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Preface 

The Department of Sport and Exercise Science at the University of Salzburg is proud 

to present the Abstract Book of the 9th International Congress on Science and Skiing 

(ICSS 2023), held in Saalbach-Hinterglemm, Austria, from March 18 – 22, 2023.  

The scientific programme offers a broad interdisciplinary spectrum of research in 

Nordic and alpine skiing and snowboarding. The highlights of the congress will be the 

four keynotes presented by Hans-Christer Holmberg (SWE), John Seifert (USA), Vesa 

Linnamo (FIN), and Nils Haller (GER). 

 

The abstract book also includes 96 oral and 24 poster presentations. These 

presentations will cover the entire scope of relevant topics in in alpine, Nordic and 

freestyle skiing and snowboarding. 

To maintain the high scientific standard, a peer review process was utilized to select 

the papers. Each abstract was sent to at least one member of the scientific committee 

to be reviewed. The papers were examined regarding content, topic, and structure 

according to the guidelines of the ICSS. Most of the abstracts could be accepted, some 

were accepted after minor improvements, and about 10% had to be rejected. 

 

We want to thank the scientific committee members for their enormous work. 

 

In addition to the abstract book, all authors are invited to publish an extended paper 

or the abstract in a special edition of the journal “Current Issues in Sport Science”. 

Details about the procedure and deadlines will be presented at the congress. 

 

 

Thomas Stöggl 

Hans-Peter Wiesinger 

Johannes Dirnberger 

 

Salzburg, March 2023 
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Keynote: Hans-Christer Holmberg 

SKIING FAST, FASTER, AND EVEN FASTER 

Hans-Christer Holmberg1,2,3 

1 Department of Physiology and Pharmacology, Karolinska Institute, Stockholm, Sweden; 2 School of Kinesiology, 
University of British Columbia, Vancouver, Canada; 3 Department of Health Science, Luleå University of Technology, 
Sweden 

Keywords: physiology, biomechanics, technology, science, snow 

Approximately 40% of the medals at the 2022 Olympic Winter Games in Beijing were 

awarded for skiing events.  

I will focus on the development of sports research and its interaction with the skiing 

community since the 2006 Winter Olympics in Turin, including the substantial increase 

in studies and publications in this area and application of more advanced 

methodologies. Moreover, the perspective of a scientist/physiologist studying 

exercise has been broadened to providing new insights into how the body functions; 

evaluating the limits of performance by and regulatory capacity of different organs; 

characterizing the demands made by specific physical activities/sports; and 

communicating our new knowledge to coaches and athletes.  

As a researcher who has investigated cross-country skiing, alpine skiing, the biathlon, 

ski-cross, and ski-mountaineering for more than two decades, I would like to offer 

some unpretentious advice to the new generation of researchers in this area who 

must deal with many questions with only limited time and resources. Moreover, I will 

emphasize the advantages of international collaborations, while also providing 

support at both the group and individual level to national federations. In addition, 

a multi-disciplinary approach involving the ski industry/manufacturers of equipment 

will certainly help make skiing even faster. 

Personally, after working for the Swedish Skiing Association (including as Director for 

Training and Development), I began my journey into research “standing on the 

shoulder of giants” like the legendary Swedish scientists Bengt Saltin and P-O Åstrand 

– focusing initially on physiology and, later, also biomechanics and technology. I hope 

to inspire you not only about the exciting research process, but also practical 

application of the new knowledge you acquire. 

REFERENCES:  

Holmberg, H.C., 2015. Scand J Med Sci Sports 
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Keynote: John Seifert 

CAN ALPINE SKIING STOP THE DOWNHILL SLIDE OF AGING? 

John Seifert1 

1 Department of Health & Human Development, Montana State University, Bozeman, Montana 

 

Over the last 20 years, skier numbers in the United States have remained rather 

consistent at around 11 million. However, the skiing population over the age of 55 y 

has nearly doubled in that same period. It is well known that physiological signs of the 

aging process appear in the fourth decade of life including: decreases in muscular 

strength and power, coordination and balance, and aerobic and anaerobic power. At 

the same time blood pressure, insulin resistance, and blood lipids typically increase. 

Although physical activity can slow these changes, most individuals experience a 

significant decrease during the winter months, with activity in the elderly decreasing 

by 50% to 80%. Knowing this, can skiing be an activity that can minimize age-related 

physiological decrements? While there have been numerous reports on the 

physiological effects of skiing in short durations, little has been published on the health 

and fitness responses of long-term skiing. It was recommended previously that 

exercise had to be continuous for 30 min/day for three days/week to improve fitness 

outcomes. Understandably, alpine skiing was not considered an activity where one 

could improve their fitness level due to its intermittent nature. However, the American 

College of Sports Medicine and American Heart Association now recommend 

exercise intensities in the range of 50% to 80% of HRmax with cumulative durations 

from 75 to 150 min/week to improve fitness outcomes. Neither organization refers to 

continuous or intermittent types of exercise, however. Krautgasser et al. (2011) 

reported that elderly recreational skiers skied at self-select intensities that were within 

the recommended HR range during a day of self-paced skiing. Those authors also 

reported metabolic energy was supplied mostly through the aerobic system. In long-

term studies, multiple authors in the Salzburg Skiing for the Elderly Study reported 

older skiers, who were guided during 28 days of skiing over 12 weeks, demonstrated 

significantly increased muscle pennation angle, fiber length, and muscle thickness. 

The authors also reported increased muscular strength and improved insulin 

sensitivity. Skiers skied at an average of 72% of HRmax. In an unpublished report, 

Seifert et al. noted older skiers improved muscle strength, static balance, blood 

pressure, and increased ratings of happiness and socialization under self-paced 

skiing conditions. Those skiers averaged 76 days of skiing during the 20-week ski 

season while skiing at an average HR of 76% of HRmax. These studies demonstrate 

that recreational alpine skiing, when performed on a regular and consistent basis, can 

meet the recommended intensities and durations needed to mitigate age-related 

decrements in physiological function and improve indices of health and fitness. While 

more long-term research should be undertaken, previous work has demonstrated that 

alpine skiing can result in positive muscular, metabolic, cardiovascular, and psycho-

emotional outcomes. 
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Alpine skiing: YIA 

MUSCLE ACTIVITY, MUSCULAR FATIGUE, AND QUADRICEPS-HAMSTRINGS 
RATIO IN FEMALE ALPINE SKIERS AS INPUT FACTORS FOR MECHATRONIC 
SKI BINDINGS 

Vera Christl1, Valentin Hastreiter1, Aljoscha Hermann1, Patrick Carqueville1, Lynn 
Ellenberger2, Othmar Bruegger2, Veit Senner1  

1 Professorship of Sport Equipment and Materials, TUM School of Engineering and Design, Technical University of 
Munich; 2 Swiss Council for Accident Prevention BFU 

Keywords: mechatronic ski binding, knee injury, muscle activity, fatigue, EMG 

INTRODUCTION: Approximately one third of all injuries in alpine skiing relate to the 

knee, which makes it crucial for injury prevention research. Muscular stabilization is 

therefore important and muscular fatigue a risk factor. Innovative systems, such as a 

mechatronic ski binding, could supervise parameters like the skier’s muscle state and 

give warning or adapt the binding behavior. Aim of this study is to increase the 

understanding of muscular fatigue throughout a skiing day and examine the suitability 

of the parameters muscle activity, quadriceps-hamstrings ratio, and muscular fatigue 

as input variables for an algorithm of a mechatronic ski binding. 

METHODS: For this purpose, 38 female recreational skiers performed four reference 

runs throughout the day with the four predefined skiing tasks plow, skating step, small 

radius, and medium radius. The skier’s muscle state was investigated using textile-

integrated EMG sensors. The body-fat percentage and body-mass-index was 

determined. 

RESULTS: Muscle activity was lowest during the skiing task plow and highest during 

the skiing task small radius. Moreover, muscle activity decreased, and muscular 

fatigue increased throughout the first half of the day and also during lunch. No 

regenerative effect of a 45-minute lunch break was observable. Fatigue was not 

reflected in the quadriceps-hamstrings ratio. The ratio was different for the respective 

skiing tasks.  

DISCUSSION/CONCLUSION: Muscle activity can be recorded well during alpine 

skiing using textile-integrated EMG. Body-mass-index and a high body-fat percentage 

did not impact the results significantly, allowing the use of such systems by a wide 

range of individuals. Muscle activity and muscular fatigue could be suitable as input 

variables for the algorithm of a mechatronic ski binding. 

REFERENCES:  

Blachowicz, T. et al., 2021. Sensors 

Colyer, S.L. & Mc Guigan, P.M., 2018. J Sports Sci & Med 

Davey, A. et al., 2019. Sports Health 

Hermann, A. & Senner, V., 2020. J Sci Med Sport 

Kim, S. et al., 2012. Am J Sports Med 

Kröll, J. et al., 2011. J Sports Sci & Med 

Senner, V. et al., 2013. Sports Eng   
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THE RETURN FROM UNDERPERFORMANCE TO SUSTAINABLE WORLD-
CLASS LEVEL: A CASE STUDY OF A MALE CROSS-COUNTRY SKIER 

Rune Kjøsen Talsnes1,2, Einar Flaktveit Moxnes3, Trond Nystad3, Øyvind Sandbakk3 

1 Department of Sports Science and Physical Education, Nord University, Bodø, Norway; 2 Meråker High School, 
Trøndelag County Council, Steinkjer, Norway; 3 Centre for Elite Sports Research, Department of Neuromedicine and 
Movement Science, Norwegian University of Science and Technology, Trondheim, Norway 

Keywords: endurance training, non-functional overreaching, overtraining syndrome, relative energy 
deficiency in sports, XC skiing. 

INTRODUCTION: The high training loads of endurance athletes requires an adequate 

balance between training and recovery to maximize adaptations and mitigate the risk 

of side-effects. This case study determined the main factors associated with 

unexpected underperformance and prospectively described the holistic process of 

returning to sustainable world-class level in a male cross-country skier. 

METHODS: Longitudinal training data was retrospectively analyzed across nine 

seasons and categorized into training forms, intensities, and modes. Following two 

seasons of unexpected underperformance, the participant was prospectively followed 

in the process of returning to sustainable world-class level. Day-to-day training data 

were analyzed and interviews with the participant and the head coach conducted. 

RESULTS: Longitudinal training data across seven seasons demonstrated a non-

linear 30% increase in total training volume (from 772 h to 1002 h), mainly caused by 

increased volume of ski-specific endurance training. Coincidingly, the participant 

gradually reached a world-class performance level. After two seasons of unexpected 

underperformance with relatively similar training volumes and intensity distributions 

as in the preceding seasons, the possible contributing factors were identified: lack of 

training periodization, limited monitoring and intensity control, particularly in 

connection with a “extreme” regime of training with low carbohydrate availability and 

days including two MIT sessions, as well as lack of systematic technique training and 

follow-up by coaches on a daily basis. Consequently, the return to world-class level 

included the introduction of a clear micro-cycle periodization, more systematic 

physiological monitoring and testing, more accurate intensity control, increased 

carbohydrate intake during and between sessions, as well as increased emphasize 

on technique training and an assistant coach present during day-to-day training.  

DISCUSSION/CONCLUSION: These longitudinal data describe the main factors 

leading to unexpected underperformance, in addition to providing unique insights into 

the corresponding process of returning to sustainable world-class level in a male 

cross-country skier. The holistic approach described in this case study may serve as 

a theoretical framework for future studies and practical work with underperforming 

endurance athletes. 
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STRENGTH DIAGNOSTICS IN SKIING: A SUMMARY OF JUMPING PROFILES 
OF ELITE ATHLETES IN SKIING SPORTS 

Cory Snyder1,2, Thomas Stöggl1,2 

1 Red Bull Athlete Performance Center, Salzburg, Austria; 2 Department of Sport and Exercise Science, University of 
Salzburg, Salzburg, Austria 

Keywords: squat jump, counter movement jump, force-velocity profiling, strength, power, RFD 

INTRODUCTION: A wide variety of lower extremity strength diagnostics are regularly 

used to assess strength and power profiles in various winter sports1. Although the 

sport-specific demands of each discipline are unique, common diagnostic methods, 

such as unloaded and loaded jumping are used across all disciplines. The purpose of 

this study was to identify interchangeability between testing modalities2, as well as 

differences between disciplines to identify the most relevant strength diagnostics for 

various winter-sport disciplines. 

METHODS: 42 male and female world-class athletes across freestyle (FS – n = 9, 

slopestyle, halfpipe, freeride), alpine (AS – n = 7 downhill, super g, giant slalom, 

slalom), cross-country (XCS – n = 10, cross-country, biathlon), and ski-jumping (NJ, 

n = 16) performed strength diagnostics, including loaded and unloaded jumping 

(force-velocity profiling (FVP), unload squat (SJ) and counter movement jumps (CMJ)) 

as part of pre- and post-season testing between 2019 and 2022. Relevant parameters 

for each test were extracted and compared between disciplines using an ANOVA. 

Correlations between test parameters for each discipline were assessed using 

Pearson correlation coefficients. 

RESULTS: Both SJ and CMJ jump height, as well as FVP F0 and Pmax were greater 

for NJ than for XCS athletes. All other parameters were similar across all tests and 

sport types. Significant strong correlations between test parameters FVP Pmax, SJ and 

CMJ jump height were observed, as well as between SJ and CMJ maximal power. 

DISCUSSION/CONCLUSION: Although test parameters generally show similar 

results between sport groups, finite group differences were observed in each test – 

but only between NJ and XSC athletes. Most importantly, the wide range of 

correlations observed between test parameters indicates partly redundant information 

between tests (ex. Pmax, SJ/CMJ jump height). Generally, similar jumping 

performances were observed across all jumping tests and between various winter 

sport athletes, despite a high degree of variation in sport-specific demands. The 

strong correlations between similar output parameters of different jumping tests invite 

simplification of jumping diagnostics to reduce test redundancies. 

REFERENCES: 
1 Andersen, R.E., 1990. J Sports Med Phys Fitness  
2 Fessl, I. et al., 2022. Int J Sports Physiol Perform 
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SUSTAINABLE SKI DESIGN IN RESEARCH AND INDUSTRY 

Yessica Kurock1, Niko Nagengast1, Michael Frisch1, Franz Konstantin Fuss1 

1 Chair of Biomechanics, Faculty of Engineering, University of Bayreuth, Germany 

Keywords: alpine skis and skiing, sustainable product development, eco-design 

INTRODUCTION: Flexural and torsional stiffness are major parameters for defining 

the performance of a ski (Lind et al., 1997). For selecting the right materials, the most 

important factor is still to maximize these parameters. Though next to performance, 

environmental considerations are a growing factor in the outdoor industry. Studies 

(Luthe et al., 2013, Jungbluth et al., 2020) offer opportunities for reducing the 

environmental impact of skis due to sustainable design approaches. This study aims 

to provide an overview in terms of material-focused, sustainable ski production 

considering fundamental research and best practices of the ski industry. 

METHODS: In terms of the literature review, 14 publications were selected with focus 

on peer-reviewed articles, including official documents and student theses published 

in 2017 or later. Keywords, as well as title or abstract had to include the keywords 

“sustainable” and “ski”. Additionally, it is mandatory for any abstract to address 

sustainability aspects linked to the Life Cycle stages. Based on the websites of 33 ski 

brands, either listed in the FIS ranking or freeski magazines, the header, the footer, 

the description of the company and the blog on their website were reviewed 

considering sustainable content or actions. The selected 33 brands consist of a mix 

of corporate and small companies. 

RESULTS: The literature review resulted in a total of 14 publications, five of them 

dealt with sustainable, systemic or Eco-Design applied to the whole Life Cycle. In 

consideration of the Life Cycle stages, two included packaging, two End-of-Life 

scenarios and one the Use stage. Four publications were specifically connected to the 

materials used for manufacturing, whereof one study investigated the adhesives only, 

one the fibers, one the core, and one covered all materials. After screening 33 

companies, seven brands included sustainability approaches in their (sub)headers 

and brand description, and eleven in their footers. The brands cover aspects of 

energy, environmental footprint, design, packaging, durability and repair, besides 

specific content related to every material used in skis (biobased, recycled or certified). 

This specific content is mostly addressed by small brands. 

DISCUSSION/CONCLUSION: In both research and industry, topics of all life cycle 

stages were addressed, and most of the materials used are described. Although 2-3 

skiing days correspond to the same CO2 footprint as the production of ski does. There 

is a huge potential for sustainable improvement of skis regarding material 

combinations and design itself, which is not yet addressed exhaustively. 

REFERENCES:  

Jungbluth, N. et al., 2020. ESU-services GmbH 

Lind, D. et al.,1997. AIP Press, New York 

Luthe, T. et al., 2013. J Ind Ecol 

 



Alpine skiing technology: includes YIA / Sun 19th 10:30-12:00 
 

 

Page 12 of 136 9th International Congress on Science and Skiing 

Alpine skiing technology: includes YIA 

ANALYSIS OF SKI-SNOW INTERACTION IN RELATION TO LEAN ANGLE, 
RADIAL FORCE AND SKI CURVATURE IN SOFT AND HARD SLOPE 
CONDITIONS 

Christoph Thorwartl1, Andreas Tschepp2, Michael Lasshofer1, Helmut Holzer4, 
Thomas Stöggl1,3 

1 Department of Sport and Exercise Science, University of Salzburg; 2 Joanneum Research 
Forschungsgesellschaft mbH; 3 Red Bull Athlete Performance Center; 4 Atomic Austria GmbH 

Keywords: alpine skiing, curvature, lean angle, PyzoFlex®, ski deflection 

INTRODUCTION: Recently, a very large correlation between radial force (𝑅𝐹), lean 

angle (𝐿𝐴), and local ski bending curvature (𝑤′′) was found for the outer ski when 

skiing on compact slope conditions (Thorwartl et al., 2022a). The objective of this 

study is to show whether these relationships also hold for the inner and outer ski and 

for both soft and compact snow conditions. 

METHODS: One well-trained skier performed 52 carving turns on compact and soft 

snow conditions. The 𝑤’’ of the back (𝑤𝐵𝑎𝑐𝑘
′′ ) and front segment (𝑤𝐹𝑟𝑜𝑛𝑡

′′ ) of the left ski 

was measured using a PyzoFlex® ski prototype (Thorwartl et al., 2022b). Sensor 

insoles (Moticon GmbH, Munich, Germany) were employed to determine the 𝑅𝐹 

based on the pressure data and the 𝐿𝐴 using the integrated inertial measurement unit. 

𝑅𝐹, 𝐿𝐴, 𝑤𝐵𝑎𝑐𝑘
′′  and 𝑤𝐹𝑟𝑜𝑛𝑡

′′  were time normalized over a left-right turn combination. The 

mean 𝑅𝐹 (𝑅𝐹̅̅ ̅̅ ), mean 𝐿𝐴 (𝐿𝐴̅̅̅̅ ), mean 𝑤𝐵𝑎𝑐𝑘
′′  (𝑤𝐵𝑎𝑐𝑘

′′̅̅ ̅̅ ̅̅ ̅̅ ) and mean 𝑤𝐹𝑟𝑜𝑛𝑡
′′  (𝑤𝐹𝑟𝑜𝑛𝑡

′′̅̅ ̅̅ ̅̅ ̅̅ ) were 

calculated for the first (0 to 25% and 50 to 75%) and second turn phases (25 to 50% 

and 75 to 100%). Between 𝐿𝐴̅̅̅̅ , 𝑅𝐹̅̅ ̅̅ , 𝑤𝐵𝑎𝑐𝑘
′′̅̅ ̅̅ ̅̅ ̅̅ , and 𝑤𝐹𝑟𝑜𝑛𝑡

′′̅̅ ̅̅ ̅̅ ̅̅  the Pearson correlation 

coefficients (𝑟) were calculated for inner and outer ski and turn phase 1 (𝑟1) and turn 

phase 2 (𝑟2), in both soft and compact snow conditions.  

RESULTS: It was found that on compact 
snow conditions, predominantly high 
(𝑟 > .5) to very high correlations (𝑟 > .7) 
are observed for the outer ski and low or 
negative correlations for the inner ski 
(Fig. 1). In contrast, for soft conditions, 
the outer ski shows lower correlations 

between 𝐿𝐴̅̅̅̅  and 𝑅𝐹̅̅ ̅̅  (𝑟1 = .27, 𝑟2 = .42), 

𝐿𝐴̅̅̅̅  and 𝑤𝐵𝑎𝑐𝑘
′′̅̅ ̅̅ ̅̅ ̅̅  (𝑟1 = -.05, 𝑟2 = .33) and 𝑅𝐹̅̅ ̅̅  

and 𝑤𝐵𝑎𝑐𝑘
′′̅̅ ̅̅ ̅̅ ̅̅  (𝑟1 = .63, 𝑟2 = .47), but higher 

positive correlations between 𝐿𝐴̅̅̅̅  and 

𝑤𝐹𝑟𝑜𝑛𝑡
′′̅̅ ̅̅ ̅̅ ̅̅  (𝑟1 = .42, 𝑟2 = .51) and 𝑅𝐹̅̅ ̅̅  and 

𝑤𝐹𝑟𝑜𝑛𝑡
′′̅̅ ̅̅ ̅̅ ̅̅  (𝑟1 = .82, 𝑟2 = .63). 

DISCUSSION/CONCLUSION: With 
greater 𝑅𝐹 and higher 𝐿𝐴, mainly the 
rear segment of the outer ski deforms  

 
 

 Fig. 1: Correlation coefficients for turn phase 1 
(𝒓𝟏) and 2 (𝒓𝟐) on compact snow conditions. 
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more, and the 𝑤′′ of the front segment decreases on compact snow conditions. In 
soft conditions, the 𝐿𝐴 and 𝑅𝐹 of the outer ski correlate with both the 𝑤′′ of the front 
and rear ski segments. Regardless of the conditions, no significant relationships were 
noted for the inner ski. 
REFERENCES:  

Thorwartl, C. et al., 2022a. Book of abstracts spinfortec2022 

Thorwartl, C. et al., 2022b. Sensors 

 

 

DEVELOPMENT OF A BIOFIDELIC INSTRUMENTED DUMMY HEAD FOR HEAD 
IMPACTS EVALUATION 

Giuseppe Zullo1, Elisa Baldoin1, Andrey Koptyug2, Nicola Petrone1 

1 Department of Industrial Engineering, University of Padua; 2 Department of Quality and Mechanical Engineering, Mid 
Sweden University 

Keywords: head form, helmet, head injury, dummy, brain injury 

INTRODUCTION: Traumatic brain injuries are cause of severe harm or death. 

Helmets provide protection in risky scenarios, but technology improvements require 

advances in the comprehension of injury biomechanics and testing protocols. 

Numerical models represent a useful tool to study impacts at tissue level1,2, but 

physical experiments are often conducted using rigid headforms with few exceptions3. 

Aim of the current study was to provide a physical biofidelic instrumented head to 

investigate relative skull/brain kinematics, intracranial pressures and brain internal 

stresses. 

METHODS: MRI scans of a male human head were obtained and simplified to 

manufacture a 3D printed PA12 skull, a set of molds to cast brain and scalp with 

PlatsilGel OO30 silicone rubber, and 3D printed falx/tentorium membranes in TPU. 

Meninges were simulated using open cell foam wrapped and glued to the brain. During 

the molding process, several sensors were embedded inside the silicone brain such 

as triaxial accelerometers, gyros and pressure sensors to obtain brain stress4. The 

skull was instrumented with 12 pressure sensors measuring the cerebrospinal fluid 

pressure, and triaxial accelerometer and gyro. The head was validated against 

available cadaver data and used to perform linear and rotational drop tests on an 

instrumented anvil from various heights. 

RESULTS: First set of tests with protected impacts showed peak linear acceleration 

up to 100 g and Von Mises stress in the brain up to 65 kPa as shown in the Figure. 
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DISCUSSION/CONCLUSION: The developed headform could be a powerful tool to 

investigate skull/brain kinematics and helmet interactions during impacts. After 

validation, it could be used to conduct test on protective gear or in full scale crash 

tests. 

REFERENCES:  
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INTRODUCTION: Following with previous articles on advanced finite element ski 

design, this article includes additional information on the differences in the mechanical 

behavior of different kind of skis and the influence of these parameters on the ski 

experience as tested by professionals. This is the procedure followed by Boreas, a 

constructor of very short series of high-performance hand-made carbon fiber skis. 

METHODS: Along this development work, extensive use of advanced non-linear finite 

element analysis have been done. Systematic testing, including basic as well as more 

skilled turn techniques were performed to obtain the realistic behavior of the skis and 

the skier feeling. Dynamic laboratory characterization with accelerometers 

was performed prior to the construction of the skis, in order to improve the damping 

properties of the structures used in the construction of the skis. 

RESULTS: Good knowledge of the influence of the uncoupled bending-torsion 

behavior, and its influence on the skiers feeling was achieved by this work. Dynamic 

information was surprising as it did not only affect the traditional vibration of the skis, 

but also some specific issues during skiing. More specifically, the noise perceived by 

the skier with pure carbon skis was clearly different during skiing than that emitted by 

conventional glass fiber/titanal ones. 

DISCUSSION/CONCLUSION: A procedure for developing high performance skis 

with commercial software and some specific testing is presented. Results have been 

completely satisfactory, as every participant that skied with any of the Boreas models 

immediately recognized their advantages along with the surprisingly extreme 

performance available in each set of skis. 
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A NOVEL METHOD FOR DYNAMIC TEST OF SKIS 

Daniel Colombo1, Giulia Berti1, Lorenzo Crosetta1, Maria Federica Parisi1, Filippo 
Biagi1, Giuseppe La Fauci1, Tommaso Maria Brugo1, Martino Colonna1  
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INTRODUCTION: Skis are generally tested in static conditions by applying loads and 

observing the consequent displacement. However, skiing is a dynamic sport, and skis 

should be tested dynamically. We have therefore developed a dynamically method to 

test the flexural and torsional stiffness of the skis, but also to determine the elastic and 

viscous response of the material. The system takes inspiration from dynamical 

mechanical analysis (DMA) tests, used to characterize polymers and composites 

materials by determining their Storage Modulus (E’), Loss Modulus (E’’) and Loss 

Factor (tan), at different temperatures and/or load frequencies, by applying cyclic 

loads to the specimens. Therefore, we have created a system that is able to apply a 

cyclic dynamic bending load at a precise frequency, thus determining the Loss Factor 

(tan) from the load and displacement curves and correlating it with the rebound and 

damping behaviors of skis. 

METHODS: The 3-point bending dynamic tests have been performed with the type of 

support used in ISO 5902-2013 tests. An oleo-dynamic pump equipped with a load 

cell and a displacement sensor has been used to apply a sinusoidal displacement to 

the ski, measuring the force necessary to obtain the displacement. The maximum 

displacement was set, according to ISO 5902-2013, when a 300 N force in its midpoint 

was reached. From the two sinusoidal graphs of load and displacement, a Matlab 

code has been used to calculate the value of the Loss Factor (tan) by measuring the 

phase lag  between the two sinusoidal waves. Rebound tests have been performed 

by applying a load of 300 N to the center of the ski and measuring the displacement 

versus time with a high-speed camera after the release of the force. 

RESULTS: The tests performed have shown that the tan values are not dependent 

on the amplitude of the maximum displacement, with the same behavior observed in 

DMA tests conducted on single material specimens. The tests on skis of different 

types and constructions show a good correlation with standard static flexing tests. The 

comparison between tan and rebound behavior of skis has shown a good correlation. 

DISCUSSION/CONCLUSION: We have applied for the first time a dynamic method 

to measure not only the static flexural stiffness of skis, but also its dynamic rebound 

which has a fundamental effect on the skiing performance. This type of analysis can 

be performed at different frequencies of cyclic loading and temperatures, thus 

permitting to determine the behavior of a ski in several conditions of use. Further 

studies are in progress to correlate tan at different bending frequencies with damping 

properties of the ski.  
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EVALUATING SKI BASE STRUCTURES 
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INTRODUCTION: Ski base structure, i.e., the topography of ski bases, influences 

their sliding properties. This paper proposes comparison methods for instruments that 

measure ski base structure using multiscale analyses and characterizations. One is a 

traditional laboratory instrument, the other can be used in the field. Brown (2021) 

describes four principles, two axioms on scales and characterizations and two 

corollaries on measurement and statistics. Value in surface metrology can come from 

ability to discriminate topographies that are processed or that perform differently. Ski 

base topographies, similar to most, have important irregular components that defy apt 

characterization or modeling with conventional methods. 

METHODS: Multiscale analyses and characterizations (Brown et al. 2018) are used 

with univariate ANOVA tests to test discrimination strengths. This is done by 

comparing different kinds of measurements and characterizations on ski bases with 

different preparations. Conventional laboratory measurements use interferometric, 

confocal, focus variation, and scanning laser height sensors to interpret light reflected 

from bases as topographic height data. These generally require stationary 

measurement instruments installed in laboratories. A new instrument uses ray tracing 

from multiple light sources to infer fields of vectors normal to topographies and 

reconstruct height maps. It interposes a gel and membrane between the light and 

surface. It is portable and could be used in a wax room on at a race start.  

RESULTS: Area-scale characterizations as well as commonly used height 

parameters, developed area, and average slope parameters (MountainsMap by 

Digital Surf, also ISO 251708-2, ASME B46.1) show differences between instruments 

used for measurements made at similar locations on prepared skis. Confidence levels 

of discriminations between different bases preps for several measurement devices 

and different characterization parameters are compared.    

DISCUSSION/CONCLUSION: The four principles for surface metrology (Brown 2021) 

are covered in the methods in the context of comparing the methods. It is not known 

what characterizations might be pertinent for characterizing base structures for 

correlating with friction. It is suggested that recent work on multiscale curvature 

characterizations for feature shape and anisotropy might be useful as well as 

multiscale volumetric capacity, like filling scale.  
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COMPARISON OF PHYSIOLOGY AND KINEMATICS BETWEEN A SINGLE-LEG 
PARA-ALPINE SKIER AND A TWO-LEGGED SKIER 
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INTRODUCTION: The physiology and mechanics of single-leg skiers are not well 

understood; there is one previous study on this group of skiers. Single-leg skiers 

undergo greater knee extension and recruitment of biceps femoris for balance during 

alpine skiing, but trunk kinematics and muscle recruitment have not been extensively 

studied1. The purpose of this study is to identify kinematic and muscular activation 

differences between single-leg skiers and non-disabled skiers.  

METHODS: Delsys Trigno sEMG and XSENS were used to monitor a professional 

single-leg skier’s and an expert non-disabled skier’s muscular activity and joint 

kinematics through ten equally spaced turns. sEMG was assessed unilaterally on 

Rectus Femoris (RF), Biceps Femoris (BF), Vastus Lateralis (VL), Vastus Medialis 

(VM), Gluteus Medius (GMD), Medial Gastrocnemius (MG), Peroneus Longus (PL) 

and Tibialis Anterior (TA)2. XSENS motion capture assessed trunk, hip, and knee 

kinematics.  

RESULTS: A decreased knee joint flexion range of motion (ROM) of 39.9°, 

exaggerated knee joint internal/external rotation of 27.4°, and an increased lateral 

trunk flexion ROM of 46.1° in the single-leg skier compared to 99.6°, 15.4°, and 39.9° 

in the two-legged skier, respectively. The single-leg skier had a higher % MVIC for VL, 

VM, PL, and BF than the two-legged skier.  

DISCUSSION/CONCLUSION: The single-leg skier recruits the lower leg muscles to 

stabilize the ankle and knee joint and compensates for a decreased ROM in the knee 

with increased movement in the trunk. These findings are in line with previous 

research and add a quantitative measure of trunk kinematics1. Subsequent 

investigations should aim to measure trunk muscle activation and identify the role of 

the upper body for balance and control during alpine skiing.  
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SKATING TECHNIQUE DETECTION IN CROSS-COUNTRY SKIING USING A 
KINEMATIC GLOBAL NAVIGATION SATELLITE SYSTEM. THE DIFFERENCE 
BETWEEN FAST AND SLOW GLIDING SKIES 
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INTRODUCTION: Technique detection in both classical and skating in cross-country 

skiing is an essential issue in improving competitive performance (Takeda et al., 

2019). In this study, we tried to detect skating sub-techniques, V1, V2, V2a, and others 

(turning or gliding) using a kinematic global navigation satellite system (GNSS).  

METHODS: Participants were one former male Olympic athlete skier aged 41 yrs and 

two former competitive female XC skiers aged 41 yrs and 24 yrs from Japan. Each 

participant performed 2-time trials of 3 km with the skating technique with 1-hour rest 

between trials. One time trial with a slower gliding speed ski and one with a faster 

gliding ski controlled by different kinds of ski waxing and in randomized order across 

participants. Air temperature was -1°C. A triple-band helical GNSS antenna was 

attached to the top of the skier’s head, and the kinematic positioning data was 

measured by a data logger with a sampling rate of 10 Hz (the measurement accuracy 

is 1 to 2 cm (Miyamoto et al., 2017)). A video camera (GoPro Hero 9 Black) was 

attached to the chest of the participant to focus on skiing movement to detect the 

technique used during skiing. Both vertical and lateral head movements were visually 

extracted from the GNSS position data to determine the characteristics of each sub-

technique. The number of each sub-technique counted by GNSS was compared with 

video-counted data in both faster and slower gliding skis, respectively.  

RESULTS: The match ratio of the used all-technique counts between video and 

GNSS data for a total of six trials was 99.5 ± 0.4%. Match ratios of V1 (101.2 ± 1.5%), 

V2 (98.5 ± 4.0%), V2a (109.4 ± 16.7%), and others (94.9 ± 19.0%) were observed. 

When participants used a faster gliding ski, the used technique ratio for V1 was almost 

unaltered, V2 decreased (-41 to -5%), V2a increased (6 to 21%), and others increased 

(-10 to 59%) compared to slower gliding ski.  

DISCUSSION/CONCLUSION: Both vertical and lateral head movement analysis 

using GNSS position data can detect all sub-techniques in skating. Changing ski 

gliding speed altered the use of the skating sub-technique ratio.  
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BINDING POSITION AFFECTS THE PRESSURE DISTRIBUTION AND FRICTION 
OF CROSS-COUNTRY SKIS 
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INTRODUCTION: Adjusting the binding position of a cross-country ski is a popular 

tuning element in ski racing. By altering the load application point on the ski, the 

pressure distribution between the front and rear contact zone will change. Using the 

high-precision tribometer developed by our group, we investigate the effect of the load 

application point on the friction coefficient of both modern cross-country skis and an 

adjustable test ski without human influence from the skier. 

METHODS: Firstly, the friction of a cross-country ski was tested by altering the binding 

position 10 cm in front and behind the normal position. Secondly, pressure zone 

measurements of the ski at different load application points were performed to 

understand how the ski characteristics changed. Thirdly, the parameters of average 

contact pressure, slider spacing and load split were tested independently with an 

adjustable full-size test ski. 

RESULTS: Moving the binding backward on the cross-country ski showed a 

decreasing trend in friction for a temperature of -2°C and -10°C. A minimum friction 

coefficient was seen at a load application point of 17 cm behind the middle point. The 

trend appears to reverse on melting snow conditions (Tair = +5°C), but the standard 

deviation at each binding position was considerably larger. 

By isolating the variables on the adjustable test ski, a decrease in the spacing between 

the contact zones showed a clear trend in decreasing friction. A spacing of 20 cm had 

10% reduced friction compared to a spacing of 120 cm. Increasing the average 

contact pressure by shortening the contact zones or increasing the normal load led to 

a decrease in friction. Higher contact pressures than 22 kPa led to a slight increase in 

friction again due to more ploughing in the snow track. The effect of load split between 

the front and rear slider showed a sinusoidal trend as the load was moved from the 

rear slider to the front slider, with one distinctive minimum of around 70% and a 

maximum of around 25% of the load on the front slider. 

DISCUSSION/CONCLUSION: On cold and dry snow conditions, the results from the 

adjustable test ski points towards benefits of having shorter contact zones and smaller 

spacing than the racing ski tested. Also, the load split with today’s binding placement 

is far from optimal. Higher load towards the front zone gave the lowest friction and is 

explained by inducing a lubrication water film earlier, so that the rest of the second 

slider gets a reduced friction. The performance benefits for an athlete could be 

discussed based on lower friction vs the feeling of the dynamic response of the skis.   



Biomechanics in winter sports: includes YIA / Sun 19th 13:00-14:15 
 

 

Page 20 of 136 9th International Congress on Science and Skiing 

STATIC BALANCE IN THE STANDING SHOOTING POSTURE IS ASSOCIATED 
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INTRODUCTION: Postural balance is one of the major contributing factors in 

successful biathlon standing shooting1. It has traditionally been assessed by 

measuring center of pressure (COP) movement with force plates in a test where the 

biathlete shoots multiple 5-shot sets2. This study investigated the associations of 

balance in biathlon standing shooting with balance in a holding task to explore the 

importance of static balance control in biathlon standing shooting. 

METHODS: 22 biathletes performed a holding test (HOLD) and a biathlon shooting 

test (SHOOTING) using the standing posture. HOLD consisted of 4×45-second 

periods in the standing posture with 30-second breaks, each period including two 

10-second holds when the biathlete was instructed to aim steadily at the target while 

holding their breath. SHOOTING consisted of 6×5 shots using the normal competition 

technique and rhythm in a resting state. Postural balance was measured with force 

plates during both tasks for the whole body (WB), front leg (FL) and rear leg (RL) as 

the COP standard deviation in the shooting (SDY) and cross-shooting directions 

(SDX). The shortest 5-second COP trace was analyzed from the 10-second holds and 

the last 0.6 seconds before triggering was analyzed from each shot. 

RESULTS: Pearson’s correlation coefficients showed positive associations between 

postural balance variables in HOLD and SHOOTING (SDXWB r = .64, p = .001; SDXFL 

r = .80, p < .001; SDYFL r = .46, p = .032; SDXRL r = .40, p = .066; SDYRL r = .74, 

p < .001). 

DISCUSSION/CONCLUSION: Even though biathlon standing shooting is performed 

under time pressure and the athletes spend less than 30 seconds on the shooting 

mat3, the results indicate that static balance measured in the shooting posture is 

associated with the balance measured during shooting in a resting state with the 

normal competition technique and rhythm. Especially biathletes with little standing 

shooting experience and those who struggle to find the optimal shooting posture could 

benefit from regular postural balance testing with the described protocol. 
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THE "VELOCITY BARRIER" IN GIANT SLALOM SKIING: IMPLICATION OF 
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INTRODUCTION: The alpine skier’s main "motor" is the potential energy, skiing 

velocities may require muscle forces exceeding the skier’s physical capacities. Some 

authors suggest that skiers have a “velocity barrier” (VB) above which performance 

worsens. Nevertheless, this concept has never been experimentally tested. The aim 

of this study was to experimentally test the existence of the VB and clarify its 

relationship with force production/applications capacities. 

METHODS: Fourteen skiers were equipped with ski-mounted force plates and a 

positional device. They ran a 2-turns section starting from 8 different heights. Three 

starting height conditions were kept for analysis: minimal entrance velocity (vmin); 

entrance velocity allowing the better section time (vB) and maximal entrance velocity 

(vmax). Section time (T); on-snow force production (Ftot) and on-snow proportion of Ftot 

applied radially (RF) were compared between the three conditions. Maximal voluntary 

isometric contraction (off-snow force production (MVClab)) was also performed during 

another session to test its relationship with VB. 

RESULTS: The section time was reduced with increased velocity (lower T in vB 

vs. vmin, p < 0.001) until a VB above which it started to worsen (lower T in vB vs. vmax, 

p = 0.002). On-snow force production (Ftot) was higher in vB vs. vmin (p = 0.001) but 

not different between vB and vmax. Moreover, on-snow proportion of Ftot applied radially 

(RF) was higher in vB vs. vmax (p = 0.005) and vmin (p = 0.001). Lastly, a positive 

correlation between VB and MVClab was demonstrated (r = 0.76; p = 0.003).  

DISCUSSION/CONCLUSION: The present study experimentally supports the 

existence of the VB. Both force production and force application capacities seem to 

limit the skiing effectiveness beyond the VB, leading to higher section time. 
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INTRODUCTION: Adaptability to all types of terrain changes, slopes and course 

settings is a key aspect related to motor control that the best alpine skiers possess. 

In recent years, several studies have analyzed coordinative aspects of different motor 

actions by assessing movement variability (MV) through non-linear measurements. 

From the perspective of human movement, variability is described as the variation that 

occurs when executing multiple repetitions of the same task. Some of these studies 

already used an inertial measurement unit (IMU) placed at the athlete to assess MV. 

So far, no study has measured MV in alpine skiing nor its relationship to performance. 

Thus, the aims of this study were: a) to evaluate the influence of different slalom 

course settings on MV and b) to assess the relationship between MV and performance 

of elite alpine skiers. 

METHODS: Five elite alpine skiers completed several runs at maximum speed for 

four 10-gate slalom courses: a flat-turned (FT), a steep-turned (ST), a flat-straighter 

(FS) and a steep-straighter (SS). The SL courses were chosen to cover 4 different 

scenarios in terms of slope (flatter: 12° and steeper: 21°) and type of trajectory (turned 

course: 10.7/4 m and straighter course: 10.7/3.25 m for vertical gate distance and 

gate offset, respectively). The use of an IMU accelerometer attached to the lower back 

of skiers allowed the detection of MV through entropy. The skiers’ performance was 

evaluated with the total time of each run. 

RESULTS: The linear mixed model used for the analysis revealed that the steepness 

of the slope has significantly increased skiers’ MV. Specifically between FS and 

ST courses (p = 0.0082). Differences were found at a 10% level between FS and SS 

and FT and ST courses (p = 0.084 and p = 0.098, respectively). For a given slope, 

turned courses (FT and ST) tended to produce a higher MV. Pearson’s linear 

correlation coefficient revealed that there is a significant positive moderate linear 

correlation between MV and total time (r = 0.59, p = 0.010). 

DISCUSSION/CONCLUSION: Determining MV through entropy can be used as a 

way to assess adaptation to a type of stimulus. In this context, it has been observed 

that the best-performing skiers have lower MV and that steeper and turned courses 

produce greater MV in elite alpine skiers. 
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ON FRICTION REDUCTION IN SPORTS INVOLVING NARROW SKIS  
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During the 2022 Beijing Winter Olympics, the athletes in all sports competed about 

winning 327 medals. Out of these, 69 (~21%) were awarded for events involving 

cross-country skiing and the biathlon. It is interesting to notice that, with merely a 1% 

higher performance, 13 silver medallists, 8 bronze medallists, 4 athletes finishing at 

fourth place, 3 athletes finishing at fifth place, 1 athlete finishing at sixth place, 1 

athlete finishing at seventh place, and 1 athlete finishing at eight place, would have 

won the gold. 

Only in the skiing part in cross-country skiing and the biathlon, there are various 

improvements that could lead to a 1% performance increase, e.g., generation of 

propulsive- and reduction of resistive forces (Gløersen et al., 2018). While quite a lot 

of research has been invested on the former (Sandbakk & Holmberg, 2014; Pellegrini 

et al., 2018) by, for instance, finding ways to increase the biomechanical output, 

considerably less has been devoted to understanding the mechanisms involved in the 

latter. One key contributor to the resistive forces in skiing is the ski-snow friction, and 

factors as the stiffness of the ski, shape of its camber, structural design, ski-base 

material composition and topography exert a major influence (Budde & Himes, 2017; 

Spring et al., 1988). 

To minimise the ski-snow friction, better understanding of the interactions between 

the ski’s stiffness, camber profile, material, and topography of the ski base, in 

combination with information concerning the temperature and humidity of both the air 

and snow, as well as the nature of the snow, is required (Almqvist et al., 2022). To 

this end, this paper presents an update on the current knowledge and future insights 

in how to best reduce ski-snow friction by providing perspectives on investigations 

required to achieve this goal. 
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INTRODUCTION: An optimal trajectory is one of the key factors in achieving higher 

performance in different skiing disciplines. It is important to analyze such curves to 

determine the states that correlate to the final result. To obtain such information, the 

current practice is to put GNSS trackers on the body or skis and use a digital terrain 

model to map the athlete’s position and data measurement. Computer Vision 

algorithms applied to videos capturing the performance is an alternative that does not 

need wearable sensors1. To the best of our knowledge, no study is present to 

reconstruct the trajectory of skiers in videos automatically. We present an AI algorithm 

that computes such evidence on videos acquired from a single unconstrained camera. 

METHODS: Our algorithm considers a video as a sequence of frames and it works 

online, i.e., it is inputted the latest frame and outputs the trajectory executed by the 

athlete with the correct perspective with respect to the scene. The algorithm first runs 

a detector and a visual tracker to automatically find and follow the target skier. Then, 

an automatic key-point detection and matching algorithm is employed to estimate the 

camera motion across consecutive frames. This is used to obtain the homography 

transformation, which maps the points computed by the tracker to the right 

perspective. 

RESULTS: Qualitative experiments on broadcasting and smartphone videos 

featuring alpine skiers and ski jumpers show the algorithm provides immediate visual 

feedback about the space traversed by the athlete (Figure 1). Our algorithm allows 

analyses of synchronized trajectories or measurements directly inside the video 

frames (Figure 2). 

 

 

DISCUSSION/CONCLUSION: The qualitative results achieved show the potential of 

our solution for quick visual feedback (relevant for broadcasting applications) and 

more in-depth analyses (for training purposes). Future work will focus on quantifying 
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Figure 1: Visual examples of the output of our 
algorithm (red curve) for different frames of alpine 
skiing and ski jumping videos. Video examples are 
available at shorturl.at/ABRZ8. 
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Figure 2: Examples of the performance analyses our 
algorithm enables. 
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the error in the reconstruction of the trajectories by employing a newly collected 

dataset. 

REFERENCES:  
1 Ostrek, M. et al., 2019. Sensors 

 
 
SEX-DIFFERENCE IN A SPORT-SPECIFIC PERFORMANCE TESTING TOOL 
FOR THE START IN SKI CROSS 

Mara Gander1, Ralph Pfäffli1, Enrico Vetsch1, Stefan Plüss2, Björn Bruhin1,3 

1 Swiss Ski Federation, Swiss-Ski; 2 Department of Movement Biomechanics, Swiss Federal Institute of Technology 
Zurich ETH; 3 Department of Training Science, Swiss Federal Institute of Sport Magglingen SFISM 

Keywords: ski cross, start, athletes, upper-body strength, performance testing 

INTRODUCTION: The starting motion in ski cross (SX) can be described as an 

explosive upper-body movement that requires the athlete to accelerate out of the start 

gate by pulling on two handles. The start section is a key performance factor for SX 

competitions (Argüelles et al., 2011). Therefore, this study aimed to compare upper-

body strength during the start movement with a sport-specific performance testing tool 

between gender in elite SX athletes in laboratory conditions. 

METHODS: 12 athletes (♀ = 4; ♂ = 8) of the Swiss SX World Cup team were tested. 

Each athlete performed three to four starts. Three-dimensional force sensors in both 

handles were used to quantify muscular strength. Pre force – defined as force on 

handles before the start gate opens – of each athlete was standardized to 3 N/kg. 

RESULTS: 45 starts were analyzed. Male athletes generated a significantly higher 

relative maximum force (♀ = 18.20 N/kg, ♂ = 20.23 N/kg), rate of force 

development (♀ = 2619.20 N/s; ♂ = 3947.30 N/s) and impulse (♀ = 498.48 Ns; 

♂ = 695.87 Ns) (p < .05). There was no significant difference in relative maximum 

force in direction of travel (♀ = 16.46 N/kg; ♂ = 16.72 N/kg) and time to maximum 

force (♀ = .48 s; ♂ = .50 s). 

DISCUSSION/CONCLUSION: The present results suggest that male athletes 

generate more force and explosive strength than female athletes. Whereas female 

athletes lose less force in direction of travel than male athletes. This study contributes 

to the understanding of sex-differences in the upper-body strength of SX athletes 

during the start movement and may help to develop reference values. 

REFERENCES: 

Argüelles, J. et al., 2011. PJSS 
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CHALLENGES IN EDGE ANGLE MEASUREMENT DURING ALPINE SKIING 
USING IMU SENSORS 

Chris Hummel1, Andreas Huber2, Karlheinz Waibel³, Friedrich Menhorn4, Peter 
Spitzenpfeil1 

1 Department of Applied Sport Science, Technical University of Munich; 2 Olympiastützpunkt Bayern, Munich, 
Germany; ³ German Ski Federation; 4 Department of Computer Science, Technical University of Munich  

Keywords: edge angle, alpine skiing, inertial measurement unit, sensor fusion 

INTRODUCTION: “To turn, a skier manipulates the orientation and loading pattern of 

skis to generate a reaction force from the snow surface that allows redirection of 

trajectory and regulation of speed” (Reid et al., 2020). Therefore, measurement 

edging angles allow for information about ski snow interaction and turning technique 

(Snyder et al., 2021). In this study, an algorithm is presented that allows us to measure 

ski orientation in 3D space using IMUs. 

METHODS: Two IMUs (1000 Hz, 6-DOF, 16-bit, ± 2000°/s, ± 16 g) are mounted to 

the back of the ski boot. Beforehand, IMU axis are adjusted and rotated to account for 

manufacturing inaccuracies. Measurements are performed by experienced ski 

instructors and coaches (n = 3) by doing 3 trials. Every trial started with a five-second 

zero-movement-phase in a flat area to calculate the gyroscope offset and calculate 

the mounting orientation. Movement tasks in each trial are skidding and stopping, 

snowplow and carving. In post-processing, raw data is filtered (10 Hz Butterworth 

lowpass), and the Madgwick filter is applied. Received quaternions are converted into 

Euler angles. 

RESULTS: Overall, the algorithm delivers plausible results. However, if the 

accelerometer saturates (e.g. on icy/bumpy slopes), edging angles drift. Adjusting the 

filter’s gain improves results. No reference system was used so far, but further 

measurements using a reference method will be presented at the congress. 

DISCUSSION/CONCLUSION: Overall, the Madgwick filter is a promising approach to 

measure edging angles. Adjusting gain setting (dynamically) is subject to further 

testing. Also, mechanical dampening of the IMU could further improve results. 

REFERENCES:  

Reid, R. et al., 2020. Front Sports Act Living 

Snyder, C. et al., 2021. Eur J Sport Sci 

Ruiz-García, I. et al., 2021. Sensors 
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A GRAPH-BASED APPROACH TO IMPROVE KEYPOINT DETECTION FOR THE 
DESCRIPTION OF INJURY SITUATIONS ON THE EXAMPLE OF ALPINE SKI 
RACING 

Michael Zwölfer1, Dieter Heinrich1, Bastian Wandt2, Helge Rhodin3, Jörg Spörri4, 
Werner Nachbauer1 

1 Department of Sport Science, University of Innsbruck; 2 Department of Electrical Engineering, Linköping University; 
3 Department of Computer Vision, University of British Columbia; 4 Department of Orthopaedics, Balgrist University 
Hospital, University of Zurich 

Keywords: injuries, athletes, alpine skiing, deep learning, keypoint detection 

INTRODUCTION: Capturing motion data outdoors is difficult, especially for complex 

sports such as alpine ski racing. Recently, deep learning-based methods1,2 have 

attracted broad attention due to their ability to locate human joints (keypoints) in 

images and videos. While these methods work well for normal skiing, they do not 

provide accurate data in complex injury situations3. 

METHODS: We developed a new method that improves keypoint detection, 

especially in injury situations. Specifically, we rotate each image incrementally before 

processing it by a keypoint detector. Thereby, a distribution of keypoints is generated, 

providing more information about the keypoints’ location than the unrotated prediction 

only. The best keypoints are then selected via shortest path optimization. The 

performance of two keypoint detection algorithms (AlphaPose and DCPose) and our 

proposed method in regular skiing (reg), out-of-balance (oob) and fall scenarios is 

evaluated on the percentage of correct keypoints (PCK) and mean per joint position 

error (MPJPE) metrics. 

RESULTS: Our method improves keypoint detection in all categories (reg, oob, fall) 

and metrics, especially in out-of-balance and fall situations. Improvements were 

observed independent of the applied detector, outperforming previous methods3. 
 

Table 1: Comparison of DCPose1 and AlphaPose2 without postprocessing vs. Zwölfer et al.3 vs. 
our method by a) the percentage of correct keypoints (PCK) and b) the mean per joint position 
error (MPJPE) metric. 

 

 

 

 

 

 

DISCUSSION/CONCLUSION: Combining our new method with state-of-the-art 

keypoint detectors, regular skiing and out-of-balance situations can be considered 

accurate enough for kinematic analysis. For complex fall scenarios, keypoint 

estimates should be further improved. This also applies for pose estimation algorithms 

lifting the 2D keypoints to 3D space, which is the next step for more advanced injury 

analysis. 

REFERENCES: 
1 Liu, Z. et al., 2021. IEEE/CVF; 2 Fang, H.S. et al., 2017. ICCV; 3 Zwölfer, M. et al., 

2021. CV4WS  
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THE EFFECT OF RIDER BEHAVIOR AND EQUIVALENT FALL HEIGHT ON 
LANDING STABILITY IN WORLD CUP SLOPESTYLE FOR MALE AND FEMALE 
FREESKIERS AND SNOWBOARDERS 

Mai-Sissel Linløkken1, Frédéric Meyer2, Petter Jølstad1, Claes Högström3, Sindre 
Hoholm1, Fabian Wolfsperger4, Sebastien Guillaume5, Matthias Gilgien1,6 

1 Department of Physical Performance, Norwegian School of Sport Sciences; 2 Department of Informatics, University of 
Oslo; 3 Karlstad Business School, Karlstad University; 4 Snow Physics, WSL-Institute of Snow and Avalanche 
Research SLF; 5 School of Engineering and Management, University of Applied Sciences of Western Switzerland; 

6 Centre of Alpine Sports Biomechanics, Engadin Health and Innovation Foundation 
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INTRODUCTION: Slopestyle competitions show high injury rates1. There is a debate 

questioning whether the responsibility lies with the organizers that allow jumps that 

induce high equivalent fall height (EFH), or with athlete actions during the flight. The 

aim of this project was to investigate athlete behavior along with EFH, to see how they 

impacted landing stability for World Cup Slopestyle athletes on ski and snowboard. 

Landing stability was used as a surrogate measure of injury risk.  

METHODS: The data was collected from a Slopestyle competition in Seiser Alm, 

using a geodetic video method. 3-dimensional models of the athletes’ center of mass 

trajectories were reconstructed, so physical parameters such as EFH could be 

calculated. A subjective assessment of the runs was done to extract landing stability 

and athlete behavioral factors including airtime, degrees of rotations, average angular 

velocity (ωavg), axial motions of maneuvers performed, and athlete orientation during 

landing. Rotational direction for snowboarders were also assessed. 

RESULTS: Firstly, EFH increased the probabilities of failed landings for both skiers 

and snowboarders. Secondly, athlete behavior impacted landing stability to a larger 

degree for snowboarders compared to skiers. For skiers, multiaxial maneuvers 

increased the odds of failed landings, but in interaction with increased ωavg, the odds 

were reduced. Snowboarders showed higher odds for failed landings when ωavg 

increased, but lower odds when the number of rotations increased, or with multiaxial 

maneuvers. A combination of multiaxial maneuvers and frontside rotations or switch 

landings, however, showed higher odds for failed landings. 

DISCUSSION/CONCLUSION: EFH affected landing stability for both skiers and 

snowboarders, emphasizing that jump construction should focus on keeping EFH low. 

Athlete behavior also impacted landing stability and affected snowboarders more than 

skiers. This may be explained by differences in attachment to equipment and ability 

to compensate for instabilities during landing. This investigation suggests that 

organizers and athletes share the responsibility, and that further research should look 

at the interplay between jump design and athlete behavior to reduce injury risk.  

REFERENCES: 
1 Palmer, D. et al., 2020. Br J Sports Med  
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PERFORMANCE EVALUATION OF YOUNG ALPINE SKIERS IN LABORATORY 
AND DURING SKIING 

Andrea Besseghini1, Renzo Pozzo1,2, Francesca Dei Cas1, Antonio Canclini3, Arrigo 
Canclini1 

1 LABIS, IIS Alberti Bormio, Italy; 2 DAME, Uni. of Medicine, Udine, Italy; 3 Politecnico di Milano, Italy 

Keywords: alpine skiing, ground reaction force, dryland training, conditional testing 

INTRODUCTION: Alpine skiing is influenced by a combination of 

physiological/functional parameters and psychological decision-making. Factors such 

as muscular strength, agility, balance, coordination, flexibility, anaerobic and aerobic 

capacities play a crucial role in alpine ski-racers performance1. The purpose of this 

study is to evaluate the most important capacities at the beginning and at the end of 

the off-season periodization. Skiing performance on a slope was also checked. 

METHODS: Data collection 

were performed in July and 

October 2022. Following 

devices were used for 

corresponding tests: 

CronoJump® for different 

standing jumps; sensor 

insoles (Moticon.de®) for leg 

press (unilateral/bilateral), 

Isometric dynamometer2 for 

trunk muscles forces; load 

cells for knee extension 

/flexion. 20 athletes, 10 male 

(age: 17.9 ± 2.3 years, BW: 

75.5 ± 10.6 kg) and 10 

females (age: 17.6 ± 2 years, 

BW: 61.6 ± 8.6 kg), volunteered in this study. All subjects are advanced alpine skiers. 

After a warm-up, the measurement starts with the Bosco Test (SJ, CMJ, DJ, 45sJ). 

After a complete recovery (HR to basal level) the athletes performed single and double 

isometric push at the leg press (knee angle 110°). The trunk test consisted in isometric 

flexion/extension on sagittal and frontal plane. Finally, the athletes performed single 

leg isometric flexion/extension at the knee machine (knee angle 90°). Reaction forces 

during slalom were acquired by sensor insoles. 

RESULTS: The main results are presented in Table 1 as average values. 

DISCUSSION/CONCLUSION: for all subject SJ and CMJ increased but 45sJ slightly 

decreased. Both leg press and knee tests show an increment for males and 

decrement for females. Selecting subgroups according to the best scores of leg press 

± 
Table 1 

Male Female 

July October July October 

B
o

sc
o

 T
e

st
  

SJ [cm] 36.3±5.7 40.1±4.6 25.3±9.1 28.1±3.6 

CMJ [cm] 38.6±4.7 41.85±4.45 28.54±4.32 29.49±3.75 

DJ [cm] 40.9±7.5 42.3±5.9 30.8±5.1 30.4±4.4 

R15 [%CMJ] 85.4±6 78.8±20.3 76.7±10.2 73.8±12.4 

R30 [%CMJ] 71.5±6.2 69±18.7 64±9.6 64.7±8.6 

R45 [%CMJ] 63±9.8 60.3±18.3 57.7±9.6 57.5±12 

Rlast5 [%CMJ] 65.5±7.6 63.9±17.7 58.9±6.3 59.5±10.7 

Le
g 

p
re

ss
 Right SL [%BW] 163.7±25.5 175.9±64.1 177.4±32.6 168.8±35.6 

Right DL [%BW] 154.5±22.4 140.9±53.1 154.6±34.7 143.3±33.7 

∆Right [%BW] 9.2±20.1 35±23.8 22.9±32.1 25.5±28.4 

∆Left [%BW] 15±15.4 17.8±19.5 33±20.1 14.8±16.1 

K
n

ee
 

Ext left [%BW] 76.9±19.2 78.3±11.3 54.8±17.6 48.3±16.3 

Ext right [%BW] 70±21.7 79.2±20 52.4±17.4 50.9±12.7 

Flex left [%BW] 44.8±13.8 37. 6±6.8 37±11.4 33.2±12.8 

Flex right [%BW] 45.8±13.1 41.9±5.8 36.8±10.6 30.1±13.2 

Tr
u

n
k 

 

Flex [%BW] 88.4±18.5 90.4±13.8 71.8±16.2 70.7±9.4 

Ext [%BW] 114.1±20.2 127.5±20.6 96.9±23.8 101.2±11.3 

Flex/Ext 0.78±0.1 0.7±0.1 0.8±0.2 0.7±0.1 

Flex left [%BW] 74.5±16.6 86.7±18.3 65.7±9.6 68.2±8.2 

Flex right [%BW] 71.6±17.6 87.3±17.2 64±10.5 69.2±11.8 

Sx/Dx 1.05±0.15 1±0.17 1.04±0.14 1±0.13 
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the variations show a different behavior. This correlates partially with forces during 

skiing. 

REFERENCES:  
1 Raschner, C. et al., 2017. Proc.ICSS VII 
2 Ochs, S., 1998. Sporttherapie 

 

 

SKI DEFLECTION DURING THE CARVING TURN IN PARA-ALPINE SIT SKIING 

Hirotaka Nakashima1, Shinsuke Yoshioka2, Yusuke Ishige1 
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Keywords: sit-ski, FBG, paralympic 

INTRODUCTION: Ski deflection strongly influences the quality of the carving turn and 

the performance in para-alpine skiing. In general, it is thought that sit-skiers have more 

difficulty controlling their center of mass and making skis deflected than standing 

skiers (Langelier et al., 2013). However, no studies have investigated ski deflection 

during a run for sit-skiers. Recently, we developed a new method to measure ski 

deflection using a Fiber Bragg Grating sensor (hereinafter FBG) as an alternative 

method to the strain gauge that had been the mainstream method proposed by 

Yoneyama et al. (2008). Thus, this study aimed to reveal the ski deflection for a sit-

skier using the FBG while comparing a standing skier. 

METHODS: A sit-skier classified as LW11 and a standing skier performed a run in an 

alpine ski course (Sugadaira, Japan, maximum slope angle: 23°) using the same ski 

for Giant Slalom (Length: 188 cm, R > 30). The ski deflection was measured using the 

FBG (Lazoc Inc.) and compared between the sit-skier and the standing skier. To 

determine the phases of the run, inertial measurement units were used. 

RESULTS: A standing skier evenly deflected the entire ski during a run. On the other 

hand, a sit skier deflected the afterbody of the ski more than the forebody during a 

run. The forebody deflection for the sit-skier was smaller than that for the standing 

skier. 

DISCUSSION/CONCLUSION: We found that the sit-skier had difficulty deflecting the 

forebody of the ski. If sit-skiers deflected the forebody of their skis as much as standing 

skiers, they could expand the range of their carving turn technique. In our future work, 

we need to develop a ski, binding, and/or sit frame that can deflect the forebody of the 

ski to improve the sit-skier’s performance. 

REFERENCES: 

Langelier, E. et al., 2013. J Sports Sci 

Yoneyama, T. et al., 2008. Sports Eng  
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LEVEL OF UNDERSTANDING AMONG U.S. SKI & SNOWBOARD COACHES 
BASED ON EXPERIENCE AND OTHER DEMOGRAPHICAL CHARACTERISTICS 

Jackson Brown1, Ron Kipp2, Dawn Tarabochia1, John Seifert1 

1 Department of Health and Human Development, Montana State University; 2 Palisades Tahoe Alpine Race Team  

Keywords: alpine skiing, coaches, education, certification 

INTRODUCTION: In the ski coaching profession, it is assumed that time spent 

coaching is where knowledge is attained. However, gaining this experience can take 

upwards of decades to acquire. Education and training can help bridge the gap 

between field-based coaching experience (Kaski et al. 2021, Eather et al. 

2021). Eather et al. (2021) found that with the proper training, coaches can produce 

positive changes in the athletes. The purpose of this study is to investigate if years of 

coaching experience (YOE) and certification level (CrtL) were correlated with and 

predicted movement analysis outcomes and to identify the Invariant Characteristics 

(IVC) of ski technique. 

METHODS: Targeted and scattered sampling methods were used to reach clubs 

within the national governing body (U.S. Ski & Snowboard). The questionnaire was 

based on U.S. Ski & Snowboard Coaching Fundamentals and the Professional Ski 

Instructors of America Teaching Fundamentals (Packert 2021, Coffey et al. 

2014). The questionnaire contained a Movement Analysis section where coaches 

watched a video of a FIS athlete in a racecourse. Coaches then identified and 

evaluated technical components (Q1), explained why they thought those components 

happened (Q2), and how they would fix any deficiencies (Q3). The independent 

variables were YOE and CrtL. The dependent variables were Q1, Q2, and 

Q3 and Likert scale scores from ranking the seven unique IVC as defined by Coffey 

et al. (2014). 

RESULTS: No statistically significant correlations between YOE and Q1, Q2, and Q3 

were observed, CrtL correlated with Q1 (r = .294, p = .09), Q2 (r = .318, p = .07), and 

Q3 (r = .383, p = .04). CrtL was a predictor for only one of the seven IVCs (fore/aft 

balance, p = .02). YOE did not predict any of the IVCs. No difference was observed in 

Likert scores between IVC and distractors (p = .12). 

DISCUSSION/CONCLUSION: These results emphasize a need for education and 

identifying characteristics germane to ski racing early in the coaching career. YOE 

alone was poorly correlated with movement analysis. Generally, CrtL resulted 

in correlations with the three movement analysis components. As certification level 

increases, so does the understanding and knowledge of alpine ski racing technique. 

The results indicate that technical education is an important component of coaching. 

REFERENCES:  

Coffey, K. et al., 2014. Alpine Technical Manual 
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ALPINE SKI EDGE SHARPNESS AND SLICING 

Dylan Flegel1, Richard J. Kern1, Shu Guo1, Christopher A. Brown1 

1 Sports Engineering Lab, Department of Mechanical and Materials Engineering, Worcester Polytechnic Institute 

Keywords: multiscale edge curvatures, laceration, carving, cutting, edge sharpening 

INTRODUCTION: Techniques are proposed here to understand how ski 

edge sharpening improves performance and increases risks of disfiguring and life-

threatening lacerations (Holden et al. 2022). Previous models for edge snow 

interactions were from machining by chip formation for movement perpendicular to an 

edge (Brown 2009), essentially sideslipping. In contrast, slicing is studied for 

movement parallel to an edge, essentially carving. Skidded turns can have both. 

Slicing mechanisms have been studied, and edges characterized for teeth (Frazzetta 

1988), knives (McGorry 2005), and stone tools (Stemp et al. 2019), although these 

are essentially blades having narrow solid angles. Edge sharpness has been 

characterized traditionally by their solid angles and estimating edge radii, 

e.g., Denkena (2011) for metal cutting tools with large solid angles, similar to ski 

edges. 

METHODS: The proposed techniques are based on reductionism applied to recent 

advances in topographic principles. Topographic studies should be based on scales 

and characterizations pertinent to fundamental interactions comprising macroscopic 

phenomena of interest (Brown 2021). Topographic measurements must include 

relevant scales and statistics appropriate to situations of interest. 

RESULTS: Ski edges’ measured topographies can be characterized for sharpness to 

quantify differences between hand and electrical side tuning and compared with 

slicing performance. Multiscale curvature characterizations (Stemp et al. 2019) can 

be used as functions of position perpendicular to edges to capture nuances missed 

by traditional methods. In addition, profiles along edges can be analyzed for serrations 

occurring over scales from micrometers to millimeters. Pertinent scales can be found 

by multiscale regression analyses and univariant ANOVA that compare sharpening 

methods. Preliminary measurements, characterizations, and tests have been 

developed. By conference time, more specific results should be available. 

DISCUSSION/CONCLUSION: Multiscale analysis methods and pertinent geometric 

characterizations have proven successful in finding strong correlations 

between topographies and their processing or performance and in confidently 

discriminating topographies based on processing and performance (ASME B46.1 

2019). It is reasonable to expect that this should extend to ski edge topographies as 

well. 

REFERENCES: 
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EFFECTS OF A PHYSIOLOGICAL EXERCISE TEST AND A HIIT SHOCK 
MICROCYCLE ON MUSCLE FATIGUE MEASURED WITH A NOVEL DEVICE – 
CASE STUDY ON ACUTE AND CHRONIC CHANGES 

Tilmann Strepp1, Julia Blumkaitis1, Nils Haller1,2, Thomas Stöggl1,3 

1 Department of Sport and Exercise Science, University of Salzburg; 2 Department of Sports Medicine, Rehabilitation 
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INTRODUCTION: The importance of managing fatigue has led to an increased 

interest in finding practicable and objective measures to quantify fatigue1. A recent 

study introduced the Myocene device to measure muscle fatigue (MF) based on the 

force generated by electrical muscle stimulation. Results demonstrated valid 

measurements of MF after a strenuous series of drop jumps2. However, there is no 

data on the effects of a physiological exercise test (PET) or repeated HIIT sessions in 

form of a shock microcycle (HIIT-SM). HIIT-SM are commonly used in winter sports 

to efficiently stimulate the aerobic system in short preparation periods and to spend 

more time on on-snow training3. The aim of this study was to monitor acute responses 

of MF induced by a PET and chronic MF changes during a HIIT-SM using the 

Myocene device. 

METHODS: Two endurance-trained male participants (age: 33.5 ± 8.5 yr, weight: 

70.8 ± 5.2 kg, height: 181.9 ± 7.4 cm, maximal oxygen uptake: 62.1 ± 1.4 ml/min/kg) 

performed a two-phase PET, consisting of a submaximal incremental test and ramp 

test until voluntary exhaustion4. Participant one (P1) was randomly assigned to the 

running-based HIIT-SM, which consisted of 10 HIIT (5 x 4 min at 90% maximal heart 

rate followed by 30 min of low-intensity) sessions in 7 days, whereas participant two 

(P2) continued with his regular running training. Measurements were taken on both 

legs (quadriceps) before and 10 min after the PET and every morning during the 7-

day intervention. In this process, a ratio (%) of low- to high frequency force responses 

to submaximal electrical stimuli was calculated by the Myocene device. The average 

score of both legs was calculated and defined as MF. 

RESULTS: PET resulted in a 14.2% increase (pre 74.7%, post 60.5%) of MF in P1 

and a 11.3% increase (pre 79.6%, post 68.3%) of MF in P2. P1 started the HIIT-SM at 

68.5% and showed a day-to-day change of +2.2, -4.4, +2.9, +0.5, -0.1, -0.6% during 

the intervention reaching 69% on the last day. P2 started his regular training week at 

78.8% and showed a day-to-day change of +3.2, -5.5, +3.9, -1.8, +4.9, -7.4%, 

reaching 76.1% on the last day.  

CONCLUSION: We observed similar acute changes in MF induced by PET in both 

participants. P1 demonstrated no clear MF changes under the influence of HIIT-
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SM and also not in comparison to the control condition. The feasibility of chronic MF 

changes detected by the Myocene remains to be validated. 

REFERENCES:  
1 Thorpe, R.T. et al., 2017. Int J Sports Physiol Perform 
2 Ridard, J. et al., 2022. Front Physiol 
3 Breil, F.A. et al., 2010. Eur J Appl Physiol 
4 Stöggl, T.L. et al., 2022. BMC Sports Sci Med Rehabil 

 

 

A PORTABLE LAUNCHING CATAPULT FOR FULL-SCALE SKI CRASH TEST 
SIMULATIONS 

Giuseppe Zullo1, Fabio Ciotti1, Damiano Aldrighetti1, Leano Viel2, Nicola Petrone1 

1 Department of Industrial Engineering, University of Padova, Italy; 2 Dolomiticert, Longarone, Italy 

Keywords: ski crash, dummy, catapult, mattresses, safety nets 

INTRODUCTION: In skiing speed disciplines safety of athletes depends on course 

design (gates & jumps) as well as on installation of safety barriers (nets and 

mattresses). Design and installation of barriers determine their behaviour in the field1. 

In-situ evaluation of such structures gives course safety managers and athletes a tool 

for engineering assessment2.  

METHODS: A portable launching catapult for skiing crash simulations was developed 

following the requirement of portability and energy release. Catapult was designed to 

accelerate a Hybrid III 50th male dummy in skiing posture up to a speed of 50 km/h in 

a total wooden base length of 4.0 m. Two guide beams (5.6 m) sustain a carriage 

(20 kg) that is accelerated by five elastic bands (L = 1 m, K = 210 N/m each) on each 

side: dummy’s skis are guided on a Teflon floor and the dummy back is pushed by the 

carriage. Bands are preloaded by a winch and the carriage is stopped by car shock 

absorbers. The catapult was used to test air mattresses with different impact speeds.  
 

    
 

 

(a) (b) 

(c) 

Figure 1: (a) Side view of the catapult. (b) Photograms of dummy/mattress impact. (c) Deceleration 
curves of the HIII dummy against air mattress with a fixed rear barrier.  
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RESULTS: The catapult allowed to launch the dummy skier up to 48 km/h against air 

mattresses at different speeds. Crash impacts showed peak Chest & Head 

accelerations, respectively, up to 12 g and 16 g, and mattress penetrations up to 

1.3 m. 

DISCUSSION AND CONCLUSIONS: The portable catapult has proved to be rugged 

enough for launching the skier dummy against barriers at considerable impact speed: 

its modular and lightweight construction allows in-situ testing of A-nets, B-nets and 

mattresses along a racecourse after installation on the snow, where installation, 

ambient and aging can have a strong influence on safety efficiency.   

REFERENCES: 
1 Petrone, N. et al., 2010. ISEA 2010 Conference 
2 EN 1263-1,2:2014 
3 Dorsemaine, M. et al., 2021. J Sci Med Sport 

 

 

EMG ANALYSIS DURING SKIING OF A PARA-ALPINE SKIER WITH THE 
SUSPECTED SOMATOFORM DISORDER 

Yusuke Ishige1, Yuki Inaba1, Noriko Hakamada1, Shinsuke Yoshioka2, Akio 
Kobayashi3 

1 Department of Sport Science, Japan Institute of Sports Sciences; 2 Department of Life Sciences, The University of 
Tokyo; 3 Shiraniwa Hospital 

Keywords: classification, EMG, para-alpine skiing, MRI, muscle strength testing 

INTRODUCTION: In paralympic alpine skiing, “classification” is undertaken to group 

athletes into Sport Class which aim to ensure that the impact of impairment is 

minimized and sporting excellence determines which athlete is ultimately victorious 

(International Ski and Snowboard Federation, 2022). This time, we report on a 

supplemental examination for the skier who had discrepancies between the results of 

muscle strength testing and walking and skiing ability. 

METHODS: One para-alpine skier of the Japanese National Paralympic Alpine Ski 

Team (age; 46 years; height; 1.59 m; body mass; 48.9 kg) participated in this study. 

The athlete provided written informed consent to participate in this study; the study 

was approved by the ethics committee of the Japan Institute of Sports Sciences. A 

3-T superconducting magnetic resonance imaging (MRI) device (Achieva 

3.0T Quasar, Philips, Netherlands) was used to obtain MR images to measure the 

cross-sectional area (CSA) of the muscles. Five inertial measurement units (IMUs) 

were placed on the athlete’s body segments (pelvis, right and left thigh, and right and 

left shank) to measure the hip and knee joint angles during free-skiing. EMG was also 

monitored via telemetry using a four-channel transmitter (Mini Wave Waterproof, 

Cometa Systems; Bareggio, Italy) during free-skiing (Ishige et al., 2021). 

RESULTS: Muscle atrophy was observed in the left upper and lower limbs compared 

to the right side. The values of the amplitude of EMG were observed in the left side 
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lower limb muscles during free-skiing. There were no big differences in the range of 

motion of the hip and knee joints between the left and right sides. 

DISCUSSION/CONCLUSION: The degree of muscle atrophy was not severe. 

Surface EMG examination revealed that lower voltage was detected in some muscles 

on the left side of the lower limb compared to the right side, but still, some electrical 

activity was preserved during free-skiing. The range of motion of the left side was 

similar to that of the right side. So, we concluded that this skier is suspected of having 

a somatoform disorder. 

REFERENCES:  

Ishige, Y. et al., 2021. J Sports Sci Med 

 

 

XC-SKIING UNDER INFLUENCE OF HALLUX VALGUS  

Matthias Scherge1, Svenja List2, Jens Hollenbacher2 

1 Fraunhofer IWM MikroTribologie Centrum, Karlsruhe, Germany; 2 molibso GmbH, Langenfeld, Germany  

Keywords: XC-skiing, tribology, biomechanics, double poling  

INTRODUCTION: The biomechanical relationship between walking and gliding was 

investigated in an elite-class cross-country skier. A high-resolution pressure 

measurement plate served as the experimental platform. With additional video 

analyses, a holistic picture of the biomechanical processes was obtained.  

METHODS: For stance and gait analysis, a 2 m 

long and 60 cm wide pressure measurement plate 

was used, with 15.700 sensors integrated into its 

surface. A textile ski slope from Mr. Snow 

(Germany) served as the track for the approx. 4 m 

long run-up area. This was brought to the same 

height as the pressure measurement plate. A 

0.3 mm thin polyethylene sheet (Dyneema, 

Netherlands) was used as a sliding surface on the 

pressure measurement plate. The camera was 

placed at mid-height of the pressure measurement 

plate. At the time of the measurements, the athlete 

had a pronounced hallux valgus on the left foot that was very swollen and already red 

in color.  

RESULTS AND DISCUSSION: The experimental procedure was initiated by a gait 

analysis. The corresponding gait pattern showed significant differences in pressure 

distribution between the left and right foot. In particular, the initial contact between the 

foot and the pressure measurement plate was pain-avoiding, although this was not 

intended by the athlete. Interestingly, similar patterns were obtained when sliding over 

the plate with skis. The pressure distribution showed a lower intensity under the left 

ski and it can be concluded that the tribology is also affected by the different forces 

applied. Force differences between left and right skis are accompanied by different 

Figure 1: X-ray images. 
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frictional forces. As a consequence, the athlete experiences a twist along the vertical 

body axis, which has a detrimental effect on the propulsive force during double pole 

skiing.  

Based on these measurements and taking into account the development of pain, the 

athlete decided to undergo surgery, see Figure 1. This intervention, which was not 

risk-free, could probably have been avoided by the early use of measurements on the 

pressure measurement plate. In the meantime, such measurements can directly 

initiate the production of suitable insoles.  

REFERENCES:  

Hallux valgus und Langlauf, geht das?, Matthias Scherge, Svenja List, Jens 

Hollenbacher, GLIDING, 3(2022), 17-22  

 

 

REDESIGNING SAFETY NETS FOR ALPINE SKIING 

Christopher A. Brown1 

1 Sports Engineering Lab, Department of Mechanical and Materials Engineering, Worcester Polytechnic Institute, USA 

Keywords: barriers, impact, absorption, axiomatic design, sports engineering 

INTRODUCTION: New designs are proposed for absorbing loads when skiers hit 

nets. Skiers still get injured after hitting nets even though crash dummies have been 

developed (Petrone et al. 2010) and peak decelerations and penetration have been 

studied (Petrone et al. 2012). In 2021, Ryan Cochran-Siegle crashed into A-netting in 

Kitzbuehel. He suffered a season-ending cervical spine fracture. Video evidence and 

discussions with Cochran-Siegle indicate that his fracture occurred after hitting the 

net. A-nets are designed to cover relatively large expanses although with minimal 

absorption, keeping racers away from fixed objects. B-nets absorb energy when poles 

pull out. They are usually installed tightly, so that all the poles are loaded nearly 

simultaneously. Poles then bend over, absorbing little. Improved net designs could 

mitigate the likelihood of injuries due to loads applied by A-nets. B-nets installation 

could make them more effective at absorbing impact energy.  

METHODS: Suh’s axiomatic design (Suh 1990) is used to clarify barrier designs’ 

functional requirements (FRs). Corresponding solution candidates, design 

parameters (DPs) should allow for independent adjustment of FRs and the best 

chance of successful design solutions. Netting design needs to be decomposed to 

detail in how energy is absorbed. A- and B- nets should absorb energy gradually on 

impact. Impact dynamics from are used to calculate netting responses. FRs include 

controlling loads in magnitude, body location, and time in order to avoid injuries after 

contact with nets.  

RESULTS: A-nets could include mechanical adsorption systems at upper 

attachments to their gooseneck poles. Additionally, elastic elements in the nets could 

spread loads more evenly over impacting skier’s bodies. B-nets could be installed with 

slack netting between the poles so that poles are loaded and pull-out one at a time, 
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each pole requiring some load to extract it, absorbing some energy before the next 

pole is loaded. 

DISCUSSION/CONCLUSION: Leaving some slack between poles in B-nets should 

keep people in B nets rather than rolling over them by bending simultaneously loaded 

poles. Racer safety is more important than any supposed aesthetic benefit of tight 

nets. A-nets with special, built-in adsorption systems could limit the loads and loading 

rates skiers experience after contact. Slower loading rates give skiers opportunities to 

respond with their muscles to protect themselves from injury. 

REFERENCES:  

Petrone, N. et al., 2010. Procedia Eng 

Petrone, N. et al., 2012. Ski Trauma Saf 

Suh, N.P., 1990. Principles of Design. Oxford 

 

 

GASTROCNEMIUS MUSCLE FASCICLE BEHAVIOUR DURING DIAGONAL 
STRIDE SKIING 

Amelie Werkhausen1, Anders Lundervold1, Øyvind Gløersen2 

1 Department of Physical Performance, Norwegian School of Sport Sciences; 2 Smart Sensors and 
Microsystems, SINTEF Digital 

Keywords: fascicle mechanics, XC-skiing, classical technique, muscle-tendon behaviour, muscle 
activation 

INTRODUCTION: The human musculoskeletal system is well adapted to use energy 

efficient muscle-tendon mechanics during walking and running1, but muscle behaviour 

during snow locomotion is unknown. The presence of a stretch-shortening cycle 

during diagonal style skiing2 indicates the potential for similar mechanisms as during 

running. Therefore, we hypothesised uncoupled muscle behaviour from that of the 

muscle-tendon unit during diagonal style roller skiing and increased muscle activity at 

greater speed and incline. 

METHODS: We synchronised ultrasound with motion capture, electromyography and 

ski-binding force measurements to assess lower leg muscle and muscle-tendon unit 

mechanics in thirteen high-level skiers 

during treadmill roller skiing. Participants 

skied using diagonal style in three speed 

and incline conditions (2.5 and 3.5 m/s at 

5°, 2.5 m/s at 10°).  

RESULTS: We found an uncoupling of 

muscle and joint behaviour during most 

parts of the propulsive kick phase in all 

conditions (P < 0.01). Gastrocnemius 

muscle fascicles actively shortened 

~9 mm during the kick phase, while the 

muscle-tendon unit went through a 

Figure 1: Fascicle and muscle-tendon unit velocity during 

three conditions: ref (2.5 ms-1, 5°), fast (3.5 ms-1, 5°) and 

steep (2.5 ms-1, 10°) 
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stretch-shortening cycle. Peak muscle-tendon unit shortening velocity was five times 

higher than fascicle velocity (375.3 vs 74 mm/s, P < 0.01, Figure 1). Increased incline 

was met by greater muscle activity (24%, P = 0.04) and slower fascicle shortening 

velocities (34 vs 45 mm/s, P < 0.01). Increased speed was met by greater peak 

muscle activity (23%, P < 0.01) and no change in fascicle shortening velocity. 

DISCUSSION/CONCLUSION: Our data show uncoupled muscle behaviour from the 

joint movement, which enables beneficial contractile conditions and energy utilisation 

during diagonal style at different slopes and speeds. Active preloading at the end of 

the glide phase may benefit the mechanisms. 

REFERENCES:  
1 Roberts, T. & Azizi, E., 2011. J Exp Biol 
2 Komi, P.V. & Norman, R.W., 1987. Int J Sports Med 

 

 

REGRESSION ANALYSIS OF THE SECOND JUMP LENGTH ON SMALL 
JUMPING HILL HS105 M AT WINTER OLYMPIC GAMES BEIJING 2022 

Janez Vodičar1, Bojan Jošt1, Janez Pustovrh1 

1 Faculty of Sport, University of Ljubljana, Slovenia 

Keywords: ski jumping, performance, WOG 2022 

INTRODUCTION: The purpose of the study was to establish the multiple correlation 

between the length of the jump and the selected variables in the second round of 

competition for men and women at the smaller Olympic Ski jumping hill HS105 m at 

the 2022 Winter Olympics in Beijing.  

METHODS: Men jumpers and women jumpers competing in the second rounds of the 

2022 Winter Olympics in Beijing were studied. Independent variables were included: 

in-run speed, speed of the flight at a point 30 m behind the edge of the take-off table, 

speed at landing, angle between skis and wind velocity.   

RESULTS: Numerical results are presented in Table 1. 
 

Table 1: Basic statistical characteristics and regression analysis of second jump for men (M) and women (W) 
on the Jumping hill HS105 m, WOG Beijing 2022. 

Regression Man n Min Max M SD r beta Sig 
beta 

Second jump length (m) M 29 85.0 104.5 98.0 3.9       

In-run speed (km/h)   29 86.7 88.0 87.4  .26 .22 .31 .17 
Flight speed 30 m (km/h)   25 86.2 94.2 89.2 1.9 -.14 -.10 .62 
Landing speed (km/h)   25 98.9 107.9 105.2 2.33 -.15 -.26 .26 
Wind velocity (m/s)   29 -.61 .43 -.26 .24 .42 .38 .07 
Angle between skis (a.d.)   25 23.0 45.0 34.4 5.1 -.14 -.11 .57 

Mult R = 0.54                            % of Var = 28.6                         Sig R = 0.23                          

Regression Women n Min Max M SD r beta Sig 
beta 

Second jump length (m) W  30 65.0 100.0 85.0 8.3       

In-run speed (km/h)   30 85.7 87.7 87.0 .50 .59 .44 .00 
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Flight speed 30 m (km/h)   30 84.2 93.5 88.1 2.2 .24 .23 .12 
Landing speed (km/h)   30 95.1 107.9 101.6 3.6 .59 .30 .05 
Wind velocity (m/s)   30 -.81 .84 .22 .41 .26 .30 .05 
Angle between skis (a.d.)   30 20.0 42.0 30.5 5.2 .12 .23 .12 

Mult R = 0.78                           % of Var = 53.2                          Sig R = 0.00                 
Legends: r – correlation coefficient; beta — Normalisation regression coefficient; Sig beta — importance of the 
regression coefficient 
 

DISCUSSION: The differences in the variability of the quality of women ski jumpers 

were much greater than for men’s jumpers.  Women have only been performing at the 

Winter Olympics for eight years. They will certainly decrease in the future.  

CONCLUSION: For women, at the Winter Olympics competition on the smaller 

HS105 m ski jump, the multiple correlation was significantly higher than in men. This 

is probably due to greater variability in both - the criterion variables of the length of the 

jump and the selected independent variables.  

REFERENCES: 

Vodičar, J. et al., 2017.  Monography - Reliability and Validity of the Ski jumping 

Technique Factors. Hamburg: Verlag Dr. Kovač. 
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BIOMECHANICS OF DIFFERENT INCLINATIONS DURING ON-SNOW SKI 
CROSS STARTS 

Mara Gander1, Ralph Pfäffli1, Enrico Vetsch1, Stefan Plüss2, Björn Bruhin1,3 

1 Swiss Ski Federation, Swiss-Ski; 2 Department of Movement Biomechanics, Swiss Federal Institute of Technology 
Zurich ETH; 3 Department of Training Science, Swiss Federal Institute of Sport Magglingen SFISM 

Keywords: ski cross, start, athletes, biomechanics, start design 

INTRODUCTION: A fast start section contributes to race success in ski cross (SX) 

competitions (Argüelles et al., 2011). Since the design of the start differs in each 

venue, various inclinations should be trained. This study aimed to 

compare biomechanical parameters between on-snow start setups in SX elite athletes 

using a sport-specific training tool. 

METHODS: 13 athletes (♀ = 4; ♂ = 9) of the Swiss SX World Cup team were tested 

in an on-snow training setting. Three-dimensional force sensors in both handles 

measured upper-body strength during starts in a 20° (flat; →) and 45° (medium; ↓) 

inclination. 

RESULTS: The 374 analyzed starts showed that relative maximum force 

(→ = 19.47 N/kg; ↓ = 18.64 N/kg), relative maximum force in the direction of travel 

(→ = 16.49 N/kg; ↓ = 13.15 N/kg), rate of force development (→ = 3763.11 N/s; 

↓ = 3386.00 N/s) and time to maximum force (→ = .24 s; ↓ = .19 s) were higher in the 

flat setup, whereas relative pre force (→ = 5.73 N/kg; ↓ = 8.48 N/kg) – defined as force 

on handles before the gate opens – was higher in the medium setup. 

DISCUSSION/CONCLUSION: The results indicate that athletes in start setups with 

less inclination generated lower relative pre force but higher relative maximum forces 

and rate of force development to push themselves out of the gate. Consequently, time 

to maximum force was higher. With increasing inclination, athletes lost more force in 

the direction of travel. This study, for the first time, described forces in different on-

snow SX start setups – further investigations of the kinematics of the SX start are 

necessary.  

REFERENCES:  

Argüelles, J. et al., 2011. PJSS  
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IDENTIFICATION OF THE OPTIMAL RACING LINE FOR TOP MALE ATHLETES 
ON A SEGMENT OF A WORLD-CUP DOWNHILL ALPINE SKI SLOPE USING 
TRACKING DATA 

Martin Gallimore1, Edouard Koehn2, Mario Schlegel1, Leon Stillhard1, Andreas 
Vetsch1, Björn Bruhin3, Martin J. Bünner1 

1 Institute for Computational Engineering, Ostschweizer Fachhochschule, Werdenbergerstrasse 4, 9471 
Buchs, Switzerland; 2 Swiss-Ski, Muri bei Bern, Switzerland; 3 Swiss Federal Institute of Sport Magglingen (SFISM), 
Magglingen, Switzerland 

Keywords: optimal racing line, alpine skiing, downhill, GNNS, performance analysis 

Using 3D-tracking data, we can identify the optimal racing line for top male athletes 

on the famous S-curved segment (Brueggli-S) of the downhill FIS world cup track 

“Lauberhorn” in Switzerland. For this, we have measured and analyzed training runs, 

measured on a single day, of 10 world-class athletes. Based on curvatures derived 

from the noise-reduced 3D-tracking data, a large variation in racing lines adopted by 

the athletes was observed. Each of the detected racing lines share a similar pattern: 

The maximum curvature in the first curve was strongly negatively correlated with the 

maximum curvature of the second curve. We have found that, for the investigated 

athletes, the overall best racing line was characterized by a defined ratio of the 

maximum curvature of the first to the second curve. We claim that the observed 

negative correlation, as well as the optimal ratio of curvatures, is universal for a class 

of athletes with nearly identical performance levels. If and how this ratio varies for 

different classes of athletes (i.e. U10, U12 or U16 athletes) is an as yet unanswered 

question and remains open to further investigation. 

 

 

EFFECTIVENESS OF A LOW-COST GNSS-RTK SYSTEM TO EVALUATE THE 
PERFORMANCE OF ALPINE SKIING 
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Verona; 3 Motor Science Faculty, University of Verona 
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INTRODUCTION: Alpine skiing performance depends on a complex interaction 

between forces, energy dissipations, inter-dependency of turns, speed, and 

trajectories. Extensive studies have been done to understand the biomechanics of 

skiing. However, the necessary complexity of study approaches often limits the 

transferability of the testing procedures to field use. The present study investigates 

the effectiveness of using GNSS-RTK technology in evaluating the performance of 

alpine skiers. 

METHODS: Ten regional level skiers (GS FIS points: 80.5±33.8) performed a 

maximal speed single run on a 31-gate GS course. Skiers’ trajectory and the position 

of the gates were acquired using a u-blox ZED-F9P GNSS-RTK device connected to 
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an Android smartphone to enable the NTRIP correction and to record the position at 

10Hz. The data were analyzed with Matlab. Velocity (V), acceleration (a) and 

mechanical energy differences (dEm) were analyzed by splitting the curves into five 

sectors starting from the gate passages. 

RESULTS: The race time (RT) calculated 

by the GNSS system has always been 

longer than that measured with photocells 

(TGNSS-TChrono: 0.343±0.057 s; p<0.0001). 

Significant correlations were found 

between RT and GS FIS points (p=0.03), 

race velocity (p<0.0001), and path length 

(p=0.008). Different speeds (p<0.0001), 

and dEm (p<0.0001) were found for the 

different sections of the curves. Significant 

correlations were found between race 

time and the accelerations only for 

sections 3, 4, and 5 of the curves.  

DISCUSSION/CONCLUSION: Differences in race time may be due to the forward 

body jump at the start. Our results confirm the importance of the relationship between 

path length and speed- acceleration- and energy-related factors in race performance. 

The differences in these parameters over the different parts of the curve underline the 

advantage of splitting the curve into separate parts. Although more in-depth analyzes 

should be done, GNSS-RTK technology, given its low cost and adequacy in 

measuring relevant technical aspects, could be used on a large scale during training 

sessions in alpine skiing.  

REFERENCES:  

Delhaye, C. et al., 2020. Front Sports Act Living 
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THE POTENTIAL IMPACT OF RATIOS BETWEEN SKI WIDTHS ON THE ACL 
INJURY RISK IN RECREATIONAL SKIING 
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Martin Burtscher1 

1 Department of Sport Science, University of Innsbruck, Austria; 2 Medalp Sportclinic Imst, Austria; 3 Guidance 
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INTRODUCTION: Ski geometry parameters can influence ACL injury risk in 

recreational alpine skiing, e.g., the likelihood of an ACL injury increases with a wider 

ski tip and decreases with a wider ski waist (Ruedl et al. 2022). This study aims to 

evaluate the impact of ratios between tip, waist and tail widths of the carving ski on 

ACL injury risk in recreational skiers. 

Fig. 1: Correlation between accelerations 

calculated over the five sectors of the curve and 

race time. 
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METHODS: A retrospective questionnaire-based, case-control study was conducted 

during 4 winter seasons. Ski geometry data (ski length, side-cut radius, and widths of 

the tip, waist, and tail) were recorded from each participant’s skis. In addition, ratios 

were calculated between the 3 widths of the carving ski. For instance, the ‘waist to tip 

width ratio’ was defined as the waist width normalized by the tip width of the ski. 

RESULTS: A total of 1068 recreational skiers (mean age 37.8 ± 12.3 years, 50.8% 

females) participated in this study, of whom 18.1% (N = 193) sustained an ACL injury. 

Multiple logistic regression analysis indicates age, body weight, self-reported skill 

level, risk-taking behavior, ski length, and the skis’ waist to tip width ratio are 

independently associated with ACL injury in recreational skiing. The waist to tip width 

ratio was 60.7 ± 3.9% in ACL injured skiers compared to 63.5 ± 6.3% in uninjured 

controls (p = .009).  

DISCUSSION/CONCLUSION: Younger age, higher body weight, higher skill level 

and a lower risk-taking behavior were independent individual factors associated with 

a lower ACL injury risk, while a greater ski length and a lower waist to tip width ratio 

(tip width of the carving ski is wider in comparison to the waist width) were 

independently associated with a higher risk for an ACL injury in recreational skiers. 

REFERENCES:  
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THE EFFECT OF A LACE LOCKING DEVICE ON SKATE LACE TENSION: AN 
EXPERIMENTAL APPROACH 
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INTRODUCTION: Athletic footwear is the vehicle by which mechanical function is 

translated to human motion and sport performance. The athlete-equipment interaction 

in gliding and sliding sports has been recognized as a fundamental component of 

performance success (Lockwood et al., 2009; Pearsall et al., 2012; Stefanyshyn & 

Wannop, 2015). However, quantitatively assessing the merits of equipment, namely 

the athletic footwear on the execution of technique, is technically challenging and has 

been handcuffed by the lack of portable and sensitive research instrumentation that 

can be used in a real-world competitive environment. In the sport of ice hockey, skate 

boots traditionally use laces to secure the foot inside the boot and to enhance fit, 

comfort and performance. A lace locking device was proposed to enhance the role of 

laces and help maintain lace tension and/or customize tension zones throughout the 

lacing pattern on the skate boot. 

METHODS: The study was conducted in three phases; (i) phase 1 was dedicated to 

the design and build of a portable measurement apparatus that could quantitatively 

assess lace tension, (ii) phase 2 investigated the stiffness properties of three different 
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types of skate laces and their ability to maintain tension with and without a lace locking 

device installed in a non-human model, and finally, (iii) phase 3 compared lace tension 

pre-post a bout of skating with and without a lace locking device installed on the skate 

boots as the athlete skated on a skating treadmill in a controlled lab environment and 

on the ice in a competitive sport environment. 

RESULTS: Phase 1 resulted in the design and build of a portable measuring device 

that can be used to quantify lace tension in both non-human and human 

models, whereby the skate boot is on the athlete’s foot. Results of phase 2 suggested 

that all laces have the ability to stretch, however, stiffness properties dictate the 

resistance to stretch. Phase 3 revealed mixed results; significant differences in pre-

post skate lace tension without the lace locking device, meaning laces loosen with 

wear; however, no significant differences in lace tension with the lace locking device 

installed, meaning that the lace locking device provided a resistance to lace 

stretch (p < 0.05). 

DISCUSSION/CONCLUSION: Outcomes of the study suggested that the measuring 

apparatus was able to reliably quantify lace tension during use and assisted us in 

understanding the effectiveness of the lace locking device. The lace locking device 

provided resistance to stretch or slippage and had the ability to maintain pre 

established lace tension at the location where the device was installed. Furthermore, 

the lace locking device provided the athletes with the ability and confidence in knowing 

that their customized skate boot tension will be maintained during use.  

REFERENCES:  

Lockwood, K. et al., 2009. Journal of ASTM International 

Pearsall, D.J. et al., 2012. Procedia Eng 

Stefanyshyn, D.J. & Wannop, R.W., 2015. Sports Eng 

 

 

EFFECTS OF NEUROFEEDBACK TRAINING ON FRONTAL MIDLINE THETA 
POWER, SHOOTING PERFORMANCE AND ATTENTIONAL FOCUS WITH 
EXPERIENCED BIATHLETES 

Kerry McGawley1, Thomas Toolis1, Marko S. Laaksonen1, Andrew Cooke2 

1 Swedish Winter Sports Research Centre, Mid Sweden University, Sweden; 2 Institute for the Psychology of Elite 
Performance, School of Human and Behavioral Sciences, Bangor University, UK 

Keywords: biathlon, brain training, EEG, rifle shooting, winter sport 

INTRODUCTION: Frontal midline theta power (FMT) has previously been associated 

with superior rifle shooting performance1, which is crucial for successful biathlon 

performance2,3. The purpose of the present study was to identify whether 

neurofeedback training using electroencephalography (EEG) would lead to increased 

FMT and improved rifle shooting performance and attentional focus in biathletes. 

METHODS: Twenty-eight female and male biathletes (age: 21.7 ± 2.3 y) competing 

at national/international levels were pair-matched based on their best shooting test 

scores and were assigned to either a control group (CON: regular training only) or an 
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intervention group (NFT: regular training plus 6 x 30-min sessions of neurofeedback 

training). The training intervention consisted of 6 sessions of 10 x 3-min blocks of 

neurofeedback training using EEG, which aimed to increase the participants’ FMT 

whilst dry-firing their rifle in a seated position. Pre- and post-tests included 

assessment of precision shooting and simulated biathlon performance. 

RESULTS: FMT increased from baseline during the neurofeedback training sessions 

(p ≤ 0.05). However, there were no differences in pre- to post-test changes in FMT or 

shooting performance between the two groups (CON vs. NFT, p > 0.05). There was 

a small group (CON, NFT) x test (PRE, POST) interaction effect for attentional focus 

(p = 0.07; ηp
2 = 0.12), indicating a potential benefit of neurofeedback training. 

Analyses of inter-individual differences indicated that superior shooters were more 

proficient at increasing FMT during neurofeedback training, but this did not translate 

to greater improvements in post-test shooting performance. 

DISCUSSION: Our findings show that the prescribed neurofeedback training was 

sufficient to allow biathletes to increase FMT while dry-firing their rifle. However, the 

training intervention was ineffective in elevating FMT or improving rifle shooting 

performance during live-fire shooting tests, possibly due to participants developing 

varied, irrelevant or ineffective strategies to shape their FMT. Participants who were 

most responsive to the neurofeedback intervention tended to be most proficient during 

sport-specific shooting tests. This suggests that more skilled performers may be more 

receptive to neurofeedback training, although this requires further investigation. 

REFERENCES:  
1 Luchsinger, H. et al., 2016. PLoS One 
2 Luchsinger, H. et al., 2019. Int J Sports Physiol Perform 
3 Björklund, G. et al., 2022. J Sports Sci 

 

 

VISUALIZING AND ANNOTATING VIDEO AND MICROSENSOR DATA FROM 
CROSS-COUNTRY SKIING USING THE AUTOACTIVE RESEARCH 
ENVIRONMENT 

Ole Marius Hoel Rindal1, Øyvind Gløersen1, Kaja Kvåle1, Johannes Tjønnås2, 
Anders Liverud1 

1 SINTEF Smart Sensors and Microsystems; 2 SINTEF Mathematics and Cybernetics 

Keywords: cross-country skiing, visualization, Auto Active Research Environment 

INTRODUCTION: Wearable microsensors such as inertial movement sensors (IMUs) 

are revolutionizing the analysis of movement. It allows researchers to bring the lab to 

the field, resulting in more relevant data for the analysis of movements in sports. 

However, there has been a lack of tools to visualize and analyze the data. Especially, 

synchronizing video with recorded microsensor data, and easy annotations for 

machine learning purposes, have been challenging. To answer this challenge, 

SINTEF has developed an open-source AutoActive Research Environment (ARE)1 

consisting of an easy-to-use software with a graphical user interface, 
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ActivityPresenter, to visualize, synchronize, annotate and organize data from sensors 

and cameras as well as supporting interactions with MATLAB and Python. We 

demonstrate this software suite by sharing a dataset to analyze and annotate sub-

techniques in classical cross-country skiing as in [2]. The data and code are available 

at https://www.sintef.no/projectweb/autoactive/code-example/. 

METHODS: We recorded 

data from IMUs mounted 

on the arm and chest and 

a video of classical cross-

country skiing. The raw 

accelerometer and 

gyroscope data were 

processed in MATLAB 

with cycles detected and 

labeled as in [2]. The 

processed IMU data and 

cycle indications as well as sub-technique labels were synchronized with the video 

and written to an AutoActiveZip (aaz) file using the ARE MATLAB toolbox.  

RESULTS: Processed data from the accelerometer on the chest is visualized in 

ActivityPresenter together with the cycle identification. Annotations are visible as 

DIA (diagonal) in the plot. Data and video can be played as a movie or stepped 

through frame-by-frame. Annotations can be added or modified by pre-selected keys. 

DISCUSSION/CONCLUSION: The AutoActive Research Environment can ease the 

analysis and annotation of microsensor data synchronized with a video. 

REFERENCES:  
1 Albrektsen, S. et al., 2022. J Open Source Softw 
2 Rindal, O.M.H. et al., 2017. Sensors 

 

 

ESTABLISHING AN INJURY SURVEILLANCE SYSTEM IN GERMAN YOUTH 
ELITE SNOWBOARDING 

Alexandra Eberhardt1, Juliane Wulff1, Florian Frohberg1 

1 Institute for Applied Training Science, Leipzig, Germany 

Keywords: youth elite snowboarding, injury surveillance system, injury prevention 

INTRODUCTION: The risk of injury in snowboarding (SNB) is high, whereas the 

incidence and type of injury differ depending on discipline and performance level. In 

SNB Cross, Big air and Halfpipe disciplines occur a higher amount of contact injuries 

and (landing) falls than in SNB Slalom disciplines. While wrist injuries dominate in the 

recreational athletes, knee and back injuries are dominant among elite athletes. The 

lower the rider’s skill level, the higher the risk of injury, but the severity of injuries 

(multiple injuries involving the trunk) increases with skill level. So far, there are no 

standardized raised epidemiological injury data for junior elite SNB. Therefore, it is not 

https://www.sintef.no/projectweb/autoactive/code-example/
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clear how these correlations operate in young athletes regarding their non-linear 

growth and maturation phases involving unequal developing state of skeletal, 

muscular and nervous system. Injury surveillance in junior athletes is particularly 

difficult. There is no central point of contact where data can be collected regularly in a 

standardized and comprehensive manner. Further, medical care in junior elite sport is 

usually organized decentralized by individual physicians or institutions. Therefore, the 

goal was to establish a coach-centered and largely automated system of injury 

surveillance at national level that fits the general conditions in German junior 

snowboarding.  

METHODS: The procedure involved a detailed analysis of the context, in particular, 

clarifying questions such as: Who will collect data, how often and how detailed? 

Data acquisition and its criteria are based on the IOC specifications. All junior athletes 

(12-15 years) of the disciplines SNB Cross, Race and Freestyle who compete at 

national level were included. After a one-year pilot phase, the injury surveillance 

procedure will be evaluated for its effort and practicality through interviews of coaches. 

RESULTS: As a result, relevant information of typical injuries of young elite SNB can 

be displayed on a digital dashboard that is automatically generated based on data 

stored in a database. Information, such as frequently injured body parts, injury types 

or distribution of injuries over the year/season can be visualized. The dataset can also 

be filtered by different parameters such as date of injury, gender or age. 

DISCUSSION/CONCLUSION: By the application of an injury database (located 

centrally), coaches will receive an annual injury report in the future with the long-term 

goal of reducing injuries in German junior elite snowboarding. Preventive actions to 

improve athletes’; safety can include recommendations, like the use of mandatory 

protective equipment (e.g. back protectors, airbags), regulatory changes as well as 

training adaptations such as specific strength training or tactical training in SNB Cross. 

REFERENCES:  

Baumgart, T. et al., 2020. Injury and Health Risk Management in Sports 

Bolling, C. et al., 2018. Sports Med 

Torjussen, J. et al., 2006. Br J Sports Med 

 

 

PREDICTION OF SKI PERFORMANCE USING VARIOUS FITNESS TEST 
PARAMETERS 

Kosuke Nakazato1 

1 Kitami Institute of Technology 

Keywords: alpine ski performance, anaerobic power, aerobic power, field test,  

INTRODUCTION: The aim of this study was to clarify the relationship between 

physical fitness and slalom (SL) and giant slalom (GS) racing times. 

METHODS: Five male collegiate alpine skiers participated in this study. Prior to the 

skiing test, Counter-Movement-Jump (CMJ), Squat-Jump (SJ), Rebound-Jump (RJ), 

Bending-jump (BJ), Hexagonal-jump (Hex), Hexagonal-obstacle (Hex-Obs), Box-
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jump 90s (BJ90), Maximal-anaerobic-power test (MaAP), Wingate 40s (W40), and 

shuttle-run (SR) were tested. The skiing test was conducted on a slope with maximal 

inclination of 20 degrees. Three runs for both SL and GS were used to measure skiing 

times. A linear regression analysis and a forward stepwise linear regression formula 

initiated with a null model of prediction and pursued until no independent variables 

could be removed or added was also performed. 

RESULTS: Significant correlations (p < 0.05) were found between SL3 time and Hex 

and GS2, as well as GS3 and GS average time and mean power from W40. A formula 

for calculating SL3 time was established: SL3 time (s) = 0.362 * Hex (s) +33.778 

(r = 0.988, p < 0.01), GS2 time (s) = -0.017 * mean power of W40 (Watt) -0.248 * 

Hex (s) +0.01 * peak power of W40 (Watt) + 0.027 * BJ (s) +43.392 (r = 1.000, 

p < 0.001), GS 3 time (s) = -0.010 * mean power of W40 (Watt) +38.802 (r = 0.887, 

p < 0.05), and GS average time (s) = -0.016 * mean power of W40 

(Watt) -0.284 * BJ (s) +45.404 (r = 0.995, p < 0.01). 

DISCUSSION/CONCLUSION: The Hex, W40, and BJ test results could serve as 

predictors for SL and GS performance of collegiate alpine skiers. 

REFERENCES:  
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THE INFLUENCE OF PROTECTIVE HEADGEAR ON THE VISUAL FIELD OF 
RECREATIONAL LEVEL SKIERS – FIELD TESTING 

Vjekoslav Cigrovski1, Mateja Očić1, Ivan Bon1, Lana Ružić1, Tomislav Rupčić1 

1 University of Zagreb, Faculty of Kinesiology, Laboratory for Sports Games, Croatia 

Keywords: ski helmet, ski goggles, reaction speed, field testing, head injuries 

INTRODUCTION: Ski slopes have become crowded, and the risk of collisions and 

accidents has grown significantly, as well as the number of injuries. One of the most 

serious injuries are those to the head. Therefore, to minimize the risk of severe head 

injuries, protective headgear is widely used. A sufficient level of anticipation helps 

athletes to properly position themselves to reduce the forces transferred to the head 

or even move to avoid a collision. To objectively identify the impact of protective 

headgear on the reaction speed when skiing, it is necessary to conduct suitable 

measurements on the ski slopes.  

METHODS: The sample consisted of 45 recreational-level skiers (27 M, 18 F; age 

31.6 ± 8.2 years; 22 helmet users, 23 non-helmet users). Reaction speed on visual 

stimuli was tested on the ski slope for three conditions of wearing protective headgear 

(ski cap, ski cap and sunglasses, ski helmet and ski goggles). Reaction time was 

measured with Witty photocells. The participant was standing in the middle of the ski 

slope, with the head fixed on the stand to avoid head movements during measurement 

and was wearing earplugs to avoid any sound stimuli. The protocol was identical for 
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each testing condition. Differences in reaction speed between the three conditions 

were tested by analysis of variance (ANOVA). 

RESULTS: The results confirm that the slowest reaction on visual stimuli was 

measured when wearing ski helmet and ski goggles combined, both for previous 

helmet users and non-users. Our results confirm the hypothesis regarding the 

differences in gained results for helmet users and non-users when observing the role 

of ski helmet and ski goggles on reaction speed. The results indicate significant 

differences between helmet users and non-users, i.e., the reaction was slower for 

helmet non-users. 

DISCUSSION/CONCLUSION: Gathered results suggest that a combination of ski 

helmet and ski goggles significantly negatively influences reaction speed on visual 

stimuli both for helmet users and non-users in three tested conditions. When 

comparing the results of helmet users and non-users, there are differences in the time 

necessary to react during skiing. The habit of wearing a helmet does influence the 

ability of perceiving visual stimuli. 

REFERENCES:  
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FIS "Athlete Health Unit" - Recent efforts towards injury 
prevention in snowsports 

FIS CONSENSUS INITIATIVES ON INJURY AND ILLNESS REGISTRATION, 
WARM-UP, PREVENTATIVE TRAINING/TESTING, AND RETURN TO SPORT 

Jörg Spörri1, Caroline Bolling2, Johannes Scherr1, Gerald Mitterbauer3, Evert 
Verhagen2 

on behalf of the ‘FIS Athlete Health consensus group’ 

1 Department of Orthopaedics, Balgrist University Hospital, University of Zurich; 2 Department of Public and 
Occupational Health, Amsterdam UMC; 3 FIS Athlete Health Unit 

Keywords: athlete, snow sports, injury prevention 

INTRODUCTION: In various snow sports hosted by the International Ski and 

Snowboard Federation (FIS), injury rates are relatively high compared to other 

Olympic sports (Soligard et al., 2019). Over the past decade, research groups 

worldwide have investigated injury prevention-related topics, such as injury and illness 

surveillance, warm-up, preventive training and testing, and return to sport. However, 

current practices in these areas are not consistently applied, and there is a lack of 

consensus to implement them in a well-coordinated manner and with joint forces. This 

is particularly true for preventive measures targeting young athletes. 

METHODS: As part of four rigorous international consensus initiatives with panels of 

a total of 55 international experts from diverse backgrounds, nationalities and 

professions, sport-specific recommendations and strategies (i.e., FIS consensus 

statements) were derived. The underlying methodology included a review of current 

scientific literature, qualitative studies interviewing experts regarding current practices 

and challenges, and several consensus meetings. 

RESULTS/DISCUSSION: This invited talk will provide an overview of these 

consensus initiatives and their development process. The resulting consensus 

statements are expected to provide helpful guidance to national skiing associations 

(NSAs), researchers, or any other entity recording and reporting epidemiological data 

in one or more FIS snow sport disciplines to make data from different sources 

comparable. In addition, the elaborated international sport-specific recommendations 

and strategies for warm-up, preventive training and testing, and return to sport shall 

pave the way for effective health protection of (youth) snow sports athletes across all 

nations. 

REFERENCES: 

Soligard, T. et al., 2019. Br J Sports Med 
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EDGE TUNING MEASUREMENTS – WHAT DO WE KNOW AND WHERE DO WE 
GO FROM HERE? 

Michael Lasshofer1,2, Thomas Stöggl1,3 

1 University of Salzburg, Department of Sport and Exercise Science, Austria; 2 International Ski and Snowboard 
Federation, Switzerland; 3 Red Bull Athlete Performance Center, Austria  

Keywords: human-equipment interaction; ski racing; tactile sensing 

INTRODUCTION: In the complex domain of alpine ski racing, little details not only 

decide between success and failure but also between safe and dangerous situations 

for athletes. The steel edge of the skis is the contact area of the skier-equipment 

system with the snow during turning. Therefore, the preparation of the edge is a crucial 

issue. Decisions about how to tune the edge angle must be taken for the outside edge 

angle, which is associated with grip during skiing, and the base edge bevel, which is 

associated with steering behavior and aggressiveness of the skis.  

It was the goal of this work to proof the concept of applying the innovative mobile 3D 

tactile sensing tool GelSight to measure the base edge bevel in comparison to 

established measurement tools. 

METHODS: Two different race skis were provided by two different ski racing suppliers 

and the base edge bevel was measured at the same spot below the binding for three 

times. Ski A was characterised by a wide edge (1.28 mm), while ski B showed a thin 

edge (0.53 mm). Measurements were conducted with three measurement systems, a 

cheap manual tool, the so-called Baseman (VSLN SkiTuning GmbH, Austria), a 

mobile 3D tactile sensing tool (GelSight, USA) and a 3D laser-scanning microscope 

(Keyence, Belgium). 

RESULTS: Table 1 shows the results for ski A and B as mean value of the three 

measurements ± the standard deviation. 
 

Table 1. Base Edge Bevel Angle [°] 

 Baseman GelSight Keyence 
Ski A 0.48 ± 0.08 0.45 ± 0.04 0.46 ± 0.02 
Ski B 0.69 ± 0.12 0.63 ± 0.07 0.60 ± 0.03 

mean ± standard deviation 
 

DISCUSSION/CONCLUSION: Results showed very consistent results for Ski A with 

little difference between the systems. Nevertheless, the GelSight tool outperformed 

the Baseman for the measurements of Ski B in comparison to the laser-scanning 

microscope. While the laser-scanning microscope showed the lowest standard 

deviation, and therefore the most stable results, the GelSight tool once more 

outperformed the Baseman. Since the proof of concept was centered towards the 

GelSight system, it was shown that this tool could be an affordable, handy, and 

accurate alternative to the gold standard of an expensive laboratory system like a 

laser-scanning microscope.  
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COURSE DESIGN – WHAT DO WE KNOW AND WHERE DO WE GO FROM 
HERE? 

Matthias Gilgien1,2, Ivar Mannsåker1, Per Haugen1, Robert Cortas Reid3 

1 Department of Physical Performance, Norwegian School of Sport Sciences; 2 Centre of Alpine Sports Biomechanics, 
Engadin Health and Innovation Foundation; 3 Department of Sport Science, Norwegian Alpine Ski Team 

Keywords: alpine skiing, course set, speed, forces, injury risk factor 

INTRODUCTION: In competitive alpine skiing, the risk of injury is increased compared 

to other Olympic sports. Injuries in giant slalom were found to be primarily linked to 

the mechanics of turning. Expert stakeholders such as coaches see course-setting as 

primary measure to reduce injury risk1 and field biomechanical research has shown 

that course setting manipulations are suitable to alter factors such as speed, forces 

and turn radii for male skiers2. 

METHODS: In this study 3 male and 2 female skiers participated to assess the effect 

of gate offset in flat terrain. For that purpose, an open rhythmic course was set with 

an average gate distance of 27.0 m and 6.6 m offset on a slope with an average 

incline of 13°. Athletes skied three runs in that original course (course 1), two runs in 

a course where gate offset was increased by 1.0 m (course 2) and another two runs 

in a course with an increased offset of 1.5 m (course 3). The course set intervention 

section lasted for 5 turns. Terrain and course set were measured using differential 

GNSS. Athletes carried an inertial navigation system from which speed, ground 

reaction force, turn radius and impulse per turn were calculated. 

RESULTS: Athletes entered the 5 - gate long gate offset manipulation section with 

70 km/h and exited that section with 80 km/h in course 1. Course 2, where offset was 

increased by 1.0 m caused an average speed reduction per turn of 0.7 km/h 

compared to course 1. In course 3 where the offset was increased by 1.5 m average 

speed reduction was 1.0 km/h per turn. Hence, each additional gate with increased 

offset caused an additional speed reduction. The Increased gate offset did not lead to 

any increase in maximal ground reaction force or decrease in minimal turn radii, while 

impulse, subjectively perceived physical load and turn time increased with increasing 

gate offset. These effects were similar for women and men. 

DISCUSSION/CONCLUSION: In flat terrain the consequence of increased gate offset 

are reduction in speed, increase in physical load and turn time both for women and 

men. Hence, course setters need to consider the trade-off between speed control and 

physical fatigue when setting courses in flat terrain. 

REFERENCES:  
1 Spörri, J. et al., 2012. Br J Sports Med 
2 Gilgien, M. et al., 2020. Br J Sports Med 
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JUMP DESIGN – WHAT DO WE KNOW AND WHERE DO WE GO FROM HERE? 

Kurt Schindelwig1, Werner Nachbauer1,2 

1 Department of Sport Science, University of Innsbruck; 2 Research Center Ski and Alpine Sport, University of 
Innsbruck 

Keywords: jump design, downhill races, simulation software 

What do we know? World Cup ski racing is a high-risk sport. In downhill races, jumps 

are generally considered to be very injury prone. To reduce the frequency of injuries 

during jumps, the jump design should avoid jumps with too high landing loads, but 

allow attractive jumps for the spectators. A suitable measure for evaluating the landing 

impact is the equivalent landing height (ELH). The ELH is mainly determined by 

takeoff angle, takeoff speed, and the steepness of the landing surface1.  

With a self-developed simulation software, the range of the jumping distance and the 

ELH was calculated before the first training session for the most challenging jumps of 

several World Cup races in the season 2021/22. The input data were the takeoff 

inclination, the inclination of the landing area and the range of the takeoff speed. The 

takeoff and the jump inclination were measured with an inclinometer. From the TV 

footage of previous races, the range of the takeoff speed was determined by digitizing 

the takeoff frames. 

Take off inclination and/or take off speed was modified if the simulation showed too 

high ELHs or jumping distances. Additionally, takeoff and landing of the racers were 

recorded with video (Fig. 1). The simulated jump distance and the video measured 

jumping distance were used to validate the simulation software. The validation 

showed that the simulation software accurately predicted jump distance and ELH. 
 

 
Figure 1: Video recording of the landing of a female athlete during the World Cup race in Crans Montana. 

 

Where do we go from here? The developed simulation software is a suitable tool to 

reduce the risk of serious injuries during jump landing in downhill skiing. For a wider 

practical use in racing and training, the simulation software needs some 

improvements in its usability. However, the major task will be the instruction of the 

inclination measurements in the field and to teach the underlying mechanical basis of 

the software in order to apply the software appropriately. 

REFERENCES:  
1 Schindelwig, K. et al., 2014. Scand J Med Sci Sports
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Invited Workshop: Injury Screening and Prevention Alpine 
Skiing (ISPA) 

INJURY SCREENING AND PREVENTION ALPINE SKIING (ISPA) 

Jörg Spörri1, Lynn Ellenberger1,2, Jonas Hanimann1, Daniel Fitze1, Björn Bruhin3 

1 Department of Orthopaedics, Balgrist University Hospital, University of Zurich; 2 Swiss Council for Accident 
Prevention (BFU); 3 Swiss-Ski 

Keywords: athlete, skiing, athletic injuries, physical fitness, primary prevention 

In 2017, the Swiss Ski Federation (Swiss-Ski) launched a project with the purpose of 

developing an evidence-based national injury prevention strategy specifically 

targeting youth competitive alpine skiers. As a scientific foundation for this strategy, 

28 peer-review publications were elaborated. A corresponding compilation can be 

found at https://www.researchgate.net/project/Injury-Screening-Prevention-Alpine-

Skiing-ISPA. The aim of this 60-minute workshop, which will be presented at the 2023 

International Congress on Science and Skiing (ICSS), is to provide a concise overview 

of the key findings of the publications and implications for the daily training and testing 

regimes of youth competitive alpine skiers. 

In the first 30 minutes, the ISPA project leader Jörg Spörri will present an overview on 

the topic and outline the epidemiological and aetiological basis for the ISPAInt 

prevention programme, which has been demonstrated in a clinical trial to have great 

potential for reducing the occurrence of traumatic and overuse injuries in youth 

competitive alpine skiers (Schoeb et al., 2022). 

In the second 30’, the audience will be offered three selectable practical inputs: (1) 

Lynn Ellenberger will provide detailed insights into the topic of “Functional Screening 

Tests” from a biomechanical perspective; (2) Daniel Fitze and Jonas Hanimann will 

share their methodological knowledge on “Muscle and Tendon Imaging”; and (3) Jörg 

Spörri and Björn Bruhin will introduce the ISPAInt prevention programme in more detail 

and guide the correct execution. 

Certainly, there will be room for questions and constructive discussions between the 

speakers and the workshop participants. Be part of it! 

REFERENCES: 

Schoeb, T. et al., 2022. Front Physiol 
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Keynote: Vesa Linnamo 

HOW TO BECOME THE BEST RESEARCH CENTER IN NORDIC SKIING IN THE 
WORLD BY 2033  

Vesa Linnamo1 

1 JYU-Vuokatti, Faculty of Sport and Health Sciences, University of Jyväskylä 

 
The Sports Technology Unit (JYU-Vuokatti) was established 20 years ago and is a 

part of the Faculty of Sport and Health Sciences at the University of Jyväskylä. The 

strategy of JYU-Vuokatti has recently been updated for the upcoming ten years. As a 

part of the strategy, it has been stated that the aim of the Unit is to be the best research 

center in Nordic skiing in the world by 2033.  

Naturally also other research centers may have similar ideas, but healthy competition 

is welcome and co-operation with others even more welcome. This keynote 

presentation will show how JYU-Vuokatti aims to reach this ambitious goal by giving 

examples of our recent and future methodological developments related to sensors, 

data processing and analysis, skiing and shooting laboratories and virtual 

environments. The importance of PhD students, senior researchers, technical staff 

and national and international co-operation will be discussed. 

Research and technology alone without connection to coaches and athletes do not 

lead to success in sports. How to transform the scientific knowledge to practice and 

thus to better athletic results is what is important. How sport co-operation takes place 

between JYU-Vuokatti and Vuokatti-Ruka Olympic training center, Vuokatti Sport, 

Finnish ski and biathlon federations will be explained in the talk.  
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XCS equipment and technology 

ANALYZING MICRO PARAMETERS OF DIAGONAL STRIDE IN CROSS-
COUNTRY SKIING USING MICROSENSORS ON SNOW 

Ole Marius Hoel Rindal1, Øyvind Gløersen1, Johannes Tjønnås2 

1SINTEF Smart Sensors and Microsystems; 2 SINTEF Mathematics and Cybernetics 

Keywords: diagonal stride, micro parameters, IMUs 

INTRODUCTION: Macro parameters of cross-country skiing, e.g. sub-technique 

classification, is thoroughly studied. However, detailed analysis of within-cycle 

movement of a sub technique, the micro parameters, have only been investigated on 

treadmills or with roller skis1,2,3. We bring the lab-to-the-field and investigate the 

micro parameters of the diagonal stride in cross-country skiing while skiing on snow. 

We investigate the movement of the ski during the diagonal stride by mounting inertial 

measurement units (IMUs) on the skis. The first aim of this study was to automatically 

detect sub-phases of diagonal stride skiing on snow, specifically the sub-phases; 

glide, thrust and recovery. The second aim was to explore how these sub-phases are 

affected by changing from conventional- to running-style diagonal stride. 

METHODS: IMU sensors recording accelerometer and gyroscope data at 256 Hz 

were mounted on the skis in front of the binding supplemented with a ground truth 

video. Data was recorded from 9 athletes performing conventional diagonal stride, 

and compared to an athlete performing both conventional- and running-style diagonal 

stride. The data were analyzed in MATLAB using an analysis refined from [1]. 

RESULTS: The plots illustrate three cycles from the resulting acceleration curves 

along the direction of the 

movement of the ski, as well 

as the estimated velocity, 

with the vertical lines 

indicating the automatic 

detection of transition 

between sub-phases. The 

top plot is from conventional 

and the lower is from 

running-style diagonal 

stride. 

DISCUSSION/CONCLUSION: We can observe that running diagonal significantly 

reduces the length of the gliding sub-phase, and also has a more noisy transition into 

the thrust sub-phase. 

REFERENCES:  
1 Fasel, B. et al., 2015. J Biomech 
2 Pellegrini, B. et al., 2020. J Sport Health Sci 
3 Meyer, F. et al., 2022. https://doi.org/10.20944/preprints202210.0132.v1 
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DIGITAL SKIGURU – QUANTIFYING “SKI FEELING” USING MICROSENSORS 

Øyvind Gløersen1, Ole Marius Hoel Rindal1, Johannes Tjønnås2 

1 Smart Sensors and Microsystems, SINTEF Digital 2 Mathematics and Cybernetics, SINTEF Digital 

Keywords: ski-waxing, ski-testing, ski-snow friction, IMU 

INTRODUCTION: The performance of a cross-country (XC) ski is multifaceted and 

individual-specific. Consequently, ski-selection is often done by subjective 

assessment. Differentiating skis based on feeling is an arduous skill susceptible to 

individual bias. The aim of this study was to develop a sensor-based solution to 

augment subjective assessments of XC-skis.   

METHODS: Three skiers rated four pairs of skis on a 1.0 km lap. The skiers wore 

inertial measurement units and a GNSS receiver as described in Tjønnås (2019). The 

ski’s within-cycle kinematics in diagonal stride were calculated as described by Fasel 

et al. (2015). Each skier subjectively rated three ski-performance factors, “glide”, 

“lead” and “grip”, on an interval scale. Rated “glide” was compared to ski friction 

coefficient, which was estimated in a downhill segment by considering changes in 

mechanical energy and estimating air drag. Rated “lead” was compared to the ski’s 

deceleration during the glide phase of diagonal stride (Fig. 1). Rated “grip” was 

compared to peak negative ski-velocity during diagonal stride (occurring directly after 

the leg push, Fig. 1). Agreement between subjective rating and microsensor 

measurement was evaluated by Pearson’s correlation coefficient for each skier 

separately and reported as the range over all skiers.  

RESULTS: There were high correlations between rated “glide” and measured friction 

coefficient (r = 0.79-0.94), and between “lead” 

and deceleration during the glide phase 

(r = 0.71-0.77). Correlations between rated 

“grip” and measurements of peak negative ski 

speed were variable (r = -0.35-+0.40).  

DISCUSSION/CONCLUSION: Our results 

indicate that differences in XC-skis gliding 

properties, both during bilateral (“glide”) and 

unilateral (“lead”) stance, can be detected using 

microsensors on skis and athlete. The skis grip 

could not be detected with the proposed feature.  

REFERENCES:  

Fasel, B., 2015. J Biomech 

Tjønnås, J., 2019. Front Psychol  

  

Fig. 3: Within-cycle ski velocity during 

diagonal stride skiing, with features for 

“Lead” and “Grip” annotated.  

Fig. 1: Within-cycle ski velocity during diagonal 
stride skiing, with features for “Lead” and “Grip” 
annotated.  
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EVIDENCE FOR A MELTWATER LAYER BELOW A SLIDING SKI 

Michael Hasler1, Werner Jud1, Joost van Putten1,2, Werner Nachbauer1,2 

1 Department of Sport Science, University of Innsbruck, Austria; 2 Research Center Ski, Snow, and Alpine Sport, 
Innsbruck, Austria  

Keywords: snow friction, frictional meltwater, snow temperature 

INTRODUCTION: For many years, frictional meltwater was the assumed explanation 

for the low friction on snow. Some experiments have been conducted to verify the 

presence of a meltwater film1-3, but the results were inconsistent. The goal of the 

present study was to shed more light on the potential generation of frictional 

meltwater. 

METHODS: The friction coefficient of an XC ski was measured on a linear snow 

tribometer4 at speeds between 5 and 25 m/s and at a snow temperature of -3.6°C. 

During the measurements, an infrared camera filmed a segment of the sliding track of 

0.15 m length. From the infrared images, we calculated the course of the hottest snow 

spots after the passage of the ski5.  

RESULTS: The maximum temperature of the hottest spots after the passage of the 

ski was -0.09°C (at 25 m/s). The subsequent course of the temperature is shown in 

Fig. 1. Whilst at low speed the decrease was exponential from the beginning, at 15 m/s 

and, more pronouncedly, at 25 m/s the initial temperature decrease was relatively flat 

and linear and changed to an exponential decrease only later on. 

 

 

 
 

DISCUSSION/CONCLUSION: If the snow surface temperature would decrease solely 

due to energy transfer by radiation, conduction and convection, an exponential 

decrease immediately after the passage of the ski would be expected. The cause for 

the initial linear part of the temperature curve must be based on an additional 

mechanism overlapping the cooling. This mechanism only seems relevant at higher 

speed: a phase change of refreezing frictional meltwater on the hottest spots.  

REFERENCES:  
1 Ambach, W. et al., 1981. Cold Reg Sci Technol 
2 Strausky, H. et al., 1998. Appl Phys B-Lasers Opt 
3 Lever, J.H. et al., 2021. Front Mech Eng 
4 Hasler, M. et al., 2016. Tribol Lett  
5 Hasler, M. et al., 2021. Front Mech Eng  

-3

-2,5

-2

-1,5

-1

-0,5

0

0,5

1

0 2 4 6 8 10

te
m

p
er

at
u

re
 (
°C

)

time (s)

Fig. 1: Temperature decrease 

after the passage of a ski at 

25 m/s. Linear decrease (black 

dashes), exponential decrease 

(red dash dots) and measurement 

(blue full line) 



XCS equipment and technology / Tue 21st 08:45-10:00 
 

 

Page 60 of 136 9th International Congress on Science and Skiing 

CONTACT PRESSURE ALONG A CROSS-COUNTRY SKI 

Martin Mössner1, Kurt Schindelwig1, Michael Hasler2, Werner Nachbauer1,2 

1 Department of Sport Science, University of Innsbruck; 2 Research Center Ski and Alpine Sport, University of 
Innsbruck 

Keywords: cross-country skiing, contact pressure 

INTRODUCTION: Snow friction is a major performance factor in cross-country skiing1. 

Friction is affected by ski and snow stiffness. Thus, we present a measurement 

method to determine the contact pressure of skis on a foundation with snow-like 

stiffness. 

METHODS: We built a stiff frame on which a cross-country ski rested atop a layer of 

closed-cell polyurethane elastomer (Fig. 1a). The elastomer was chosen to have a 

similar stiffness as measured snow2. The force-penetration relation of the elastomer 

was measured. The ski was statically loaded at the binding with 0.3, 0.5, and 0.7 kN 

and the penetration depth of the ski into the elastomer was determined. Finally, 

contact pressure was calculated using the measured force-penetration relation. 
 

 

 

 
 

 

 

RESULTS: Fig. 1b shows the ski base position and the contact pressure along the ski 

for the three loads. The pressure distribution showed two separate peaks. For 

increasing loads, maximum contact pressure and penetration depth increased and 

shifted towards the center of the ski. Additionally, the contact area, i.e. the area with 

positive penetration depth, increased. 

DISCUSSION/CONCLUSION: Static measurements of the ski base position of a 

loaded ski on stiff support plates were presented and showed a different contact area 

for different skis3. In this work, we observed a strongly increasing contact area and 

contact pressure for increasing load (Fig. 1b). The contact is strongly affected by the 

stiffness properties of ski and snow4. Thus, it is crucial to measure the contact area 

and contact pressure on soft foundations, with a similar stiffness as snow. Changes 

in contact area and pressure along the ski are likely to change ski friction. 

REFERENCES:  
1 Almqvist, A. et al., 2022. Front Sports Act Living 
2 Mössner, M. et al., 2013, J Glaciol 
3 Breitschädel, F. et al., 2010. Procedia Eng 
4 Mössner, M. et al., 2022, submitted  

(b) (a) 

Figure 1: Measurement device (a) and ski base position and contact pressure along the ski 
(b) for loads of 0.3 (red), 0.5 (green), and 0.7 kN (blue). Ski tail and tip were at 0.0 and 1.89 m, 
respectively. 
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VALIDATION OF 2D FORCE MEASUREMENT ROLLER SKI AND PRACTICAL 
APPLICATION 

Shuang Zhao1, Vesa Linnamo1, Keijo Ruotsalainen1, Stefan Lindinger2, Timo 
Kananen3, Petri Koponen3, and Olli Ohtonen1 

1 Faculty of Sport and Health Science, University of Jyväskylä, Finland; 2 Center of Health and Performance (CHP), 
Department of Food and Nutrition and Sport Science, University of Gothenburg, Sweden; 3 Technical Research Centre 
of Finland, VTT MIKES, Finland  

Keywords: cross-country skiing, force measuring device, kinetics 

INTRODUCTION: Several methods could measure the forces from ski or roller skis in 

cross-country skiing (Othonen et al., 2013; Hoset et al., 2014). Equipment which could 

measure medio-lateral forces may be of good help for investigating the relevant 

skating techniques. The aim of this study was to validate a pair of newly designed 2-

dimensional force measurement roller skis. The vertical and medio-lateral forces 

which were perpendicular to the body of the roller ski could be measured. 

METHODS: Custom-made aluminium alloy frame of roller ski has been designed 

using finite element method (FEM). Static (10-150 kg) and dynamic (simulated skate 

skiing push-off jump) situation for the measurement roller ski was performed to reveal 

the validity of the system. 3D force plates (AMTI, Watertown, USA) were used, and 

the forces measured by the force plate were the reference. Three passive reflective 

markers and a 4-camera Vicon (Vicon, Oxford, UK) system were used to record the 

position of the roller ski in the global coordinate system. Forces were resolved into the 

global coordinate system and compared with the force components measured by the 

force plate. To demonstrate whether the force measurement roller ski would affect the 

roller skiing performance on the treadmill, a maximum speed test with V2 technique 

was performed using both normal and force measurement roller skis. 

RESULTS: The force-time curves obtained by these two different force measurement 

systems during dynamic situations were shown to have high similarity (coefficient of 

multiple correlation > 0.940). The absolute difference for the forces in X and Z 

directions over one simulated skate skiing push-off cycle was 3.9-33.3 N. When skiing 

on the treadmill, the durations for the tests did not have any major differences with 

different roller skis.  

DISCUSSION/CONCLUSION: FEM is a practical method to find the optimal shape as 

well as dimensions of a custom-made roller ski body and to determine the optimal 

location of the strain gauges in the roller ski body. This developed instrumentation, 

where the resistance strain gauges were attached to the suspensions of the roller ski 

wheels, is a practicable tool for measuring the magnitude of the forces applied on the 

roller skis in two dimensions in skate skiing. 

REFERENCES:  

Ohtonen, O. et al., 2013. Sports Eng 

Hoset, M. et al., 2014. Sports Eng
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Skijumping and freestyle 

STRUCTURE OF TAKE-OFF IMITATION POWER IN SKI JUMPING 

Janez Vodičar1, Matej Supej1, Bojan Jošt1 

1 Faculty of Sport, University of Ljubljana, Slovenia 

Keywords: sports training, ski jumping, take-off power imitation 

INTRODUCTION: The aim of the study was to determine the structure of the impulse 

of the push-off force in three different forms of imitation of elite female ski jumpers. 

METHODS: An elite Slovenian female ski jumper participated in the experimental 

study conducted in August 2018. She realized the jump on a special measuring 

device, in jumping shoes, on the imitated hill slope of 10 degrees. The athlete 

performed the first imitation of the jump, where the centre of mass (CoM) moved 

forward by 30 cm during the jump, then by 60 cm, and finally she performed the 

imitation of the jump where she was caught by the trainer. To monitor each jump, the 

following ground reaction force variables were recorded: the total force of the jump 

perpendicular to the ground; the perpendicular force at the first and rear left and right 

feet; the total force of the jump parallel to the take-off plate; the total force of the jump 

parallel to the take-off plate at the left and right legs. 

RESULTS: In the first part of the imitation jump’s take-off by the trainer catch, the 

vertical component of take-off force increased markedly, while the parallel component 

of the take-off force increased significantly in the second part. 
 

 
CG+30 cm CG+60 cm CG More as +60 cm 

 

Legend: FRA – right foot force front, FLA – left foot force front, FRP – right foot force back, FLP – left foot 
force back, FT – total foot force, FR – right foot force, FL – left foot force. 

 

DISCUSSION: The impulse structure of the take-off force in the two jumps where the 

CoM moved 30 cm and 60 cm was quite similar and more realistically reflected the 

structure of the take-off force on the jumping hill. In the first part of the realistic take-
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off phase on the jumping hill, the force is acting perpendicular to the ground, while in 

the second part of take-off phase, the jumper’s CoM moves forward about 20 to 30 cm.  

CONCLUSION: When imitating the take-off in ski jumping, a different coordination of 

movement is expressed in comparison to jumping on the realistic ski jump. The more 

the jumper shifts the CoM when imitating the take-off, the greater the difference. The 

popular imitation of the take-off where the coach is catching the jumper differs 

remarkably from the realistic take off action on the ski jumping hill and there is different 

movement coordination. 

REFERENCES: 

Jošt, B., Vodičar, J. in Supej, M. (2021). Developing Take off Power in Ski-jumping. 

Hamburg: Verlag Dr. Kovač. 

 

 

SENSOR-DRIVEN RECORDING AND ANNOTATION OF DRY SLOPE JUMPS  

Steven Verstockt1, Timothy De Bock1, Jelle De Bock1, Robbe Decorte1, Jelle 
Vanhaeverbeke1, Maarten Slembrouck1 

1 Ghent University – imec, IDLab, Sports Data Science, steven.verstockt@ugent.be  

Keywords: storytelling, jump classification, identification, video analysis, sports data science 

INTRODUCTION: In order to facilitate the work of coaches and to ease the creation 

of personalized stories (that athletes can easily share on their social media accounts) 

we are developing a sensor-driven methodology to automatically record and annotate 

jumps at the dry slope of Sport Vlaanderen in Genk, Flanders, Belgium1.     

METHODS: ANT+ sensor data of the athletes are automatically recorded over the 

entire dry slope using WASP devices2. Currently, data and signal strengths (RSSI) of 

a running pod sensor is analyzed to predict when an athlete is active (performing a 

jump) or non-active - other sensors will be evaluated too in future work. Person 

detection/tracking on synchronized video is used to validate and further optimize the 

timestamps of the athlete shots3. Based on the video data, the landing is also mapped 

and classified as good or bad (depending on the distance to the centerline from where 

the athlete landed). Furthermore, the number of rotations is counted by means of pose 

estimation analysis and is used to cluster/classify the jumps.  

RESULTS: During our first tests, 3 different riders were asked to jump in random 

order. Their jumps were correctly detected based on the multimodal sensor 

data/features and automatically annotated with their sensorIDs. The classification 

(good/bad landing, number of rotations) was also tested. The accuracy of this 

classification step, however, still needs to be improved and will be part of future work.  

DISCUSSION/CONCLUSION: First results show the feasibility of the proposed 

approach. However, some remaining issues still need to be resolved to end up with 

an accurate and fully automatic system. The valorization potential of the proposed set-

up is high - it could also be used in other contexts (e.g. snowparks) and different 

sports.  

mailto:steven.verstockt@ugent.be
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DEVELOPMENT OF A SIMPLE ALGORITHM TO DETECT DIFFERENT TYPES 
OF FREESTYLE JUMPS AND JUMPS DURING SKIING 
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INTRODUCTION: Jump detection via inertial measurement units (IMUs) to monitor 

athletes is of high interest in many sports (e.g. volleyball1,2, figure skating3, 

snowboarding4, ski jumping5). This work aims to develop an algorithm that detects 

jumps under different skiing conditions: freestyle jumps (big air, jumping hills) and 

jumps during normal skiing based on IMU data. The IMUs are attached to the skiers’ 

boots, which allows stable and consistent data recording6. 

METHODS: The algorithm takes the mean of the absolute vertical accelerations and 

smooths this data using a moving average of the last 25 data points. These smoothed 

values are rounded to the nearest tenth. Finally, the ranges with zeros are identified 

as jumps. For the analysis of freestyle jumps, we used data from seven freestyle 

skiers, while we collected jumps while skiing from two recreational skiers. The 

experiment took place on big-air jumps and on an alpine skiing piste. 

RESULTS: Our results show that the proposed method can detect 100% (35 jumps) 

of freestyle jumps. We divide jumps during skiing into small jumps (flight time < 500 

ms) and medium jumps (flight time ≥ 500 ms). For small jumps, 22.2% (4 out of 18), 

and for medium jumps, 91.4% (32 out of 35) of the jumps were detected. 

DISCUSSION/CONCLUSION: The proposed algorithm works well for medium jumps 

during skiing and freestyle jumps but needs to be strengthened for jumps with a flight 

time of less than 500 ms. Future work should further develop the algorithm to detect 

additional events, such as the moment of take-off or landing, and to classify the type 

of jump. 

REFERENCES:  
1 Gageler, H.W. et al., 2015. Int J Perform Anal Sport 
2 MacDonald, K. et al., 2017. Phys Ther Sport 
3 Bruening, D.A. et al., 2018. PLoS One 
4 Harding, J.W. et al., 2007. BioMEMS and Nanotechnology III 
5 Chardonnens, J. et al., 2012. J Sports Sci 
6 Neuwirth, C. et al., 2020, MDPI Sensors
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Biathlon I 

EFFECT OF EXERCISE INTENSITY ON STANDING SHOOTING PERFORMANCE 
AND RELATED TECHNICAL VARIABLES IN BIATHLON 

Jørgen Danielsen1, Harri Luchsinger1, Anna Wikström2, Marko S. Laaksonen2, 
Øyvind Sandbakk1, David McGhie1,3 
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INTRODUCTION: Biathlon is an Olympic endurance sport that combines skating style 

cross-country skiing (~7.5-20 km) and rifle shooting (2-4 series of 5 shots), where ~30-

53% of the final performance rank is determined by shooting performance 

(Luchsinger, 2017). Biathletes perform shooting training both in resting conditions and 

at exercise intensities ranging from low to high. This study examined the effect of 

exercise intensity on hit percentage and related technical variables in standing 

shooting during roller ski skating under ecological conditions. It was hypothesized that 

increasing exercise intensity would impair shooting performance, with rifle barrel 

velocity as a significant mediator. 

METHODS: Nineteen male biathletes performed two series of standing shooting in 

the following order of exercise intensity: rest, low (%heart rate max; blood lactate in 

mMol/L: 73 ± 4, 1.5 ± 0.3), moderate (84 ± 3; 2.4 ± 0.6), ‘race-pace’ (90 ± 2; 4.5 ± 0.8) 

and ‘final-lap’ (i.e., near-maximal effort) (93 ± 3; 8.7 ± 1.4). Except for rest, each 

shooting series was preceded by 1 km roller ski skating in a competition track. 

Qualisys motion capture and an accelerometer tracked movements of the rifle, body 

and trigger. Primary outcomes were number of hit/miss and total distance from center, 

with barrel velocity modelled as a mediator. In total, 940 shots were analyzed. Logistic 

regression and linear mixed models were used to analyze statistical effects of intensity 

(a = 0.05). 

RESULTS: Exercise intensity increased the likelihood of miss at ‘race’ (odds ratio 

(OR): 2.2, 95%CI 1.0-4.7) and ‘final-lap’ (OR: 2.8, 95%CI 1.4-5.8) intensities 

compared to rest, with no differences between rest, low and moderate intensities 

(p > 0.4). Distance from center (~32 ± 15 mm at rest, low, moderate, 36 ± 20 mm at 

‘race’ and 40 ± 23 mm at ‘final-lap’) was significantly affected by intensity (p < 0.001). 

We found strong significant mediator effects of barrel velocity (mean over the last 

250 ms before trigger) on both hit/miss and distance from center. 

DISCUSSION/CONCLUSION: This study indicates that exercise intensity has a 

negative effect on standing shooting performance in biathlon which can mainly be 

explained by an increase in barrel velocity (standing still becomes problematic). 

Effects were mainly seen at the two highest (race like) intensities, indicating that 

considerable amounts of shooting practice might need to be performed at high, 

competition-like exercise intensities for specificity reasons.  

REFERENCES: Luchsinger, H., 2017. Int J Sports Physiol Perform  
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HIGH-LEVEL BIATHLETES WITH A FAST-START PACING PATTERN IMPROVE 
TIME-TRIAL SKIING, WITHOUT CHANGES IN SHOOTING PERFORMANCE, BY 
USING A MORE EVEN PACING STRATEGY 
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INTRODUCTION: An athlete’s distribution of energetic resources, described as their 

“pacing strategy,” have a substantial influence on performance in various endurance 

sports (Abbiss & Laursen 2008). We investigated whether reducing the start pace in 

biathlon athletes with the most pronounced fast-start pacing pattern influence rollerski 

performance, hits and precisions of prone and standing shooting and rate of perceived 

exertion (RPE). 

METHODS: Thirty-eight high-level athletes (26 males) performed an individual 7.5 (3 

laps of 2.5 km females) or 10 km (3 laps of 3.3 km, males) rollerski race with a self-

selected pacing strategy (Day 1). Prone shooting (after lap 1) and standing shooting 

(after lap 2) were conducted on cardboard discs with 1-10 precision. Based on the 

start pace the first ~150 s (Lap 1 first 600-m segment pace·average lap 1-3 first 600-m 

segment pace-1), subjects were ranked into two groups; an intervention group with the 

fastest start pace (INT, n = 20) or a control group with a more conservative pacing 

pattern (CON, n = 18). On Day 2, INT was instructed to reduce their start pace based 

on their average Lap 1-3 segment pace from Day 1, while CON was instructed to 

maintain their Day 1 strategy. Paired sample t-tests were used to calculate the 

differences within groups, while an unpaired t-test was conducted between groups for 

the relative differences between days. 

RESULTS: INT increased their time-trial performance more than CON from Day 1 to 

Day 2 (mean ± 95CI; 1.5 ± 0.7% vs. 0.0 ± 0.9%, P < 0.05). From Day 1 to Day 2, INT 

slowed their start pace (5.0 ± 1.5%, P < 0.05), with lowered RPE during the first lap 

(P < 0.05). For CON, no change was found for starting pace (-0.8 ± 1.2%) or RPE 

between days. No differences were found in shooting performance for either group. 

DISCUSSION/CONCLUSION: In line with our recent results from cross-country skiers 

(Losnegard et al., 2022), we demonstrated that the start pace the first ⁓2-3 min of a 

⁓25 min biathlon competition has a substantial influence on skiing performance. 

Morover, the changed pacing strategy did not influence their shooting performance, 

but the overall rate of perceived exertion was reduced implying less discomfort during 

the race. 

REFERENCES: 

Abbiss, C.R. & Laursen, P.B., 2008. Sports Med 

Losnegard, T. et al., 2022. Int J Sports Physiol Perform 
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RIFLE CARRIAGE AFFECTS GEAR DISTRIBUTION DURING ON-SNOW SKIING 
IN FEMALE AND MALE BIATHLETES. 
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Marko S. Laaksonen1 
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INTRODUCTION: A greater usage of gear 3 is associated with improved performance 

in cross-country skiing.1 However, it remains unclear whether rifle carriage in biathlon 

affects sub-technique choice, and therefore biathlon skiing performance. Therefore, 

this study aimed to investigate whether rifle carriage affects gear distribution during 

on-snow skiing in biathletes, and whether there are any associated sex differences. 

METHODS: Twenty-eight tier 3 biathletes2 (17 men, 11 women) skied a 2230-m lap 

at competition speed twice, once with the rifle (WR) and once without the rifle (NR) in 

a counter-balanced and randomized order. The course was divided into seven uphill 

sections, three flat sections and seven downhill sections. The biathletes wore a 

portable 3D-motion analysis system while skiing, which together with GNSS data 

enabled the characterization of distance covered and time spent in gears 2–4 and 

skiing without poles (NP). A two-way mixed model ANOVA was used to investigate 

whether rifle carriage and/or sex influenced gear distribution or performance.   

RESULTS: Skiing WR increased the lap time compared to NR (412 (90) vs. 

395 (91) s, p < 0.001). The biathletes used gear 2 to a greater extent during WR 

compared to NR (distance: 413 ± 139 vs. 365 ± 142 m; time: 133 (95) vs. 113 (86) s; 

both p < 0.001) and gear 3 to a lesser extent (distance: 713 ± 166 vs. 769 ± 182 m, 

p < 0.001; time: 141 ± 33 vs. 149 ± 37 s, p < 0.01) without differences in gear 4 or NP. 

The women demonstrated a greater proportional use of gear 2 compared to the men 

(p < 0.05). For the two longest uphill sections, the uphill with a more moderate incline 

(4.5°) revealed more differences between WR and NR in the use of gears 2 and 3 

compared to the uphill with a steeper incline (6.7°). Increased usage of gear 2 

(distance and time) was also negatively related to performance during WR and NR 

(r = 0.516–0.901, p < 0.01). 

DISCUSSION/CONCLUSION: Rifle carriage decreases the distance covered and 

time spent in gear 3 and increases these metrics in gear 2, and the use of gear 2 was 

negatively related to performance. Rifle carriage had a greater impact on gear 

distribution when skiing in moderate uphill terrain, where changes between gears 2 

and 3 were more common, compared to in steeper terrain. This information can be 

useful for athletes and coaches when developing and optimizing sport-specific 

biathlon training to improve performance. 

REFERENCES:  
1 Andersson, E. et al., 2010. Eur J Appl Physiol 
2 McKay, A.K.A. et al., 2022. Int J Sports Physiol Perform 
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DRY AND REAL SHOOTING IN BIATHLETES: POSTURAL AND AIMING 
CONTROL  
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INTRODUCTION: Shooting performance relies on hold stability, postural balance and 

triggering clearness in modern biathlon. World-class athletes perform around 22,000 

shots/year, with dry shooting (i.e. without ammunition, typically used for training) 

taking more than 50% of total shots. Here, we aimed to evaluate postural sway and 

aiming parameters during dry and real shooting.  

METHODS: Six female biathletes, competing in IBU cup, were monitored while dry 

and real resting shooting (2*5 standing shots per condition, performed randomly). 

SCATT system was used to get standard aiming parameters, while a custom-built 

force platform was synchronized to shot release to measure body center of pressure 

(CoP) displacement along (Y) and across (X) shooting direction, during the last 

second before each shot. 

RESULTS: Starting from 0.3-s to shot, Y- and X-CoP displacement increased in real 

respect to dry condition (P < 0.05), while they were similar in the preceding aiming 

instants. Hold stability (1-s to shot aiming point speed), aiming accuracy (distance 

between average aiming point and target center) and triggering clearness (0.25-s to 

shot aim point speed) were all significantly lower in real than in dry shooting (P = .015, 

.050, .005 respectively). Overall shooting performance was similar (P = .208). Under 

both dry and real conditions, hold stability was negatively related to the 1-s and 0.6-s 

to shot X-CoP displacement (all P < 0.05). This was also true for 0.3-s to shot X-CoP 

displacement in real but not in dry condition. 

DISCUSSION/CONCLUSION: When shooting with regular ammunition, postural 

sway is significantly larger in the last part of the aiming phase: probably, postural 

adjustments are taken as feedforward movements to compensate for rifle rebound. 

Even though similar shooting performance, hold stability, aiming accuracy and 

triggering clearness were worse in real than in dry shooting and hold stability was 

influenced by antero-posterior postural sway immediately before the shot. These 

results underly the importance of real shooting trials to manage impaired postural and 

aiming control in the last part of the aiming phase. This may be particularly important 

under fatiguing conditions.  

REFERENCES:  
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A REVIEW OF SEX DIFFERENCES IN BIATHLON AND NORDIC SKIING 
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INTRODUCTION: Data primarily derived from summer sports show that sex 

differences in endurance performance are around 10–15% and these differences are 

explained primarily by differences in body size and composition and higher 

haemoglobin concentrations in men (Sandbakk et al., 2018). The aim of this study 

was to provide a comprehensive literature review of the documented sex differences 

in performance and performance-determining factors in the winter Olympic endurance 

skiing sports of cross-country skiing (XCS), biathlon (BIA) and Nordic combined (NC). 

METHODS: Article databases of the US National Library of Medicine (PubMed), 

ScienceDirect and SPORTDiscus were searched using the search terms (gender OR 

sex differences AND [cross country skiing OR biathlon OR nordic combined]). 

Additional relevant literature was obtained from the reference lists of the published 

papers. An expert panel of seven researchers with published studies involving at least 

one of the included sports were also invited to suggest additional articles that could 

be considered for inclusion. Inclusion criteria were: 1) direct sex comparisons in one 

or more of the included sports and 2) competitive athletes > 15 years old. A total of 45 

articles were identified for inclusion. 

RESULTS: Elite men ski 9–16% faster than performance-matched women during 

XCS and BIA competitions. These sex differences are typically larger in uphill terrain 

and smaller in downhill terrain. No studies have investigated performance differences 

between women and men in NC, although an analysis of the 2021 World 

Championships showed that the top 3 women skied ~ 14% slower over 5 km than the 

men skied over 10 km. These sex differences in skiing performance coincide with 

differences in body composition (i.e., more muscle mass in men, especially in the 

upper body) and aerobic capacity (i.e., higher lactate thresholds and VO2max in men), 

which impact upon sub-technique use and cycle length. Despite the higher relative 

mass of the rifle for women compared with men in BIA, no sex differences were 

associated with skiing with versus without the rifle. 

DISCUSSION: Sex differences in endurance skiing performance are comparable to 

those reported for summer endurance sports. However, the varying terrain, use of 

multiple sub-techniques and significant contributions from the upper and lower body 

impose unique demands on endurance skiers and influence sex differences. Further, 

women have historically competed over shorter distances than men in skiing, so true 

sex differences are likely to be underestimated. 

REFERENCES: 

Sandbakk, O et al., 2018. Int J Sports Physiol Perform  



Biathlon I / Tue 21st 10:30-12:00 
 

 

Page 70 of 136 9th International Congress on Science and Skiing 

NEUROMUSCULAR EFFICIENCY DURING DOUBLE POLING AT INCREASING 
VELOCITY AND INCLINATION IN CROSS-COUNTRY AND BIATHLON SKIERS 
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INTRODUCTION: Double poling (DP) is one of the most used techniques in cross-

country skiing and very reliable model to study biomechanical and physiological 

performance characteristics. Increasing speed and inclination significantly affects 

mechanical and neuromuscular output (Holmberg et al., 2005; Lindinger et al., 2011; 

Sandbakk et al., 2010). The purpose of this study is to investigate the strategy of 

neuromuscular patterns with respect to the variation of external load. 

METHODS: Muscular activity for triceps brachii (TRI) pectoralis major (PE), deltoid 

posterior (DP), biceps brachii (BI), rectus abdominis (RA), teres major (TM) and 

erector spinae (ES) was recorded at 2000 Hz using sEMG (Cometa) according to 

SENIAM protocol. Force applied to the poles was recorded at 100 Hz by strain-gauge 

sensors. Gas exchanges and lactate concentration were measured by Quark device 

(Cosmed and Biosens C-line) for every load condition. Nine skiers participated in the 

study (24.3 ± 3.9 years, 173.0 ± 4.9 cm; 68.0 ± 5.2 kg): five elite cross country (CCS) 

and four elite biathletes (BIA). Subjects performed an incremental test on a treadmill 

at four rolling velocities (12, 15, 18 

and 21 km h-1) and four inclines (1, 

3, 5 and 7°). For each step, they 

performed DP sequences for 30 s 

duration followed by a one-minute 

recovery. All the subjects used the 

same pair of roller skis. For each 

step, cycle frequency (CF) and 

length (CL), average force and 

power (Fave, Prel), and muscular 

activity (RMS) were calculated for 

20 cycles and normalized with respect to body weight and to MVC. A neuromuscular-

mechanical gross efficiency index (GME) was defined as the Prel divided by the 

cumulative amount of RMS of propulsive muscles. 

RESULTS: For all the subjects, GME decreased according to increasing incline. At 

an incline of 1° and from V18 it shows a significant increase (fig.1). For BIA skiers 

GME shows a moderate increase from V15 and up to an incline of 5°. Indeed, CCS 

skiers had a much more constant GME behavior but with greater values than for BIA. 

DISCUSSION/CONCLUSION: Results are discussed with respect to different 

modulations of CF and CL, and VO2 for both subgroups. According to this model, it is 

 
Fig.1. Gross muscular efficiency index as a function of velocity 
and incline  
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possible to differentiate the strategy of neuromuscular coordination pattern and overall 

metabolic and mechanical output 
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EFFECT OF SILICONE OIL LUBRICATION ON SKI-SNOW FRICTION 
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INTRODUCTION: The skiing community is in dire need of fluorine-free glide products 

with competitive performance to the soon-to-be fully banned fluorinated products. 

Silicones are affordable, low-toxic and hydrophobic compounds which may be useful 

glide enhancers to reduce ski-snow friction. 

METHODS: We tested a range of silicone oils with viscosities of 10-100 cSt. The 

friction on snow of full-size cross-country skis treated with oil was measured in a linear 

tribometer on dendritic new and aged snow at speeds of 22 km/h and air temperatures 

from -10 to +5°C. The hydrophobicity of the skis treated with oil and the reference ski 

with Swix HS wax was tested with a Krüss contact angle analyzer. 

RESULTS: For cold and dry conditions, silicone oils increased friction by as much as 

60%, presumably due to the introduction of viscous shear forces in the thin oil layer. 

For warm and wet conditions, silicone oils reduced friction by about 10% due to 

increased hydrophobicity, but the oils were outperformed by the harder commercial 

glide wax. 

DISCUSSION/CONCLUSION: The performance window of pure silicone oils is 

narrow and only applicable in races where the entire course has snow with pre-

existing water. Also, durability is expected to pose challenges. However, silicone oils 

or other silicone-based compounds may be highly valuable hydrophobic additives in 

solid fluorine-free glide products. 
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3D-SCANNING AND 3D-PRINTING OF PARALYMPIC ALPINE SKIING SIT-
SKIING SEATS 
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INTRODUCTION: According to Burkett (2012): “[…] connectivity is critical to the 

effective operation of the assistive device“ for athletes in Paralympic winter sports. 

Further, the author concludes, “[…] the key issue is matching the residual function of 

the person with the assistive equipment”. In sit-skiing, the connection between athlete 

and the assistive device (sit-ski) is a seat shell. Material fatigue of the seat led to the 

necessity of an exact replication. Three replication attempts were performed using the 

standard procedure of thermoforming. However, according to the athlete, the results 

did not deliver a seat with the same response characteristics; also, the handling 

performance compared to the original seat was not satisfactory. The aim of this proof 

of concept was to deliver an exact replication of the original seat by implementing a 

digital process chain of 3D-scanning and 3D-printing. After a successful seat 

replication, the next step was to customize a new seat based on the athlete’s body 

form using the same digital technology and process chain. Here, body shape 3D-data 

were obtained from scanning the athlete’s vacuum imprint in a sitting position on the 

sit-ski frame.  

METHODS: The original seat was digitally recorded using a 3D-Scanner (Artec Eva, 

LUX), data processing of the scan was performed using the software Artec Studio, 

3D-analysis between seats was realized by using the software of Geomagic Control 

(Artec 3D, LUX), and for treatment of 3D-Data the softwares of Geomagic Wrap (Artec 

3D, LUX) & Soildworks (GER) were used. 3D-Printing used the additive FFF-

procedure (dddrop Leader, NED) and the final result received carbon lamination. 

Performance on snow in SL and GS was assessed by the athlete’s subjective rating 

using semantic differential and paired comparison methods. For scanning the body 

form, three vacuum pads were used (Mc Lean, GER). 

RESULTS: The digital process chain was able to deliver an exact replication of the 

old seat. A digital version was stored at the orthopedic technician so seats with a 

correct fit can be reproduced on demand. In addition, the method proved suitable to 

produce a seat based on the athlete’s body shape. 

DISCUSSION/CONCLUSION: The new procedural method was superior to the 

traditional method of thermoforming. A transfer of the method might be of interest for 

any sport using a seat as connection between athletes and their equipment. 
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THE DYNAMIC RESPONSE OF ALPINE SKIS: A KEY TO UNDERSTANDING 
COMPLEX ON-SNOW FEELS? 
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INTRODUCTION: Explaining the complex interactions between skiers, skis and snow 

represents a longstanding challenge. Indeed, skiers often use specific language to 

describe their on-snow appreciation of different skis. Words like suspension/damping, 

playfulness or edge grip are often used, as well as the suitability of a ski for certain 

terrain (e.g., park, steep terrain, heavy snow). However, it is often unclear what these 

words/rankings mean exactly for each skier and how they can be explained or 

optimized.  

METHODS: To better understand the on-snow feels, it is assumed that these 

sensations result from the dynamic response of the ski interacting with the snow and 

the skier. As a starting point, the full set of physical ski properties was measured as 

defined by the desired physical model. Then, physics-based models of different 

complexity were established to predict various ski behaviors. Using the measured 

physical properties and the output of the physics-based models, as well as the result 

of on-snow evaluations, empirical models were also developed to directly describe the 

on-snow feels.  

RESULTS: The fundamental physical properties of close to 4000 skis were measured 

using a specially designed machine (i.e., shape, mass, bending and torsional stiffness 

distributions)1. These measurements were used to successfully predict the deformed 

shape, the pressure distribution2 and the vibration response of skis under various 

conditions3. These measurements were also used to predict ski rankings of 20+ 

different on-snow feels with high precision across different reviewers, using only a few 

physical parameters. Interpretation of the results leads to the development of the first 

testbed that can measure and optimize the edge grip of a ski4. 

DISCUSSION/CONCLUSION: These results reinforce the hypothesis that the 

dynamic response of a ski can be used to explain most on-snow feels. Both physics-

based models and empirical models could continue to be used in the future to clarify 

the sensations experienced by skiers, as well as to identify critical ski parameters and 

load cases that can be used to optimize these sensations. 
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BEST PRACTICES IN TURN SWITCH DETECTION IN ALPINE SKIING 
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INTRODUCTION: In order to obtain valuable and accurate skiing performance 

characteristics (such as edge angle, symmetry, or turn length/duration), it is imperative 

to accurately define the moment when each turn begins and ends; this moment is 

called turn switch (TS) point. The comparative performance of the different methods 

and their usability is thus far unknown. Consequently, the main goal of this work was 

to provide a tool and guidelines to facilitate the selection of appropriate and accurate 

TS detections for use during alpine skiing. 

METHODS: Data was collected from 14 expert skiers on an indoor ski-treadmill. Each 

participant was equipped with instrumented boots, pressure insoles (PI) and portable 

force plates, six IMUs, an EMG sensor, and a full body marker-set. Participants 

performed two 30 s trials, high and low dynamic turns. Time differences between TS 

detected from each methodology and the reference [1] were used to assess the 

accuracy and precision of the detected TS. The mean and standard deviation (SD) of 

all participant medians were used to evaluate the accuracy of each method. The 

precision was calculated as the range between the mean upper and lower confidence 

interval (percentiles 2.5 and 97.5) across all participants per method and turn size. 

RESULTS: Ten methodologies showed an accuracy better than 0.05 s. However, the 

standard deviation showed different levels of variability, ranging from less than 

± 0.04 s to almost ± 0.20 s. The results show that the best performing method is based 

on 2D video edge change2; closely followed my methods using IMUs3 and PIs4.  

DISCUSSION/CONCLUSION: Clear recommendations can be supported following 

the insights gained from the comprehensive methodological in the current 

comparison. Firstly, although the method that performed best overall was based on 

2D video2, its functionality is limited due to the impractical camera placements and the 

manual and subjective nature of the TS selection. Among the methodologies with the 

potential to identify TS in quasi-/real-time, the use of position data is the least 

accurate, choosing an IMU or PI based method would elicit a higher performance. 

Because skiing measurements typically occur with unique measurement scenarios, 

limited sensor availability, and diverse technological abilities, the timeline provides 

comprehensive insights into the ideal selection of TS detection methodologies and 

sensors. 
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AUTOMATIC GATE-TO-GATE TIME RECOGNITION FROM AUDIO 
RECORDINGS IN SLALOM SKIING USING NEURAL NETWORKS 
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INTRODUCTION: In slalom skiing, as in any other alpine skiing competition, the 

fastest time decides the winner. Athletes as well as trainers are therefore always 

interested in a detailed quantification of the performance. Are there certain passages 

where time was lost or gained? An informative measurement is the gate-to-gate time 

which states the time passed between slalom gates. Ideally, these measurements are 

available to the athlete and trainer right after the run for immediate feedback.  

Different strategies to measure gate-to-gate time exist. However, they are either 

infeasible with respect to the amount of work needed, e.g., in manual video analysis; 

or they lack accuracy, e.g., taking the total time divided by number of gates (Swarén, 

M. et al., 2021); or rules prohibit the use of the required sensors, e.g., magnetic 

sensors in gloves or gates (Fasel, B. et al., 2019). In this work we present a new 

concept to measure gate-to-gate time in fully automated fashion from audio 

recordings. 

METHODS: When the athletes passe a gate, they hit it which creates two distinctive 

sounds: one at contact with the gate as well as one whipping noise when the gate hits 

the snow. We train a convolutional neural network on a data set of audio recordings 

of the slalom race in Garmisch-Partenkirchen 2022 to detect the sound pattern in the 

audio automatically. This training data is labeled using video recordings by tagging 

the gate contact frame by frame.  

RESULTS: The trained network detects and computes the gate-to-gate timing for new 

unlabeled runs with high accuracy. We validate the accuracy of the results as well as 

generalizability by comparing them to labeled validation and test data. 

DISCUSSION/CONCLUSION: The network provides timing to athlete and trainer 

immediately after the run. This instantaneous feedback helps to improve performance 

and to identify tactical choices. We also discuss challenges in the approach. 
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INTRODUCTION: Many factors influence performance in alpine snowboarding. Until 

now, only very few have been scientifically researched. The aim of this study was to 

investigate the influence of known factors on performance from alpine skiing in alpine 

snowboarding. For example, the curve phase distribution and the turn radius were 

examined. 

METHODS: Using global navigation satellite systems (GNSS), 212 training runs with 

a total of 3716 turns were recorded in trainings of the Swiss Snowboard World Cup 

team in the 2020/2021 season (♀ = 5; ♂ = 3). The course setting characteristic was 

measured in each training session using RTK GNSS sensors.  

RESULTS: Concerning the influence of the turn phases, no significant difference were 

found. In flat and medium slopes, the larger the smallest radius of the turn was, the 

better (lower) the time for this section was. This difference has occurred in the female 

group. The speed of the athletes was lowest in steep terrain and became higher the 

flatter the slope was. While speed was increasing on average in toe-edge curves 

(M = 0.92 km/h, SD = 2.73, n = 1898), a loss of speed resulted on average in heel-

edge turns (M = -1.26 km/h, SD = 2.71, n = 1814), t(3710) = 24.372, p < .001. 

DISCUSSION/CONCLUSION:  In contrast to alpine skiing, it seems that under certain 

circumstances, maintaining speed with a larger minimum turn radius is more important 

for a good performance (short run time), than aiming for a long gliding phase. The 

differences found between toe and heel edge turns are very clear. This knowledge 

can serve as a basis for developing technique, strategies as well as equipment in the 

sport.  
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COMPOSITE MATERIALS BY MEANS OF DIGITAL IMAGE CORRELATION AND 
FEM ANALYSIS  

Lorenzo Crosetta1, Daniel Colombo1, Martino Colonna1, Nicola Pugno2 

1 Sport Technology Lab, University of Bologna, Via Terracini 28, 40131 Bologna, Italy; 2 Laboratory for Bioinspired, 
Bionic, Nano, Meta Materials and Mechanics, Department of Civil, Environmental and Mechanical Engineering, 
University of Trento, Italy. 

Keywords: ski-boots, FEM analysis, digital image correlation, design optimization 

INTRODUCTION: The optimization of the design of sport equipment made of 

composite materials is a difficult task that needs long times and high costs since it is 

performed with a trial-and-error approach. This aspect is becoming even more crucial 

in the last few years due to the ever-growing request from the market to reduce the 

weight of sport equipment. Finite Element Method (FEM) analysis can be used to 

predict the deformation and optimize the material type and thickness. However, in 

FEM analysis, a validation is necessary to have reliable results. Digital Image 

Correlation (DIC) allows to measure surface movement and local deformations on a 

part on which forces are applied. The aim of the present work is the use of DIC and 

3D-printing to perform the optimization of the design of ski equipment (ski-boots, skis 

and bindings) made of polymer based composite materials. 

METHODS: Test benches have been used to apply loads on the ski equipment that 

simulate those occurring in the real use. DIC measurements have been performed 

with a GOM ARAMIS set-up to measure the displacement generated by the applied 

loads. The samples were first sprayed with a white color base and then with a black 

color to create the stochastic pattern on the surface. FEM analysis and topological 

optimization have been then conducted and validated through DIC analysis. 

Continuous fiber reinforced composites specimens and ski equipment parts have 

been produced by 3D printing with a Markforged Mark2 printer.  

RESULTS: the FEM analysis of actual components for ski-mountaineering equipment 

has been validated through digital image correlation technology, showing a good 

agreement between theoretical analysis (FEM) and real deformation data (DIC). 

Components with new geometries were hypothesized using topological optimization 

of the FEM analysis. The ski equipment parts obtained have been then tested using 

a lab test bench and analyzed using DIC. The results show more homogeneous and 

non-critical deformations on the new parts that also have a lower weight. 

DISCUSSION/CONCLUSION: the procedure that we have developed, based on FEM 

analysis validated by DIC, shows that it is possible to optimize the performances and 

decrease the weight of a ski-equipment made of composite materials.
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INTRODUCTION: Athlete monitoring aims to maximize performance and prevent 

illness and injury. In winter sports, it is important for coaches to regularly monitor the 

training and competition load and the physiological response (i.e., internal load)1,2, as 

well as athlete characteristics such as age, fitness, and injury history, as these have 

been identified as risk factors for injury3,4. Here, we outline general principles of load 

monitoring and present current strategies and upcoming tools for athlete monitoring 

in winter sports. 

METHODS: Established principles of load monitoring are taken from current 

consensus statements. A literature review in the field of winter sports aims to outline 

current load monitoring strategies as well as innovative tools for monitoring purposes. 

RESULTS: The fundamentals of load monitoring, such as the concept of external and 

internal load, are presented, with a focus on the challenges for their application in 

winter sports. Innovative tools such as wearable devices, biomarkers or thermal 

imaging have been recently researched in winter sports. Especially with the 

development of wearables, tracking data and physiological variables are readily 

available and offer new opportunities5. However, none of the presented tools have 

conclusively demonstrated their value for injury prevention.  

CONCLUSION: Previous research in winter sports has already revealed the 

importance of load monitoring. Future studies will need to demonstrate the 

effectiveness of novel technologies such as wearables in maximizing performance 

and preventing injury. Unlike other sports, there are no established guidelines for 

athlete monitoring in winter sports. 
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INTRODUCTION: Planning and monitoring appropriate training loads in young 

athletes is crucial to ensure a positive sporting development, minimize the risk of 

injuries, non-functional states, and ultimately drop-out1. A recent meta-analysis 

showed a very low certainty of evidence regarding the agreement between coaches’ 

prescribed and athletes’ perceived training load2. No previous studies have 

investigated the agreement between intended and perceived training load in cross-

country (XC) skiing. Therefore, this study aimed to compare perceived training load in 

XC skiing coaches and athletes. 

METHODS: Thirteen male and seven female XC skiers (17.1 ± 0.8 yrs) reported their 

rating of perceived exertion (RPE, 1-10 scale) and training duration for each session 

during one week of training in the preparation period. Their three coaches rated the 

intended perceived exertion (RIE) and planned session duration. Intended and 

perceived training load was calculated by multiplying RIE/RPE by session duration. 

Correlations between prescribed and perceived exertion and training load were 

analysed using repeated measures correlation. Differences between these variables 

were tested using mixed model analysis and sub analyses were performed based on 

athletes` sex. 

RESULTS: Large correlations (r = 0.67, p < 0.001) were found between intended and 

perceived training load. Very large correlations (r = 0.84, p < 0.001) were found 

between RIE and RPE. There were no significant differences between coaches` and 

athletes` training load and exertion, in both sexes (p < 0.001). 

DISCUSSION/CONCLUSION: Unlike previous evidence in youth team sports3, this 

study showed that coaches` RIE matches well with athletes` RPE, while the correlation 

was less strong for training load, caused by a deviation in session duration. Despite 

coaches monitor a relatively large number of young athletes, these results may suggest 

that there is a good control of training load in this sample of junior XC skiers. 

REFERENCES: 
1 Bourdon, P.C. et al., 2017. Int J Sports Physiol Perform 
2 Inoue, A. et al., 2022. Sports Med Open 
3 Scantlebury, S. et al., 2018. J Strength Cond Res 

  



Training monitoring biomarkers / Wed 22nd 08:30-10:00 
 

 

9th International Congress on Science and Skiing Page 81 of 136 

TRAINING CHARACTERISTICS OF SWEDISH ADOLESCENT BIATHLETES 
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INTRODUCTION: At upper secondary school (USS) with a sport profile, late-

adolescent athletes choose to specialize in one sport and balance an academic career 

while they aim to become a top-level athlete. Hence, the aim for this study was to 

examine the distribution in endurance training volume and intensity in two different 

performance groups of biathletes during their student-athlete pathway at USS. 

METHODS: Retrospective training data of thirty adolescent biathletes (15 men and 

15 women) was collected. The training data included training volume (h·y-1) and 

intensity distribution, using a five-zone model (Seiler, 2010). Inclusion criteria was 

completion of four years of USS (16 to 19 years old) and with a continued competing 

in biathlon post USS. The biathletes were grouped based on biathlon performance: 

that if they during or after USS were selected as a nationalteam biathlete (NTB, n = 9) 

by the Swedish Biathlon Federation or stayed a national level biathlete (NLB, n = 21). 

A linear mixed model was fitted for assessing the relationship between performance 

group and age-group on the training characteristics. 

RESULTS: NTB and NLB had equal training volume and intensity distribution at year 

one, two and three. At year four NTB had a ~30% greater training volume than NLB 

(594 ± 71 h·y-1 vs 461 ± 127 h·y-1, p = .003) while performing the same number of 

training sessions (NTB, 359 ± 40 n, NLB, 320 ± 83 n, p = 0.878). There was no 

difference in training distribution at year one, two and three. At year four the NTB 

accumulated greater training volume compared to NLB in zone 1 (495 ± 54 vs 

387 ± 107, p = .008) and zone 3 (21 ± 12 vs 13 ± 6, p = .019) respectively.  

DISCUSSION/CONCLUSION: This study showed that a greater overall training 

volume during the last year of USS is of importance to become a NTB compared to 

NLB. The increased training volume for NTB was distributed in zone 1 and 3. The 

equal amount of training sessions indicates that NTB trained longer sessions. And 

speculatively, the greater amount of training volume was performed during non-school 

hours, because of the dual-career system and structure of the Swedish USS. 

Accordingly, this study conclude that late adolescent biathletes should increase their 

training volume, preferably in both zone 1 and in zone 3, outside of their normal USS 

training for increasing their chance of being selected to a national team.   

REFERENCES:  

Seiler, S., 2010. Int J Sports Physiol Perform 
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INTRODUCTION: Monitoring the performance-related characteristics of athletes can 

reveal changes that motivate adaptation of training that cannot only improve 

performance, but also reduce the risk of injury, illness and overtraining1. Here, we 

examine the relationships between changes in submaximal running, maximal jump 

performance (CMJ), concentrations of blood lactate, sleep duration (SD) and latency 

(SL), and perceived level of stress (PSS) in junior cross-country skiers during a pre-

season training period.  

METHODS: These parameters were monitored in 15 male and 14 female cross-

country skiers (17 ± 1 years) for the 12 weeks prior to the competition season in the 

winter, and the data was analyzed using linear and mixed-effect models. 

RESULTS: Diminished sleep duration exerted a negative impact on both PSS (B = -

0.001, p ≤ 0.05) and submaximal concentrations of blood lactate (B = -0.623, 

p ≤ 0.05). In addition, there was a negative relationship between SL and CMJ (B = -

0.09, p = 0.08). The women exhibited significantly higher PSS scores and little or no 

change in any performance-related test, whereas the men demonstrated a significant 

improvement in jump performance.  
 

Table 1. Sleep duration (SD) and latency (SL), perceived level of stress (PSS) and counterjump performance (CMJ) by the junior 

male and female cross-country skiers during the different months of pre-season training. 

  Men 
SD  
(hrs) 

 
SL  
(min) 

 
PSS* 
(score) 

 
CMJ* 
(cm) 

Women 
SD  
(hrs) 

 
SL  
(min) 

 
PSS** 
(score) 

 
CMJ** 
(cm) 

August  8.5 ± 0.4 27.3 ± 2.9 10.4 ± 5.9 35.3 ± 3.4 8.3 ± 1.1 33.2 ± 10.1 18.6 ±11.1 29.8 ± 3.2 

September 8.6 ± 0.7 29.2 ± 7.9 13.9 ± 9.3 35.9 ± 3.1 8.1 ± 0.8 36.5 ± 10.5 20.6 ± 9.4 29.7 ± 4.0 

October 8.9 ± 0.9 26.9 ± 5.0 14.3 ± 6.6 38.7 ± 3.9 7.9 ± 1.2 29.7 ± 6.6 18.6 ± 6.1 30.2 ± 3.6 

November  8.7 ± 0.8 30.1 ± 7.0 13.6 ± 6.5 37.5 ± 4.3 8.7 ± 0.6 31.0 ± 8.9 21.4 ± 8.0 30.2 ± 3.4 

* Significant effect of time (P < 0.05) on the linear mixed model (LMM) for each sex  
** Significant difference in LMM (P < 0.05) between the men and women 
 

DISCUSSION/CONCLUSION: For all of the athletes combined, perceived stress 

appeared to be associated with recovery and/or sleep. Since the women experienced 

higher levels of stress, monthly monitoring of their perceived stress levels might be 

beneficial. These findings have implications for the preparation of young cross-country 

skiers for an upcoming competition season.  

REFERENCES:  
1 Halson, S.L., 2014. Sports Med 
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INTRODUCTION: Although cross-country skiing necessitates well-developed aerobic 

endurance, neuromuscular power and anaerobic sprint capacity is of additional 

importance for competition success, particularly in sprint races and/or during the end-

spurt of a race. As testosterone and cortisol concentrations have been reported to 

influence explosive strength, it has been proposed that menstrual-related fluctuations 

in these hormone levels may also affect power and sprint performance across the 

menstrual cycle. Thus, this study aimed to investigate the effect of various hormones 

on doubling poling sprint and countermovement jump (CMJ) performance among 

female endurance athletes in the FENDURA project. 

METHODS: A group of naturally menstruating, moderate- to well-trained female 

endurance athletes (aged 18-45 years) participated in this study. Hormone 

concentrations (testosterone, 11-oxygenated androgens, cortisol, and cortisol 

metabolites) were collected with fasted morning venous blood samples in the early 

follicular, ovulatory, and mid luteal phases across one to two eumenorrheic menstrual 

cycles. Athletes completed 5 CMJ repetitions on a force plate to assess explosive 

power, and then a 30-second all-out double poling test on a Concept-2 ski ergometer. 

Data were analyzed using linear mixed models, with a random intercept for participant 

and nested for menstrual cycle phase.  

RESULTS: Double poling performance was significantly affected by testosterone and 

11-ketoandrostenedione, with a 1-unit increase associated with an increase in peak 

ski power of 50 W and 90 W, respectively (p = .039 and p < .001). Higher 

concentrations of cortisol and its metabolites (11-dexycortisol, 21-deoxycortisol, 

corticosterone) were associated with impaired double poling sprint performance 

(p < .001 to p = .046). No significant associations were found between any hormone 

on CMJ height.   

DISCUSSION/CONCLUSION: These data highlight that the concentration of certain 

hormones during the menstrual cycle may be positively (testosterone) or negatively 

(cortisol and its metabolites) associated with double poling sprint performance in 

female endurance athletes. Future research should investigate if similar findings are 

also observed for female athletes who use hormonal contraceptives.  
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INTRODUCTION: There are only a few scientific reports which describe the 

kinematics of anterior cruciate ligament (ACL) ruptures. The aim of this study was to 

describe the knee kinematics of ACL ruptures with a single-angle video.  

METHODS: To collect kinematic data, a 3DCAD model was developed for both skis 

and a skier’s entire body. The model was manually matched to each video flame using 

3DCAD software (Inventor Professional 2022, Autodesk, USA). A 21-year-old female 

alpine skier suffered an ACL tear of the left knee in a Far-East-Cup giant-slalom race 

in Nozawa, Japan on March 6, 2015. Prior to the injury, the skier lost snow contact of 

the left ski, but regained contact 20 ms prior to the injury. A video of the injury 

occurrence was filmed by a skiing coach with a video camera with a sampling rate of 

30 fps. The moment of the injury situation was determined by hearing for the skier and 

by checking with the video. The knee flexion angle, knee internal rotation angle, and 

knee valgus angle for the injured side (left) leg were calculated using 3DCAD software. 

RESULTS: At the moment of the injury, the knee flexion angle was 36.9 degrees, 

internal rotation angle was 18.1 degrees, and valgus angle was 11.2 degrees. At 20 

ms before the injury, the knee was extending at 3.5 degrees, internally rotating at 8.0 

degrees, and valgus rotating with 3.3 degrees. 

DISCUSSION/CONCLUSION: Compared to previous reports, the characteristics of 

knee angles in this study shows a different trend. Using 3DCAD matching on a single-

angle video may help to describe the knee kinematics in the moment of ACL injury. 

REFERENCES:  
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KNEE INJURIES IN ALPINE SKIING – THE POTENTIAL OF MECHATRONIC SKI 
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INTRODUCTION: Annually, almost half a million knee injuries, including 128.000 ACL 

injuries, occur in recreational alpine skiing (Laporte et al. 2000; Vanat 2019). A 

suitable prevention system has not been developed for two main reasons: the 

incomplete understanding of knee injury mechanisms and technological limitations 

with respect to sensor systems allowing the supervision of kinetic and kinematic 

parameters of the skier in the skiing equipment. When these sensor systems are 

integrated into a mechatronic ski binding, a more targeted reaction to the different 

loading situations the skier is exposed to is possible. We summarise the outcome of 

our research over the last years (Hermann 2022).  

METHODS & RESULTS: A combination of a surrogate study and a multi-body 

simulation was used to expand the understanding of knee injuries by quantifying the 

relationship between external loads acting on the ski, internally acting muscle forces, 

the flexion angles of the knee, and the resulting ACL loads.  

From this, a set of input parameters for a mechatronic ski binding are derived: the 

knee flexion angle, the muscle activity of the thigh, the loads acting on the feet, the 

skiing velocity, and individual information about the skier.   

To give proof of the feasibility of a mechatronic ski binding, a sensor system prototype 

was developed for each of the four input parameters measurable with sensors, 

proving the concept and stating challenges that must be overcome for a successful 

product. A design of a fuzzy logic algorithm will be presented that combines the sensor 

values with an estimated risk level and results in a decision to adjust the retention 

settings of the binding. 

DISCUSSION/CONCLUSION: With the outcomes of our work, we hope to encourage 

the industry, as well as research institutions, standard committees, and other 

stakeholders in the alpine ski sports, to combine efforts to make skiing safer. This 

research outlines one way to achieve this goal and acts as starting point for the 

development of a mechatronic ski binding that prevents knee injuries 

REFERENCES:  

Hermann, A., 2022. Technical University of Munich 
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BACKGROUND: Alpine ski bindings with additional lateral-heel release-function 

together with specially recommended lateral-heel release-settings1 may mitigate 

abduction-moments associated with the slip-catch injury-mechanism2, which 

mechanism is associated, in-part, with ACL-injury3. Bindings with special lateral-heel 

release-settings must also mitigate the side-effects of pre-release associated with 

potentially severe upper-body injury4. 

OBJECTIVE: Test the anti-pre-release function of bindings with special lateral-heel 

settings—settings that may release at magnitudes lower than the magnitudes of 

abduction-moments that are associated, in-part, with ACL-injury. 

METHODS: Biomechanical. Metallic surrogates. Axiomatic-engineering5 was applied 

to a new alpine ski-binding to identify decoupling between lateral-heel release-function 

and other key design-parameters of alpine ski bindings. Quasi-static load-

displacement and dynamic-impact were also tested by minimally modified 

international standards6. 

RESULTS:   [ Presented at conference. One exhibit: ] 
 

 
 

DISCUSSION: A matrix on the axiomatic-engineering of the ‘new ski binding’ identifies 

full-decoupling of the ‘lateral shear retention’ functional-requirement and the ‘lateral 

shear cam’ design-parameter (including the special lateral-heel settings) from the 

other key alpine ski-binding functional-requirements and design-parameters. Quasi-

static and dynamic-impact tests and related threshold-specifications identify 

laboratory anti-pre-release function, noting that a prospective intervention study is 

needed to correlate the special lateral-heel settings to a mitigation of pre-release (and 

to correlate the special lateral-heel settings to a mitigation of ACL-injuries). 
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INTRODUCTION: There is a gap in the literature investigating athletic readiness in 

sports, with the majority of research focused on a return to sport (RTS) post-injury 

(Schilling & Radwan, 2020). During the COVID-19 pandemic, athletes of all ages, 

including alpine skiers, were negatively impacted due to disruption in their organized 

training routines, practices, and competitions (Ehrlich et al., 2020). This disruption 

presented an unknown obstacle to young ski racers’ future athletic readiness since 

the quality and quantity of training opportunities changed during mid-season (Jukic et 

al., 2020). The objective of this study was to understand how young ski racers’ dryland 

training during the COVID-19 pandemic shaped their experiences and perception of 

their athletic readiness for returning to on-snow competition.  

METHODS: Participants were between the ages of 14-20 years and were recruited 

via email. Eligibility was on the basis of their current affiliation with an Alberta (Canada) 

ski club. Three female Alpine skier racers agreed to participate in semi-structured 

interviews. Interpretative phenomenography was utilized to understand how dryland 

training during the pandemic shaped their experiences and perspectives of their 

athletic readiness for returning to on-snow racing. 

RESULTS: Three superordinate themes emerged from the data: confidence in the 

capacity to return to snow, the perceived disparity in racing opportunities, and the 

perceived loss of readiness.  

DISCUSSION/CONCLUSIONS: Participants’ perception of their readiness may have 

performance implications for their future races. Findings from this study may inform 

the development of resources for athletes upon RTS in the context of an unforeseen 

event such as a pandemic. 
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INTRODUCTION: Expertise in sports is a result of an arduous process that emerges 

as a result of interactions between multiple sport-specific constraints (Güllich, 2017; 

Phillips et al., 2010). The study compared the impact of significant constraints on 

expertise development in physical versus technical demanding sports. 

METHODS: Two groups of world-class athletes participated in the study: 1) Cross-

Country Skiers (CCS; n=10) and 2) Freeskiers (FS; n=8), competing regularly at the 

highest level (e.g. World Championship, Olympic Games, Freeride World Tour). The 

athletes rated by a Likert-type scale the importance of different constraints for their 

expertise developmental in a questionnaire subdivided into two age spans: 1) 7–15 

years and 2) 16 years until present.  

RESULTS: The total amount of training was similar between CCS and FS (10.698 

and 12.162 hours, respectively). The CCS define their training to be more specific 

compared to FS (98 vs 75%, respectively). No differences were found in the 

distribution between organized versus non-organized training, but the CCS reported 

the importance of being part of an organized group to be higher compared to FS (score 

4.1 vs 2.1, respectively). CCS report a significantly higher need for coach involvement 

compared to FS (score 4.1 vs 2.25). Both CCS and FS report a high level of 

importance of facilities and enjoyment of performing their sport from a young age until 

present.  

DISCUSSION/CONCLUSION: Despite differences in sport specific demands for CCS 

and FS they share several common elements and pathways to expertise. The 

differences in the need for specificity, the importance of being part of an organized 

group, and the need for coach involvement might indicate that the FS take a higher 

level of personal ownership and self-organize their training to a larger extent 

compared to CCS.  
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INTRODUCTION: Regardless of age, alpine ski racers must have a high level of 

physical fitness. It is critical to performance and injury prevention and must be trained 

and tested (Müller et al., 2000). This is an overview of physical testing of junior and 

elite Austrian alpine ski racers over the last 30 years. 

METHODS: In the early 1990s, the test battery for Austrian Ski Federation (ÖSV) 

athletes included isometric leg and trunk strength tests, CMJ, DJ and a jump 

coordination test. In 1996, performance diagnostics with Skigymnasium Stams 

commenced (Raschner et al., 2012). The aforementioned tests were carried out with 

all junior ski racers, supplemented by a strength endurance and an endurance test. 

At the turn of the millennium, strength diagnostics were adapted, and thereafter the 

ÖSV athletes performed isokinetic leg and trunk strength tests, as well as two balance 

tests and a strength endurance test. The test battery of the junior ski racers remained 

unchanged, with the exception of additional balance tests. In 2021, a 1RM squat, an 

eccentric bilateral hamstring test and several vision tests were added for ÖSV 

athletes. All athlete groups also undergo cycle spiroergometry at Institute for Sports 

Medicine, Alpine Medicine and Health Tourism. 

RESULTS: In Austria, the longitudinal fitness test battery for junior athletes generates 

a useful database with age and gender-specific norm data to support coaches in the 

talent development process. The maximum strength tests performed on junior and 

elite athletes provide important information about bilateral deficits or inadequate trunk 

strength ratios. Injured ÖSV athletes must complete the previously described test 

battery (“back to race” testing) before they start skiing. In some cases, athletes are 

not given the okay to ski and must continue with rehab and conditioning. The recently 

added eye examinations are informative and occasionally lead to further 

ophthalmological examinations. 

DISCUSSION/CONCLUSION: The increasing competitiveness in junior and elite ski 

racing requires efficient and effective management of the training process (Gilgien et 

al., 2018). Testing and analysis of individual fitness are essential to monitor training 

and predict performance. Regular testing also assists in injury prevention and 

overtraining by tracking training adaptions. In order to study the development of young 

athletes and to generate reference data, we need to examine longitudinal 

assessments rather than cross-sectional studies. The complexity of ski racing, 

coupled with the dissimilar individual physical maturation processes, challenges 

coaches and sport scientists when evaluating and training ski racers. 
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INTRODUCTION: This study aimed to identify the potential bias of the relative age 

effect (RAE) in French skiers (alpine skiing, cross-country skiing, biathlon, Nordic 

combined) and to propose a mathematical correction adjustment for such a bias.  

METHODS: All performances and birthdates of skiers on the national and 

international circuit were collected from the 2004 up to 2022. A goodness-of-fit chi-

square test and the residuals were used to study the distribution of birth trimesters in 

youth competitors. A linear relationship between the distribution of performances and 

the months resulted in a calibration coefficient allowing to rebalance the performance 

by considering the effect of RAE.  

RESULTS: Individuals born at the beginning of the year were over-represented in the 

elite young selections in all disciplines for both genders. A coefficient based on the 

relationship between month of birth and performance adjusted individual performance 

and canceled out the effect of RAE. The results showed that RAE is present in French 

skiing. We present a method allowing to consider the effect of the RAE in the 

performances realized in each gender and discipline. 

DISCUSSION/CONCLUSION: This approach is linked to a comparative analysis 

between countries on the densities evolution of athlete versus performance level. This 

method allows coaches and performance managers to have a more objective opinion 

on performance and to reduce selection bias but also give information for structuration 

of a national detection model. 
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INTRODUCTION: Careers in snowsports often have severe musculoskeletal injuries.1 

Accordingly, return to sport processes after injuries play critical roles in continuing 

athletes' careers. The aim of this study was to explore current practices, challenges 

and opportunities related to return to sport in snowsports. 

METHODS: Qualitative study. Semistructured in-depth interviews were conducted 

with 14 international expert stakeholders participating in the return to sport processes 

of snowsport athletes, including coaches, athletes, physiotherapists, sport 

psychologists and medical staff. Data were transcribed verbatim and analysed based 

on constant comparative analysis, employing principles of grounded theory.2 Codes 

were grouped into themes, and the main theories emerged. 

RESULTS: According to the expert stakeholders, a structured process is necessary 

to guarantee quality and thus the best possible rehabilitation process for the athletes. 

However, an analysis of the current practices revealed considerable differences in the 

degree of structuring between the different phases depending on the specific settings. 

While in an early rehabilitation phase, the process, interventions and milestones are 

well oriented on scientific evidence, in later phases they are mostly driven by practical 

experience. A major challenge mentioned by most of the stakeholders appears to be 

the risk of information loss between the transition of the rehabilitation phases and the 

diffusion of responsibilities among the different professional groups/players involved. 

DISCUSSION/CONCLUSION: To obtain the different perspectives on a common 

denominator, it is necessary to consider rehabilitation as a holistic process. This 

requires cross-phase information flow to improve the collaboration of all stakeholders. 

REFERENCES: 
1 Fröhlich, S. et al., 2021. Knee Surg Sports Traumatol Arthrosc 
2 Boeije, H., 2002. Qual Quant 
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MULTIDIMENSIONAL TALENT IDENTIFICATION IN CROSS-COUNTRY SKIING 
– INFLUENCE OF TECHNIQUE, MOTOR ABILITIES AND ANTHROPOMETRICS 
ON COMPETITION PERFORMANCE 

Ronny Fudel1, Lukas Heinrich1 

1 Institute for Applied Training Science, Leipzig, Germany 

Keywords: cross-country skiing, talent identification, motor abilities, technique, anthropometrics 

INTRODUCTION: Cross-country (XC) skiing requires a wide range of different 

abilities, which have to be trained systematically. Employing a long-term athlete 

development plan including talent identification programs is essential for achieving 

world class performance. The present study proposes a practical approach to 

regularly assess physical and technical attributes that are characteristic for talented 

XC skiers. Further it provides useful insights into capabilities of German youth 

athletes.  

METHODS: 38 youth XC skiers (♀ 23 / ♂ 15, Mage = 14.0, SD = 0.3) performed a 

standardised general motor ability test including anthropometric measurements. 

Predicted adult height (PAH) was calculated according to Mirwald and subtracted with 

body height to obtain the current growth status. Skiing technique was captured with 

two high-speed cameras during an individual distance race and assessed by two 

experts based on specific movement characteristics. The final score of the German 

Youth Cup overall ranking 2022 determined the parameter for competition 

performance. Kendall-Tau-b test was applied to check for statistical correlations 

between technique, motor abilities, anthropometrics and competition performance. 

RESULTS: Both technical (τ = 0.401, p < 0,001) and general athletic performance 

(τ = 0.431, p < 0.001) correlated significantly with competition performance of boys 

and girls. The growth status was lower for boys (M = 91.5% of PAH, SD = 3.4) than 

for girls (M = 97.6% of PAH, SD = 0.8) but no significant correlations between 

competition performance and growth status could be found. 

DISCUSSION/CONCLUSION: The quality level of fundamental prerequisites 

influences the competition performance in youth XC skiing. Training in this age should 

therefore be varied and focus on skill 

development rather than race results. Although 

no correlation between maturity status and 

competition performance could be proved, the 

results show crucial individual differences 

especially for boys. In order to guide the 

developmental process of youth elite athletes, 

coaches should regularly identify and evaluate 

individual strengths and weaknesses by 

standardised and repeated testing of relevant 

talent characteristics (Fig.1) and apply the 

outcomes to adapt their training. 

 
Fig. 1. Puzzle of talent characteristics 
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ANALYSIS OF MOTOR ABILITIES IN 16 TO 18 YEARS-OLD CROSS-COUNTRY 
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INTRODUCTION: Long-term training concepts in adolescent athletes are designed to 

emphasise training from general to specific motor abilities2. Among physiological 

variables, e.g. aerobic, anaerobic capacity or maximal oxygen uptake, cross-country 

(XC) skiing performance is correlated with different motor skills3. The purpose of the 

present study was to compare general motor abilities of german adolescent XC skiers 

in a 3-year period, where SARS-CoV-2 lockdown restrictions caused interruptions in 

regular training and annual fitness testing. 

METHODS: 247 distinct adolescent XC skiers (129 ♂ mean (SD) age 17.0 (1 yr), 

height 176.5 (7.2 cm), weight 64.5 (8.6 kg), 118 ♀ age 17.2 (1 yr) height 167.5 (6.0 

cm), weight 58.2 (7.0 kg) performed a motoric test battery in 2019 or 2022. XC skiers 

were grouped for sex, age groups (U16, U18) and season. Raw data from 7 exercises 

(mobility test, balance test, 10-fold jump test, push-ups, plank exercise, 30-m sprint, 

obstacle run) were transformed into a total score. Subjects performed all tests within 

one day, considering test criteria for sport motoric tests1. A three-way ANOVA with 

sex, age group and season as fixed factors was used to analyse differences in all 

tests. Significance level was set at level of p ≤ 0.05.  

RESULTS: A significant decrease in total score (mean diff.-41.8, p < 0.028; d -0.53) 

as well as a highly significant difference in plank exercise (mean diff.-21.2, p < 0.001; 

d -0.96) in females were found. No significant differences in male participants were 

observed.  

DISCUSSION/CONCLUSION: Our results indicate that female XC skiers are more 

likely to experience a reduction in core strength when transitioning from U16 to U18 

compared to male adolescent athletes. Thus, female athletes should emphasise core 

stability as part of their resistance training when transitioning to mitigate potential 

detraining effects. To precise these findings, more research in these particular age 

groups should be addressed. 

REFERENCES:  
1 Bös, K. (Hrsg.), 2001. Hogrefe Verlag; 2 Granacher, U. et al., 2016. Front Physiol; 
3 Stöggl, R. et al., 2015. Scand J Med Sci Sports
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Motor control and modeling 

QUANTIFICATION METHODS OF SPINAL AND SUPRASPINAL EXCITABILITY 
DURING CROSS-COUNTRY SKIING: A PILOT STUDY ON SKIING-SPECIFIC 
MOTOR CONTROL MEASUREMENTS 
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INTRODUCTION: Motor control is an essential part of athlete’s efficient performance. 

The motor control can be divided to spinal and supraspinal components, which’s 

contribution can be quantified using Hoffmann-reflex (H-reflex) and volitional wave (V-

wave) methods, respectively, during both isometric (Aagaard et al. 2002) and dynamic 

conditions (Alkjaer et al. 2013). However, it is unknown how feasible these responses 

would be to study more challenging multi-joint dynamic tasks like cross-country skiing. 

Purpose was to develop this methodology for complex skiing techniques for future 

examination of spinal and supraspinal control mechanisms during specific phases 

(e.g. gliding/balance control) related to performance level, fatigue status or other 

factors. 

METHODS: A former male elite skier performed numerous trials using V2 skating 

technique on roller skies at treadmill (2° incline) velocities of 12 (slow) and 18 km/h 

(fast). H-reflex (m. soleus; conditioned with 15% Maximal M-wave [Mmax]) was 

measured 30, 70, 110 and 580 ms after the ground contact of the roller ski to get the 

H-reflex responses during short-latency reflex (SLR), medium-latency reflex (MLR), 

highest force production and mid-glide phases, respectively. V-wave responses were 

measured with identical delays, but with supramaximal stimulation intensity (125% 

Mmax). Both H-reflex and V-wave were normalized to Mmax. All date are presented 

descriptively as mean and standard deviation, as it was a methodological pilot study. 

RESULTS: H/Mmax ratio was reduced from SLR to MLR (Slow -16.7%; Fast -31.1%) 

and highest force (Slow -33.3%; Fast -19.8%) while being similar or elevated during 

mid-glide phase (Slow 3.8%; Fast 67.0%) compared to SLR. Opposite to H-reflex, 

V/Mmax increased from SLR to MLR in slow (19.1%) and fast (22.1%) velocities. 

However, velocity-related differences were observed at highest forces (Slow 64.7%; 

Fast -19.8%) and mid-glide phase (Slow 53.0%; Fast 5.8%) compared to SLR. 

DISCUSSION/CONCLUSION: Similar pattern of H-reflex has been observed 

previously during drop jumps (Taube et al. 2008), where H-reflex was reduced, and 

cortical activation enhanced from ground contact toward voluntary activation. H-reflex 

and V-wave methods seem to be potential tools to investigate motor control during 
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skiing which could be utilized, for example, to examine training and fatigue-related 

changes in motor control of Nordic skiing and possibly other skiing disciplines. 
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DIFFERENCES IN NEUROMUSCULAR QUALITIES BETWEEN SPEED AND 
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INTRODUCTION: High levels of lower limb strength have been suggested to be an 

important factor for competing in top-level alpine skiing. However, SPEED and 

technical (TECH) disciplines have different characteristics that may require specific 

neuromuscular qualities. Therefore, the aim of this study was to compare lower limb 

force control and fatigability between SPEED and TECH elite alpine skiers. 

METHODS: Alpine skiers from the Italian Federation of Winter Sports categorized as 

SPEED or TECH (using FIS points) and with a ranking < 50 were considered (26 

males and 23 females). They performed three sets of eccentric (ECC) and concentric 

(CONC) contractions on a custom-built motorized leg press. The three sets had 

respective durations of 20, 60 and 90 s (4-17 reps) and were separated by 3 min of 

rest. Athletes were asked to accurately generate forces of 1.7-1.9 and 2.5-2.8 times 

bodyweight during the CONC and ECC phase, females and males, respectively, and 

force control (accuracy) was quantified as the time on target (%). Countermovement 

jump (CMJ) peak force was assessed at baseline and after the 60-s and 90-s sets to 

investigate fatigability. Differences between SPEED and TECH were analyzed using 

linear mixed models. P values and effect sizes are reported. 

RESULTS: Males SPEED were more accurate than TECH in the CONC phase of the 

60-s and 90-s sets (p = 0.02-0.04, 0.86-0.94). Both males and females SPEED 

showed lower fatigability than TECH as CMJ peak force was less reduced after the 

60-s and 90-s sets (p = 0.01-0.03, 0.90-1.17). 

DISCUSSION/CONCLUSION: Elite alpine skiers showed a high degree of 

specialization in neuromuscular characteristics according to the discipline. SPEED 

male skiers exhibited a greater ability to modulate concentric force during leg-press 

exercise and lower fatigability compared to TECH skiers. 

REFERENCES:  
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SCALING OF MUSCULOSKELETAL MODELS USING OPEN-CHAIN ISOKINETIC 
TEST DATA AND OPTIMIZATION 
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INTRODUCTION: Musculoskeletal modeling offers a unique possibility to predict the 

internal loading acting on joint-muscle structures during sport-specific movements in 

winter sports, e.g. cross-country skiing and alpine skiing1-4. To accurately represent 

any individual, a musculoskeletal model’s anthropometry and muscle strength must 

be scaled. Parameters that govern muscle strength are highly subject specific which 

affects the accuracy of predicted internal loading. The standard anthropometric 

scaling method (LMS) may be sufficient for the general population, but better accuracy 

is required for elite athletes due to large muscle structure deviations. We propose a 

method for scaling subject-specific muscle parameters. 

METHODS: Participants with prior experience in heavy resistance training were 

included in the study (n = 3, mean height = 1.82 m, mean weight = 82.7 kg). They 

performed isometric knee extension MVC’s at six knee angles. Torque and knee angle 

were measured and used to drive a musculoskeletal model. Models were scaled using 

only LMS or with added muscle strength and fiber length optimization (SLQP)5,6. The 

isometric quadriceps strength calculated by each model was compared to the 

experimental data (fig. 1). 

RESULTS: LMS scaling produced the 

largest deviations with an average error 

of 46%, while the average error of SLQP 

only deviated 9%. Figure 1, a comparison 

between LMS and SLQP indicates the 

results as a percentage of deviation from 

measured torques. > 0 overestimation of 

torque, < 0 underestimation of torque. 

DISCUSSION/CONCLUSION: The results imply that SLQP scaling improves model 

predictions that rely on maximal muscular strength and may increase the accuracy 

and validity of musculoskeletal models used on athletic populations. There is a need 

for further research, including SLQP scaling on winter sports athletes, which is 

planned in the continuation of the current project.  

REFERENCES:  
1 Holmberg & Lund, 2008. Proc Inst Mech Eng P J Sport Eng Technol 
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3 Heinrich et al., 2022. Front Bioeng Biotechnol 
4 Heinrich et al., 2022. Eur J Sport Sci 
5 Lund et al., 2015. Int Biomech 
6 Czarnowski 2022. LIU.se. Master thesis  
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MODELING OF TREADMILL ROLLER-SKIING TIME-TRIAL PERFORMANCE 
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INTRODUCTION: External power output in an endurance sport such as cross-country 

skiing can, from a physiological perspective, be explained as the sum of aerobic and 

anaerobic metabolic rates multiplied by the gross efficiency (𝐺𝐸). As cross-country 

skiing performance is highly dependent on all three performance factors, a model that 

could predict performance changes due to alterations in the respective factors would 

be beneficial for evaluating the training response and/or ability of an athlete. 

Therefore, this study was designed to develop and calibrate a performance model for 

time-trial (TT) roller-skiing on an indoor treadmill using the skating gear 3 sub-

technique. 

METHODS: Eleven highly-trained female and twelve highly-trained male cross-

country skiers (V̇𝑂2𝑝𝑒𝑎𝑘 of 57 ± 3 and 69 ± 5 mL kg[BM]-1 min-1, respectively) were 

recruited for this study. Following a 992-m TT (4° uphill) familiarization trial, 

participants performed a submaximal protocol for the determination of 𝐺𝐸 and three 

successive 992-m TTs (each TT separated by 25 min active and passive rest). The 

average TT performance was used to determine the peak aerobic metabolic rate 

(𝑀𝑅𝑎𝑒,𝑝𝑒𝑎𝑘) and peak anaerobic energy supply (𝐸𝑎𝑛,𝑝𝑒𝑎𝑘). The model was based on 

the power balance of mean power supply and mean power demand based on power 

due to gravity and rolling resistance. The mean power supply (�̅�𝑆) was modeled by 

𝑀𝑅𝑎𝑒,𝑝𝑒𝑎𝑘, 𝐸𝑎𝑛,𝑝𝑒𝑎𝑘, and 𝐺𝐸. The fractional utilization of 𝑀𝑅𝑎𝑒,𝑝𝑒𝑎𝑘 was modeled as a 

function of TT duration. 

RESULTS: The model-to-measurement mean difference in TT time was -2.8 s 

(P = 0.034) and -0.3 s (P = 0.726) for females and males, respectively. The typical 

error (TE), expressed as a percentage, was 1.1% for both sex groups. A sensitivity 

analysis revealed that a 5.0% increase in the 𝐺𝐸 ratio resulted in a 5.3% higher TT 

velocity, a 5.0% increase of the 𝑀𝑅𝑎𝑒,𝑝𝑒𝑎𝑘  resulted in a 4.0% higher TT velocity, 

whereas a 22% increase in 𝐸𝑎𝑛,𝑝𝑒𝑎𝑘 resulted in a 5.9% higher TT velocity. Based on 

average group values for the three performance factors (i.e., 𝑀𝑅𝑎𝑒,𝑝𝑒𝑎𝑘, 𝐸𝑎𝑛,𝑝𝑒𝑎𝑘, and 

𝐺𝐸), longer TT performances were predicted. 

DISCUSSION/CONCLUSION: The study findings are relevant for the interpretation of 

changes in physiological performance factors and how these relate to performance 

over various TT distances. Such information would be of considerable value to 

coaches and athletes.  
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INTRODUCTION: A main difference in cross-country skiing mass-start events 

compared to individual time-trial events is the possibility to reduce energy expenditure 

when drafting behind other skiers in packs. In the present study, we model a mass-

start event based on the W’ balance model and compare the models results with 

GNSS measurements. This model aims to provide insight into 1) the reasons for race 

evolvement and pack formation in mass-start events, 2) the corresponding 

physiological demands, and 3) why different athlete characteristics can lead to 

success in such events. 

METHODS: The propulsive power requirements throughout the course of a mass-

start event were determined from the power balance equation (Moxnes et al., 2014), 

with high-end GNSS measurements used as input. Calculations were made both for 

a skier at the head of the race and for a skier in a pack who benefits from reduced 

energy expenditure due to reduced drag. These propulsive power requirements were 

used as input to the W’ balance model (Skiba et al., 2021), to calculate combinations 

of critical power (CP), work capacity above CP (W’) and the time constant τ required 

to finish with the leader. Additionally, time differences throughout the course were 

calculated for other values of CP, W’ and τ, and compared to corresponding time 

differences and pack formations from a mass start event where high-end GNSS data 

from 42 finishing skiers was available.  

RESULTS: Model results correspond well to GNSS results in that packs split into 

smaller packs in the same parts of the course, typically in the longest uphill segments 

when W’ is depleted. Furthermore, the model illustrates how skiers with different 

physiological abilities, corresponding to different CP, W’ and τ, can either finish the 

race with the leading pack, or be forced to drop the leading pack earlier. 

DISCUSSION/CONCLUSION: Although the W’ Balance model has several 

limitations, it provides novel insight into the relation between race development and 

skiers’ physiological characteristics during a mass-start event. The model illustrates 

how skiers with lower CP can compensate with a higher W’ or lower τ. This effect is 

most likely more prominent in mass-start events compared to individual time-trials, 

due to the better opportunity to recharge W’ after the toughest uphills when exploiting 

the drafting effect in a pack. 
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INTRODUCTION: Aerodynamics is the study of air flowing around solid bodies, where 

the link between velocity and pressure distribution and the resulting aerodynamic 

loads are of special interest. In sports, aerodynamics plays a crucial role since the 

drag force is a major obstacle to overcome in several different disciplines, xc-skiing 

being one of them. Much effort is spent studying the aerodynamics of speed sports 

such as speed skiing and cycling with detailed measurements of both the velocity field 

and pressure distribution. Aerodynamic drag in xc-skiing and its resulting effect on 

skiers’ physiology has been studied to some extent, but not linked to the flow field 

itself1,2.  

METHODS: Experiments were carried out with skier’s roller skiing, using the double 

poling technique, on a treadmill in a climatic wind tunnel3. Two xc-skiers competing 

on a high national level participated in the experiments. The skiers were dressed in 

tight clothes normally worn during xc-skiing. The study was approved by the Swedish 

Ethical Review Authority (No. 2022-01049-01). The flow field at various speeds (3-7 

m/s) around a single skier as well as around two skiers in line with the streaming 

airflow was studied. The flow field was initially visualized, revealing interesting areas 

for velocity measurements using particle tracking velocimetry (PTV). The flow was 

seeded with neutrally buoyant helium-filled soap bubbles (HFSB) as tracer particles, 

following the flow without affecting it.  

RESULTS: The study shows that the tested experimental approach has great 

potential to provide detailed insights, both qualitatively and quantitatively, into the flow 

field dynamics and the connection to drag, see Fig. 1.  
 

       
Figure 1. a) Experimental setup showing the optical velocity measurement probe mounted on the robotic arm. The seeding 
system can be seen in front of the skiers. b) Visualization of the flow field around a leading and drafting skier. c) Time-
averaged velocity measurement results from a part of the wake behind a skier. 

 

DISCUSSION/CONCLUSION: The experimental approach gives a possibility to 

visualize and measure the unsteady, turbulent wake with the complex vortex 

interactions directly affecting the aerodynamic drag. Detailed knowledge of the flow 

field around xc-skiers is necessary to enable a systematic reduction of the 

aerodynamic drag and potentially increase the overall performance. 

REFERENCES: 1 Ainegren, M. et al., 2022. Med Sci Sports Exerc; 2 Spring, E. et al., 

1988. Int J Sport Biomech; 3 Ainegren, M. et al., 2019. J Sports Eng Tech
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Winter sports from different perspectives I 

EXPERT STAKEHOLDER PERSPECTIVES ON PREVENTATIVE TRAINING AND 
TESTING IN SNOWSPORT: EXPLORING CURRENT PRACTICES, 
CHALLENGES, AND OPPORTUNITIES 
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INTRODUCTION: Competitive snowsports such as alpine skiing, freestyle skiing and 

snowboarding are known to be high-risk sports.1 Preventative training and testing may 

be considered promising countermeasures.2 The aim of this study was to explore 

current practices, challenges and opportunities related to preventative training and 

testing in snowsports. 

METHODS: Qualitative study. Semistructured in-depth interviews were conducted 

with 13 experts in the field of snowsports, including athletes, coaches, 

physiotherapists, and sport psychologists. The interviews were transcribed verbatim 

and analysed based on principles of the grounded theory approach.3 The codes were 

grouped into themes from which the most important theories were developed. 

RESULTS: All interviewed stakeholders reported similar practices of training and 

testing with the overarching goal of preparing the athletes for the demands of on-snow 

training and competitions. However, the interviews revealed various athlete-related 

(e.g., the health status) and contextual factors (e.g., the skill level) that influence the 

training and testing regimes of individual athletes. Strengthening communication and 

building a network between different stakeholders was mentioned to be a potential 

key to solving the challenge of addressing multiple factors at once. Moreover, the 

stakeholders noted the importance of focusing on the youth level, as injury rates are 

already high at this level and the potential for improvement appears to be most 

impactful at this level. 

DISCUSSION/CONCLUSION: The current practice of preventive training and testing 

regimes was reported in a similar way by the different stakeholders, although they 

appear to be highly dependent on a variety of setting-specific influencing factors. In 

addition to further quantitative research, particular efforts should also be made to 

address implementation issues such as real-world process optimizations and 

knowledge dissemination. 

REFERENCES:  
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INTRODUCTION: Injury rates in high-performance snowsports, such as alpine and 

freestyle skiing and snowboarding, are known to be high.1 Across different sports, 

sport-specific neuromuscular warm-up programs have been shown to be effective in 

preventing injury.2,3 The aim of this study was to explore current practices, challenges 

and opportunities related to warm-up and activation in snowsports. 

METHODS: Qualitative study. Semistructured in-depth interviews were conducted 

with 13 expert stakeholders, including athletes, coaches, sports physiotherapists, 

strength and conditioning coaches, and sports psychologists from different snowsport 

disciplines. The interviews were transcribed word for word and analysed according to 

the principles of grounded theory.4 Through coding, the interview statements were 

grouped into themes from which ultimately the main theories were derived. 

RESULTS: All participants reported using warm-up and activation (W&A) as a 

measure to get physically and mentally ready for subsequent on-snow training and 

competition. Readiness has been described as a prerequisite for peak performance 

and injury risk reduction. When planning W&A, participants reported considering 

several factors: (1) the demands of the sport discipline; (2) the occurring injury 

mechanisms; (3) the nature of subsequent training or competition; (4) the needs and 

possibilities of the athletes; and (5) environmental characteristics. Getting into the 

routine of W&A was described as an individual learning process that needed time and 

often also included sustaining injuries. Group W&A that target long-term conditioning 

and movement skill rehearsal were described as measures to initiate this learning 

process in youth athletes. 

DISCUSSION/CONCLUSION: To recognise the importance of W&A and improve its 

application at all age and performance levels, athletes, coaches and competition 

organisers should have a thorough understanding of sport-specific demands and the 

concept of readiness. The specifics of W&A depend on several factors that need to 

be further explored to inform meaningful snowsport-specific W&A recommendations. 

REFERENCES: 
1 Schoeb, T. et al., 2020. Front Physiol; 2 Gouttebarge, V. et al., 2020. J Sports Sci; 
3 Ding, L. et al., 2022. Int J Environ Res Public Health; 4 Boeije, H., 2002. Qual Quant  
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DEVELOPMENT OF COMPETITION PERFORMANCE IN PARA NORDIC SKIING 
OVER THE LAST DECADE  
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INTRODUCTION: Para sports became more publicly relevant over the last decade, 

which can be concluded from an increasing number of athletes competing and a 

fivefold increase in research (Lexell et al., 2020). For coaches it is important to have 

a benchmark that allows them to compare their athletes against. This helps to 

understand the requirements athletes have to meet to perform at an elite level. This 

study aims to retrospectively analyze the development of competitive performance of 

Para Nordic Skiing athletes over the last decade, as well as influencing performance 

factors (skiing time, shooting efficiency, snow condition), with a focus on athletes 

competing in multiple sports (cross-country skiing and biathlon). 

METHODS: Basis for the data analysis are the publicly available results of World 

Cups, World Championships and Paralympic Games of the 2012 – 2022 seasons. 

Descriptive statistics, competition density (CD) (Grobler et al., 2015), between-athlete 

variabilities and within-athlete race-to-race variability of the winner, top-3 and all 

athletes are calculated for all classes (STAND, SIT, VI) and sex. Generalized linear 

mixed model of race times are used to estimate variability. Models will be adjusted for 

effects such as snow conditions, race length, competition terrain and shooting result. 

RESULTS: Preliminary data analysis showed no clear trend for an increase in 

competition density over the years. For Top-3 athletes, skiing times showed significant 

differences in calculated race time (Time) in all classes except VI. 
 

Table 1: Calculated race times (including class factor) and CD of a biathlon individual race in 2012 and 2018 
 All Athletes  Top-3 Athletes 

2012 2018  2012 2018 

SIT STAND VI SIT STAND VI SIT STAND  VI SIT STAND  VI 

Men             
Time 50±2* 43±2* 45±4 58±5* 47±4* 48±4  48±1* 42±0* 42±2 53±2* 42±0* 45±1 
CD 2.2 2.65 1.0 0.7 1.2 0.9  1.1 4.9 0.9 0.8 5.0 1.6 
Women             
Time 55±8 47±2* 45±3 59±6 43±2* 43±1  50±0* 45±2* 42±0 55±1* 41±1* 43±1 
CD  0.4 1.3 1.1 0.5 1.8 1.1  14.3 0.8 14.1 1.1 1.2 1.1 

* significant difference between 2012 and 2018, p <.05; Time in minutes; CD in competitors*min-1 

 

DISCUSSION/CONCLUSION: Understanding the level of race performance of 

starting fields should help coaches to evaluate suitable strategies to enhance 

performance of their athletes. In Para Nordic Skiing, this is particularly important for 

newcomers who need targeted training measures quickly due to their advanced age. 

REFERENCES:  
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RECYCLING PROCESSES FOR MORE SUSTAINABLE WINTER SPORT 
EQUIPMENT 
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1 Sport Technology Lab, University of Bologna, Via Terracini 28, 40131 Bologna, Italy  

Keywords: dynamical mechanical analysis, ski testing, ski stiffness, rebound behavior 

INTRODUCTION: Most of the sport equipment after use are now directed to landfill 

due to the difficulty to efficiently separate and recycle their multi-material assembly. 

Every year several kTons of materials (thermoplastic, metals etc), that could be 

reused, are discarded thus creating great environmental problems that affects the 

sustainability of sport equipment. For this reason, we have developed a series of new 

processes for the efficient and cost-effective recycle of sport equipment. In all 

processes the first step consists in an efficient system for the separation (mechanical 

or chemical) and purification of each single material. The separated materials are then 

optionally mixed with virgin materials and re-processed for the preparation of new 

sport equipment. 

METHODS: Materials composing ski-boots and helmets have been separated using 

different methodologies. In particular, triboelectric sorting, combined with UV-NIR and 

magnetic sorting have been used to separate the thermoplastic materials of ski-boots 

while selective dissolution was used to separate the EPS fraction of the helmets from 

the rigid polycarbonate outer shell. The materials obtained have then been used to 

produce, by injection molding, rebonding and expansion, the parts of new sport 

equipment. The new equipment has been then tested, according to standard 

procedures, in order to determine performances and safety characteristics.  

RESULTS: The sorting process of the multi-plastics components of ski-boots with an 

efficiency of 95% in recovering the thermoplastic polyurethane (TPU) component. The 

mechanical characterization of the TPU has shown no decrease in modulus and 

elongation at break. The material of the recycled TPU has then been used to produce 

the parts of commercial ski-boots and the different parts have then been assembled 

and the ski-boots tested in lab and real environment to assess their safety and 

performances, proving that they could be safely used and produced industrially. The 

recycle of helmets have been performed by selective dissolution in Limonene (a 

natural solvent present in the skin of citrus fruits) of the EPS part. The remaining part 

has been cleaned from coatings using ethyl acetate. The efficiency of the recovery of 

EPS is 95% with a purity of 99%. The Polycarbonate has been recovered with a 90% 

efficiency showing a slight decrease in molecular weight. 

DISCUSSION/CONCLUSION: The separation and recycling processes have shown 

that it is possible to recover in high yield, high purity secondary raw materials from 

end-of-life sport equipment such as ski-boots and helmets to be used for the 

preparation of new sport equipment in a fully circular approach. Depending on the 

chemical and physical characteristics of the materials and on the time of use, some 

virgin material could be added to obtain the same properties of standard sport 
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equipment. This approach is under development also for other winter sport equipment 

such as skis, snowboards, and bindings. 

A design for recycling step has also been performed in order to develop new 

equipment that can be more efficiently recycled and with improved performances. 

 

 

 

ACTION RESEARCH AS A METHOD TO INCREASE KNOWLEDGE AND 
COMMUNICATION IN A SPORTS PERFORMANCE SETTING 
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INTRODUCTION: Athletes may suffer from mental illnesses, eating disorders, low 

energy availability and/or hormonal symptoms1-3, all of which negatively affect health 

and performance. Knowledge about these issues is limited among coaches and 

athletes, which makes attempts to solve problems difficult. Education is recommended 

to increase the willingness of athletes and coaches to communicate about sensitive 

or “taboo” topics4, but information about how best to educate these individuals is 

limited. The overall aim of this project was to develop, implement and evaluate a 

programme of education using an action research approach5. This paper critically 

discusses the application of action research when seeking to develop such education 

programmes. 

METHODS: Action research is the process of using collaborative work to create 

change to address meaningful substantive issues. It involves the use of systematic 

enquiry to introduce and evaluate change, whilst also generating new knowledge in 

relation to that change. Initial insights into the education needs of the participants (32 

female and male junior cross-country skiers and their 2 female and 2 male coaches) 

were gained by the lead author through observations, informal conversations, and a 

survey. Further data was then collected using a reflective journal, informal 

conversations, feedback, focus groups and mind-mapping. A series of educational 

presentations were developed and shared with the participants throughout the data 

collection process. 

RESULTS: Initial results from this study demonstrate that action research is beneficial 

for supporting the development of an education programme where athletes, coaches 

and researchers work closely together to co-create and evaluate specific content. In 

this sports performance setting, the education programme was effective at increasing 

knowledge and communication between athletes and coaches regarding a range of 

sensitive topics, which have typically been considered “taboo”. 

DISCUSSION: Action research is useful for developing education programmes 

pertaining to sensitive or “taboo” issues, thereby facilitating increased knowledge, 

communication and problem-solving opportunities among athletes and coaches. 
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INTRODUCTION: Optimal movement patterns in sports and their parameter 

dependence are today assessed by athletes’ and coaches’ subjective experiences. 

While the latter is highly important, there is still a lack of objective criteria for discussing 

optimal movement patterns in sports, allowing for myth-building and subjectivism. In 

this talk, we address specifically the optimal movement pattern for energy pumping, 

which is a way to generate speed based on an active vertical center of mass 

movement in rollers in sports like alpine skiing, ski-cross, snowboard-cross, wind-

surfing and BMX-racing.  

METHODS: Optimal control theory allows to formulate an optimal movement pattern 

in sports as a solution to an optimization problem. With this, optimal movement 

patterns and their parameter dependence can be identified objectively on the basis of 

first principles and the laws of physics. To identify the optimal movement pattern of 

energy pumping, we introduce an inverse pendulum model to describe the movement 

of the center of mass. We solve the optimal control problem with the help of an SQP-

algorithm. 

RESULTS: For energy pumping, we uncover that the optimal movement pattern 

consists of a jumping, flying, and landing phase, which has to be timed precisely. We 

investigate how the maximal horizontal speed depends on parameters like rollers 

height and maximal normal force of the athlete. Additionally, we present a qualitative 

comparison of our results with observations from ski-cross. 

DISCUSSION/CONCLUSION: The results demonstrate the potential of applying 

methods of optimal control theory to sports science in general and specifically snow 

sports. For athletes and coaches, we uncover that athlete's energy pumping 

performance is optimized by using maximal force and adopt an exact and proper 

timing of the movement pattern.  
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INTRODUCTION: The goal of sports science in elite sport is to improve the 

performance of athletes. Despite this common goal, it is currently unclear how sport 

science research can be optimally implemented. To cover the large variety of different 

conditions in elite winter sports, like weather conditions, terrain, and snow surface, 

makes field research in winter sports very challenging.1 

In sports, athletes and coaches are looking for changes or advantages that often work 

in a n = 1 setting. A standardized research project needs a certain number of 

participants. However, there is often not enough time or too few participants (at the 

same level) to fulfil those requirements. Quickly identify key challenges, trends, and 

changes to be the first to develop good solutions and have a competitive advantage 

is key for coaches and teams to achieve the success they are working for. Therefore, 

condensate of different publications will be presented which should by a guideline for 

researcher. Mainly it focused on the concept of evidence-based practice.2 

RESULTS: Evidence-based practice (EBP) refers to the systematic process whereby 

decisions are made, and actions or activities are undertaken using the best evidence 

available. The aim of evidence-based practice is to remove as far as possible, 

subjective opinions, unfounded beliefs, and/or biases from decisions and actions in 

clinical practice.2,3 

As a proposal for elite winter sport the process is defined in five steps. A. Identification 

of the relevant question. B. Check available evidence. C. Choose a setup. D. Choose 

parameters to investigate and statistics. E. Communication of the results to the 

stakeholders. 

DISCUSSION/CONCLUSION: The proposed model requires a shift in the way the 

research process should be conducted in elite sport. It is suggested that researchers 

need to consider from the outset how their research can be conducted with elite 

athletes in the actual sport environment and how it will ultimately be implemented to 

improve performance. Collaboration between coaches and research and 

development departments throughout implementation is key for a successful project. 

REFERENCES: 
1 Medved, V. et al., 2001. Skiing and Science II 
2 Bishop, D. et al., 2006. Int J Sports Physiol Perform 
3 Fullagar, H.H.K. et al., 2019. Sports Med 
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INTRODUCTION: Knowledge of the kinematics of alpine ski racers is of great interest. 

Even at the elite level, the work of Reid (2009, 2010) in slalom and Spörri (2012) in 

giant slalom showed differences. But in their experimental design with several 

rotatable and tiltable cameras, only two complete turns could be analyzed. The aim of 

the method presented is to analyze the entire race course and all competitors. 

METHODS: The runs of the 30 best starters at the two WCs were filmed in both 

rounds by four video cameras from different positions. By using an AI software 

provided by SIMI®, selected landmarks (joint points) on the filmed runner could be 

detected automatically. In addition, the positions of the turning gates were measured 

(noVR® and FIS service) and, through the knowledge of a sufficient (≥ 7) number of 

control points, were used for the subsequent calibration of the cameras. The 

necessary number (≥ 2) of further control points to determine the tilt, pan and zoom of 

the cameras is also given by the gates in the pictures. This allowed the utilization of 

the (re-) calibrated cameras to determine 3D coordinates from the land points 

determined by the AI. 

RESULTS: To check the accuracy, the thigh lengths were 

determined after the first round of calculation. There were 

relative standard deviations of about 10%. Further results will 

be presented at the congress. 

DISCUSSION/CONCLUSION: First results show that the 

presented method makes it possible to determine the joint 

points of the racers during an entire run. If a sufficient quality is 

reached, a number of interesting analysis options are enabled, 

e.g. turn cycle structures, trajectory lengths, center of mass 

speed over the turn cycle, center of mass attack angle, center of mass inclination, hip/ 

knee angulation, … (Reid, 2010). In the next step, the position of ski (tip and heel) and 

poles should be detected by extending the AI Algorithm. In this case, calculating of ski 

orientation (ski edge angle, …) would be possible. 

REFERENCES:  
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Slalomracer with Pole 
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INTRODUCTION: The high injury risk in slopestyle has been related to high 

equivalent fall height (EFH) during jump landing.1,2 Research has shown that 

computer models can be used to simulate an athlete’s jump kinematics and kinetics,1,2 

and hence provide jump dimensions that may mitigate EFH. Such models require valid 

input parameters. An athlete’s “pop” alters the velocity vector at takeoff and can be 

used to ensure a softer landing in the so-called “sweet spot” of the landing area, but 

also to increase amplitude which enhances performance. “Pop” should therefore be 

considered in such modeling, but research on “pop” is limited. The aim of this study 

was hence to characterize “pop” for elite athletes and investigate how “pop” relates to 

performance factors and EFH in slopestyle skiing and snowboarding.  

METHODS: Kinematic data was collected using a geodetic video motion capture 

method (QDaedalus) during a World Cup slopestyle competition. Computer vision was 

used to track and reconstruct the center of mass trajectories of the athletes. The snow 

surface profile was measured using a Lidar scanner. Athlete trajectories and jump 

profile were used to calculate the parameters pop, jump distance, vertical jump height, 

velocity, take-off, landing angle, and EFH. Athlete behavioral factors during the 

airborne phase, such as flight time and average angular velocity, were extracted. 

RESULTS: “Pop” ranged from -2.32 m/s to +2.20 m/s. Maximizing the “pop” was 

associated with both increased flight time and average angular velocity. At best, there 

was a moderate negative relationship between the velocity and “pop”, and the velocity 

and “pop” could only explain small parts (6.6%) of the variation observed in EFH. 

Adding landing angle to the model increased the explanatory power to 82.3%.  

DISCUSSION/CONCLUSION: “Pop” had a limited effect on EFH, but seems to be 

used as a tool to enhance performance through an increase in both flight time and 

average angular velocity. This study extends the knowledge on “pop” with data from 

elite athletes. 
1 McNeil, J.A., 2012 (Vol. 19, 95-119). Ski Trauma Saf 
2 McNeil, J.A., 2012 (Vol. 19, 1-8). Ski Trauma Saf 
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INTRODUCTION: The deflection of the ski is crucial in alpine skiing, at least to 

achieve carved turns. In theory, due to the geometric shape of the ski, the ski deflects 

dependent on the achieved edge angle, supported by additional movements (Lieu et 

al. 1985). However, up to now, the proof of this (simplified) theory and the scientific 

validation in field measurements is missing (Thorwartl et al. 2022). In this study, a new 

measurement system is used to measure deflection of the ski in combination with 

torsion and edging.  

METHODS: Special purpose strain sensors were applied to measure the high 

deformation of the ski composite material. The deflection and torsion deformation of 

the ski was recorded at six positions with a maximum sample rate of 490 Hz. To 

validate the system, a new device (SkiTOBI – ski torsion and bending instrument) was 

used, which was constructed to classify the bending and torsion stiffness of the race 

skis of the German Ski Team. A 3-D IMU sensor (400 Hz), mounted on the ski boot, 

was used to measure the edge angle during skiing. 

RESULTS: The validation measurements of the applied strain sensors on the device 

SkiTOBI in the lab showed, that the different initiated deflection and torsion of the ski 

by the SkiTOBI-device is comprehensible represented by the results of the applied 

sensors. Furthermore, a very good repeatability was detected. 

DISCUSSION/CONCLUSION: The results from the lab showed a good reliability of 

the measurements of deflection and torsion behavior of the ski. In combination with 

the recording of the edge angle, the measurements on the slope will show the 

correlation of edging and deflection during skiing. Results will be presented at the 

congress. 
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INTRODUCTION: Pole-length (PL) influences O2-cost and performance in classical 

cross-country skiing (Carlsen et al., 2018; Trøen et al., 2020). Moreover, this has also 

been suggested for distance skiing using the skating technique (Torvik et al., 2019), 

but it has never been investigated. We compared different pole lengths on sprint skiing 

time trial performance using the skating technique. 

METHODS: Twenty-three (13 male) highly trained cross-country skiers completed 

three maximal sprint trials (1.1 km) with different PL of 85, 90 and 95 % of body height, 

in an outdoor roller ski course. We assessed performance (time) with radio-based 

photocells, rate of perceived exertion (RPE) and the athletes perceived speed for each 

trial.  

RESULTS: Overall, PL90% was 1.5 % faster than PL95% and 5 % faster than PL85% 

(P < 0.01). PL90% was 2.1% faster than PL95% for males (n = 13, P < 0.01), while 

no difference was evident for females (n = 10). For both sexes, there was a tendency 

to faster uphill speed (2.5%) with P95% compared to P90% (P = 0.11). The athletes 

perceived PL95% as faster in both uphill and flat section (p = 0.02), but the PL90% as 

fastest in total (p = 0.01). There were no differences between PL in RPE. 

DISCUSSION/CONCLUSION: Pole length influence sprint skiing performance on 

rollerski with use of the skating technique. Overall, most of the skiers benefit from 

using a pole length of 90% of body height. However, in the uphills, especially the 

women might benefit from using longer poles. This highlights the importance of 

individualization and of taking the nature of the course into consideration when 

selecting pole lengths for high-level skiers. Athletes’ perception of speed was not 

consistent with performance, thus emphasizing the need for objective performance 

data. 
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INTRODUCTION: The total mechanical work (𝑊𝑡𝑜𝑡) performed by an athlete has been 

assessed in several sports but not in roller skating and cross-country skiing. 𝑊𝑡𝑜𝑡 

consists of external (𝑊𝑒𝑥𝑡
∗ ) and internal mechanical work (𝑊𝑖𝑛𝑡). 𝑊𝑒𝑥𝑡

∗  is the work 

required to move the subject’s center of mass (COM; 𝑊𝑒𝑥𝑡
 ) relative to the 

surroundings, including the work done on the environment (𝑊𝑒𝑛𝑣), while 𝑊𝑖𝑛𝑡 is the 

work required to move the subject’s segments relative to the COM (Saibene et al., 

2003). The work done by the subject’s segments (𝑊𝑠𝑒𝑔) is part of 𝑊𝑡𝑜𝑡 and consists of 

𝑊𝑖𝑛𝑡 and 𝑊𝑒𝑥𝑡
 . 

METHODS: 𝑊𝑡𝑜𝑡 was evaluated for one subject who roller-skated on an inclined 

treadmill (5%) for 5 minutes at 10 km/h using the G3 skating technique. In addition to 

the whole-body kinematics, the ground reaction forces and kinematics of the roller 

skis and poles were measured. The subject was simplified as 15 linked rigid bodies. 

The COM and segmental energies were calculated for 5 consecutive cycles. 𝑊𝑒𝑥𝑡 was 

calculated by summation of the absolute differences of the total mechanical energy of 

the COM (𝑇𝑀𝐸𝐶𝑂𝑀), while 𝑊𝑠𝑒𝑔 was calculated by summation of the absolute 

differences of the total mechanical energy over all the segments (𝑇𝑀𝐸𝑆𝐸𝐺). 𝑇𝑀𝐸𝐶𝑂𝑀 

and 𝑇𝑀𝐸𝑆𝐸𝐺 were calculated as sum of relevant kinetic (KE) and potential energies 

(PE). 𝑊𝑡𝑜𝑡 was obtained by summation of 

𝑊𝑠𝑒𝑔 and the work done against friction 

(𝑊𝑒𝑛𝑣) (Hladnik et al., 2016). 

RESULTS: 𝑇𝑀𝐸𝑆𝐸𝐺 was 5.6% greater than 

𝑇𝑀𝐸𝐶𝑂𝑀. The rotational kinetic energy 

(𝑅𝐾𝐸𝑆𝐸𝐺) was only 0.44% of 𝑇𝑀𝐸𝑆𝐸𝐺. The 

translational kinetic energy of the segments 

(𝐾𝐸𝑆𝐸𝐺) was 3.5% larger than that of the 

COM (𝐾𝐸𝐶𝑂𝑀). 𝑊𝑒𝑥𝑡 accounted for 61.3%, 

𝑊𝑖𝑛𝑡  30.7% and 𝑊𝑒𝑛𝑣 8.0% of 𝑊𝑡𝑜𝑡 over a 

cycle. 

CONCLUSION: Under these conditions, 

the contribution of 𝑊𝑖𝑛𝑡 to 𝑊𝑡𝑜𝑡 is similar to 

walking (Cavagna et al., 1977). The 

𝑅𝐾𝐸𝑆𝐸𝐺 was negligible. 

REFERENCES: 

Cavagna, G.A. et al., 1977. J Physiol 

Hladnik, J. et al., 2016. Tech Gazette 

Saibene, F. et al., 2003. Eur J Appl Physiol  

𝑅𝐾𝐸𝑆𝐸𝐺  

𝐾𝐸𝑆𝐸𝐺  

𝑃𝐸𝑆𝐸𝐺  

𝑇𝑀𝐸𝑆𝐸𝐺  

𝐾𝐸𝐶𝑂𝑀  

𝑇𝑀𝐸𝐶𝑂𝑀  

𝑃𝐸𝐶𝑂𝑀  =

Figure: Specific mechanical energies. 

𝑊𝑡𝑜𝑡  𝑊𝑠𝑒𝑔  𝑊𝑒𝑥𝑡  

17.166±0.969 15.795±0.932 10.527±0.621 

𝑊𝑖𝑛𝑡  𝑊𝑒𝑛𝑣  
5.268±0.521 1.371±0.046 

 

Table: Mechanical work over a cycle in J/kg. 
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THE EFFECT OF INTENSITY AND ROLLING RESISTANCE ON INNER-CYCLE 
TEMPORAL PARAMETERS WHEN ROLLER-SKI SKATING 
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INTRODUCTION: The continuous development of wearable sensor technology 

allows technologies previously used in research settings to be applied for technical 

analysis of regular training sessions. The aim of this study was to investigate the effect 

of intensity and rolling resistance on inner-cycle temporal parameters measured by 

instrumented insoles and poles when roller ski skating. 

METHODS: Eleven cross-country skiers performed four laps of 2.5 km, alternating 

between low and high endurance-intensity, while roller ski skating with two different 

rolling coefficients. Participants were equipped with force insoles and poles with 

integrated force measurements. The initial and final ground contacts of poles were 

obtained by using a force-threshold of 5% of bodyweight, and the initial and final 

contact of skis were determined from the insoles with a threshold of 7% of bodyweight. 

Inner-cycle temporal parameters were then calculated (e.g., contact and flight time for 

skis and poles). A decision tree was used to determine the sub-technique employed1. 

RESULTS: In total, 13’038 ski cycles and 17’338 poling cycles were detected. Cycle 

time and inner-cycle durations are presented in Table 1. With higher skiing intensity, 

pole and ski contact time and ski flight time decreased (all p<0.05), while this was not 

the case for pole flight time. The rolling coefficient did not significantly affect the inner-

cycle durations. 
 

 
 

DISCUSSION/CONCLUSION: For the sub-techniques used in uphill terrain (G2-G4), 

changes in rolling coefficient did not affect the inner-cycle parameters. It indicates that 

manipulation of the rolling coefficient mainly affects speed and the choice of the sub-

technique in a given terrain section. With increased skiing intensity, most temporal 

parameters decreased in association with higher speed and frequency, whereas the 

pole flight time remained unchanged. 

REFERENCES:  
1 Meyer, F. et al., 2022. PLoS ONE  

Table 1: Inner-phase duration for the three main sub-techniques, at two different intensities and with two different rolling coefficients

Pole contact time 668 ± 63 363 ± 43 286 ± 39 691 ± 81 375 ± 48 283 ± 43 556 ± 77 304 ± 44 246 ± 30 572 ± 65 321 ± 34 260 ± 37

Pole flight time 695 ± 58 691 ± 79 1414 ± 129 670 ± 69 672 ± 73 1398 ± 107 663 ± 71 636 ± 71 1316 ± 65 639 ± 56 646 ± 68 1335 ± 228

Ski contact time 825 ± 45 1140 ± 59 1005 ± 78 815 ± 49 1144 ± 61 986 ± 64 742 ± 57 1027 ± 39 925 ± 28 735 ± 59 1058 ± 43 931 ± 69

Ski flight time 552 ± 40 847 ± 61 688 ± 73 549 ± 38 846 ± 53 688 ± 57 487 ± 37 752 ± 46 634 ± 39 494 ± 28 781 ± 49 637 ± 44

Cycle time 1371 ± 73 1970 ± 107 1697 ± 125 1354 ± 83 1971 ± 113 1675 ± 126 1229 ± 86 1765 ± 78 1542 ± 67 1221 ± 88 1828 ± 88 1570 ± 101

Phase durations are given in millisecondes, as mean ± standard deviation.

High intensity, wheel type 3High intensity, wheel type 1

Gear 2 Gear 3 Gear 4Gear 2 Gear 3 Gear 4 Gear 2 Gear 3 Gear 4

Low intensity, wheel type 3Low intensity, wheel type 1

Gear 2 Gear 3 Gear 4
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Ski mountaineering 

FEASIBILITY STUDY OF AN INCREMENTAL FIELD TEST BASED ON GNSS-
RTK POWER FEEDBACK 

Lorenzo Bortolan1,2, Aldo Savoldelli1,3, Marco Decet2, Barbara Pellegrini1,2 
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INTRODUCTION: Ski-mountaineering is one of the most demanding endurance 

sports. Researchers have extensively proven the relevance of VO2max, VO2@VT2, 

and GE on race performance. Different laboratory tests have been developed to 

measure the above-mentioned parameters on ski mountaineering athletes, while 

adequate methods for field evaluation are still lacking. Here, we tested the feasibility 

of performing an incremental test by using a GNSS-RTK to provide feedback to the 

athletes related to their punctual vertical speed. 

METHODS: The system consisted of a GNSS-RTK device corrected via NTRIP 

protocol to get the skiers' vertical speed and in a custom build app to provide the 

information to the skiers once a second. The acquisition system was validated by 

recording the altitude data in an undulating movement with an amplitude of 6 cm and 

a frequency of approximately 0.6 Hz to simulate the oscillation when walking. To test 

the protocol, an expert skier performed two incremental tests to exhaustion with 

1 minute long stages: a laboratory test with skis on a treadmill (LIT) and a second one 

on an alpine skiing slope (SIT) using the feedback system to induce the skiers to 

maintain the vertical speed prescribed by the protocol. The field protocol started with 

600 m h−1 of vertical speed and increased by 130 m h−1 every minute, adapting the 

speed required in function of the slope recorded. Metabolic data were collected by a 

K5 portable device.  

RESULTS: During the validation test, the vertical swing amplitude was always within 

acceptable ranges (mean amplitude: 6.1 ± 0.9 cm; error around zero: -0.3 cm). 

Although the slope of the climb was not constant (mean 23.6 ± 6.4%; [12.1-36.0%]), 

the speed feedback system allowed the skier to keep the vertical speed reasonably 

close and stable with respect to that set during each stage (CVmax: 4.68%). Metabolic 

parameters show differences between the two incremental tests (VO2max: 62.9 Vs 

58.8 ml·kg-1·min-1; HRmax: 185 Vs 173 bpm; VE: 149 Vs 157 l·min-1; VO2@VT2: 3.8 

Vs 3.7 l·min-1; HR@VT2: 169 Vs 158 bpm; for LIT and SIT respectively). 

DISCUSSION/CONCLUSION: The validation of the system has given good results 

keeping the measurement correct without drifts. This allows us to modulate the speed 

according to the hill to keep the required mechanical. The differences found in the 

metabolic values between the two tests could be, almost partially, compatible with the 

different altitudes of execution. Although further tests will have to be carried out on 

several athletes to validate the protocol, the possibility of using GNSS data to correct 

the speed as a slope function seems to guarantee good workload feedback. 

REFERENCES: Duc, S. et al., 2011. IJSM; Doucende, G. et al., 2022. Sports  
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WORLD CUP SKI MOUNTAINEERING (SKIMO) SPRINT RACES (2016-2017-
2022): 3D KINEMATIC ANALYSIS IN ELITE ATHLETES 

Arrigo Canclini1, Andrea Besseghini1, Francesca Dei Cas1, Antonio Canclini2, Guido 
Baroni2, Renzo Pozzo1,3 
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INTRODUCTION: Ski mountaineering has been officially included, for the first time, 

in the program of Olympic Winter Games Milano Cortina 2026. The 5 medals will be 

awarded in sprint discipline. In the last decade, SKIMO skiers improved their technical 

and physiological performances in all kinds of races. Due to the complex 

multiparametric environment conditions and the relatively recent development of the 

discipline, there is a lack of specific studies, especially under race conditions (Bortolan 

2021). On the other hand, technique and physiological analysis comparing normal 

race and treadmill conditions have been undertaken (Canclini 2007-2019, 

Haselbacher 2014, Pozzo 2016). The purpose of this study is to investigate the 

kinematics of elite SKIMO skiers during high-level competitions such as Sprint World 

Cup races. 

METHODS: Data collection was performed in 2016, 2017 and 2022 during 3 World 

Cup sprint qualifications. 3D video analysis has been accomplished using dedicated 

DLT software (Baroni 1998), complemented by SIMI Motion®. For each race, a 

minimum of 5 top male skiers were analyzed by standard 3D kinematic analysis on 

an uphill section (21°-11°) where the athletes performed Diagonal Stride (DS). 

RESULTS: Specific parameters were calculated for each athlete and with respect to 

the left/right symmetry patterns (Table 1). Angles-vs-angles plots were used to 

investigate individual coordination patterns. 
 

Table 1: kinematics parameters  

Year/Terrain/ Tech. – gear 2016 Uphill 21° - DS 2017 Uphill 11° - DS 2022 Uphill 21° - DS 

Subject N – number of cycles N = 5 - 4 cycles N = 5 - 4 cycles N = 10 - 3 cycles 

CL (m) (cycle length) 1.75 ± 0.10 2.56 ± 0.37 1.70 ± 0.12 

CT (s) (cycle time) 0.87 ± 0.05 0.91 ± 0.20 0.85 ± 0.05 

% Time-Poling / CT 61% ± 2% 49% ± 4% 53% ± 6% 

CoG Vert. Displacement (m) 0.07 ± 0.02 0.10 ± 0.02 0.09 ± 0.02 

Vave (m/s) (average velocity) 2.00 ± 0.06 2.85 ± 0.33 2.00 ± 0.08 

Elbow Angle (°) at PP 90± 23 80 ± 7 78± 10 

Elbow Angle (°) min 75 ± 6 73 ± 7 74 ± 9 

Trunk Angle (°) at PP 50 ± 4 32 ± 5 55 ± 3 

Poles Angle (°) at PP 51 ± 3 52 ± 4 47 ± 4 
 

DISCUSSION/CONCLUSION: Some of the considered parameters seem to 

correspond with those related to classical cross/country performance. However, the 

inter-subject variability in SKIMO is greater than in CC (Canclini 2007). For the three 

SKIALP races considered in this work, significant differences were found for many 

kinematic parameters: the cycle length (CL 1.75 m in 2016/22 vs 2.56 m in 2017); the 

cycle time (CT 0.97 s vs 0.91 s); the average velocity (Vave 2.0 m/s vs 2.85 m/s). It is 

important to observe that these differences are probably explained by different track 

steepness of the races: 21° in 2016/2022 and 11° in 2017. Nevertheless, the 
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percentage of Time-Poling/CT decreases significantly for the same incline (61% in 

2016 vs 53% in 2022), probably due to the different strategies to perform the very 

steep section. The obtained results need to be reinforced by additional data to be 

collected about selected elite skiers. 
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INTRODUCTION: Ski-mountaineering sprint competitions are short (≈180-210 s) 

individual races encompassing three uphill sections (U), three transitions (T) and a 

final descent (D). Relatively little is known about this novel Olympic discipline 

(Bortolan et al., 2021) and here we examine the determinants of performance. 

METHODS: Using video recordings, we analyzed the performance during the different 

rounds of an official men’s ISMF World Cup sprint competition, i.e., the qualification 

(Q), quarter-(QF), semi-(SF) and final(F) rounds. Linear-mixed model analysis was 

applied to investigate the potential interaction between these times (U,T,D) and round 

(Q,QF,SF,F) and/or final rank (Top3, Off-the-podium, OutSF, OutQF and OutQ). 

RESULTS: On U, a significant rank*round interaction effect (p = 0.004) was found. In 

each successive round, the skiers eliminated were slower than the others on U (all 

p < 0.048). In F, the Top3 skiers performed better during the U than in the previous 

rounds (all p < 0.036), skiing more rapidly than those Off-the-podium (112 ± 3.2 vs 

124 ± 2.6 s, p = 0.007), whose performance was worse than their previous best 

(p = 0.048). A significant effect of rank (p < 0.001) was found on T. The skiers in the 

Top3 (29.2 ± 3.0 s), Off-the-podium (30.9 ± 3.0 s) and OutSF (30.8 ± 2.4 s) groups 

performed T faster (all p < 0.035) than those in OutQF (34.9 ± 4.7 s) and OutQ 

(42.7 ± 4.8 s). On D, there was no significant interaction between any of the factors 

investigated. 

DISCUSSION/CONCLUSION: Successful sprint skiers optimize transitions and 

perform effectively uphill. Training for sprint competitions should improve short (≈120-

150s) supramaximal uphill performance, ensuring that this remains superior during 

successive rounds. These insights into ski-mountaineering sprint race performance 

are of value in connection with training for the Milano Cortina 2026 Winter Olympics. 

REFERENCES: 

Bortolan, L. et al., 2021. Front Physiol  



Ski mountaineering / Wed 22nd 14:45-16:45 
 

 

Page 116 of 136 9th International Congress on Science and Skiing 

PHYSIOLOGICAL RESPONSE WHEN USING SKI MOUNTAINEERING BOOTS 
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INTRODUCTION: Ski mountaineering is a novel winter sport to be introduced at the 

2026 Winter Olympics that involves alternating ascents and descents. It has been 

shown that a distinct aerobic capacity is an important prerequisite for success in this 

sport (Bortolan et al., 2021). In addition, racing equipment, particularly the weight of 

ski boots, has been found to have a profound effect on energy costs (Tosi et al., 2009). 

This preliminary study aimed to evaluate the physiological response during the ascent 

on a treadmill when using the new design of ski mountaineering boots with a shifted 

pivot point. 

METHODS: Four subjects completed four 30-minute ascents on a treadmill at two 

inclines (10 and 20%) wearing two pairs of ski boots: an "old" design and a "new" 

design with a posterior-shifted pivot point. During each trial, the physiological 

response (ventilation, oxygen uptake, respiratory frequency and heart rate) and the 

3D camcorder-based kinematics of the lower leg (ankle angle) and ski boot (flexion 

angle) were monitored. 

RESULTS: In six of eight comparisons, the new line ski boots were associated with 

lower energy consumption (ventilation, oxygen uptake, heart rate) compared to the 

"old" design ski boots. Ski boot angles (angle between the sole and cuff) were lower 

for the "new" ski boots, while ankle angles were similar between boots. Similar results 

were obtained for both slope angles inclines. 

DISCUSSION/CONCLUSION: The main finding of this preliminary study was that the 

posterior-shifted pivot point can provide an additional advantage in the physiological 

parameters and may affect the behaviour of the ski boot. 
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INTRODUCTION: The ski binding plays an important role in ski mountaineering. The 

binding fixes the boot toe and heel to the ski during downhill skiing and allows for a 

free moving heel in the walking mode. When traveling uphill, the binding has an 

adjustable heel height known as the riser. Adjustment of the riser height is made on 

personal preference and steepness of the hill. Previous laboratory research reported 

joint kinematics and kinetics are influenced by riser height, however little is known 

about changes to muscle activity associated with differing joint motion. The purpose 

of this work was to assess riser height influence on kinematics and muscle activity at 

different pitches during on-snow skiing. 

METHODS: Three female and nine male recreational ski mountaineers (r=19-26 y 

old) were tested on 5o and 16o gradients using LOW (0 cm) and HI (5.3 cm) riser 

heights at a submaximal HR intensity of 160bpm. Each subject used Atomic Backland 

85 UL skis and Atomic Backland Binding (Atomic Skis, Altenmarkt, Austria). Subjects 

skied for 6-min at each binding setting with the last 10 gait-cycles used to evaluate 

lower limb joint motion gathered from 2D-sagittal plane motion capture, and muscle 

activity (EMG) collected unilaterally on the rectus femoris, biceps femoris, medial 

gastrocnemius and triceps brachii. 

RESULTS: 5o pitch: knee ROM increased by 13% (p = .006), knee flexion increased 

by 28% (p < .001), hip ROM decreased by 12% (p = .005), step length decreased by 

6% (p = .004), step frequency increased by 4% (p = .030) and RPE increased by 12% 

(p = .020) for HI compared to LOW. At 16o pitch: knee flexion increased by 13% 

(p = .010), hip ROM decreased by 14% (p = .010), and RPE decreased by 12% 

(p = .030) for HI compared to LOW. Glide distance, velocity, EMG, and net mechanical 

efficiency were not different between riser heights on either pitch.  

DISCUSSION/CONCLUSION: Lower body joint kinematics, step length and RPE 

varied significantly with riser height. Kinematic differences did not impact velocity, net 

mechanical efficiency, or EMG when maintaining the same exercise intensity between 

riser heights. These results agree with previous laboratory finding minimal differences 

in EMG and HR, while lower body kinematics and RPE changed with riser height.  
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INTRODUCTION: It has been previously demonstrated that skier mass could be 

negatively related to performance in ski mountaineering. There is a tendency for 

sports manufacturer companies to keep the equipment as light as possible. Here the 

purpose is to evaluate the effects of changing the weight of the boots in the range that 

goes from the extremely lightweight boots commonly used by athletes in ski 

mountaineering competitions to those used by ski tourers. 

METHODS: Thirteen male ski mountaineers (age 28.1 ± 9.4 years; body mass 

67.6 ± 4.4 kg; stature: 174.5 ± 3.3 cm; VO2max 67.1 ± 5.2 ml/min*kg) were asked to 

ski on a large treadmill with standard race equipment: poles, skis, skins, and 

lightweight ski boots at a slope of 14° speeds between 5 and 5.4 km/h (80% of 

individual VO2max). 5-minutes trials were done in 4 conditions, single-blind and 

random order, by adding 0 g, 200 g. 400 g and 600 g under the sole of each ski boot. 

Energy cost (ECvert) was calculated from oxygen consumption at a steady state and 

lactate accumulated during exercise. Mechanical power to move the body center of 

mass (skier + equipment + added weight, Pext) and to move body segments and 

equipment (Pint) were calculated by 3D motion acquisition. RPE was asked at the end 

of each session. The effect of weight was tested using a 1 way ANOVA for repeated 

measures.    

RESULTS: ECvert significantly increased with weight (p < .01) by about 3% for every 

200 gr of weight added. Both Pext and Pint significantly increased with weight, by 

about 0.7% (p < 0.05) and 3% (p < 0.001), respectively, every 200 gr of weight added. 

No effect of weight was found on RPE. 

DISCUSSION/CONCLUSION: The range of ski boots’ weight tested here, even if it 

does not increase the perception of effort of the skier, slightly tough significantly 

increases the energy expenditure. This is due to a minor extent to the increased power 

required to lift the added mass against gravity and to a large part because the added 

mass is located distally and must be accelerated every step. The effect given by boots 

of different weights may not be relevant for the use of ski touring but could negatively 

affect performance in ski mountaineering competition.  

REFERENCES:  

Bortolan, L. et al., 2021. Front Physiol 

Skinner, A.D.C. et al., 2019. Int J Res Ex Phys 

Balas, J. et al., 2013. J of Out Act  



Ski mountaineering / Wed 22nd 14:45-16:45 
 

 

9th International Congress on Science and Skiing Page 119 of 136 

PHYSIOLOGICAL DIFFERENCES BETWEEN WORLD-CLASS AND NATIONAL-
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INTRODUCTION: Ski Mountaineering requires both pronounced physiological 

capacity when skiing uphill and remarkable downhill skiing technique (Bortolan, 2022). 

Even if for XC-skiing several studies have demonstrated that male world-class skiers 

are among the endurance athletes with the highest VO2max (Losnegard, 2019), less 

is known about ski mountaineers and the difference between performance levels of 

athletes. 

METHODS: Twenty-five ski-mountaineers (age 26.2 ± 7.5 years) were divided into 

two groups (world-class, WC and national, N) according to their performance level 

and performed an anthropometric assessment and a laboratory ski-mountaineering 

graded exercise test (GXT) to evaluate VO2max, gross efficiency (GE), ventilatory 

thresholds (VTs), as well as the power output associated with these indices. 

RESULTS: No differences in age, weight, height, and BMI, while a lower percentage 

of body fat (p=0.03) was found in the WC group. GXT revealed differences between 

the two groups regarding maximum power output (WC: 4.84±0.2 N: 4.32±0.23 W/kg, 

p<0.001), VO2max (WC: 75.1±5.3 N: 66.2±5.2 mLO2/min/kg, p<0.001). At VT2 we 

found differences in power output (WC: 4.1±0.2 N: 3.6±0.2 W/kg, p<0.001), and the 

associated VO2 (WC: 66.6±4.3 N: 58.4±4.5 mLO2/min/kg, p<0.001). Also, at VT1 we 

found differences in power output (WC: 3.5±0.1 N: 3.0±0.2 W/kg, p<0.001), and the 

associated VO2 (WC: 56.5±3.6 N: 48.5±2.4 mLO2/min/kg, p<0.001). All these 

differences are large or very large. Mean and maximum GE results were similar 

between the groups as well as maximal blood lactate concentration. 

DISCUSSION/CONCLUSION: We know that to push the performance of ski 

mountaineering athletes further, the development of performance-related factors like 

power output at maximum and ventilatory threshold 2 seems crucial (Lasshofer, 

2021), but here we also found a large difference between the two categories at 

threshold 1 and this should be considered from coaches and athletes. In the future, 

we should start to differentiate athletes according to their SKIMO specialization (sprint 

vs distance) to define these differences better. 
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INTRODUCTION: Ski disciplines are several and each requires different gear and 

technique. Ground Reaction Force (GRF) during skiing has always been a key 

parameter to set requirements for gear aiming to improve performance and safety1-3. 

The study presents a lightweight system to measure skiing GRF and relative angles 

between components of the boot during touring and alpine skiing. 

METHODS: Two commercial six-axis loadcells were positioned between the ski and 

bindings of a ski using adapter aluminum plates, adding to the original ski/binding 

assembly 0.5 kg mass and 20 mm height. GRF were obtained resolving the two load 

cells forces and moments at the center of the ski. Relative angles of the boot (shell/ski, 

shell/cuff, shell/tibia) were measured using a set of custom rotary potentiometers and 

electrogoniometers. The system was assembled to the right side of a pair of touring 

skis and alpine skis and preliminary field tests were conducted by a ski instructor both 

on fresh and groomed snow, after an indoor validation with 3D motion capture on force 

platforms. 

RESULTS: Validation of the system showed error within 4% for the vertical force, and 

10% pitch/roll moments. Angles measured proved accurate at least as 5%. Field tests 

showed vertical loads up to 1800 N, roll moments up to 57 Nm and pitch moments up 

to 60Nm during a touring downhill turn. 

DISCUSSION/CONCLUSION: Paired with indoor validation, the system proved to be 

viable for field acquisitions. Original data were collected in uphill touring: downhill data 

agree with previous findings2,3. Future development will address the improvements of 

load/angle components accuracy. The system is being used to test several skiers and 

gear to compare athletes’ technique and gear tuning for performance and safety. 
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INTRODUCTION: Biathlon is a complex sport combining cross-country skiing and rifle 

shooting. The competition results are determined by the skiing time, shooting time, 

and shooting accuracy. The shooting performance in turn depends on postural 

balance, rifle stability, triggering behavior, and forces on the shoulder and sling in 

standing and prone positions (Laaksonen et al., 2018; Sattlecker et al., 2017). Our 

research on these variables, conducted for over 20 years in both shooting positions, 

provides athletes with a personalized strengths-weaknesses profile and 

recommendations to improve their shooting performance. 

METHODS: We employ a range of measuring devices, including a custom-made 2-

part force platform to quantify body sway (COP) during standing and prone shooting. 

Triggering behavior is measured using a strain gauge force transducer (oil sensor) 

mounted on the trigger (Spezialmesstechnik Ilmenau, Ilmenau). Rifle stability is 

determined using an infrared system Noptel Sport 2 (Noptel, Oulu), while the force of 

the rifle stock in the back shoulder is quantified using a pad placed at the backside of 

the rifle using the Pedar mobile system (Novel GmbH, Munich). The tension on the 

sling is measured by a load cell (Futek, Irvine). Shooting scores are recorded by the 

computer-controlled display system Meyton MF5R1 (Meyton Electronics, Melle-

Bruchmühlen). 

RESULTS: The results in different athletes, from beginners to Olympic medal winners, 

indicate that the body sway in the anterior-posterior direction for standing shooting 

and the vertical rifle sway for prone shooting are two main performance determining 

factors in biathlon shooting. Moreover, we observed a strong correlation between 

body and rifle sway, and rifle forces in the back shoulder decreased after physical 

exertion. In younger athletes, triggering values decreased after high-intensity skiing, 

while elite athletes were able to maintain their level. 

DISCUSSION/CONCLUSION: Our findings highlight the importance of utilizing these 

diagnostics to improve the shooting technique of biathletes. The measure station has 

been proven effective in terms of rifle fitting and adaptation. Especially in young 

athletes, feedback training on the diagnostic station has significantly improvement 

biomechanical factors determining shooting performance. 
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INTRODUCTION: In biathlon athletes and coaches, there is a consensus that poor 

trigger control increases rifle motion, making it more challenging to hit the target. 

However, experimental evidence on the relationship between trigger behaviour and 

rifle motion or shooting performance remains inconclusive1,2. Previous studies using 

mean values for each biathlete and variable may have produced misleading results 

due to inter-individual differences3. Here, we use a statistical approach that includes 

each shot to account for intra-individual differences to provide a more nuanced and 

practical interpretation of trigger behaviour’s impact on performance. 

METHODS: Twenty-two Austrian biathletes (8 females, 14 males, World-, European 

and federal Youth Squad) fired three clips of five shots in prone and standing positions 

before they fired two more series during a simulated 12.5-kilometre roller ski pursuit 

race on the World Cup Track in Hochfilzen, using their rifles, personal shooting 

positions and firing rhythms. We did not consider sex differences, as there were no 

shooting result differences between males and females4. We measured trigger 

behaviour using a strain gauge force transducer and rifle motion by an infrared system 

while calculating (offline) an associated trigger index [sqrt (RMSE/mean²)  slope of 

the regression line] as well as the total mean velocity [sqrt(x²+z²)] of the gun. A 

computer-controlled display system recorded shooting scores2. Linear relationships 

between trigger index and rifle motion or shooting performance were quantified using 

repeated measures correlations (rmcorr)3 for each position and the conditions rest 

and after physical load separately. 

RESULTS: There was a low overall repeated measures correlation between the 

trigger coefficient and shooting performance in the prone position after physical load 

(r² = 3.0%; 95%CI = 0.03 to 0.31). In standing rest shooting, there was a slightly 

negative correlation between mean rifle motion velocity and shooting performance 

(r² = 6.7%; 95%CI = -0.36 to -0.15). No further correlations were found. 

DISCUSSION/CONCLUSION: The importance of trigger behaviour on shooting 

performance in highly trained biathletes may be overstated. Our study found low 

overall correlations between trigger behaviour and shooting performance across 

prone and standing positions, at rest and after physical load, suggesting that the 

variation in trigger control observed in these athletes is already sufficiently high. 

However, it is unclear whether optimal trigger control is more critical for less 

experienced biathletes. Further research is needed to determine its impact on their 

shooting performance and the need to learn this skill.  
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Biathlon is a physically, mentally, and technically challenging winter sport that 

combines cross-country skiing with rifle shooting. The competition results are based 

on skiing time, shooting time, and shooting performance. Depending on the race 

format (sprint, individual, pursuit, and mass start), studies have revealed that shooting 

performance may explain ~30-50% of overall biathlon performance1-4. Since almost 

two decades now the Department of Sports and Exercise Science of the University of 

Salzburg and the Olympic Training Center Salzburg offers biathlon shooting 

diagnostics. In 2022 alone, more than 70 national and international athletes took 

advantage of this offer. The aim of the workshop is to give attendees a practical insight 

into our diagnostics. Our diagnostics include both prone and standing shooting, by 

default in a rested state, but if desired also in a physically stressed state (ergometer 

or roller skis). Athletes are instructed to shoot at their normal competition rhythm and 

technique. We employ a range of measurement tools: Body sway during shooting is 

quantified using a 2-part force platform (University of Salzburg, Salzburg, Austria). A 

strain gauge force transducer (oil sensor) (Spezialmesstechnik Ilmenau, Ilmenau, 

GER) installed on the trigger serves to measure trigger behaviour. Rifle 

stability/aiming point trajectory is evaluated using an Noptel ST 2000 Sport training 

device (Noptel, Oulu, FIN). The device consists of an optical transmitter-receiver unit 

attached to the barrel of the gun and a reflector attached around the target. A pad 

fastened to the back of the rifle stock is used to measure the pressure between rifle 

stock and shoulder (Novel GmbH, Munich, GER). A load cell (Futek, Irvine, US) serves 

to determine the tension on the sling. Shooting scores are recorded by the computer-

controlled display system Meyton MF5R1 (Meyton Electronics, Melle-Bruchmühlen, 

GER). An accelerometer (Biovison, Wehrheim, GER) mounted on the barrel of the 

gun serves to detect the shot event to retrospectively synchronize the data. All data 

run together in a custom-made software (IKE-Software Solutions, Salzburg, AUT), 

with which data are synchronized, further processed and reported. Finally, athletes 

get a personalized strengths-weaknesses profile based on normative values and 

http://www.biathlonworld.com/
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recommendations to improve their shooting performance. Our longstanding 

experience shows that regular biomechanical testing using our setup is particularly 

beneficial for younger athletes. 
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