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ABSTRACT

This study aims to clarify the intrinsic relationship between the hip joint range of motion and the isokinetic strength
of the hip and knee joints among outstanding male alpine skiers. Twenty-one national-level male alpine skiers
were selected for this study. The internal and external rotations of the hip joint in prone and weighted positions
were evaluated, along with the total range of motion. The maximum torque, peak power, and other hip and knee
joint flexion and extension indicators were measured at angular velocities of 60°/sec and 180°/sec. The results of
this study show: (1) There is a negative correlation between the hip joint rotation range in prone and weighted
positions and the hip extension and flexion indices in the 60°/sec test; (2) The external rotation angle of the hip
joint in the weighted position has a positive correlation with the explosive power of the hip and knee joints in the
180°/sec test; (3) The internal rotation range of the hip joint measured in the prone position has a negative
correlation with the total work of hip extension and flexion at 180°/sec and 60°/sec. The results of this study
indicate that when evaluating the athletic qualities of alpine skiers, the angular velocity differences between the
hip joint range of motion and lower limb muscle strength must be taken into consideration. The range of external
rotation angle of the hip joint in the weighted position can be used as an important indicator for evaluating the
explosive power of the hip and knee joints. In addition, during training, priority should be given to the dynamic
balance of hip joint flexibility and stability.
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INTRODUCTION

Robust lower body strength is essential for the performance and efficacy of alpine skiers, as the specific
technical manoeuvres in this sport predominantly depend on the control and power exertion of the lower body
musculature. During turns, athletes must employ hip and knee flexion/extension and adduction/abduction to
regulate the angle of the skis and alter direction. The swift contraction of the quadriceps, hamstrings, and
gluteal muscles directly influences the fluidity of the turn and the capacity to sustain speed (Hébert-Losier et
al., 2014). In challenging snow conditions, lower limb muscle strength is essential for executing precise
manoeuvres like propulsion and swift directional shifts. Insufficient strength might result in movement
distortion and rhythm disruption, ultimately affecting competition outcomes (Turnbull et al., 2009).

All' joints in the human body exhibit varying degrees of flexibility and stability. The technical manoeuvres in
alpine skiing underscore the significance of hip joint mobility in this discipline. The hip joint, a ball-and-socket
joint, possesses an anatomical configuration that renders it the most flexible joint in the lower limbs, allowing
for six degrees of freedom of movement. The range of motion in hip flexion, extension, adduction, abduction,
and rotation directly influences the starting length and angle of force generation of core muscle groups,
including the quadriceps, gluteus maximus, and hamstrings. Consequently, the mobility of the hip joint and
the strength of the lower limb muscles are intricately connected. In alpine skiing, athletes possessing
excellent hip joint mobility provide a robust basis for effectively utilizing their lower body strength, while
substantial lower body strength contributes to joint stability during full range of motion activities.

Prior research has predominantly concentrated on the correlation between range of motion (ROM) and
muscular strength output in isolated joints, overlooking the distinct responses of lower limb multi-joint
coordination systems at varying velocities (Baumgart et al., 2021). Moreover, whereas current research has
thoroughly investigated the relationship between hip flexion/extension range of motion and lower limb
strength, limited studies have addressed the correlation between hip internal rotation range of motion and
isometric lower limb strength (Donno et al., 2025; Heinrich et al., 2022). Recent biomechanical studies
indicate that the hip joint, as the central component of the lower limb kinetic chain, transmits directional
changes in its range of motion through the myofascial chain to distal joints, thereby affecting the efficiency of
knee extensor explosive force output (Malfait et al., 2016). The existing literature does not clarify the
relationship between hip joint range of motion measurement methods in various positions and isometric
muscle strength in the hip and knee joints of the lower limbs. This study utilized the weight-bearing and prone
positions to assess hip joint range of motion (ROM). The measurement in the prone position is increasingly
utilized in clinical assessments (Takeda & Furukawa, 2022), The assessment of hip joint range of motion in
a weight-bearing position more accurately reflects the movement patterns of the hip joint during human
activity than assessments conducted in other positions. The assessment of isokinetic strength was conducted
at varying angular velocities (60°/s and 180°/s) for the hip and knee joints, demonstrating the intrinsic
relationship between hip rotational range of motion and the isokinetic strength of both the hip and knee joints.
This offers theoretical justification for the optimization of training strategies and the improvement of
competitive performance in alpine skiing athletes.

MATERIALS AND METHODS

Subject of study

This research involved the recruitment of 21 male athletes from the national first-level alpine skiing team as
subjects. Table 1 presents their comprehensive basic information. Inclusion criteria: Individuals aged 18 to
25 years who have completed over five years of professional training and hold an athlete grade certificate.
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Exclusion criteria include: (1) lower limb orthopaedic diseases and soft tissue injuries that have not healed
within the last six months; (2) inability to cooperate in the completion of the experimental process.

Table 1. Basic information of subjects.

Age Height Weight Years of training
20.8+1.18 177.2 £5.00 73.3 £ 18.54 5.05+1.24
Test process
ROM measurement

To maintain the accuracy of experimental measurements, all range of motion assessments for participants
were performed by the same certified physical therapist. Participants were positioned in prone and weight-
bearing orientations during measurement, with the range of motion for hip internal rotation, external rotation,
and total rotation documented for each position. The equipment utilized included an iPhone 13 smartphone
(i0S 17.3), an XW-WO01 smartphone mount, a physical therapy bed, and the Bubble Level and Clinometer
smartphone application (Whyte et al., 2021). This application has been utilized in various studies to assess
lower limb joint range of motion, with established reliability and validity for research purposes (E. Miley et al.,
2019; E. N. Miley et al., 2022; Whyte et al., 2021).

In the prone position, the subject lies on the treatment bed with the pelvis secured by a restraint strap to
inhibit rotation. The knee joint of the test leg is flexed at 90°, whereas the non-test leg remains extended and
flat on the bed (Charlton et al., 2015). The examiner positions the smartphone at the tibial tubercle, calibrates
it to the neutral position of the hip joint utilizing the Clinometer software, stabilizes the pelvis with one hand,
and secures the ankle with the other hand. The test leg undergoes passive internal and external rotation
around the hip joint axis until it attains its end-range resistance position. The assistant measures the angle
difference between the initial and final positions to determine the range of motion, repeating the procedure
three times in each direction and calculating the average value.

The subject adopts a half-kneeling position during the measurement of weight-bearing positions. The test leg
is flexed at the knee to 90° and supports at least 80% of body weight, whereas the contralateral leg supports
less than 20% of body weight and is positioned on a weighing scale for measurement purposes. The subject
ensures trunk stability by grasping a chair with both hands (Aefsky et al., 2016). The therapist positions the
pelvis horizontally, ensuring alignment of the sagittal plane of the test leg. The subject actively rotates the hip
joint both internally and externally to its maximum range, while maintaining a neutral ankle position and
avoiding trunk compensation. The therapist observes and documents the maximum rotation angle for each
of the three repetitions, calculating the average value thereafter.

Isokinetic muscle strength test

This research employed a multi-joint isokinetic muscle strength testing system (CON-TREX-MJ,
PHYSIOMED, Germany), utilizing angular velocities of 60°/s and 180°/s to perform flexion-extension
assessments on the hip and knee joints of the subjects. Before testing, the calibration of the equipment was
confirmed, and the participants' body positions were adjusted to ensure alignment of the joint axes with the
equipment axes, with limbs immobilized to prevent compensation. Participants initially executed three sets
of maximum effort flexion and extension movements at a velocity of 60°/s, with rest intervals of 30 to 60
seconds between sets. Following a 2-minute rest interval, the test was conducted again at 180°/s, with three
further sets performed. The system recorded metrics including maximum torque, peak power, average power,
and total work automatically. Data were systematically organized and stored subsequent to the test.
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Statistical methods

The research employed SPSS 27.0 software for statistical analysis. Descriptive statistics were employed to
analyse basic information regarding the study subjects, including age, height, weight, and years of training,
through frequency analysis. Continuous variables were presented as mean + standard deviation (Mean *
SD). Correlation Analysis: Data conforming to the criteria for normal distribution were subjected to Pearson
correlation analysis, represented as (x + s). Spearman rank correlation analysis was employed for data that
did not satisfy the criteria for normal distribution. In all analyses, a p-value of less than .05 was deemed
statistically significant.

RESULTS

Rapid angular velocity (180°/s)

The constant velocity 180°/s test showed that Prone-HTR was highly significantly positively correlated with
PP-KE (r = 0.374, p < .01), MP-KE (r = 0.337, p < .01), and TW-KE (r = 0.354, p <.01). Prone-HIR showed
significant negative correlations with TW-HE and TW-HF (r = -0.346, p <.01; r =-0.347, p < .01) (Figure 1A).

WB-HER showed significant positive correlations with MP-K (r = 0.381, p <.05), TW-K (r = 0.392, p < .05),
MP-H (r = 0.425, p < .01), and TW-H (r = 0.477, p < .01) (Figure 1B). WB-HT showed a strong positive
correlation with TW-HF (r=0.432, p < .01).

Slow angular velocity (60°/s)

In the constant speed 60°/s test, the prone-HIR prone position hip internal rotation range of motion was
significantly negatively correlated with the total work of the TW-HE hip extensor muscles (r = -0.431, p < .01),
the total work of the TW-HF hip flexor muscles (r = -0.322, p < .05), and MP-HE hip extensor average power
(r=-0.365, p <.01) (Figure 1C).

WB-HTR loaded hip joint total range of motion was significantly negatively correlated with TW-HE hip
extensor total work (r = -0.328, p < .05), PP-HE hip extensor peak power (r = -0.377, p < .01) showed a
significant negative correlation, and WB-HIR loaded hip internal rotation range of motion showed a significant
negative correlation with PP-HE hip extensor peak power (r = -0.342, p <.01) (Figure 1D).

DISCUSSION AND CONCLUSIONS

Hip joint range of motion and lower limb isokinetic muscle strength are velocity-dependent

Testing at a slow angular velocity of 60°/s highlights the peak muscle force output. This study's results
demonstrate a significant negative correlation between hip range of motion measurements in both prone and
loaded positions and indicators of hip extensors and flexors. This indicates that during slow-speed hip
movements, enhanced flexibility results in diminished stability, irrespective of the hip's anatomical or
functional position. This significantly decreases the force output efficiency of the hip flexors and extensors.
Aefsky et al., (2016) discovered in their study that slow isokinetic movements engage a greater proportion of
the load range, necessitating muscles to withstand constant resistance, whereby joint stability emerges as a
critical limiting factor in force output. In alpine skiing, athletes executing straight downhill movements primarily
engage in isometric or slow concentric contractions of the lower limb muscle groups. This necessitates the
continuous exertion of force by the active muscle groups to maintain slight flexion of both the hip and knee
joints, thereby counteracting vibrations from the snow surface and stabilizing the support chain.
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Note. A: Heat map analysis of the correlation between isokinetic testing at 180°/s and prone hip joint range of motion; B: Heat map showing the
correlation analysis between constant speed testing at 180°/s and hip joint rotation range of motion under load; C: Heat map analysis of the
correlation between isokinetic testing at 60°/s and hip joint rotation range of motion in the prone position; DHeat map showing the correlation
analysis between isokinetic testing at 60°/s and hip joint range of motion under load; Prone-HIR: Prone Hip Internal Rotation Range of Motion;
Prone-HER : Prone Hip External Rotation Range of Motion; Prone-HTR: Prone Hip Total Rotation Range of Motion; WB-HIR: Weight-Bearing
Hip Internal Rotation ROM; WB-HER: Weight-Bearing Hip External Rotation ROM; WB-HTR: Weight-Bearing Hip Total Rotation ROM; PT-KE:
Peak Knee Extensor Torque; PT-KF: Peak Knee Flexor Torque; PP-KE: Peak Power of Knee Extensors; PP-KF: Peak Power of Knee Flexors;
MP-KE: Mean Power of Knee Extensors; MP-KF: Mean Power of Knee Flexors; TW-KE: Total Work of Knee Extensors; TW-KF: Total Work of
Knee Flexors; PT-HE: Peak Hip Extensor Torque; PT-HF: Peak Hip Flexor Torque; PP-HE: Peak Power of Hip Extensors; PP-HF: Peak Power
of Hip Flexors; MP-HE: Mean Power of Hip Extensors; MP-HF: Mean Power of Hip Flexors; TW-HE: Total Work of Hip Extensors; TW-HF: Total
Work of Hip Flexors; *: indicates a significant correlation at the 5% level; **: indicates a significant correlation at the 1% level.

Figure 1. Heat map showing the correlation analysis between hip joint ROM in two positions and isokinetic
muscle strength indicators of the hip and knee joints at 60°/180° angular velocity.
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Excessive flexibility of the hip joint during movement results in the muscles being positioned sub optimally
for force generation, thereby disrupting the torque balance between the hip and knee and leading to
compensatory losses in muscle strength. This phenomenon is more evident under conditions of low speed
and high load. Secondly, testing at slow angular velocities predominantly engages slow-twitch muscle fibres,
rendering it more appropriate for activities necessitating postural stability, such as when athletes sustain
stability during low-speed gliding. Excessive hip joint range of motion (ROM) can lead to muscles being in a
state of over-stretching or shortening, which is suboptimal for muscle contraction. Kwon et al. demonstrated
that excessive internal rotation reduces the length of gluteus maximus muscle fibres to below 80% of the
optimal length for force generation. This reduction diminishes cross-bridge coupling efficiency during slow
contractions, leading to a decrease in extension force (Turnbull et al., 2009). This may elevate the load on
the medial collateral ligament of the knee during skiing braking movements, as the suboptimal force
generation of the hip extensor muscles compels the knee joint to accommodate greater deceleration torque.

Constant speed 180°/S loaded hip external rotation is an indicator of strong explosive power in both
the hip and knee joints

An angular velocity of 180°/s indicates muscle explosive power. In alpine skiing, the hip joint is required to
execute external rotation, internal rotation, and flexion/extension movements while under load to effectively
adjust the direction of the skis and sustain body balance. The employed position measurement method in
this study accurately represents the hip joint's range of motion under body weight and dynamic loads. The
hip external rotator muscle group and the flexion/extension muscle group must collaborate during
measurement to ensure stability and execute the movement, reflecting the dynamic control demands inherent
in alpine skiing. The loaded position is more appropriate for evaluating the actual movement demands of
alpine skiing than prone or seated positions. This study's results indicate a significant positive correlation
between hip external rotation range of motion in the weight-bearing position and the average power and total
work of both the knee extensor and hip flexor muscles (Figure 2). This finding demonstrates the substantial
impact of hip external rotation range of motion on the efficacy of lower limb muscle group force production
during weight-bearing activities. From a biomechanical perspective, in a weight-bearing posture, hip external
rotation modifies the angle of the femur, aligning the force lines of the knee extensor muscle group, primarily
the quadriceps, more closely with the axis of motion of the knee joint. This facilitates the efficient transmission
of force produced by muscle contraction, thereby significantly minimizing force loss (Fu et al., n.d.; lacobescu
et al., 2024). Secondly, hip external rotation enhances the length-contraction range of the knee extensor
muscles, which is closely associated with muscle work efficiency. The knee extensor muscle group is capable
of achieving greater displacement work within the same time frame, thus significantly enhancing the average
power and total work of these muscles (Yubin Lee & Chaegil Lim, 2023).

A significant positive correlation exists between weight-bearing external rotation range of motion and muscle
function in hip flexors. The primary reason is the optimization of initial muscle length and improved
coordination among muscle fibres and movement. The muscle length-tension relationship indicates that
muscle fibres, when moderately stretched, achieve maximal cross-bridge formation between actin and
myosin, leading to the highest rapid force production during contraction (Pawar et al., 2021). During hip
external rotation, the femur's external rotation results in the outward movement of the lesser trochanter, which
passively lengthens the muscle fibres of the hip flexors, particularly the iliopsoas muscle, to their optimal
initial length for contraction, thereby significantly improving contraction efficiency. Simultaneously, the rectus
femoris muscle, which spans both the hip and knee joints, undergoes decreased inhibition of hip flexion by
knee extension as a result of improved knee joint mechanics during hip external rotation. This enables a
greater emphasis on hip flexion, thereby enhancing the average power and total work output of the hip flexor
muscles (Yan-Tao Ma et al., 2023).
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The synergy between the hip and knee is essential in alpine skiing for executing high-quality turns, kick-snow,
and other specialized manoeuvres (Shestakov et al., 2021). Hip external rotation enhances the range of
motion for the hip flexors, mitigating joint compression. Additionally, the role of the hip flexors contributes to
upward momentum for the knee extensors during kick-snow activities. The energy synergy produced by these
three components markedly improves movement efficiency (Neumann, 2010). The synergistic effect is more
evident under loaded conditions, as the loaded position replicates the body posture encountered during
actual skiing. Hip external rotation depends on both the passive flexibility of the joint capsule and ligaments,
as well as the active contraction control of the external rotator muscle group. The "functional range of motion"
is more closely linked to the active force generation of lower limb muscle groups. This may elucidate the
stronger correlation observed in the loaded position compared to the prone position.
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Figure 2. Scatter plot showing the correlation between 180°/S weight-bearing external rotation hip joint range
of motion and isokinetic muscle strength indicators of the hip and knee joints.

Prone internal rotation at 180°/S or 60°/S is significantly negatively correlated with total hip extension
and flexion work

This research demonstrated a significant negative correlation between prone internal rotation range of motion
and indicators of hip extensor and flexor muscle strength as assessed through isokinetic muscle strength
testing. A negative correlation was identified in both slow high-load and high-speed explosive conditions,
indicating that an excessive range of internal rotation may adversely affect the force generation of the hip
muscle group (Figure 3). The incompatibility of the static range of motion measurement method employed in
this study with the dynamic functional requirements of alpine skiing-specific movements may account for this
discrepancy. The prone hip jointrange of motion measurement method evaluates the passive range of motion
of the hip joint, primarily indicating the physiological flexibility of the joint capsule, ligaments, and internal
rotator muscle groups. All specialized technical movements in alpine skiing occur under joint loading and
dynamic conditions, necessitating the hip joint to coordinate rapid flexion, extension, and rotation while under
load. Excessive passive internal rotation range of motion can hinder the hip joint's ability to maintain its
optimal position for power generation during dynamic flexion and extension. In large-radius turns, the hip joint
must sustain a specific external rotation angle to stabilize the centre of gravity. An excessive physiological
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internal rotation range in an athlete may lead to excessive internal rotation of the femur, which shortens the
lever arm between the hip extensor muscle insertion point and the muscle tension line, consequently
diminishing torque output efficiency. Sandro Hodel and colleagues discovered that an increase in passive
hip internal rotation range of motion correlates with an elevated load pattern of dynamic knee valgus (Hodel
et al., 2025). This phenomenon is attributed to the relationship between femoral torsion and knee internal
rotation adduction torque, aligning with the findings of this study (Dix etal., 2019; Imhoff et al., 2021). Dynamic
eccentric control demands are prevalent in skiing movements; however, static assessment methods fail to
address this aspect. During steep slope descent, athletes' hip muscles engage in rapid eccentric contractions
to regulate the body's forward lean. Excessive internal rotation range of motion may compel the flexors to
perform the dual functions of resisting internal rotation and facilitating hip flexion, resulting in a distribution of
energy allocation and a reduction in the overall work accomplished by the flexors. Excessive activity of the
internal rotators may disrupt the antagonistic function of the flexors and extensors. The hip flexor and
extensor muscle groups exhibit a significant interactive relationship with the internal rotator muscle groups.
Hip extension is primarily facilitated by the gluteus maximus, which plays a key role in hip external rotation.
In contrast, hip flexion is dependent on the iliopsoas muscle, which is involved in both hip flexion and internal
rotation. Excessive static internal rotation range of motion disrupts this balance, as evidenced by imaging
and anatomical studies (Lieberman et al., 2006; Suthar et al., 2015). This is evident as an antagonistic effect
during hip extension, wherein the gluteus maximus demonstrates a tendency for external rotation. Excessive
internal rotation range of motion triggers compensatory contractions in internal rotator muscle groups,
including the gluteus minimums, to restrict excessive internal rotation. This process directly hinders the
concentric contraction efficiency of the gluteus maximus (Harris et al., 2017; Streeck, 2007). The iliopsoas
muscle facilitates hip flexion and internal rotation; however, it necessitates moderate inhibition of external
rotation muscle groups, including the piriformis, to prevent excessive movement during effective force
generation (Boling et al., 2009). Excessive static internal rotation range of motion leads to increased basal
tension in internal rotation muscle groups, which may result in coordination disorders of the iliopsoas muscle
during rapid hip flexion.
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Figure 3. Scatter plot showing the correlation between prone internal rotation at 180°/S and 60°/S and the
total work of hip extension and flexion.
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Practical significance

This study examined the relationship between hip joint range of motion and the movements of the hip and
knee joints at angular velocities of 60°/s and 180°/s in 21 elite male alpine ski athletes, demonstrating the
significant impact of hip joint range of motion on the force output of the hip and knee. The findings hold
significant practical implications for the training, assessment, and injury prevention of alpine ski athletes. This
study's experimental results suggest that the loaded position should be incorporated into the evaluation of
hip joint health and lower limb strength in athletes participating in this sport. Historically, clinical assessments
of hip joint range of motion in athletes predominantly employed the prone position. However, this static
evaluation method inadequately accounts for the athletes' physiological range of motion and may not
accurately represent the functional demands imposed by the dynamic loads associated with alpine skiing.
The hip external rotation range of motion in a weight-bearing position is the sole indicator in this study that
demonstrates a strong correlation with both hip and knee joint explosive power, aligning more closely with
the demands of rapid turns and snow-pushing movements in skiing. Incorporating this into the routine
assessment system for alpine skiing athletes during training or screening is advisable. In designing lower
limb strength exercises for alpine skiing athletes, it is essential for coaches to consider the interplay between
hip joint flexibility and stability. In low-speed gliding or posture maintenance tasks, enhancing hip muscle
control via anti-rotation or core stability training is advisable to reduce the negative impact of excessive range
of motion on stability. Weighted external rotation training can enhance the active contraction capacity of the
hip external rotator muscles during high-speed dynamic movements, thus improving the efficiency of
explosive power output in the hip and knee joints.

Limitations

This research presents specific limitations. The study involved elite athletes; however, the sample size was
limited and exclusively male, potentially leading to inadequate statistical power. Future research should
increase the sample size and examine the potential impact of gender differences on these findings. This
study primarily examined the univariate correlation between hip joint range of motion and isometric muscle
strength of the hip and knee joints, without exploring multi-joint muscle co-activation patterns or intricate
biomechanical mechanisms during dynamic movement. Future research should employ various perspectives
to thoroughly examine the mechanisms connecting hip internal rotation range of motion with lower limb
isometric muscle strength.
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