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Introduction

energy efficiency while maintaining forward momentum. Ski mountaineers
often use ski poles to assist in propulsion, which adds an upper-body
component to the movement. Proper pole use reduces lower-limb workload
by redistributing force through the arms and shoulders. The triceps, deltoids,
and latissimus dorsi muscles are particularly active in pole pushing, aiding
in overall energy conservation. Coordination between the upper and lower
body is crucial, as effective pole placement and timing can improve rhythm
and reduce unnecessary muscular strain. Energy expenditure during uphill ski
mountaineering is considerably higher than in level-ground endurance sports
due to the increased resistance from gravity and snow friction. The mechanical
efficiency of each movement directly impacts oxygen consumption and overall
performance. Studies indicate that experienced ski mountaineers exhibit
optimized movement patterns that reduce metabolic cost, demonstrating the
importance of technique refinement in performance enhancement [2,3].

Ski mountaineering is a physically demanding sport that requires a
combination of endurance, strength, and technical skill. The biomechanics
of ski mountaineering, particularly during uphill movement, play a crucial role
in performance optimization and injury prevention. Understanding kinematics
and muscle activation patterns provides insights into the mechanical demands
of the sport and informs training strategies to enhance efficiency and reduce
fatigue. The kinematics of uphill ski mountaineering involve complex lower
limb movements that differ significantly from other endurance sports such as
running or cycling. Skiers must maintain balance while moving uphill on variable
terrain, often with different snow conditions that affect the mechanics of each
step. Uphill movement typically consists of a diagonal stride, which requires
precise coordination between the lower and upper body. The ankle, knee, and
hip joints undergo continuous flexion and extension cycles, with particular Biomechanical factors also influence injury risk in ski mountaineering. The
emphasis on hip extension to generate forward propulsion. The center of repetitive nature of uphill movements can lead to overuse injuries, particularly
mass shifts dynamically with each step, requiring constant neuromuscular in the knee and hip joints. Patellofemoral pain syndrome and iliotibial band

adjustments to maintain stability and optimize force application. syndrome are common among ski mountaineers due to sustained knee
flexion and repetitive loading. Strength training programs that target gluteal
Description and quadriceps activation can help mitigate these risks by improving joint

stability and movement efficiency. Equipment selection also plays a role
in biomechanics and muscular activation. Lightweight ski touring boots and
bindings reduce overall load on the lower limbs, minimizing fatigue during
long ascents. Proper ski length and width affect maneuverability and force
application, influencing muscle activation patterns. Skiers must also consider
boot stiffness and binding settings, as these factors impact joint loading and
movement efficiency. Training strategies for ski mountaineering should focus
on both muscular endurance and neuromuscular coordination. Strength
training programs that emphasize single-leg exercises, such as step-ups and
lunges, can improve force production and stability. Plyometric drills enhance
explosive power, which is beneficial for steeper ascents. Endurance training
should incorporate uphill hiking and interval sessions to simulate the metaholic
demands of ski mountaineering [4,5].

Muscle activation patterns during uphill ski mountaineering reveal
significant engagement of the quadriceps, hamstrings, gluteal muscles,
and calf muscles. The quadriceps play a dominant role in knee extension,
particularly during the push-off phase, while the hamstrings contribute to knee
flexion and stabilization. The gluteus maximus is highly active, as it generates
the necessary hip extension force to propel the skier forward. Additionally, the
soleus and gastrocnemius muscles support ankle plantarflexion, which aids
in pushing against the ski for effective force transmission. Core muscles,
including the rectus abdominis and obliques, contribute to trunk stability,
ensuring that energy transfer from the lower to upper body remains efficient.
Ski mountaineering differs from traditional alpine skiing due to the uphill
component, which places unique biomechanical demands on the body. Unlike
downhill skiing, where eccentric muscle contractions dominate as athletes
absorb impact forces, uphill movement relies heavily on concentric muscle Conc|usion
contractions to generate force against gravity. This difference affects muscle
fatigue patterns, as the sustained concentric work requires greater endurance
from the lower limb muscles. Additionally, due to the need for sustained power
output, ski mountaineers must develop a high level of aerobic capacity to
support prolonged muscle engagement [1].

Flexibility and mobility training are also essential components of
preparation. Adequate ankle dorsiflexion allows for efficient stride mechanics,
while hip flexibility improves range of motion during step transitions. Ski
mountaineers benefit from dynamic stretching routines and mobility exercises

Stride length and cadence play an important role in biomechanical that target the lower extremities and core. In addition to physical training,
efficiency during uphill movement. A longer stride length increases the demand ski mountaineers must develop technical skills to optimize biomechanical
on hip flexors and extensors, requiring greater muscular effort. Conversely, efficiency. Proper ski technique, including effective weight shifting and pole
a shorter stride with a higher cadence can help distribute workload more use, reduces unnecessary muscular effort and conserves energy. Terrain
evenly across muscle groups, reducing localized fatigue. Athletes must adapt ~ awareness and route selection influence movement patterns, as steeper
their stride mechanics to terrain gradient and snow conditions to maximize inclines require different biomechanical adaptations Compared to gradua|

] » slopes. Understanding the biomechanics of ski mountaineering provides
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