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Stefan J. Lindinger

PARALYMPIC NORDIC SKIING
Classification research project & 

performance/race analysis in Nordic Sit-
skiers (PyeongChang 2018)

Eligible type of impairment

Impairment should impact performance! 
Challenge is to know how much exactly the functional limitations

influence e.g. race time in a complex sport!

Ten egligible impairments Ten egligible impairments
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FOCUS ON
PARA SKIING

&
SPINAL CORD INJURY

IPC project CLASSIFICATION, performance, training

Goal: 

Evidencebased classification

project start with Nordic sit-skiers

Big DIVERSITY of 

SKIING CLASSES

1 Medical Classification in SCI patients

based on rules of the American Spinal Injury Association (ASIA)

http://asia-spinalinjury.org/
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1 Medical documentation – 2 Functional testing –3 Observation 

Test Table Test

• The Test-Table-Test Board consists of a 

medium density fibre board padded with 

specially designed standardized cushions 

also supporting the legs. 

• The position of these cushions can be 

adapted to the person’s anthropometrics. 

• Velcro straps over the hip joints, knees 

and ankles are used to secure legs during 

testing.

Status: Functional testing ?

(IPC; Protocol according  to Pernot et al.
(2011)

Test Table Test

(LW is an abbreviation for “Locomotor Winter”)

class Impairment Muscle activity (ASIA classification*) TTT

LW 10 Lower limb and trunk Unable to sit without strapping 0-2

LW 10,5 Lower limb and trunk sit statically without arm support 3-6

LW 11 Lower limb and trunk Retained abdominal muscles and trunk 

extensor

7-10

LW 11,5 Lower limb (s) and 

trunk

Near to normal trunk muscles activation 11

LW 12 Lower limb (s) Normal trunk function 12

Classification in Paralympic XC skiing

•Medical documentation
•Functional testing

•Observation 

From: Pernot et al. Validity of the test–table–test for 

Nordic skiing: in: Spinal Cord (2011) 49, 935–941.

Test- table-test (TTT)

(LW is an abbreviation for “Locomotor Winter”)

1 Medical documentation – 2 Functional testing – 3 Observation 

XC-skiing specific classification

The percentage system used in Nordic sit-

skiing is based on adjusted time formula

where the finishing time is defined from the

actual time by multiplying it with a class

specific percentage score. The percentages are

being evaluated per season by IPNS C

(International Para lympic Nordic Skiing

Committee) a nd are being published in

Internet on IPC official website.

Problem:

Functional testing not evidence

based & sport-specific enough!

How much the impairment

really impacts performance in 

sit-skiing?

Do classes reflect this?
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PROJECT START & 
PROJECT GROUP

EVIDENCE BASED CLASSIFICATION 
RESEARCH in NORDIC PARA-

SKIING

Since 2012/13: Classification, performance & tra ining

in Paralympic Skiing –

“Nordic Sit-skiing classification projects” – a model for spinal 

cord injury/classification research

Vesa Linnamo & team

Department of Biology Physical Activity, University of Jyväskylä, Finland

Laura Gastaldi, Valeria Rosso 
Department of Mechanical and Aerospace, Politecnico di Torino, Italy

Walter Rapp

Department of Sport and Sport Sciences, University of Freiburg, Germany
Magdalena Karczewska-Lindinger

Józef Piłsudski University of Physical Education in Warsaw, Poland

Yves Vanlandewijck

Department of Movement & Rehabilitation Sciences, Katolieke Universiteit Leuven, 
Belgium

Stefan Lindinger, 

Center of Health and Performance at the Dep. of Food and Nutrition and Sport Science, 
University of Gothenburg, Sweden & Department of Sport Science and Kinesiology, 

University of Salzburg, Austria

IPC project

VISION/GOAL =

NEW CLASS-
DISTRIBUTION!?

NEW %-TIME SYSTEM!?
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STEP 1

UNDERSTANDING
THE 

SPORT Effect of sitting posture on sit-skiing 

performance, economy & biomechanical 

patterns in non-disabled athletes 

LAB:

Concept 2 

Double poling simulator

P1 

normal

P2 

knee high

P3 

kneeing

P4 

long sit

P = 0,011

Maximum velocity at ergometer

• Significantly higher maximum velocity in kneeling position
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• 10 experienced (VO2max 73 ± 5 
ml/min/kg) xc skiers

• 3 x 4 min loading in both postures -

50, 60 and 70 % of the max speed

• Physiological variables

– Respiratory gases (VO2, 
VCO2)

– Blood lactate concentration

– Heart rate

• Biomechanical variables
– Poling forces

– Cycle characteristics

– Joint angle changes

Results:

Physiological (economy) + biomechanical data
(Kimmo Lajunen, Bachelor Thesis, Univ. Jyvä.FIN)

e.g. Knees-high (P2) e.g. Kneeing (P3)

EMG

Kinematik

Forces

VO2

Lactate

Heart rate

(Lajunen et al.  2018; submitted)

Cycle rate (Hz)

Range of hip motion (°) Impulse of force (Ns)

Physiological effects 

(disadvantages)

VO2 (ml/min/kg)

(Lajunen et al.  2018; submitted)

A descriptive video analysis of classified Nordic disabled 

sit-skiers during the Nordic World Championships 2013 

– a pilot study
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LW10 LW12

LW11
LW11

(Schillinger et al.2015)

Info on: pole angle, elbow angle, trunk angle, 

cycle characteristics

Data poolof analysedvideo files
STEP 2

DESIGN OF NEW LAB TESTS:

- ERGOMETER TEST (DP SIMULATION) 
(VS SNOW SKIING)

- PERTURBATION (CORE STABILITY) TEST
(ON MOVING PLATFORM)

- F-MAX TEST (ISOMETRIC)

FIELD ANLYSES ON SNOW 
(SKI TUNNEL; FIN)
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• 5 females and 8 males

• LW10 N=1, LW10.5 N=1, LW11 N=3, LW11.5 N=4, LW12 N=4

• Ergometer resistance7.5/10

• 16m of 2.5° incline in ski tunnel

Ergo vs ski

p < 0,01
R2 = 0.51

Maximal speed

• Ergo 4.3 + 0.6m/s 

• Tunnel 4.6 + 0.7 m/s (P<0,05) 

• No significant differences in force characteristics

(force impact,  force peak,….)
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Development / design:

Core stability /perturbation test under 

dynamic conditions – new classification standard?

Development / design:

Max. force production test – new classification 

standard?

• Aluminum frame (item-profiles)

• Motor (fw [antero—posterior]; bw [medio-lateral])

• Force platform (balance data)

• Adjustable seat concept (diff. sitting positions due to impairment; problematic

in 1st measurements Jän 2014)

PERTURBATION TEST

Aluminium frame

Motorized sledge

Anterior and posterior

force sensors

Seat and belts

Ropes force sensors

NEW VERSION PERTURBATION TESTS & F_max tests
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acceleration 

slow (500 mm/s²),

medium   (1000 mm/s²),

fast (2500 mm/s²)

5 forward , 5 backward 

in randomized order.

Perturbation test: New, saferdevice

Number of contacts

anterior force

„platform backward“

posterior force

„platform forward“

Trunk backwardPlatform forward

Subject „SK“ (LW12, female; high speed)

Rosso et a l. (2016)

Simulated bench press 

by pushing with back 
support (Pw):
- Pw anterior

- Pw posterior

Simulated bench press 

by pushing without back 
support (Pwo):
- Pwo anterior

Force ratio 

(Pwo/Pw) 

Rosso et a l. (2016)

F_max - test: same device
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Simulated poling by pulling 

couple of ropes (P):
- P ropes

Rosso et a l. (2016)

The new device can be recommended

for force measurements in s it skiing

High repeatability
Cons istent measurement conditions

The new device can separate

athletes in different groups

Lower force 

ratio (Pwo/Pw) 
for LW10.5-11

Important role of trunk muscles

Rosso et a l. (2016)

FIELD ANALYSES – Sit-skiing on snow –

VUOKATTI Ski tunnel

• Challenge of low n/class: 12 male elite si t-skiers (2-LW10, 0-

LW10.5 , 1-LW11, 4-LW11.5; 5-LW12)

• 2D video (3 cams; 50 Hz; APAS-System-USA): Joint kinematics

(trunk/elbow/pole)

• Pole force system (axial ; 1000 Hz; AUT) – calc. propulsive force

variables / cycle characteristics

Due to small n in 

each class 

differences are 

presented 

descriptively. 

Correlations 

were calculated 

for v_max.

Methods

Vmaxtrial
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With trunk supportTrunk bwds!

Karczewska-Lindinger et al. (2016) Karczewska-Lindinger et al. (2016)

Results

Karczewska-Lindinger et al. (2016)

vs -4%

vs -8%

ok

Karczewska-Lindinger et al. (2016)
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• Problem of small N of skiers in different existing classes and in 

general (~55 sit.skiers in WC)? 

• More skiers (and SCI-athletes from other sports) to enable a 

proper cluster analyses after specific functional biom.-physiol. 

testing  ► new classes/clusters

STEP 3

RACE ANALYSES
(MORE ATHLETES)

Where do athletes with different impairments

gain and loose time?

Department of Sport Science and Kinesiology, University of Salzburg, AUSTRIA

stefan.lindinger@sbg.ac .atstefan.lindinger@gu.se

RACE ANALYSES for BETTER 
PERFORMANCE, TRAINING 

& classification/fairer competitions

Section-time & speed analyses during racing 

(Paralympic Games & World Cups in elite Nordic sit & standing 

skiers with physical impairment

Department of Sport Science and Kinesiology, University of Salzburg, AUSTRIA

stefan.lindinger@sbg.ac .atstefan.lindinger@gu.se

Basic idea:
to provide coaches & athletes a

a) 

Detailed (functional track sections) split time analyses: (also shooting 

range biathlon) during Paralympics & WCs in season 17/18 

+

b) 

a highly accurate position & speed / acceleration ov er time (speed-

time-curves) analyses during all races – speed distribution and 

acceleration patterns on entire track
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Department of Sport Science and Kinesiology, University of Salzburg, AUSTRIA

stefan.lindinger@sbg.ac .atstefan.lindinger@gu.se

Project authorized/allowed by IPC

Written allowance given from IPC:

Department of Sport Science and Kinesiology, University of Salzburg, AUSTRIA

stefan.lindinger@sbg.ac .atstefan.lindinger@gu.se

I

SPLIT TIME ANALYSES by
leight weight mini Magneto

sensor (independent)

Accurate Screening of many/optional split times
on track

(much more detai lled compared to timing company during a race)
(see/read in detai l PDF fi le Korea application)

TECHNOLOGY: MINI-MAGNETO-SENSORS (RECEIVER) 

+ MAGNETS (SENDER) IN SNOW
TECHNOLOGY: MINI-MAGNETO-SENSORS (RECEIVER) 

+ MAGNETS (SENDER) IN SNOW

*„No“ weight (15g)
*Small

*Easy to mount
(plastic band f ixed)

*„No“ interference
with athlete

*100 Hz
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TECHNOLOGY: MINI-MAGNETO-SENSORS + 
MAGNETS IN SNOW Miniatur Magneto-Sensor on sledge close to track; 

+ low cost magnet below snow surface!

CONCEPT

EARLY MORNING MAGNET
INSTALLATIONS

EARLY MORNING MAGNET
INSTALLATIONS
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TECHNOLOGY: MOUNTING OF SENSORS TECHNOLOGY: MOUNTING OF SENSORS

TECHNOLOGY: MAGNETO-SENSORS + MAGNETS 
IN SNOW

Magnet sensor curves

Spikes = magnet signals

TRACK PROFILING & TERRAIN DESCRIPTIONS
FOR SPLIT TIME SECTIONS

(sections should clearly differ in terrain and power & coordinative demands)
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TRACK PROFILING & TERRAIN DESCRIPTIONS
FOR SPLIT TIME SECTIONS

TRACK PROFILING:
GPS measurements for exact distances: Longitude, latitude, altitude

TRACK PROFILING:
GPS measurements for exact distances: Longitude, latitude, altitude

RACE TRACK (SECTION) VIDEO-REPORT:

7 SIT-SKI RACES (CC & BIA) + 2 STANDING RACES
40-60 SKIERS EACH
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VIDEO OBSERVATION ON SELECTED SECTIONS
(4-5 / DAY)

QUALITATIVE                                                     ANALYSES

SPLIT TIME DATA PRESENTATION:

START

ST_06

ST_07

ST_08

FINISH

ST_01

ST_02

ST_03

ST_04

ST_05

START

ST_01

ST_02

ST_03
ST_04
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ST_08
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track 3 km sitting 

SPLIT TIME DATA PRESENTATION:
SPLIT TIME DATA PRESENTATION:
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• Absolute and relative differences to own class average (if more than

1 skier in class) and other classes

• Abs . and rel. changes of split times over laps

• Couple similar sections within a  race and between races and look

at the abs./rel. differences (same kind of terrain - more often)

• Ski  test/glidingsection: Judge split times relative to gliding

properties/speed of each ski/skier-sledge system (glide sections

during race without pushing) – optimum = ski test data before race!

• Analyse  as many skiers as possible skiers as often as possible over

season

LOGISTICS & LIMITATIONS
of the MAGNETO-SENSOR – MAGNET 

concept?
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Department of Sport Science and Kinesiology, University of Salzburg, AUSTRIA

stefan.lindinger@sbg.ac .atstefan.lindinger@gu.se

II

SPEED ANALYSES by super-
leight weight mini GNSS system

Department of Sport Science and Kinesiology, University of Salzburg, AUSTRIA

stefan.lindinger@sbg.ac .at

New, mini, 

KINEMATIC GNSS system
for race analyses in Nordic Parasport

Naoto Miyamoto

Tohoku Univ ersity, JAPAN

N. Miyamoto, Tohoku University

Accurate positioning system “kinematic GNSS*”

• Accuracy  of  a heav y, huge Leica High End GNSS (see pic right)

• High accurate and portable mini measurement sy stem with kinematic 

GNSS

*Global Nav igation Satellite System”

Kinematic GNSS

AT-H-02 by Aoba Technologia Inc.

・ Size: 78.5 x 38.5 x 18.5 mm3

・ Weight:   69 g

・ Accuracy: a few centimeter

・ Battery : 6 hours

・ Rate: 10 Hz

・ Antenna:  integrated

GPS 1200+ by Leica
http://leica-geosystems.com

Configuration – mini precision GNSS (GPS) sensor

*„No“ weight (69g) 
*Small (7.5 cm)

*Easy to mount

N. Miyamoto, Tohoku University

Advantages

- Precise positioning

- Small size

- Light weight

- Low energy  consumption

- All sy nchronized

Integrated active patch antenna
35 x 35 x 6.9 mm3

GNSS module 10Hz Raw data output

Analog-to-Digital Converter 24bit ΣΔ

Lithium Polymer Rechargeable Battery
400mAh  6 hours

microSD card  16GB
micro USB connector

Inertial Measurement Unit 
accelerometer, gyroscope

ARM processor 72MHz

GPS, GLONASS, Beidou, Galileo, 

SBAS, QZSS

heart beat rate

wind velocity

snow temperature

sensor I/F

Configuration - Kinematic GNSS “AT-H-02”
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N. Miyamoto, Tohoku University

No. 83

Positioning Accuracy
σ(East-West) 0.0008m

σ(North-South) 0.0014m

σ(Up-Down) 0.0030m

Static Positioning Analysis

Latitude 38.2556

Longitude 140.8363

Static Positioning Analysis

Latitude 38.2556

Longitude 140.8363

20cm 1mm

SX BLUE II (GENEQ Inc.) AT-H-02

Positioning Accuracy
σ(East-West) 0.2405m

σ(North-South) 0.5173m

σ(Up-Down) 0.9079m

AT-H-02 has mill imeter-order static positioning accuracy

→ dif f erential GPS → kinematic GNSS

Huge accuracy – static positioning analysis
N. Miyamoto, Tohoku University

Data from VUOKATTI (in the specific skiing situation on Vuokatti race track: some 

forest, some free field) - blue means error of 2-4 cm)

No. 84
High accuracy during skiing (below 3 cm on whole track – see blue colors in 

curv e v s color bar)

N. Miyamoto, Tohoku University

Data from VUOKATTI (in the specific situation there: some forest, some free field) -

based on that speed data around the track)

3D velocity curves f or a skier → knowledge about accelerations and speeds over 

time IMPRESSIONS
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IMPRESSIONS IMPRESSIONS

IMPRESSIONS Thank you!


