experimental conditions were established:
(a) sea-level training (10 m.a.s.l.), and (b) high-altitude training (2320 m.a.s.l.). The sea-level
sessions were completed in the sports center where the professional team usually plays its
games during the season. The high-altitude sessions took place at the High-Performance
Center in Sierra Nevada, Granada, Spain. Furthermore, in order to individualize the effects
of the training process and environmental conditions concerning the technical–tactical
characteristics of athletes, playing position was included as an independent variable and
was categorized into three groups: (a) guards, (b) forwards, and (c) centers.

On the other hand, internal and external workload demands were registered as de-
pendent variables to analyze the effects of altitude. Variables were divided into four
categories:

• Locomotion: This represents the displacements realized by the players, and it was
measured in meters/minute—relative distance (RD)—and at different intensities
(walking, 0–6 km/h; jogging, 6–12 km/h; running, 12–18 km/h; high-intensity running
(HIR), 18–21 km/h; sprinting, 21–24 km/h; and maximum sprinting, >24 km/h).

• Speed and speed changes: This represents the velocity of displacements and the positive
and negative changes on them. The velocity of displacements was measured in km/h
with two variables: average speed (SpeedAVG) and maximum speed (SpeedMAX).
On the other hand, speed changes were measured by total accelerations (TAcc) and
decelerations (TDec), in counts/min; maximum acceleration (AccMAX) and deceler-
ation (DecMAX), in m/s2; and relative distance covered in acceleration (RDAcc) and
deceleration (RDDec), in meters/minute. The threshold to detect accelerations and
decelerations was positive or negative changes in speed of 0.1 m/s2, respectively.

• Neuromuscular load: This represents the impact of displacements on the muscle body
concerning the force of gravity. The measured variables were as follows: Player load,
measured by RealTrack Systems (PLRT) in a.u./min; total impacts and at different
intensities (low, 0–3 g; moderate, 3–5 g; high, 5–8 g; very high, >8 g); and steps
and jumps, in counts/min. PLRT was represented in arbitrary units (a.u.) and was
calculated directly by the manufacturer’s software (SPROTM, version 989, RealTrack
Systems, Almeria, Spain) using the following equation, at a sampling frequency of
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100 Hz, where PLn is the PL calculated at the current instant in time; n is the current
instant in time; n − 1 is the previous instant in time; Xn, Yn, and Zn are the values of
body load in each axis of movement at the current time; and Xn−1, Yn−1, and Zn−1 are
the values of body load in each axis of movement at the previous instant in time [27]:

PLn =

√
(Xn − Xn−1)

2 + (Yn − Yn−1)
2 + (Zn − Zn−1)

2

100

PLRT =
m

∑
n=0

PLn × 0.01

• Heart rate telemetry: This represents the physiological effect of external load. It was
measured by maximum heart rate (HRMAX) and mean heart rate (HRAVG) in beats per
minute (bpm), as well as in the percentage of time spent at different intensities (very
low, 50–60% HRMAX; low, 60–70% HRMAX; moderate, 70–80% HRMAX; high, 80–90%
HRMAX; very high, 90–95% HRMAX; and maximum, 95–100% HRMAX). Data were
extracted at the end of each session. To determine individual HRMAX percentages,
each player’s HRMAX was established using previously gathered data from laboratory
evaluations conducted under the supervision of the medical team staff before the start
of the assessment.

2.4. Equipment

WIMU PRO inertial devices (RealTrack Systems, Almería, Spain) were used for the
data collection. The devices were attached to the players with an anatomical vest to ensure
no movement during registers, and at the inter-scapulae level due to this being the best
place for tracking detection [28]. The participants’ locomotion, speed, and speed changes
were monitored using ultra-wideband (UWB) technology to enable device-based tracking
of basketball players indoors. UWB referencing of devices on the court was accomplished
utilizing 500 MHz radiofrequency technology and 33 Hz data collection through eight
anchors pre-positioned around the perimeter. The installation protocol and the precision of
this UWB tracking system have been validated in prior studies [29].

Neuromuscular load variables were registered through the inertial sensors that com-
posed the WIMU PRO devices (4 accelerometers ±16, ±16, ±32, and ±400 g; 3 3D gyro-
scopes with a range output of ±2000 ◦/s, ±2000 ◦/s, and ±4000 ◦/s; a magnetometer),
at a sampling frequency of 1000 Hz. The validity and reliability of these sensors have
been evaluated previously, with satisfactory results [28]. Finally, heart rate telemetry was
registered with a GARMIN band linked with the WIMU PRO inertial device.

2.5. Procedures

First, a request was made to the professional basketball team to avoid data collection.
Once the proposal had been accepted, informed consent was signed, and a familiarization
session with high monitoring was conducted to familiarize the players with the equipment
used in the study. During the familiarization session, anthropometric data were obtained
to characterize the sample through a rod stadiometer (SECA, Hamburg, Germany) and a
body composition monitor (Model BC-601, TANITA, Tokyo, Japan), and data on birth date
and playing position were obtained with a survey completed by the team staff.

Data collection for this study occurred in two phases over a total of 12 days: (a) training
high—living high and (b) training low—living low. First, the participants completed nine
training sessions over six days at the High-Performance Center in Sierra Nevada, Granada,
Spain (2320 m.a.s.l.). This high-altitude camp was followed by a second phase where players
completed nine training sessions over six days in their home sports center (10 m.a.s.l.). The
participants resided and trained at the assigned altitude for the two weeks of the training
intervention. Between the two interventions, a 48 h washout period was performed for
post-exercise recovery [11].
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Each training session had a total duration of 75 to 90 min. The 20 min standardized
warm-up was composed as follows: (1) 10 min of mobility, balance, and dynamic stretching;
(2) 5 min of jumping/plyometrics, and changes in speed and direction on the court; and
(3) 5 min of technical individual drills (bounds, throws, etc.). After the warm-up, 45 to
60 min of main training was conducted following the session objectives. The description
of the training drills was realized following the nomenclature provided by [30] (Figure 1).
For the last 10 min of each session, players performed a cool-down period based on free,
2-point, and 3-point throws and individual recovery protocols (e.g., foam roller, static
stretching). Additionally, 30 min before the start, players were instructed on the court
to place the WIMU PRO inertial devices on the anatomical vests, as well as to carry out
individual exercises with the foam roller and with the ball to prepare the neuromuscular
system to start the session. The usual verbal encouragement from the head coach was
allowed during sessions. In addition, players had ad libitum access to water and energetic
supplementation during recovery periods.
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After each data collection, the sensor data files generated by the WIMU PRO units
were extracted on a laptop with the Windows operating system and analyzed using the
manufacturer’s software. SPRO software (version 990, RealTrack Systems, Almeria, Spain)
processes the raw data of the inertial device sensors into quantitative biomechanical metrics,
including both native sensor outputs and derived parameters calculated through sensor fu-
sion algorithms. The quantified metrics that provide objective measures of the participants’
physical activities and movements were extracted to create the database on Excel software
(Version 2205, Microsoft, Redmond, WA, USA) for further analyses.

2.6. Data Analysis

Firstly, a descriptive analysis of the external and internal workload variables in
each condition (high altitude vs. sea level) was performed to obtain information as the
mean ± standard deviation. Subsequently, an exploratory analysis was performed us-
ing the criteria assumption tests for normality with the Kolmogorov–Smirnov test and
homoscedasticity with Levene’s test, so parametric tests were performed. A repeated-
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measures MANOVA test was used to analyze the effects of altitude (high altitude vs. sea
level) × playing position (guard, forward, or center) on the external and internal workload
variables of basketball players, using the Bonferroni post hoc test for pairwise comparisons.
To analyze the magnitude of differences, the partial omega squared (ωp

2) was used for
MANOVA effects and interpreted as follows [31]: ωp

2 > 0.01 small, ωp
2 > 0.06 moder-

ate, ωp
2 > 0.14 large; while Cohen’s d was used for post hoc effects and interpreted as

follows [31]: d > 0.20 small, d > 0.50 moderate, d > 0.80 large. The software used for the
statistical analysis was JAMOVI (Version 2.4.1, The Jamovi Project, Sydney, Australia),
while graphs were designed by GraphPad Prism (release 8, GraphPad Software, La Jolla,
CA, USA). The significance value was established at p < 0.05.

3. Results
3.1. Effects of Altitude on Internal and External Workload Demands

Figure 2 shows the results of the effects of altitude on internal and external work-
load demands in professional basketball players during the preseason phase. Firstly, no
differences were found in total training time between the two conditions (high altitude =
87.2 ± 15.3 min; sea level = 86.6 ± 12.8 min; p = 0.87, d = 0.02). Regarding the comparison
of internal and external workload demands, higher demands were found at high altitude,
with high effect size in the relative distance 0–6 km/h, total accelerations/decelerations,
AccMAX, DecMAX, and relative distance in acceleration and deceleration; with moderate
effect size in total distance, HRAVG, and 80–90% HRMAX; and with low effect size in the
relative distance 6–12 km/h, 70–80% HRMAX, 90–95% HRMAX, 95–100% HRMAX, and to-
tal jumps. Higher demands at sea level were only found in 50–60% HRMAX, with a low
effect size.
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(d = 0.50–0.80); *** high effect size (d > 0.80).

3.2. Combined Effect of Altitude and Playing Position

The descriptive analysis and repeated-measures MANOVA statistics to analyze the
effect of altitude x playing position are shown in Table 1. No interactions were found
between the two variables. Concerning playing position, differences were found, with
moderate effect size in relative distance 12–18 km/h (guards > centers; forwards > centers),
impacts 3–5 g (guards > forwards/centers), and impacts 5–8 g (guards > forwards/centers);
and with low effect size in relative distance 0–6 km/h (centers > guards/forwards),
HRAVG (centers > forwards), 50–60% HRMAX (forwards > guard/-centers), 80–90% HRMAX
(guards/centers > forwards), 90–95% HRMAX (centers > guards/forwards), SpeedAVG
(guards/forwards > centers), impacts >8 g (guards > forwards/centers), total steps
(guards > forwards/centers), PL (guards > forwards/centers), and relative distance in
acceleration and deceleration (guards > forwards/centers).

Table 1. MANOVA playing position vs. altitude in basketball players during the preseason phase.

Variables Altitude
Playing Position F

(p-Value)
ωp

2

(Rating) Post HocGuard Forward Centers

RD (m/min)

2320 masl 50.84 ± 8.30 48.03 ± 6.23 47.36 ± 5.28 0.70 (0.49) 010 masl 40.16 ± 12.84 42.35 ± 9.52 41.74 ± 12.01
F (p) 23.35 (<0.01) Interaction F (p value); ωp

2 (rating)
ωp

2 (rating) 0.11 (moderate) 0.50 (0.61); 0

RDWalking
(0–6 km/h)
(m/min)

2320 masl 26.68 ± 3.24 26.40 ± 3.28 27.91 ± 2.83
2.97 (0.05) 0.01 (trivial) e f10 masl 20.46 ± 6.25 21.93 ± 4.74 23.77 ± 6.04

F (p) 41.98 (<0.01) Interaction F (p value); ωp
2 (rating)

ωp
2 (rating) 0.18 (high) 0.27 (0.77); 0

RDJogging
(6–12 km/h)
(m/min)

2320 masl 17.05 ± 4.70 15.44 ± 3.72 14.33 ± 4.20 1.99 (0.14) 010 masl 13.99 ± 5.43 14.14 ± 4.58 13.21 ± 5.14
F (p) 5.50 (0.02) Interaction F (p-value); ωp

2 (rating)
ωp

2 (rating) 0.02 (low) 0.26 (0.77); 0

RDRunning
(12–18 km/h)
(m/min)

2320 masl 6.33 ± 2.23 5.17 ± 2.06 4.01 ± 2.17
7.53 (<0.01) 0.06 (moderate) b d10 masl 4.82 ± 2.13 5.39 ± 2.03 4.09 ± 2.08

F (p) 1.23 (0.27) Interaction F (p-value); ωp
2 (rating)

ωp
2 (rating) 0 1.70 (0.19); 0

RDHIR
(18–21 km/h)
(m/min)

2320 masl 0.62 ± 0.35 0.70 ± 0.71 0.88 ± 0.86 0.08 (0.93) 010 masl 0.67 ± 0.56 0.68 ± 0.48 0.54 ± 0.47
F (p) 1.01 (0.32) Interaction F (p-value); ωp

2 (rating)
ωp

2 (rating) 0 1.51 (0.22); 0

RDSprinting
(21–24 km/h)
(m/min)

2320 masl 0.14 ± 0.12 0.25 ± 0.28 0.18 ± 0.25 1.71 (0.18) 010 masl 0.18 ± 0.21 0.18 ± 0.23 0.11 ± 0.14
F (p) 0.64 (0.42) Interaction F (p-value); ωp

2 (rating)
ωp

2 (rating) 0 1.01 (0.37); 0

RDHighSprinting
(>24 km/h)
(m/min)

2320 masl 0.02 ± 0.02 0.07 ± 0.09 0.06 ± 0.10 2.17 (0.12) 010 masl 0.03 ± 0.05 0.03 ± 0.07 0.02 ± 0.06
F (p) 2.62 (0.11) Interaction F (p-value); ωp

2 (rating)
ωp

2 (rating) 0 1.77 (0.17); 0
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Table 1. Cont.

Variables Altitude
Playing Position F

(p-Value)
ωp

2

(Rating) Post HocGuard Forward Centers

HRAVG
(bpm)

2320 masl 137.01 ± 10.94 132.83 ± 9.61 141.01 ± 11.25
4.04 (0.02) 0.03 (low) f10 masl 128.27 ± 12.39 127.97 ± 14.84 132.26 ± 11.77

F (p) 13.08 (<0.01) Interaction F (p value); ωp
2 (rating)

ωp
2 (rating) 0.06 (moderate) 0.52 (0.60); 0

HRMAX
(bpm)

2320 masl 170.69 ± 13.59 175.67 ± 10.91 178.03 ± 11.15 1.26 (0.29) 010 masl 172.36 ± 16.31 174.79 ± 14.96 174.35 ± 13.56
F (p) 0.18 (0.67) Interaction F (p-value); ωp

2 (rating)
ωp

2 (rating) 0 0.40 (0.67); 0

50–
60%HRMAX
(%)

2320 masl 8.60 ± 6.29 18.30 ± 11.96 11.14 ± 13.06
6.74 (<0.01) 0.05 (low) c d10 masl 20.88 ± 9.08 23.06 ± 9.81 18.51 ± 9.32

F (p) 21.89 (<0.01) Interaction F (p-value); ωp
2 (rating)

ωp
2 (rating) 0.10 (moderate) 1.54 (0.22); 0

60–70%HRMAX
(%)

2320 masl 23.87 ± 12.19 24.46 ± 8.70 20.76 ± 9.26 0.26 (0.77) 010 masl 24.52 ± 6.94 21.81 ± 6.68 27.56 ± 12.84
F (p) 1.03 (0.31) Interaction F (p-value); ωp

2 (rating)
ωp

2 (rating) 0 2.79 (0.09); 0

70–
80%HRMAX
(%)

2320 masl 24.07 ± 5.53 20.55 ± 9.39 23.43 ± 9.59 1.96 (0.14) 010 masl 18.64 ± 7.87 17.30 ± 7.65 19.31 ± 6.12
F (p) 10.15 (<0.01) Interaction F (p-value); ωp

2 (rating)
ωp

2 (rating) 0.05 (low) 0.22 (0.80); 0

80–
90%HRMAX
(%)

2320 masl 26.67 ± 12.57 20.47 ± 9.95 24.54 ± 10.18
5.11 (0.01) 0.04 (low) a f10 masl 17.50 ± 10.41 13.90 ± 9.43 19.90 ± 11.03

F (p) 16.12 (<0.01) Interaction F (p-value); ωp
2 (rating)

ωp
2 (rating) 0.08 (moderate) 0.49 (0.61); 0

90–
95%HRMAX
(%)

2320 masl 8.44 ± 6.82 7.54 ± 6.24 13.15 ± 7.67
5.18 (0.01) 0.04 (low) e f10 masl 6.05 ± 5.09 5.28 ± 6.40 7.14 ± 7.60

F (p) 10.48 (<0.01) Interaction F (p-value); ωp
2 (rating)

ωp
2 (rating) 0.05 (low) 1.40 (0.25); 0

95–
100%HRMAX
(%)

2320 masl 4.89 ± 8.28 4.17 ± 5.35 5.44 ± 5.55 0.18 (0.84) 010 masl 3.15 ± 4.39 2.65 ± 5.26 1.57 ± 2.50
F (p) 7.98 (0.01) Interaction F (p-value); ωp

2 (rating)
ωp

2 (rating) 0.04 (low) 0.91 (0.41); 0

SpeedMAX
(km/h)

2320 masl 18.76 ± 1.32 19.50 ± 1.89 19.59 ± 2.08 0.94 (0.39) 010 masl 19.41 ± 2.39 19.31 ± 3.16 20.21 ± 4.60
F (p) 0.62 (0.43) Interaction F (p-value); ωp

2 (rating)
ωp

2 (rating) 0 0.48 (0.62); 0

SpeedAVG
(km/h)

2320 masl 4.29 ± 0.39 4.18 ± 0.36 3.98 ± 0.33
5.08 (0.01) 0.04 (low) b d10 masl 4.34 ± 0.56 4.31 ± 0.60 4.04 ± 0.53

F (p) 0.94 (.33) Interaction F (p-value); ωp
2 (rating)

ωp
2 (rating) 0 0.11 (0.89); 0

TImpacts
(n/min)

2320 masl 89.24 ± 16.45 85.74 ± 14.75 90.16 ± 16.64 0.70 (0.50) 010 masl 81.42 ± 19.84 83.25 ± 21.91 86.75 ± 23.54
F (p) 2.12 (0.15) Interaction F (p-value); ωp

2 (rating)
ωp

2 (rating) 0 0.24 (0.78); 0

TImpactsLow
(0–3 g)
(n/min)

2320 masl 77.64 ± 15.04 77.70 ± 14.20 81.39 ± 16.37 1.17 (0.31) 010 masl 70.50 ± 17.69 74.67 ± 19.21 78.03 ± 20.93
F (p) 2.51 (0.12) Interaction F (p-value); ωp

2 (rating)
ωp

2 (rating) 0 0.19 (0.83); 0

TImpactsModerate
(3–5 g)
(n/min)

2320 masl 8.67 ± 1.92 6.14 ± 1.78 6.54 ± 1.60
9.15 (<0.01) 0.08 (moderate) a b10 masl 7.96 ± 2.61 6.54 ± 2.82 6.65 ± 2.70

F (p) 0.03 (0.87) Interaction F (p-value); ωp
2 (rating)

ωp
2 (rating) 0 0.70 (0.50); 0

TImpactsHigh
(5–8 g)
(n/min)

2320 masl 2.65 ± 0.74 1.69 ± 0.97 2.02 ± 1.03
9.07 (<0.01) 0.08 (moderate) a b10 masl 2.65 ± 1.12 1.85 ± 1.11 1.89 ± 1.08

F (p) 0.01 (0.95) Interaction F (p-value); ωp
2 (rating)

ωp
2 (rating) 0 0.31 (0.73); 0
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Table 1. Cont.

Variables Altitude
Playing Position F

(p-Value)
ωp

2

(Rating) Post HocGuard Forward Centers

TImpactsVeryHigh
(>8 g)
(n/min)

2320 masl 0.28 ± 0.11 0.21 ± 0.20 0.21 ± 0.16
5.34 (0.01) 0.04 (low) a b10 masl 0.31 ± 0.18 0.19 ± 0.15 0.17 ± 0.14

F (p) 0.17 (0.68) Interaction F (p-value); ωp
2 (rating)

ωp
2 (rating) 0 0.53 (0.59); 0

Total Steps
(n/min)

2320 masl 33.99 ± 7.76 28.09 ± 4.96 28.20 ± 5.58
4.73 (0.01) 0.04 (low) a b10 masl 30.39 ± 8.99 27.39 ± 8.63 26.93 ± 10.18

F (p) 2.16 (0.14) Interaction F (p-value); ωp
2 (rating)

ωp
2 (rating) 0 0.44 (0.64); 0

Total Jumps
(n/min)

2320 masl 0.86 ± 0.43 0.74 ± 0.42 0.82 ± 0.54 0.31 (0.73) 010 masl 0.64 ± 0.33 0.65 ± 0.38 0.56 ± 0.28
F (p) 8.39 (<0.01) Interaction F (p value); ωp

2 (rating)
ωp

2 (rating) 0.04 (low) 0.83 (0.44); 0

PLRT
(a.u./min)

2320 masl 0.70 ± 0.12 0.60 ± 0.08 0.61 ± 0.07
5.63 (<0.01) 0.05 (low) a b10 masl 0.65 ± 0.15 0.58 ± 0.15 0.59 ± 0.15

F (p) 1.87 (0.17) Interaction F (p-value); ωp
2 (rating)

ωp
2 (rating) 0 0.41 (0.67); 0

TAcc
(n/min)

2320 masl 32.24 ± 3.55 30.97 ± 2.93 32.37 ± 2.37 2.39 (0.09) 010 masl 23.60 ± 4.80 23.26 ± 5.40 25.20 ± 5.55
F (p) 120.23 (<0.01) Interaction F (p-value); ωp

2 (rating)
ωp

2 (rating) 0.39 (high) 0.29 (.75); 0

TDec
(n/min)

2320 masl 32.23 ± 3.58 30.97 ± 2.91 32.42 ± 2.35 2.46 (0.08) 010 masl 33.56 ± 7.78 23.27 ± 5.40 25.23 ± 5.57
F (p) 120.77 (<0.01) Interaction F (p-value); ωp

2 (rating)
ωp

2 (rating) 0.39 (high) 0.29 (0.74); 0

AccMAX
(m/s2)

2320 masl 5.15 ± 0.41 4.96 ± 0.52 5.09 ± 0.46 0.71 (0.49) 010 masl 4.29 ± 0.98 4.35 ± 0.78 4.01 ± 0.47
F (p) 60.23 (<0.01) Interaction F (p value); ωp

2 (rating)
ωp

2 (rating) 0.24 (high) 2.08 (0.13); 0

DecMAX
(m/s2)

2320 masl 5.03 ± 0.33 4.84 ± 0.47 4.87 ± 0.40 1.80 (0.17) 010 masl 4.27 ± 0.99 4.26 ± 0.77 3.91 ± 0.44
F (p) 52.36 (<0.01) Interaction F (p value); ωp

2 (rating)
ωp

2 (rating) 0.21 (high) 1.37 (.26); 0

RD in
Acceleration
(m/min)

2320 masl 6.40 ± 1.18 5.15 ± 1.42 5.18 ± 1.41
5.74 (<0.01) 0.04 (low) a b10 masl 4.01 ± 1.96 3.62 ± 1.78 2.78 ± 1.85

F (p) 61.52 (<0.01) Interaction F (p value); ωp
2 (rating)

ωp
2 (rating) 0.23 (high) 1.50 (0.23); 0

RD in
Deceleration
(m/min)

2320 masl 5.49 ± 1.14 4.75 ± 1.45 4.68 ± 1.44
5.11 (<0.01) 0.03 (low) a b10 masl 3.49 ± 1.72 3.09 ± 1.53 2.19 ± 1.52

F (p) 70.94 (<0.01) Interaction F (p-value); ωp
2 (rating)

ωp
2 (rating) 0.26 (high) 1.27 (0.28); 0

Note: masl: meters above sea level; HR: heart rate; PL: player load; RD: relative distance; F: F-value of MANOVA; p:
p-value; ωp

2: partial omega squared. Bold font represents statistical differences. Post hoc: (a) guards > forwards;
(b) guards > centers; (c) forwards > guards; (d) forwards > centers; (e) centers > guards; (f) centers > forwards.

3.3. Specific Effects of Altitude by Playing Position

Figure 3 shows the independent effects of altitude in each playing position. Concerning
the total distance covered at different speeds, all differences were found to have higher
values for the high-altitude condition in RD and RD0–6 km/h (high effect: guards; moderate
effect: forwards and centers), RD12–18 km/h (moderate effect: guards), RD18–24 km/h (high
effect size: all positions), and RD>24 km/h (moderate effect: centers; low effect: forwards).
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Figure 3. The specific effects of altitude on internal and external workload demands, by playing
position. Note: G: guards; F: forwards; C: centers; HR: heart rate; PL: player load; RD: relative
distance.

Regarding the internal demands according to heart rate telemetry, higher demands
were found at sea level in 50–60%HRMAX (high effect: guards; moderate effect: centers;
low effect: forwards) and 60–70%HRMAX (moderate effect: centers). On the other hand,
higher demands at high altitude were obtained in HRAVG (moderate effect: guards and
centers; low effect: forwards), 70–80%HRMAX (moderate effect: guards and centers; low
effect forwards) 80–90%HRMAX (high effect: guards; moderate effect: centers; low effect:
forwards), and 90–95%HRMAX and 95–100%HRMAX (high effect: centers).

In terms of speed and speed changes, a high effect size was found for the high-altitude
condition in all playing positions in TAcc, TDec, AccMAX, DecMAX, RDAcc, and RDDec.
Finally, in terms of neuromuscular load, only centers presented moderate effect on jumps.
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4. Discussion

Aerobic capacity is a determinant of the physical and physiological performance of
basketball players [5]. For its development, high-intensity interval training has been used
under normoxic conditions [7], but implementing training camps in hypoxic conditions
(training high—living high) could provide higher performance enhancements [8]. Due to
basketball research not evaluating the direct effects of altitude on workload demands during
a training camp, this study aimed to characterize external and internal load demands during
preseason and examine differences based on the training environment (sea level, 10 m.a.s.l.
versus high altitude, 2320 m.a.s.l.) by playing position. Overall, hypoxic exposure increased
physical and physiological demands, aligning with this study’s hypothesis.

4.1. Effects of Altitude on Internal and External Workload

The results indicated that internal and external workload demands were effectively
overloaded in the 6-day altitude camp compared to the sea-level camp across all positions,
as evidenced by heightened locomotor activities and cardiovascular strain. Specifically,
total distance and at low intensity (<12 km/h), accelerations/decelerations (total, maxi-
mum efforts, and distance covered), and jump frequency were 10–39% higher at altitude.
Concerning the effect of total distance and at lower intensities (TD0–6 km/h and TD6–12 km/h),
previous research in soccer has shown increased low-speed running but reductions in
high-speed running early at altitude, as players work harder to maintain their movement
velocities due to the decreased partial pressure of inspired oxygen [32]. In this sense, [33]
found that an altitude > 1500 m improved the best marks of sprinting (<400 m), triple and
long jump, and hammer throw, due to the reduction in air density and aerodynamic drag,
meaning less resistance for fast movements. Therefore, the altitude environment directly
influences the external workload of athletes, with higher performance in speed changes and
jumps but lower performance in total distance covered at high intensities, which depends
on the aerobic metabolic energy system.

Greater physiological demands were illustrated by higher average heart rates and
more time spent at moderate–very-high-intensity zones during altitude sessions. HR data
may be impacted by the geographical location, specifically at higher altitudes [33] and
in simulated conditions [16]. HR remains elevated after 3–5 days after initial exposure
to altitude, compensating for a decrease in stroke volume [34]. Also, training high and
living high include the potential for high-altitude mountain sickness (AMS) caused by
reduced air pressure and lower oxygen levels. This is characterized by headaches, nausea,
breathlessness, vomiting, and dizziness [35], which affect fatigue and stress values [33],
lower limb balance [16], and sleep quality [17].

When the athletes returned to sea level, an increased efficiency of displacements was
found, with a reduction in total distance and at low intensity, speed changes, and jumps, as
well as maintaining or increasing the high-intensity distance. This efficiency and higher
performance are in agreement with other basketball research reporting improved high-
intensity running capacity [13] and on-court agility performance [12,14] following hypoxic
training. In addition, the increased aerobic demands under hypoxia concur with past
studies documenting superior VO2MAX development [11] and faster heart rate recovery [34]
in basketball players after altitude training. The authors of [15] found that HIIT in hypoxia
improved maximum aerobic capacity more than HIIT in normoxia.

Other methods that could be investigated that increase the physical and physiological
performance at sea level include living high—training low, training high—living low, and
training low with a reduction in breathing rate or air volume. Firstly, not only did training at
real or simulated altitudes improve performance, living high—training low also produced
improvements in repeated sprint ability and aerobic capacity [36]. In a comparison between
the benefits of living high and training high, training high presented greater benefits
specifically in normobaric hypoxia, due to maintaining the physiological benefits of oxygen
reduction and not altering the neuromuscular system [9]. Hypobaric hypoxia (real altitude)
produces higher heart rate, decreased minute ventilation and alveolar ventilation, higher
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Lake Louise AMS (headache, nausea, fatigue, dizziness), and worse balance compared
to normobaric hypoxia [37]. Finally, new methods with lower costs than living high or
training high include hypoventilation training and reduction in air volume, which have
shown an increase in VO2MAX, being adaptable to all sports and all conditions [14].

Therefore, the use of short 5–7-day altitude blocks during preseason can provide an
overload stimulus to develop physical and physiological fitness across all positions, so long
as workloads are monitored to manage the fatigue and stress produced by altitude expo-
sure. Upon returning to sea level, players displayed improved efficiency and performance,
suggesting the utility of hypoxic exposure for enhancing high-intensity running capacity
and on-court agility. While living high—training high is an effective method, alternatives
like simulated hypoxia, reduced air volume (masks), and hypoventilation could be accessi-
ble methods for varied sports and conditions, with a reduced cost. Finally, the inclusion
of more altitude training periods within the annual plan can optimize performance gains
after tapering at sea level.

4.2. Specific Demands between Playing Positions

While an altitude effect occurred across all playing positions, the workload magni-
tudes differed between guards, forwards, and centers. Playing positions present differ-
ent roles during the game that affect physical [19,20] and technical–tactical actions [21].
Guards covered more distance in high-speed running, change in direction, and accelera-
tion/deceleration versus forwards and centers. These results align with time–motion analy-
ses demonstrating that guards complete more high-intensity activities during games [20,25].
Centers accrued less distance in moderate/high-speed locomotion but exhibited greater
cardiovascular demands [24]. The positional differences under hypoxia concurred with
past research showing varied physical and physiological adaptations to altitude between
players [13].

Examining workload responses separately by position revealed that altitude univer-
sally increased demands, although the magnitudes differed. All positions showed large
improvements in high-speed running, total number of accelerations/decelerations, and
distance covered. Guards demonstrated the greatest altitude gains in high-intensity cardio-
vascular strain, highlighted by very high (80–100% max HR) zones. These results align with
the findings of [13], who reported enhanced aerobic fitness in guards following altitude
training. Centers experienced high heart rate elevations at lower intensities (50–70% max
HR) during hypoxic sessions, concurring with [23], who found that centers reported greater
muscular pain and longer recovery times. Positional data provide novel evidence that
hypoxic exposure stimulates greater speed/agility volumes and cardiovascular overload
across playing positions.

Therefore, basketball players in different positions respond uniquely to altitude train-
ing, although all experience overload. Guards may focus on developing speed and agility,
while big men emphasize lower-speed endurance. Coaches should optimize training by
considering each position’s strengths and weaknesses and tailoring the altitude stimulus
accordingly. For example, increased high-intensity running for guards provides a plat-
form to improve their speed endurance. Monitoring workload helps balance the desired
adaptations with fatigue. Tapering after altitude should align with positional requirements
as players transition back to sea level. Field testing after altitude helps assess individual
progress to inform further training needs at sea level.

4.3. Limitations

Although the present study provides the first insight into the effects of training en-
vironment (high altitude vs. sea level) on internal and external workload demands by
playing position in a professional basketball team, several limitations should be mentioned.
The results may not be broadly generalizable beyond the single elite team examined. Im-
plementing longer altitude exposures across a larger, more diverse sample could improve
the generalizability and provide additional workload insights over an extended timeframe.
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The logistical complexities and costs of traveling to appropriate altitude facilities may limit
accessibility for many teams. Evaluating alternative hypoxic training methods could offer
more practical solutions. This study was confined to the preseason period; investigating
altitude applications during other phases may reveal new timing effects. Finally, a lon-
gitudinal approach tracking players across successive altitude camps could better assess
individual adaptations and performance improvements over time. Future lines of research
could also analyze different training periods (short periods of training at altitude and high
periods of training at altitude). In addition, it could also be interesting analyze aerobic and
training resistance together with strength performance.

5. Conclusions and Practical Applications

This study provides novel insights into the influence of altitude training on basketball
workload demands during the preseason. The results showed that exposure to 2320 m
meaningfully increased external loads, including total distance, accelerations/decelerations,
and high-intensity running. Internal loads were also greater at high altitude, evidenced
by heightened cardiovascular strain. The magnitude of the difference between high alti-
tude and sea level was similar for guards, forwards, and centers. A 6-day altitude camp
effectively overloads basketball training, which could potentiate fitness adaptations when
structured appropriately within the annual plan.

Therefore, due to data indicating that integrating small altitude camps into preseason
enhances workload capacities, different practical applications could be given for basketball
team staff: (a) using short altitude blocks (5–7 days) during early preseason to provide an
intensive overload stimulus, drive training adaptations, and improve the group cohesion;
(b) workload monitoring is key to balancing the desired physical fitness adaptations during
altitude training, controlling stress and fatigue; (c) coaches should individualize training at
altitude based on position-specific demands; (d) blending technical/tactical activities with
fitness loads helps develop skills under hypoxic conditions; and (e) a tapering period at sea
level after altitude training may optimize performance gains.
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16. Pojskić, H.; Hanstock, H.G.; Tang, T.-H.; Rodríguez-Zamora, L. Acute Exposure to Normobaric Hypoxia Impairs Balance
Performance in Sub-Elite but Not Elite Basketball Players. Front. Physiol. 2021, 12, 748153. [CrossRef] [PubMed]

17. Saugy, J.J.; Schmitt, L.; Fallet, S.; Faiss, R.; Vesin, J.-M.; Bertschi, M.; Heinzer, R.; Millet, G.P. Sleep Disordered Breathing During
Live High-Train Low in Normobaric Versus Hypobaric Hypoxia. High Alt. Med. Biol. 2016, 17, 233–238. [CrossRef] [PubMed]

18. Fox, J.L.; Scanlan, A.T.; Stanton, R. A Review of Player Monitoring Approaches in Basketball: Current Trends and Future
Directions. J. Strength Cond. Res. 2017, 31, 2021–2029. [CrossRef]

19. Ibáñez, S.J.; Piñar, M.I.; García, D.; Mancha-Triguero, D. Physical Fitness as a Predictor of Performance during Competition in
Professional Women’s Basketball Players. Int. J. Environ. Res. Public Health 2023, 20, 988. [CrossRef]

20. Reina, M.; García-Rubio, J.; Esteves, P.T.; Ibáñez, S.J. How External Load of Youth Basketball Players Varies According to Playing
Position, Game Period and Playing Time. Int. J. Perform. Anal. Sport 2020, 20, 917–930. [CrossRef]

21. Fernández-Cortes, J.A.; Mandly, M.G.; García-Rubio, J.; Ibáñez, S.J. Contribution of Professional Basketball Players According to
the Specific Position and the Competition Phase. E-Balonmano. Com 2021, 17, 223–232.

22. Fox, J.L.; Stanton, R.; Sargent, C.; O’Grady, C.J.; Scanlan, A.T. The Impact of Contextual Factors on Game Demands in Starting,
Semiprofessional, Male Basketball Players. Int. J. Sports Physiol. Perform. 2020, 15, 450–456. [CrossRef] [PubMed]

23. Manzi, V.; D’Ottavio, S.; Impellizzeri, F.M.; Chaouachi, A.; Chamari, K.; Castagna, C. Profile of Weekly Training Load in Elite
Male Professional Basketball Players. J. Strength Cond. Res. 2010, 24, 1399–1406. [CrossRef] [PubMed]

24. Ponce-Bordón, J.C.; Bravo, I.R.; López-Gajardo, M.Á.; García, J.D. Monitorización de La Carga de Entrenamiento Por Posición y
Tareas En Baloncesto Profesional Masculino. E-Balonmano Com Rev. Cienc. Deporte 2021, 17, 145–152. [CrossRef]

25. Puente, C.; Abián-Vicén, J.; Areces, F.; López, R.; Del Coso, J. Physical and Physiological Demands of Experienced Male Basketball
Players During a Competitive Game. J. Strength Cond. Res. 2017, 31, 956–962. [CrossRef] [PubMed]

26. Montero, I.; León, O.G. A guide for naming research studies in Psychology. Int. J. Clin. Health Psychol. 2007, 7, 847–862.
27. Hellmann, F.; Verdi, M.; Schlemper Junior, B.R.; Caponi, S. 50th Anniversary of the Declaration of Helsinki: The Double Standard

Was Introduced. Arch. Med. Res. 2014, 45, 600–601. [CrossRef] [PubMed]
28. Gómez-Carmona, C.D.; Bastida-Castillo, A.; García-Rubio, J.; Ibáñez, S.J.; Pino-Ortega, J. Static and Dynamic Reliability of WIMU

PROTM Accelerometers According to Anatomical Placement. Proc. Inst. Mech. Eng. Part P J. Sports Eng. Technol. 2019, 233,
238–248.

https://doi.org/10.1371/journal.pone.0229212
https://doi.org/10.1007/s40279-017-0794-z
https://doi.org/10.1123/ijspp.2019-0785
https://doi.org/10.1123/ijspp.2019-0722
https://doi.org/10.1519/JSC.0b013e3181b7f941
https://doi.org/10.2165/00007256-200131010-00001
https://doi.org/10.23736/S0022-4707.19.09180-1
https://doi.org/10.2165/11317920-000000000-00000
https://doi.org/10.1136/bjsports-2013-092741
https://www.ncbi.nlm.nih.gov/pubmed/24282207
https://doi.org/10.1007/BF03262293
https://www.ncbi.nlm.nih.gov/pubmed/22845561
https://doi.org/10.2478/hukin-2013-0073
https://www.ncbi.nlm.nih.gov/pubmed/24511346
https://doi.org/10.3390/app132011381
https://doi.org/10.1007/s40279-017-0685-3
https://www.ncbi.nlm.nih.gov/pubmed/28194720
https://doi.org/10.1007/s42978-022-00163-3
https://doi.org/10.3390/ijerph192114261
https://www.ncbi.nlm.nih.gov/pubmed/36361141
https://doi.org/10.3389/fphys.2021.748153
https://www.ncbi.nlm.nih.gov/pubmed/34777010
https://doi.org/10.1089/ham.2016.0049
https://www.ncbi.nlm.nih.gov/pubmed/27410774
https://doi.org/10.1519/JSC.0000000000001964
https://doi.org/10.3390/ijerph20020988
https://doi.org/10.1080/24748668.2020.1818973
https://doi.org/10.1123/ijspp.2019-0203
https://www.ncbi.nlm.nih.gov/pubmed/31605525
https://doi.org/10.1519/JSC.0b013e3181d7552a
https://www.ncbi.nlm.nih.gov/pubmed/20386474
https://doi.org/10.17398/1885-7019.17.145
https://doi.org/10.1519/JSC.0000000000001577
https://www.ncbi.nlm.nih.gov/pubmed/27467516
https://doi.org/10.1016/j.arcmed.2014.10.005
https://www.ncbi.nlm.nih.gov/pubmed/25450586


Sensors 2024, 24, 3245 15 of 15

29. Pino-Ortega, J.; Bastida-Castillo, A.; Gómez-Carmona, C.D.; Rico-González, M. Validity and Reliability of an Eight Antennae
Ultra-Wideband Local Positioning System to Measure Performance in an Indoor Environment. Sports Biomech. 2024, 23, 145–155.
[CrossRef]

30. Schelling, X.; Torres, L. Accelerometer Load Profiles for Basketball-Specific Drills in Elite Players. J. Sports Sci. Med. 2016, 15,
585–591.

31. Cohen, J. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; Erlbaum: Hillsdale, NJ, USA, 1988.
32. Aughey, R.J.; Hammond, K.; Varley, M.C.; Schmidt, W.F.; Bourdon, P.C.; Buchheit, M.; Simpson, B.; Garvican-Lewis, L.A.; Kley, M.;

Soria, R.; et al. Soccer Activity Profile of Altitude versus Sea-Level Natives during Acclimatisation to 3600 m (ISA3600). Br. J.
Sports Med. 2013, 47, i107–i113. [CrossRef] [PubMed]

33. Hamlin, M.; Hopkins, W.; Hollings, S. Effects of Altitude on Performance of Elite Track-and-Field Athletes. Int. J. Sports Physiol.
Perform. 2015, 10, 881–887. [CrossRef] [PubMed]

34. Mazzeo, R.S. Physiological Responses to Exercise at Altitude : An Update. Sports Med. 2008, 38, 1–8. [CrossRef] [PubMed]
35. Khodaee, M.; Grothe, H.L.; Seyfert, J.H.; VanBaak, K. Athletes at High Altitude. Sports Health 2016, 8, 126–132. [CrossRef]

[PubMed]
36. Inness, M.W.H.; Billaut, F.; Aughey, R.J. Live-High Train-Low Improves Repeated Time-Trial and Yo-Yo IR2 Performance in

Sub-Elite Team-Sport Athletes. J. Sci. Med. Sport 2017, 20, 190–195. [CrossRef]
37. Coppel, J.; Hennis, P.; Gilbert-Kawai, E.; Grocott, M.P. The Physiological Effects of Hypobaric Hypoxia versus Normobaric

Hypoxia: A Systematic Review of Crossover Trials. Extreme Physiol. Med. 2015, 4, 2. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1080/14763141.2020.1830162
https://doi.org/10.1136/bjsports-2013-092776
https://www.ncbi.nlm.nih.gov/pubmed/24282196
https://doi.org/10.1123/ijspp.2014-0261
https://www.ncbi.nlm.nih.gov/pubmed/25710483
https://doi.org/10.2165/00007256-200838010-00001
https://www.ncbi.nlm.nih.gov/pubmed/18081363
https://doi.org/10.1177/1941738116630948
https://www.ncbi.nlm.nih.gov/pubmed/26863894
https://doi.org/10.1016/j.jsams.2015.12.518
https://doi.org/10.1186/s13728-014-0021-6

	Introduction 
	Materials and Methods 
	Design 
	Participants 
	Variables 
	Equipment 
	Procedures 
	Data Analysis 

	Results 
	Effects of Altitude on Internal and External Workload Demands 
	Combined Effect of Altitude and Playing Position 
	Specific Effects of Altitude by Playing Position 

	Discussion 
	Effects of Altitude on Internal and External Workload 
	Specific Demands between Playing Positions 
	Limitations 

	Conclusions and Practical Applications 
	References

