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ABSTRACT
As the Milano-Cortina 2026 Winter Olympics approach, a consolidated understanding of performance determinants across the 
diverse spectrum of ice sports is crucial, yet the scientific literature remains unevenly distributed. This structured narrative 
review synthesizes available evidence on key performance-determining factors and contemporary training characteristics for 
Olympic ice sports, based on topic-driven literature searches and qualitative synthesis. Disciplines are grouped according to 
their primary performance demands. (1) High-volume gliding sports (long- and short-track speed skating): Performance balances 
biomechanical efficiency (e.g., aerodynamic posture) against physiological constraints. This necessitates high annual training 
volumes (900–1100 h·year−1), polarized, mixed-modal training, with short-track adding critical tactical and pack-dynamic ele-
ments. (2) Exposure-driven gravity sports (bobsleigh, skeleton, luge): Performance is overwhelmingly determined by start ve-
locity, with the initial 15–65 m contributing disproportionately to overall race outcome. Bobsleigh and skeleton training mirrors 
sprint athletes, prioritizing lower-body power, while luge demands explosive upper-body strength. (3) Arena-based sports (ice 
hockey, figure skating, curling): These sports show varied demands. Ice hockey requires managing high-intensity intermittent 
efforts, with 40%–50% of on-ice distance performed at high skating speeds; figure skating hinges on the power and precision of 
high-value jumps (e.g., triple and quadruple rotations); and curling relies on delivery accuracy and sweeping strength-endurance. 
Sex-specific differences, often related to absolute power output (skating, sliding) and biomechanics, are evident, although ev-
idence remains limited or uneven across several disciplines. Rather than providing prescriptive training models, this review 
identifies discipline-specific training priorities and key gaps in the current evidence base relevant to athlete preparation for 
Milano-Cortina 2026.

1   |   Introduction

Since the first Winter Olympic Games in 1924, ice-based 
sports have evolved from natural-ice competitions into highly 

specialized disciplines shaped by advances in equipment, ice 
preparation, and training science, providing a foundation for 
contemporary performance analysis. Crucially, success in all 
disciplines is predicated on the fundamental mechanics of 
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ice locomotion, particularly propulsion and gliding on a low-
friction interface.

1.1   |   Historical Development of Olympic Gliding 
Disciplines

Long-track speed skating and bobsleigh have featured since the 
first Winter Olympics in 1924, with women's events added pro-
gressively from the mid-20th century onward. Short-track speed 
skating entered the Olympic program in 1992, while luge and 
skeleton were included later, with skeleton reintroduced in 2002. 
Arena-based sports followed a different trajectory: figure skat-
ing moved from the Summer to the inaugural Winter Games in 
1924, ice hockey has been included since 1924 (women's events 
since 1998), and curling became a regular medal sport in 1998.

The expansion of disciplines and women's events reflects both 
technical innovation and social progress, with women's medal 
events increasing from < 20% in 1960 to nearly 50% by 2022. 
Despite this growth, research remains unevenly distributed, with 
most evidence concentrated in endurance-oriented ice sports and 
limited data available for sliding and arena-based disciplines.

1.2   |   Shared Mechanics and Distinct Performance 
Demands

All Olympic ice sports share the fundamental challenge of gen-
erating and maintaining propulsion on a low-friction surface 
while minimizing aerodynamic and mechanical losses. Success 
depends on the effective integration of muscular force, technical 
precision, and control of athlete–equipment dynamics. However, 
the contribution of metabolic, mechanical, and neuromuscular 
systems differs between disciplines (Table 1). Importantly, this 
classification reflects dominant performance constraints and is 
not intended to imply uniformity within each category; substan-
tial within-group variability exists, particularly between long- 
and short-track speed skating, and is explicitly addressed in the 
sport-specific sections.

To describe these differences, this review applies three classi-
fications based on the dominant performance demand. This 
framework groups disciplines based on shared physiological and 
mechanical limiting factors, enabling more meaningful cross-
sport comparisons.

1.	 High-volume gliding sports (long- and short-track speed 
skating) depend primarily on aerobic and anaerobic energy 
turnover, biomechanical efficiency, and pacing regulation. 
Performance requires high training volume, refined move-
ment economy, and the ability to sustain aerodynamic pos-
ture under fatigue.

2.	 Exposure-driven gravity sports (bobsleigh, skeleton, luge) 
rely on rapid acceleration and precise aerodynamic control 
during short, high-speed descents. Performance depends 
on start effectiveness, neuromuscular power, and the coor-
dination of steering or gliding technique.

3.	 Arena-based ice sports (ice hockey, figure skating, curling) 
combine intermittent or fine-motor demands with complex 

cognitive, technical, and tactical components. These disci-
plines integrate power, skill execution, perceptual–motor 
control, and strategic decision-making.

The classification of Olympic ice sports into high-volume glid-
ing, exposure-driven gravity, and arena-based disciplines was 
not derived from a formal systematic algorithm, but emerged it-
eratively as a conceptual framework during evidence synthesis. 
This framework is based on the dominant physiological, biome-
chanical, and technical constraints identified across disciplines 
and is intended to support cross-sport comparison rather than 
imply homogeneity within categories. The upcoming Milano–
Cortina 2026 Winter Olympic Games highlight the need to con-
solidate the scientific evidence on performance determinants in 
Olympic ice sports. Although individual studies describe aspects 
of physiology, biomechanics, and training, the overall knowl-
edge base remains fragmented across disciplines and uneven 
with respect to sex-specific data. This narrative review aims to:

(i) integrate current findings on the physiological, biomechani-
cal, and technical factors that determine performance across all 
Olympic ice sports; (ii) describe contemporary training struc-
tures within each category of performance demand; and (iii) 
identify key research gaps relevant to optimizing athlete prepa-
ration for 2026.

By comparing disciplines within a unified performance frame-
work, the review links mechanistic understanding with applied 
relevance for sport scientists, coaches, and practitioners involved 
in high-performance ice sport preparation.

2   |   Method

This narrative review was prepared as part of a multi-paper 
special issue addressing scientific and applied topics relevant 
to preparation for the Olympic Winter Games Milano–Cortina 
2026. It was designed as an integrative, concept-driven narra-
tive synthesis to complement discipline-specific contributions, 
rather than as a systematic or reproducible evidence-mapping 
exercise.

2.1   |   Literature Search Strategy

Structured, topic-driven literature searches were conducted in 
PubMed/MEDLINE, Web of Science, and Google Scholar be-
tween April and October 2025. Searches combined keywords 
related to Olympic ice sports and elite performance (e.g., en-
durance training, training load, strength and power, recovery, 
technology, athlete health), alongside sport-specific terms (e.g., 
speed skating, ice hockey, bobsleigh, figure skating, curling). 
Search strings were adapted to each database and refined itera-
tively to balance sensitivity and relevance.

The search process was iterative and adaptive, with thematic 
emphases refined as the conceptual framework of dominant 
performance demands evolved. Reference lists of key reviews, 
consensus statements, and position papers were screened using 
backward and forward citation chaining to identify additional 
relevant literature.
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2.2   |   Study Selection and Eligibility Criteria

We prioritized peer-reviewed English-language studies pub-
lished between 2005 and 2025, while including seminal earlier 

work where conceptually foundational. Eligible studies primar-
ily involved athletes classified as “highly trained/national level” 
to “World Class.” Studies involving untrained, pediatric, or clin-
ical populations without direct relevance to elite performance 

TABLE 1    |    Overview of competition formats, venues, sex categories, and key performance metrics across Olympic on-ice disciplines.

Sport event Format Venue Sex
Performance 

metric Men Women

Long-track speed skating 500 m TT IO-S ♂, ♀ World Record (s) 33.61 36.36

Long-track speed skating 1000 m TT IO-S ♂, ♀ World Record (min:s) 1:05.37 1:11.61

Long-track speed skating 1500 m TT IO-S ♂, ♀ World Record (min:s) 1:40.17 1:49.83

Long-track speed skating 3000 m TT IO-S ♀ only World Record (min:s) — 3:52.02

Long-track speed skating 5000 m TT IO-S ♂, ♀ World Record (min:s) 6:01.56 6:39.02

Long-track speed skating 10 000 m TT IO-S ♂ only World Record (min:s) 12:25.69 —

Long-track speed skating mass 
start

TT IO-S ♂, ♀ Race time (min:s) ≈7:45–8:15 ≈8:15–9:00

Long-track speed skating team 
pursuit

TT IO-S ♂, ♀ World Record (min:s) 8 laps (3200 m)
3:33.66

6 laps (2400 m)
2:50.76

Short-track speed skating 500 m HE IR-S ♂, ♀ World Record (s) 39.505 41.416

Short-track speed skating 1000 m HE IR-S ♂, ♀ World Record (min:s) 1:20.875 1:25.958

Short-track speed skating 1500 m HE IR-S ♂, ♀ World Record (min:s) 2:07.943 2:14.354

Short-track speed skating 3000 m 
relay

HE IR-S ♀ only World Record (min:s) — 4:02.809

Short-track speed skating 5000 m 
relay

HE IR-S ♂ only World Record (min:s) 6:28.625 —

Short-track speed skating mixed 
team relay

HE IR-S ♂ + ♀ World Record (min:s) 2:35.339

Figure skating singles PR IR-S ♂, ♀ Max rotations 
(Total Score WR)

4.5 (335.30) 4.0 (272.71)

Figure skating pairs PR IR-S ♂ + ♀ Max throw jump 
rotations

3.5–4 3–4

Figure skating ice dance PR IR-S ♂ + ♀ Element levels/GOE — —

Figure skating team event TA IR-S ♂ + ♀ Aggregate points — —

Luge singles MR ST-S/M ♂ + ♀ Top speed km·h−1 130–145 125–140

Luge doubles MR ST-S/M ♂, ♀ Top speed km·h−1 135–150 130–145

Luge Team Relay MX ST-S/M ♂ + ♀ Top speed km·h−1 130–145 125–140

Bobsleigh 2-man/woman MR ST-S/M ♂ + ♀ Top speed km·h−1 135–150 —

Bobsleigh 4-man MR ST-S/M ♂ only Top speed km·h−1 135-150

Bobsleigh monobob MR ST-S/M ♀ only Top speed km·h−1 120-135 125–140

Skeleton singles MR ST-S/M ♂, ♀ Top speed km·h−1 135–150 125–140

Skeleton mixed team MX ST-S/M ♂ + ♀ 130-150

Curling team TA IR-S ♂, ♀ Shot success % 80%–85% 75%–82%

Curling mixed doubles TA IR-S ♂ + ♀ 80%–85%

Ice hockey tournament HE IR-S ♂ + ♀ Max skating/
shot speed

37 km·h−1; 
165 km·h−1

33 km·h−1; 
120 km·h−1

Abbreviations: ♀, female; ♂, male; ♂ + ♀, mixed-sex event; GOE, grade of execution; HE, head-to-head; IO-S, indoor oval skating rink; IR-S, indoor ice rink; MR, 
multiple runs; MX, mixed format; PR, program-based (judged routine); ST-S/M, sliding track (synthetic or mixed natural ice); TA, team aggregate; TT, time trial.
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were excluded. Consistent with the narrative intent of the 
review, no formal study-count thresholds, screening flow dia-
gram, or reproducibility metrics were applied.

Given the uneven distribution of evidence across ice sports, a 
broad range of study designs (experimental, observational, mod-
eling, and applied case studies) was included. Where discipline-
specific data were sparse, applied reports and mechanistic 
evidence from related sports were selectively integrated, with 
such extrapolations explicitly acknowledged. Study selection 
was guided by relevance to performance determinants, training 
characteristics, and applied implications.

2.3   |   Evidence Synthesis

Literature was organized into three domains: (1) performance 
determinants and training methodologies; (2) recovery, health, 
and fatigue-related factors; and (3) technology and applied in-
novations. Findings were synthesized narratively to identify 
shared and divergent physiological, biomechanical, and tech-
nical constraints across ice sports, with disciplines grouped by 
dominant performance demands to support cross-sport compar-
ison. Narrative synthesis was selected due to substantial het-
erogeneity in performance metrics, study designs, and outcome 
variables, and the strength and limitations of the evidence were 
considered where relevant.

2.4   |   Methodological Considerations 
and Limitations

Consistent with its narrative nature, no systematic search pro-
tocol, risk-of-bias assessment, or meta-analysis was performed, 
and the review is not intended to be exhaustive. Potential lim-
itations include language bias, selective inclusion of applied ev-
idence, and reliance on extrapolation in disciplines with limited 
ice sport–specific data.

The evidence base is substantially stronger for high-volume, 
endurance-limited ice sports than for exposure-driven or arena-
based disciplines, where endurance primarily serves a support-
ive or feeder function. Accordingly, the depth of analysis across 
sports is uneven, reflecting current research availability rather 
than differential importance. These gaps are explicitly high-
lighted and framed as priorities for future research.

3   |   High-Volume Gliding Sports (Long- and 
Short-Track Speed Skating)

Although long- and short-track speed skating are grouped as 
high-volume gliding sports based on shared constraints related 
to posture, drag, and sustained force production, they differ 
markedly in athlete phenotype and dominant performance de-
terminants [1]. Long-track speed skating, particularly at middle 
and long distances, places a greater emphasis on aerobic energy 
turnover [2], pacing skills that develop throughout adolescence 
[3], and the ability to sustain an efficient crouched posture 
under prolonged fatigue while maintaining technical ability 
[4, 5]. In contrast, short-track speed skating imposes higher 

relative demands on anaerobic power, rapid accelerations, tac-
tical decision-making, and pack dynamics, with performance 
outcomes strongly influenced by positioning and situational 
context  [6]. Recognizing these within-group distinctions is es-
sential for translating the classification into discipline-specific 
training and coaching practice.

3.1   |   Long-Track Speed Skating a factor  
distinguishing faster from slower athletes

In long-track speed skating, a large part of the skater's mechan-
ical power output is used to overcome energy losses to air and 
ice friction, with aerodynamic drag being the dominant resis-
tive force at racing speeds (> 45 km·h−1) [7, 8]. Reducing aero-
dynamic drag is therefore critical and is achieved by reducing 
frontal area through the characteristic crouched position. This 
posture yields a smaller pre-extension knee angle, a more hori-
zontal trunk, and an associated smaller push-off angle, reflect-
ing a more effective push-off [7, 9–10]. The ability to maintain 
this characteristic crouched posture throughout the race thus 
seems a key performance differentiator, as was also suggested 
in junior elite athletes [5]. With fatigue, posture typically de-
teriorates, where the pre-extension knee and push-off angles 
increase, impairing both aerodynamics and push-off effective-
ness [8, 9]. This degradation is closely associated with velocity 
declines, particularly via the increase in push-off angle during 
longer events [9]. In junior elite athletes, development over com-
petitive seasons showed a shift toward smaller push-off angles 
and a better ability to prevent a decay in posture throughout 
the race [5], a factor distinguishing faster from slower athletes.

Physiologically, the benefits associated with this biomechan-
ically favorable crouched position also create a challenge: the 
posture substantially lowers frontal area and drag, but also re-
duces muscle blood flow to the thigh [11], constraining oxygen 
delivery and reinforcing the challenge of preserving effective 
technique under fatigue [10, 12]. A rapid desaturation occurs 
directly after the start of a race [13], with an asymmetry in 
muscle oxygenation between both legs associated with skating 
through the curves [11]. Additionally, evidence indicates that 
speed skating technique affects oxygenation, with consequences 
for fatigue and recovery kinetics [14]. Managing this interplay 
between biomechanical and physiological factors, and finding 
the optimal trade-off, appears to be an important determinant 
of speed skating performance.

Another performance-determining skill specific to speed skat-
ing, driven by the high aerodynamic drag forces, emerges in 
the team events, where drafting is critical. Synchronization 
can reduce aerodynamic drag by up to ~25% in wind-tunnel 
tests, translating into ~3%–5% lower physiological intensity 
(heart rate)—underscoring the value of coordinated pacing 
strategies [15, 16]. Skaters in subsequent drafting positions 
also show benefits in both heart rate and ratings of perceived 
exertion [16]. While coaches and athletes recognize these ben-
efits, they acknowledge limited knowledge or experience re-
garding how to optimize drafting skills through training [17]. 
Since in speed skating, team disciplines are relatively new to 
the Olympic agenda, this will be an interesting area for further 
research.
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Elite long-track speed skaters typically perform ~800–900+ 
hours annually, following a polarized, mixed-modal approach 
with ~75%–80% of endurance training at low intensity. This struc-
ture reflects the sport's unique physical demands: the deep, mus-
cularly demanding skating posture and high mechanical load 
make long sessions challenging and limit specific on-ice training 
to ~150–200 h per year. Therefore, the vast majority of low- and 
moderate-intensity sessions are performed as cross-training 
(especially cycling), while the limited on-ice time is prioritized 
for higher, competition-specific intensities and racing [18]. 
Endurance work is supplemented by strength and power training 
(lower body/core) and dryland skating simulations [19, 20].

3.2   |   Short-Track Speed Skating

Unlike long-track's time-trial format, short track is a rank-based, 
head-to-head sport in which outcomes are shaped by starting 
position, pack dynamics, and round-by-round advancement 
(International Skating Union (ISU) 2018/2021 [21]. Performance 
rewards positioning: inside-lane starts raise win probability 
(~28% in 500/1000 m; 22% in 1500 m), and pacing variability 
increases with distance, implicating energy conservation and 
flexible tactics [21]. Recent data confirm that elite skaters dy-
namically adjust their pacing in response to situational factors 
such as heat stage, number of opponents, sequential effects, 
and qualification opportunities—especially during the opening 
laps—highlighting the interaction between competitive con-
text and energy distribution [22–24]; see also “Mind-Muscle-
Environment Interactions: Psycho-physiological Determinants 
of Optimal Pacing in Olympic Winter Endurance Sports” in this 
topical issue).

Curves impose substantial inward-force demands and require 
crucial curve-specific technique [25, 26]. Technically, faster laps 
are associated with a deep, stable posture (e.g., greater knee/hip 
flexion, lower pelvis) that enables efficient force application in 
the curves, characterized by a rearward center of pressure and 
lower lateral peak forces [25, 26]. This posture is associated with 
restricted quadriceps blood flow and rapid oxygen desaturation 
during short-track races [27]. While men generally record faster 
laps, consistent with larger body size and strength, the primary 
technical determinants are shared across sexes; women tend to 
benefit more from deeper knee flexion and a lower turn posture, 
whereas men's marginal gains are more linked to optimizing 
ankle control [26].

While short-track skaters also develop a robust endurance base, 
often through high-volume, mixed-modal training, this similar-
ity to long-track speed skating is largely confined to foundational 
aerobic preparation [19]. Consequently, descriptions of short-
track training are often inferred from related endurance disci-
plines and long-track speed skating, particularly with respect 
to the development of a general aerobic base. Importantly, this 
inference should not be interpreted as equivalence: short-track 
speed skating places substantially greater emphasis on repeated 
accelerations, anaerobic power, tactical decision-making, and 
pack dynamics than long-distance long-track events [13, 28]. 
Also, the stronger asymmetric demands in short-track events 
that affect blood flow impact on oxygenation, perceived fatigue 
and recovery [13].

Overall conditioning often involves substantial off-ice cross-
training (e.g., cycling), a strategy employed because the 
crouched, locally demanding posture—which can reduce mus-
cle blood flow—limits the tolerable volume of specific on-ice 
sessions [10, 28]. This endurance foundation is supplemented by 
strength and power training to develop essential strength quali-
ties and dryland skating simulations [10, 28–29].

The primary divergence from long-track is on-ice, where a large 
portion of time is spent mastering pack dynamics (e.g., drafting, 
overtakes) [23]. Furthermore, informed by race analyses show-
ing strong effects of starting position and greater pacing variabil-
ity at longer distances, short-track interval training commonly 
emphasizes race-simulation, rehearsing scenarios like explosive 
starts for lane positions and accelerations to break from the pack 
[21]. This continual focus on reactivity, decision-making under 
pressure, and energy conservation underpins the tactical layer 
that distinguishes short-track demands [22].

Compared with long-track speed skating, particularly at 
middle and long distances, short-track speed skating places 
a greater relative emphasis on neuromuscular power, rapid 
force development, and strength-related qualities. These de-
mands arise from frequent accelerations, explosive starts, 
and repeated tactical repositioning within pack-based racing, 
which increase the importance of lower-body strength and 
power training alongside endurance development [13, 30–31]. 
While the literature has not established major sex-specific dif-
ferences in overall training of elite short-track skaters, mod-
eling studies in elite short-track skaters suggest that women 
may recover from and adapt to given training loads more rap-
idly than men, although this evidence remains indirect and 
model-based [29, 32].

4   |   Exposure-Driven Gravity and Technical Sports

4.1   |   Sliding Sports (Luge, Bobsleigh, 
and Skeleton)

Sliding sports involve athletes descending a steep, twisting ice 
track on a sled at high speed. While the glide phase (where ath-
letes aim to minimize drag and find the optimal line) is crucial, 
a fast initial start (15–65 m from the starting block) is generally 
required to be successful in these sports. The velocity achieved 
in the first few seconds is a major contributor to the final race 
time, as there are limited or no opportunities for further propul-
sion after loading the sled (bobsleigh, skeleton) or ceasing the 
“paddling” phase. However, the start–finish time relationship 
may vary with track characteristics and driving demands [33], so 
start quality should be interpreted in that context. Nonetheless, 
a fast start is widely considered to be a prerequisite for success in 
sliding sports, and consequently, the biomechanics of the start 
and the physical preparation that underpins it are the primary 
focus of research and training.

In bobsleigh and skeleton, start performance is predominantly 
determined by an athlete's ability to sprint horizontally while 
overcoming the inertia of the sled. Key performance indica-
tors are therefore closely related to those of elite sprinters, in-
cluding high lower-limb power and the effective application 
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of horizontal force against the ground [34, 35]. During the 
bobsleigh push, propulsion is hip-extensor dominant during 
early acceleration, with the ankle contribution increasing as 
velocity rises; this phase-dependent pattern directly informs 
strength–power emphasis [35]. Notably, bobsleigh athletes 
tend to be taller and heavier [31] than both skeleton [30, 35] 
and luge [33] athletes, reflecting the advantage of greater total 
system mass for accelerating the heavier sled. Skeleton ath-
letes, while lighter than bobsleigh athletes, also display a pre-
dominantly mesomorphic physique [36]. Off-ice physical tests 
are highly predictive of skeleton start ability: a combination of 
15-m sprint time, countermovement jump height, and leg-press 
power at high velocities explains ≈86% of the variance in sled 
velocity [37]. Skeleton start-velocity profiling also shows that 
both pre-load acceleration (loading the sled earlier with higher 
velocity) and loading phase quality (maximizing the velocity 
increase and minimizing the velocity drop during the loading 
phase) independently shape start performance, reinforcing a 
dual focus on, and interplay between, accelerative ability and 
load technique.

Unlike the running starts of bobsleigh and skeleton, the luge 
start is a seated, explosive upper-body movement. The athlete 
initiates acceleration by pulling against two fixed handles and 
then paddling rapidly against the ice with spiked gloves [38, 39]. 
Consequently, start performance is strongly correlated with 
upper-body strength and power. Specifically, one-repetition 
maximum (1RM) values in the bench press and prone row, 
along with acromion-olecranon length, strongly correlate with 
start times in elite luge athletes [38]. Furthermore, force-velocity 
profiling indicates that an athlete's theoretical maximal veloc-
ity is a strong predictor of faster on-ice start performance [39]. 
Taken together, these data demonstrate distinct phenotypic pro-
files across the sliding sports: bobsleigh athletes are generally 
the tallest and heaviest, skeleton athletes exhibit a sprinter-like 
lower-body power profile, and luge athletes display high upper-
body strength demands.

Given the critical importance of the start, training for slid-
ing sports is overwhelmingly focused on developing explo-
sive strength and power, with a clear distinction between the 
disciplines. For bobsleigh and skeleton, off-ice conditioning 
mirrors that of a track and field sprinter. Training programs 
are built around heavy (high-load) resistance strength train-
ing (e.g., squats), plyometrics to enhance explosive power, and 
high-velocity sprint training [37, 40]. On-ice and dry-land push 
tracks are used to transfer these physical qualities to the spe-
cific skill of pushing the sled from a crouched position, using 
start-velocity profiling to monitor progress and refine tech-
nique [34]. For luge, training prioritizes the development of 
the upper-body musculature used in the pulling and paddling 
motion. The regimen is centered on heavy resistance exercises 
for the upper back, chest, and shoulders, such as prone rows, 
bench presses, and weighted pull-ups [38], supplemented by 
simulators and refrigerated ramps to perfect the highly techni-
cal start sequence [39].

The greater absolute upper- and lower-body strength and power 
of men, alongside their greater potential [41] typically results in 
faster start times and higher initial sled velocities across all three 

sliding sports [34, 40, 42]. In skeleton, however, the sleds of male 
athletes tend to be heavier than those of females and thus greater 
inertia must be overcome. Despite this, men's start times do tend 
to be faster than those of their female counterparts, reflective of 
the greater strength and power of the male athletes relative to 
the mechanical demands of the sport. Indeed, male athletes ex-
hibit significantly faster resisted and unresisted sprint times and 
higher jump heights than female athletes, which are strongly 
correlated with their superior start performance [37, 40].

5   |   Arena-Based Ice Sports

5.1   |   Ice Hockey

Ice hockey's high-intensity intermittent nature, characterized 
by brief, repeated on-ice shifts of ~30–80 s interspersed with 
2–5 min rest, imposes substantial demands on both aerobic 
and anaerobic energy systems (~15–25 min total effective time 
on ice per game) [43]. Elite male players typically cover 4–6 km 
in total, depending on playing position and time on ice, with 
up to 50% of total distance performed at high skating speeds 
(> 17 km·h−1), alongside numerous intense, brief acceleration/
deceleration movements [43]. Total distance covered (~4.5 km) 
and the proportion of distance skated at high speeds (~50%) 
are slightly lower in females, consistent with sex-based dif-
ferences in peak skating speeds, which reach ~29 km·h−1 and 
~32 km·h−1 in females and males, respectively [44]. Forwards 
accumulate more high-intensity skating and accelerations 
than defenders, attained in shorter on-ice shifts, whereas the 
latter sustain greater total ice time and low-to-moderate work-
loads (total skating distance) [44, 45]. Success in matches, es-
pecially for forwards, is correlated with the ability to maintain 
high skating intensity (e.g., higher explosive ratio, % high-
force strides), with these intensity metrics tending to decline 
across periods [46]. Accordingly, ice hockey performance is 
characterized by anaerobic dominance during brief intense 
efforts, with aerobic metabolism serving a critical permissive 
role in sustaining repeated high-intensity output across a full 
shift and across periods.

The intense on-ice activities elicit marked metabolic disrup-
tions, as evidenced by elevated muscle lactate concentrations 
and phosphocreatine depletion after shifts, and by ~60%–70% 
of both fast- and slow-twitch fibers being classified as glycogen-
depleted (< 25% glycogen staining intensity compared to mean 
levels) following games, alongside impaired repeated-sprint 
ability [47, 48] and increased ratings of perceived exertion. The 
ability to resist fatigue during severe metabolic and ionic per-
turbations is therefore critical, necessitating training simulat-
ing repeated high-intensity sprint skating sequences (i.e., speed 
endurance training or repeated sprint training).

The aerobic system plays a key role in supporting anaerobic 
metabolism during supramaximal efforts and for/in recovery 
between repeated sprints [49]. This is reflected in relatively 
high maximal oxygen uptake values in ice hockey players (~55–
60 mL·kg−1·min−1), which should not be interpreted as evidence 
of aerobic dominance during individual shifts, but rather as an 
indicator of the aerobic system's capacity to support repeated 
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high-intensity efforts and accelerate recovery between shifts. 
Moreover, intermittent aerobic exercise capacity distinguishes 
levels of play across national standards [50] and differentiates 
top- and bottom-tier teams [51]. A mixed approach, emphasizing 
both aerobic and anaerobic conditioning, typically in different 
intermittent game-based scenarios, is therefore important to 
stimulate beneficial physiological adaptations across metabolic 
systems.

For women, off-ice physiological qualities transfer to their skat-
ing performance on-ice, linking lower-body power, aerobic ca-
pacity, and body composition (higher lean mass and lower fat 
mass) to both acceleration and speed [52–54]. Given the sim-
ilarity between the acceleration phase of skate sprinting and 
sprint running, off-ice speed work transfers most effectively 
to the initial acceleration phase, whereas maximal skating 
speed improvements require more specific on-ice work [55]. 
Moreover, in males, both peak leg power and VO2max have been 
linked with NHL performance [56] highlighting the distinct 
importance of both explosive strength and aerobic capacity. 
Consequently, off-ice training typically integrates whole-body 
strength, lower-body plyometrics, and aerobic conditioning, 
which needs to be complemented by specific on-ice work 
[52, 57]. In addition, modern monitoring enables on-ice track-
ing of key performance indicators that can be used to individ-
ualize athletes' training [44, 46]. This conceptual distinction is 
reflected in Table 2, where aerobic capacity is framed primarily 
as a recovery and support capacity rather than a direct determi-
nant of on-ice work rate.

5.2   |   Figure Skating

Figure skating involves choreographed ice routines blend-
ing complex technical skills (i.e., jumps, spins, lifts, footwork) 
with artistic interpretation under the ISU judging system [58]. 
Athlete performance is judged on both the execution of techni-
cal elements (base values and Grade of Execution, GOE) and 
overall program components (e.g., skating skills, choreography, 
musicality) (ISU). Competitive outcomes are largely dictated by 
the successful execution of high-value technical elements, par-
ticularly multi-rotation jumps in singles and pair disciplines, 
whose point values scale with rotation number and execution 
quality [59]. Successful jumps require sufficient take-off veloc-
ities (vertical and angular), minimal in-air moment of inertia 
via a compact posture to complete full rotation in air, and con-
trolled landings [58, 60]. Other elements (spins, lifts, step se-
quences) reward speed, balance, flexibility, edge precision, and 
synchronization (in pairs/dance) [59]. Figure skating programs 
are physiologically exacting, blending high aerobic load with a 
substantial anaerobic contribution during technically demand-
ing elements [61].

Elite skaters combine extensive on-ice practice, focusing on ele-
ment repetition and program run-throughs for consistency and 
endurance, with targeted off-ice conditioning [62]. Off-ice train-
ing typically includes strength, power (including plyometrics), 
flexibility/mobility, endurance, and dance/ballet to develop the 
physical capacities underpinning on-ice skills, with a key focus 
on the unilateral and asymmetrical force application required 
for jump take-offs [58, 62].

Males, typically possessing greater absolute strength/power, 
more frequently execute higher-scoring jumps (e.g., quadru-
ples) with greater jump heights, up to 62 cm (about 2.03 ft) on ice 
(Unpublished data). Females, in turn, often demonstrate high 
levels of flexibility, facilitating varied spin positions [58, 62–63], 
greater hip stability and endurance [64], and exhibit increased 
angular velocity during on-ice jumps, up to 2000 degrees/s [65]. 
Sex-specific differences in dynamic balance may also inform in-
dividualized conditioning and landing-leg control [62]. In pairs 
and ice dance, differentiated roles (e.g., male lift/support vs. 
female flexibility/control) result in distinct physical demands, 
though artistic synchronicity is crucial for both partners [62]. 
Regardless of discipline, improvements in strength, power, and 
agility tend to increase among lower-level skaters and plateau 
as the skater reaches the senior level, indicating the importance 
of athletes focusing on developing athleticism before reaching 
the senior, Olympic level [66]. As a result, figure skaters often 
participate in more training hours both on and off ice at younger 
ages and levels and slightly reduce training hours as their phys-
ical body develops to manage training loads.

5.3   |   Curling

Elite curling performance arises from the coupling of stone–ice 
physics with player technique and team management [67]. The 
stone curls because friction is stronger on one side than the other, 
thus narrowing the margin for steering [68], while active sweep-
ing briefly reduces friction via ice heating [69]. Performance re-
flects the interaction of (1) individual capacities (delivery and 
sweeping technique, strength–endurance, balance, perceptual–
cognitive skills), (2) team processes (strategy, communication, 
role execution, synchronized sweeping, real-time decisions), and 
(3) environment and equipment (ice conditions, stone properties, 
release rotation/speed, broom characteristics, game context) [67]. 
From an individual standpoint, outcomes hinge on delivery qual-
ity and sweepers' ability to apply effective vertical load, both exe-
cuted within the prevailing game context [67, 70–71].

Within elite curling, success depends on delivery precision, per-
ceptual acuity, and coordinated team strategy. The biomechani-
cal, technical, and perceptual-motor literature provides limited 
sex-comparative evidence of large performance gaps, with some 
reports indicating small differences in mechanical outputs de-
spite similar task execution [67]. Biomechanical field studies re-
port broadly similar sweeping electromyography (EMG) profiles 
across sexes; at matched sweeping cadence, men often generate 
greater effective vertical load and consequently longer stone travel 
[71]. Collectively, available studies suggest any residual male ad-
vantage reflects differences in sweeping force capacity rather than 
clear disparities in perceptual–motor coordination or tactical pro-
ficiency, within the currently limited evidence base [67, 71].

Aligned with these determinants, elite training integrates upper-
body strength-endurance for sweeping, interval bouts that repli-
cate sweeping demands and repeated delivery sessions to refine 
shot-making consistency and spatial accuracy [72]. The skills of 
release speed and line control are highly trainable, and recent 
applied research shows that stroboscopic vision training im-
proves duration judgment and speed control, whereas temporal-
feedback training yields larger accuracy gains over 4 weeks [73].
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6   |   Conclusion

This review has demonstrated that Olympic ice sports encom-
pass a broad spectrum of performance determinants shaped 
by the interaction of biomechanics, physiology, and technical 
execution. While volume-driven disciplines such as long- and 
short-track speed skating are comparatively well characterized, 
exposure-driven gravity sports and arena-based ice sports still 
lack comprehensive and systematic scientific coverage. The 
existing literature is fragmented, often discipline-specific, and 
rarely comparable across studies, limiting knowledge transfer 
and best-practice development.

For synthesis and clarity, Table 2 provides an integrative sum-
mary of the dominant performance determinants, key training 
priorities, and typical training characteristics across Olympic 
ice sports, structured according to the three performance-
demand categories proposed in this review (high-volume 
gliding, exposure-driven gravity, and arena-based sports) 
(Table 2).

Where the available evidence permits, sex-specific consider-
ations are explicitly indicated; where data are limited or incon-
sistent, this is clearly acknowledged.

7   |   Perspectives

Future research should adopt a more explicit, discipline-
sensitive agenda that reflects the uneven distribution of empiri-
cal evidence across Olympic ice sports. Arena-based disciplines 
such as curling and figure skating, as well as exposure-driven 
sports such as luge, remain particularly underrepresented with 
respect to systematic analyses of training structure, load moni-
toring, and longitudinal performance development.

To operationalize these needs, Table 3 summarizes discipline-
specific future research priorities alongside corresponding 
actionable insights for athlete preparation. This table explic-
itly links current evidence gaps with practical implications for 
training design, monitoring, and performance optimization 

TABLE 3    |    Discipline-specific future research priorities and actionable insights for athlete preparation.

Discipline group Future research priorities Actionable insights for practice

High-volume gliding sports 
(long- and short-track speed 
skating)

•	 Longitudinal links between posture 
durability, muscle oxygenation, and 
performance decline

•	 Sex-specific recovery kinetics and training-
load tolerance

•	 Training and transfer of drafting and pack-
dynamic skills

•	 Prioritize endurance durability under 
sport-specific posture

•	 Use mixed-modal endurance training to 
manage musculoskeletal load

•	 Integrate race-simulation and tactical 
decision-making sessions

Exposure-driven gravity sports 
(bobsleigh, skeleton, luge)

•	 Transfer mechanisms between off-ice power 
tests and on-ice start performance

•	 Sex-specific strength–power profiling relative 
to sled mass and inertia

•	 Fatigue, injury risk, and recovery during 
high-volume start training

•	 Emphasize sprint- and power-based 
preparation

•	 Apply start-velocity profiling for 
individualized feedback

•	 Use endurance training primarily to 
support training tolerance and recovery

Arena-based sports—Ice 
hockey

•	 Dose–response relationships between aerobic 
conditioning and repeated-sprint ability

•	 Sex-specific adaptations to intermittent high-
intensity loads

•	 Integration of external (on-ice tracking) and 
internal load metrics

•	 Balance aerobic conditioning with 
repeated-sprint and speed-endurance 
training

•	 Individualize training by position and 
shift demands

•	 Use monitoring to guide recovery 
during congested competition schedules

Arena-based sports—Figure 
skating

•	 Effects of neuromuscular fatigue on jump 
execution and landing mechanics

•	 Sex- and discipline-specific load management 
across the season

•	 Long-term athlete development and injury 
risk trajectories

•	 Prioritize power development and 
landing control over excessive 
endurance volume

•	 Use endurance training to support 
program repeatability

•	 Carefully manage training load during 
growth and maturation

Arena-based sports—Curling •	 Determinants of sweeping strength–
endurance and effectiveness

•	 Transfer of perceptual–cognitive and vision 
training to performance

•	 Sex-comparative studies under elite match 
conditions

•	 Focus on precision, sweeping strength–
endurance, and decision-making

•	 Integrate perceptual and vision-based 
training tools

•	 Apply aerobic conditioning 
conservatively as a support capacity
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across high-volume gliding, exposure-driven gravity, and 
arena-based sports. By pairing research questions with ap-
plied considerations, Table  3 is intended to support both 
hypothesis-driven research planning and evidence-informed 
coaching practice.

Progress in these areas depends on improved data harmoni-
zation, interdisciplinary collaboration, and the targeted use of 
emerging technologies. Wearable sensors, on-ice tracking, AI-
based video analysis, instrumented force measurements, and 
computational modeling offer high-resolution, ecologically valid 
insights into technique, load distribution, and fatigue. When 
integrated with established physiological and biomechanical 
monitoring in longitudinal and sex-inclusive designs, these ap-
proaches can strengthen mechanistic understanding and sup-
port transferable, evidence-based performance models.

Across disciplines, several crosscutting training priorities 
emerge (Tables 2 and 3): standardized documentation of train-
ing structure to clarify dose–response relationships; improved 
understanding of peaking and tapering, particularly with re-
spect to sex-specific recovery and competition demands; and 
greater emphasis on individualized recovery strategies to 
support sustainable performance and reduce injury and ill-
ness risk.

In addition, climate change and sustainability considerations 
are becoming increasingly relevant for Olympic ice sports, 
with direct implications for training environments, competi-
tion logistics, and venue management. Rising temperatures 
and climatic variability affect ice quality, the reliability of out-
door facilities, and the availability of suitable training venues, 
increasing reliance on artificial ice production, alternative sur-
face materials, and long-distance travel. These developments 
raise environmental and economic concerns and may influ-
ence training consistency, athlete health, and competitive eq-
uity. Future research and strategic planning should therefore 
consider sustainable approaches to facility design, ice and sur-
face technologies, travel logistics, and training periodization, 
aligning performance optimization with long-term ecological 
responsibility.

Ultimately, a coordinated effort among sport scientists, coaches, 
and federations is required to translate empirical findings into 
applied frameworks that reflect the distinct performance de-
mands of volume-, exposure-, and arena-driven ice sports. 
Together, Tables  2 and 3 provide complementary synthesis 
tools—one summarizing current determinants and training 
characteristics, and the other outlining forward-looking re-
search and practice priorities—to support evidence-based and 
sex-inclusive athlete preparation as the Olympic movement pro-
gresses toward Milano-Cortina 2026 and beyond.
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