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ABSTRACT

Tuomas Lapp(2014). Effect of sitting position on muscle activation and force generation
in simulated siski double poling and on balance perturbation {@epartment of Biology
of Physical Activity Uni versity of JigBidmedhanics98pp. Mast er 6

Sit-skiing is part of Nordic skiing for disabled athletes. It is governed by International
Paralympic Committee (IPGhatpr ovi des gui delines for sit
Classfication process analyses key factors on level of impairment and the impact of the
disability to the performance on the sport in question. Classification process parameters are
based on functional characteristics such as force generadipabitties, range of
movements and medicassessments. Due to individualistic nature of disabilities, the

functional classification leaves room for discussion about fairness of class allocation.

This studypresents & i t  d$ektisedup thabanalyses four differentting positions the
sit-skiersuse. The test seip isverified with able bodied test subjects to be applicableto
extendecdbn disabled athletes. It can be usedltain scientific information to develdpe

sits ki er sé c | as Fastbcollecs informmation prr ntusclkelscsranicactivation

and forcegeneration capabilitiesn double poling andbalance maintenance activitié3n

maximal speed double poling P3 (kneeing) was concluded to have significant advantage
over P2 (knee high) with p=0.01I1n1 bal ance maintenance Rec
indicated significant difference between the same positions with ps@P&L6aving higher

value

Keywords: IPC, siskiing, muscle activation, sitting positions, classification



TIVISTELMA

Tuomas Lapp(2014). Effect of sitthg position on muscle activation and force generation
in simulated siski double poling and on balance perturbation tagtuntabiologian laitos

Jyvaskylan yliopistpBiomekaniikanPro Gradu tutkielma, 98.

Kelkkahiinto  kuuluu  vammaishiihtolajeihin, oita  hallinnoi  Kansainvélinen
Paralympiakomitea (IPC)PC yllapitaa kelkkahiihtgjien luokitteluprosessia joka pohjautuu
hiihtajan vammojen ominaisuuksiin ja suorituskykyyn kelkkahiihdossa.
Luokittelujarjestelman parametrit perustuvat lihasten ja nivet@mintakykyyn jota
arvioidaan voimantuoton, liikkuvuuden seké ladketieteellisen analyysin kautta. Vammojen
yksilollisen luonteen takia toiminnallisuuteen pohjautuva luokittelujarjestelméa jattaa

tulkinnanvaraa luokan méaarittdmisessa.

Tama tutkimus esittee kelkkahiihtdjien testijarjestelmén joka analysoi neljaa
kelkkahiihtgjien kayttamaa isturasentoa.Jarjestelma todennetaan toimivaksi terveilla
testinenkildilla, jaosoitetaan soveltuvaksnyts vammaisurheilijoille Testijarjestelmaa
voidaan kayttaa taon keraamiseen kelkkahiihtdjien luokittelujarjestelnk@hittamiseksi

Testit keraavat tietoa lihasten aktivaatiotasosta ja voimatuotosta tasatyontosuorituksessa
seka tasapainon sailyttamistilanteissa  Tilastollisesti naksimaalisessa
tasatyontosuorituksea P3 (polviasentopn edullisempi kuin asento P2 (polvet sylissa)
arvolla p=0.011. Tasapainon sailyttamisen kannalta Rectus Abdominus lihaksen

aktivaatiossa on néaéth asentojen suhteen eroa (p2®) P 3:sen hyvaksi

Avainsanat |PC, kelkkahiihtq lihasaktivaatioistumaasennatluokittelu.
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1 INTRODUCTION

Paralympicsports are gaining momomentum in terms of publicity and professionalism.
Sports for disabled persons are considered to have similar drivers as for able bodied persons
including elite competitiong the Paralympic Gameds the impairments of disabled
athletes are very individual by nature, sport specific classification processes are being
utilized to create meaningful and high quatympetitionevents.

The sport specific classification process is used to define how much the impairment limits
the capabities and performance of a Paralympic athl€assification of disabled athletes

IS an organizational structure and process that creates fair competition within a sport.
Medical and functional parameters are used in classificassassments allocae a sport

class for the athlete. Percentage or other multiplier is then utilized in competitions to make
the results comparable across the classes, since there in many cases are only few

participants per a single class in a competition.

International Pargimpic Committee (IPC) governs the Paralympic elite sports and drives
for evidence based classification. Medical and functiorglch as movement rangdased

class allocation include subjective assessment of the classifier. Collecting evidence via sport
scientific process bring more information to classification process eliminating possibility of
incorrect class allocationlPC pursues towards the evidence based classification of
impairments in all the sport events governed by it in order to enable egrated
classification systems. A holistic multidisciplinary approach including international co
operation between researching teams is a precondition for successful evidence based

classification. (Tweedy and Vanlandewijck 2009; Beckman and Tweedy 2008).



Development of laboratory test agh enable collection of data for the evidence based
classification in constant environment. Biomechanical data about the joint range of
movement (ROM), musclelectricactivity (ElectromyographyEMG) and forcegeneration

provide exact sport specific information about neuromuscular systems relevant to the sport.

This Master's Thesis is part of an IPC initiated scientific reBeproject on Paralympic

Nordic sitskiing. Nordic &iing is a focus area of the Jyvaskyla Umive i t y6s Vuot e
in Sotkamo FinlandThe research project is governed jointly by University of Jyvaskyla,
University of Tubingen (Germany) and University of Saltzburg (Austiisent of this

project is to define a laboratory test set up snderify with able bodied test subjects that

the test setip bring valid informdabn on the force generation aeMG of sit-skiers.
Information could then be utilizetb develop theclassification process of the -sikiers
especially in cases where the allocatioas room for interpretatiodue to subjective

parameters.

In Nordic sitskiing a key parameter for performance is the wus#ohg position. Position
selection is done either due to limitations set by impairment or by personal preferences.
Testing how thesitting position impacts the activity and performance of a skier defined the
framework for the test setp. Data about forcgenerationand EMG in differentsitting
positions would not be relevant only for classification process development butatewld

bring beneficial input also tihe athletes and their coaches for the training programs.



2 PARALYMPIC SPORT

The number of disabled athletes has been g@wonstantly in recent years, adiabled
athletes nowadays participate virtually into every spedilable. The same beneficial
effects of physical exercise as for able bodied athletes also apply for the disabled ones.
Evidence is growing that the more physically active disabled persons make less visit to
doctors and are able to decrease the effedisdbility into their lives. Movement to
recognize and establistsructuredyovernance model for sports on disabledspes started

as rehabiliating activity for the injued veterans of Second World W&ports was seen as a
way to cope with the impament and injuries received in the war. The veterans were still
young people having similar ambitions to competitionshasable bodiedathletes During

1940s and 1950n several countries in Europe aimdJS different organization were set up

to run comptitions, trainings and events for aided athletes(Vanlandewijck and
Thompson 20L1Whyte et al2009; Pernot et a011)

Paralympic athlete is the term used across the different sports to define a disabled person
performing compeatriatliyompsi.c oT hceo nteesr ni riioPm ¢ o mb
and AOl ympicso and it wnd9o88 $SeousQlympid ganeesdnn t r
following these games the term was incorporated into the name of the new governing body
for the games, the Internatial Paralympic Committee (IBCPC has since then taken the

global role to collect the activés run by different disabled sport organizations under one
global umbrella. This IPC governed frameworknitendedo raise the profile of Paralympic
sports.(Vanlandewijck and’hompson 2011IPC 2013.

Today IPC has been recognized the leading organization on governing the international

Paralympic sports activite3.he | PC vision is defined as
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achieve sporting excellence amoli nspi re and e%khe iogoeof IPhis wo

described irfigure 1. IPC organizes Summer and Winter Paralympic Games eleygat
aligned with Olympic games governed bgternational Olympic Committeel@C).
Popularity of the Paralympic Games amenstantly growing, the 2012 London Summer
Paralympic Games being the firstlie soldout. The trend puts the sport for disabled into
new context, not only to be used for rehabilitation toube a right of every citizen. This
brings Rralympic sports attinuously closer to the able bodied sport in every aspects of
sports and competitions,aluding professionalisntevel, rules, pulitity, training and media

coverage (Vanlandewicjk 2006Vanlandewijck andhompson 2011).

>,

Figure 1. Current official log of IPC (PC,2013)

In Finland the Paralympic movement is goverr®dSuomen Paralympiakomitea (IPC
Finland). IPC Finland is established in 1994, and it is a member of global IPC. IPC Finland

is responsible for selecting the Finland representators tddnalympic Games. It also

ensures that the practices defined by IPC such as classifications are applied in the events

and organizations operated in Finland. Logo of IPC Finland is described in the figure 2.

(Suomen Paralympiakomitea 2013)

I
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Figure 2. Official logo of IPC Finland. (Suomen Paralympiakomitea 2013)

2.1 Paralympic Winter Sports

The concept of International Wintera@es for persons with disabilities was proposed by
Sweden in 1974The 1976 Ornskoéldsvik Winter Olympic Games for the Disabled are
consdered to bethe first official Paralympic Winter @mes.Since then the Paralympic
winter games have been organized in conjunction of the International Olympic Committee
(I0C) hosted Winter Olympic Games. TlaestParalympic winter gamesere organized

in March2014 in Sots, Russia. (Vanlandewijck drftbmpson 2011)

There are irsix Paralympic winter sportsosted in the upcoming Winter Paralympic Games
in Sots 2014 Alpine skiing, ice sledge hockey, biathlorgrosscountry skiing
snowboarding (new) ahwheelchair curling (has been included into the Paralympic Games
since 2006)(Vanlandewijck and Thompson 201PC, 2013)



2.2 Impairment type defines aParalympic athlete

Today 10 major types of impairment have bebfined in Paralympic sports: Vision
impairment, impaired strength, impaired range of moveni@@M), limb deficiency, leg
length difference hypertonia, ataxia, athetosis, short stature and intellectual impairment.
These parameters are used to validate if the athlete would fulfill requirementfe
eligible to participateinto Paralympic sports eventslypes of impairment can be
summarized as biomechanical, visual and intellectual impairmehish also form the
baseline for organizing competitiaimpairment has to be permanent and noineact of

it should not be decreasdde tophysical training. (Tweedy andanlandewijck 2009).

Each of the Paralympic sport selects types of impairment valid to the sport and defines
minimum disability criteria against them. For example in Paralympic iN@iding the leg

and arm impairment and visual impairment are categorized. On wheelchair racing visual
impairment is not categorized. Minimum disability criteria should define only the
impairments that directly cause activity limitation on the particsienrt. For example loss

of the fingers may create challenges in strength training activities for a sprint runner but
have no actual impact to running itself. Thhe impairment type would not be valid in
defining eligibility to participate into Paralympi running events. (Tweedy and
Vanlandewijck 2009; Vanlandewijck 2006).



3 CLASSIFICATION AND S PORT CLASSES

Disabled persons have different levels of impairment due to their disability. Classification is
a critical aspect of the Paralympic spsirice itdetemines who is and who is not eligible to
compete in Paralympic Sport. As the role of the Paralympic sport is increasing, also the
public visibility of it is increasing. Therefore the decisions determining eligibility into
Paralympic sport are getting mareportant. Determining the minimum disability criteria,

and furthermore a framework to classify the athletes based on their individual limitations,
should be based on empirical evidenc@/anlandewijck and Thompson 201DePauw

1988.

Classifications catgorizes the competitors into Sport Classes based on their performance
potential and relationship between the impairment and sport activity. Purpose of the
classification is to ensure minimum disability criteria fulfilment and to minimize the impact

of thedisability on sport outcome. (Vanlandewijck 2006).

3.1 Characteristics of classificationof disabled athletes

Each of the Bralympic sport has a target where the winning athletgefged by the
relevant skill for the particular sport in questiospeed,power, endurance or something
else- by the same factors that count for the suca@sshe able bdied athletes. Each
Paralympic port defines clearly the impairment groups thatrdaves sports opportunities
to as described in introduction chapt@weedy andvanlandewijck 2009)



Classification is a means of reduction the likelihood of one sided competition and in this

way to promote participation into spofiwo types of classification are used in sport:

1. Performance based classificationsuch as clssification of the national soccer teams

into groups on World Cup based on thgerformance on qualifications

2. Selective classificationbased on certain adjustable attributes such as age, weight, sex or

functional capabilities lik&ROM or strength lirtationsin case of disabled athletes

On selective classificationhe athlete will compete in the same clasgardless of
performanceas long as thelassdefining attribute is not changing over limits set by
classification bodyWhen defining the class it is critical that within any given class the
range of activity limitation should never be so large that athletes with least limitations get
significant advantage over those with greatest limitatidor exampletetraplegic and
paraplegic atletes shold not compete ina same clasgTweedy and Vanlandewijck 2009;

Beckman andweedy 2008)

Sport scientists face multiple challenges regarding athletes with disshiliticluding the

following (Vanlandewijck 2006):

a) Development of an evidence based sppecdic classification system

b) Understanding of the causal mechanisms of sport injuries

c) Implementation of comprehensive sport ceiling system

d) Understanding of disabilitgpecific responses to exercise and their effect on training
strategic

e) Understandingpgf t he effect of Aboostingd and

antrdoping education program.



3.2 Classification processand class allocation

Purpose of the classification process is to minimize the impact of impairments on the sport
in question. Havinghe impairmentitself is not sufficient but the impact of it on the sport
must beproven The criteria of grouping athletes by the degree of activity limitation
resulting from the impairment are nam8gdort Classesthat are specific to thsport and
impaiments categorizetbr it. Classificationprocess validatethat athletes are eligibleot
compete in a sport and how tathletes are grouped together for competit{dmeedy and
Vanlandewijck 2009)

When an athlete first starts competing he/she undergotsssificationprocess talefine

the Sport Class he/she belongs Whis process is conducted by a classification panel, a
group of individuals authorized and certified by a Sport Feder&lassificationProcess.
IPC governs the global classificatioropessesThe classification process specific to the
sport and includes typicallyPC 2013)

Definition that the thlete has an eligible impairment for that sport
physical and technical assessment to exam the degree of activity limitation

the allocatio of a sport class

A =/ =4 =4

observation of performanae competition

Some impairments are dynamic by nature meaningthieit impact on activitieghange
over time Therefore the athletes may undergo the classification process several times
throughout their caree When the medical condition of an athlete changes, he/she needs to
inform the sportclassification panebnd ask for reassessmenof the sport classFor

international competition the classification needs to be doriatbgnational Classification



Pané and their decision overrules any previous classification decision taken by a national

classification panellPC 2013 Tweedy and/anlandewijck 2009)

Classification processes are being continuously evaluated and developed using results from
related spdrscience projects. For example the classification process used in wheelchair
basketball wawerified by Lira et al. (2010) by analyzing the correlation between aerobic
and anaerobic performance and the sport class allocated. Correlation between the Wingat
30s sprint test results and sport classes was found to be determining in terms of relative and
absolute peak and mean power being visible in peak @ VQ ventilator threshold

values. Conclusions validated the targets set for the classification grfides et al. 2010).

3.3 Functional classification

Functional classification determines parameters based on which the athletes are categorized
into limited number of sport classes. Functional classification revighesimpairment

impact to ROM, force generdéion or other variable specific to the sport. Functional
classification is systematic and easy to appéthodologicaframework for the Sport Class
allocation. It is the most widely used franfigr a classification procesgTweedy and
Vanlandewijck 2009Higgs 1990)

From statistical point of viewhe furctional classification process requires ttregre should

be significant differences in performance between classes and homogeneity within a class.
To assess the functional class thesssification bodiebave defined specific sets of tests and
parameters for class allocatioBompetition should place those with similar degree of

disability into same class based on the functional limitations the impairment causes. On the

10



most extreme, this would for exareplith spinal cord injured athletes mean that for every
level of spinal injury (42 when counted by spinal segments) there would be an owto class

compete (Higgs et al. 1990).

3.3.1 Manual muscle testing (MMT)

In functional classificatiorROM and muscle strgjth are key determining parameters
Manual Muscle testing (MMT)method to measure muscle strength for classification
processis utilized by IPC defines following parameteis assesgshe muscle strengthn

impaired athleteéTweedyet al.2010)

1. Assessmerghould be limited to movements important to sport in question

2. A single technique for assessment of movement strength should be developed

3. Change the reference range of movement from standard anatomical range to
maximum range used in the sport

4. Test technigas need to be adjusted for the sport

MMT methods are applietbdayin classification on 20 summer Paralymgiaverned by

IPC. Two most recognized MMT methods abaniels and Worthingham (D&Wand
Medical Research Council (MR@oth of the methods utilizeslative six point scale from

0 to 5 to grade muscle strength. Both describe the grades in relation to movement against
gravity and manual resistande. addition to these commonalities, tB&W method adds

on this a descriptor for range of movemefiiweedyet al.201Q IPC 2013.

11



MMT methods can lead io different assessment scoessl resultsThe methods of MMT
used by classification team can altieerefore the final class allaion. Use of standardized
framework such as D&W or MRC consistently oweveral years can eliminate potential
source of inconsistencgnd it is important that the governing organization sets common
guidelines to apply MMT on both national and global classification prod#gd methods
should be used together with activitynltation based parameters to complement the

functional classification process. (Tweeglyal.2010)

IPC utilizes widely the MRC methods due to their wide deployment and ease of
applicability. Compared to D&W methods the MRC methods are brief and simpteaghe
D&W instructions are more comprehensiv®&W methods utilization should be
emphasizedn the classificatiorwith following modifications as they are seen to increase
the reliability of strength based classificationterms offorce generation(Tweed; et al.

201Q IPC 2013.

1. Select the right sport specific movemefts assessmerit internal hip rotatiorcan
be excluded on runners

2. Specify the movement testing techniqueselecting single technique based on
biomechanical rationale increases reliapilit

3. Change the reference range of motion to suit the spéutl normal anatomical
range does not applyse maximum range of movement required in the sport as
reference

4. Adjust the movement assessment techniguasstomize the test sap for example

on test subject positioning and stabilization.

12



3.3.2 Classification outcome evaluation byerformance

Large scale competitiorevents provide good opportunities to study how well the
classification processes aligned with actual performance IPC Paralympic @mes
represent the highest class evémtthe sports for the disabled so the games resaiés
utilized in quantitative research on classificat@accuracy.The results can be considered to
represent elite performances worldwid®ssibility for misclassificatio where the class
does notsupportthe performance is a lot debated phenomenon in Paralympic sports but
found b be not that common in reality. For examplelD96 Atlanta Paralympic swimming
games there were in total 6 classification appeals made andcBssifications proven
amorgst 374 disabled swimmers. (Wu antilliams 1999;Higgset al.1990)

In terms of performance the classification process goals are twofold: to ensure clear
difference in performance between the classes to ensure limited ddrence within a
class. Higgset al. (1990) studiedresults 0f1982 1987 International Stoke Mandeville
Games (predecessor for IPC Paralympic Garaed)Pan American Games wheelchair
track and field sportsThe research group compared the results ¢¢ swad femalathletes

by using statistical methods testhow well theclass allocatioreflected the resultsin

total 4698 performances were anayzThe results showed that there would have been
opportunities to reduce the number of sport classed wusthout seriously discriminating
any athlete New classification system would resutito redistribution of athlete within

each class. Taonfirm if the update of classification process based on performance would
have been successful, the research gishould wait for the results of the next similar

games. (Higgst al.1990)

Abilities of Paralympic athletes are also determined by physiological parameters like
cardiorespiratory fithess, anaerobic fithess and mystle system coordination.

Classifiation based on physiological parameters has had controversy as physiological
13



performance in disabled persons has particularities compared with able bodied individuals.
For example wheelchair athletes compensate tlwirer limb muscle loss through
hypertrgphy on upper limbs. Using performance levels to validate the functional
classification poses therefore a risk of disadvantage due to the training and limited
availability of heterogeneougroup toverify how much the disabilities impact directly the
physidogical responses. For example wheelchair athletes have unique physiological
responses during upper limb exercise as a result of vascular insufficiency of the lower limbs
and adrenergic dysfunctiorWdnlandewijck & Thompson 2011jra et al. 2010).

Lira et al. (2010)demonstrated aorrelation between aerobic and anaerobic performance
measures against the sport classes on wheelchair basketball. According to the results the
aerobic performance measur@se alignedwith functional capabilities and activity
limitations used to classify the playershese findingssupport the suggestions from
DePauw (1988pn similarities between able bodied and disabled a&htet performance
evalwetion. Responseshiat are in determining rolen short duration activities kie
wheelchair basketball are though studied to very limited extambwing the options for

wider scale conclusion definition. The impact of training and competition to the

performances not easy to beliminated. (Lira et al. 2010; DePauw 1988).

3.3.3 Classfication based onsport skills

In functional classification the assumption is that the degree of disalilggctsto the
performance of the sport. One aspect in the performanttee skill proficiency levethat
play important roleespeciallyin team sprts where #hletes form teams across Sport

Classes. For fair and equitable competition exampleon wheelchair basketbathe

14



classification based on disability should reflect to the skilhefplayerso that the teands

classification profiles coulte produced(Brasile 1986Lira et al 2010.

Correlation betweeithe disability level and skills relevant in wheelchbasketball was
analyzd byBrasile(1986) Wheelchairbasketball players performepecific tests on skills

such asspeed, agility, Isooting, catching and reboundinghe results were compared
agai nst sfuhctonaflylassigned Sport Classl(l). Classification system used was
National Wheelchair Basketball Association (NWBA) classification syst€he study
revealed limitatios in a simple three category based functional classificationNT¥iBA
classification system did ngupportt h e p | ay e r Foréa claskificdtidn sylstenvtlieid
kind of empirical results indicate that the classification system needs to be developed
further. (Brasile 1986)

Results on tests such as pass for accuracy ordammant hand are also time context
dependent and under influence of training. Stepwise forward regression analysis determined
that classification levels, years of experience oreithair basketball and age contributed
most to the overall skillsAs an outcome Brasilel986) suggests further studies either on
combining classes Il and Il due to similar skill levels, or to divide the classes Il and IlI
even further towards more fuimnality based classification. Adapted skill specific tests
where performance testedon top of disability have limitations on global applicability and
resistance to the training impact for classificatibat they provide valuable input to the
integraton of sport classes for fair and equitable competitions. (Brasile 1986)
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3.4 Classification in Nordic Skiing and Biathlon

In Nordic skiing and biathlon the relevant impairments for classification are leg or arm
impairment and visual impairment. On the legl amm impairment the skiers are divided

first into standing sldrs and siskiers. All of the Mrdic skiing and biathlon classes belong

into adapted sport event categories: they have been modified from the able bodied sport
events tesuit with disabled atletes.The Sport Classes inaddic skiing are described below

in the tablel. (Whytheet al.2009;IPC 2013)

Table 1. Nordic Skiing and Biathlon Paralympic Sport Classes (IPC 2013)

Skier with leg impairments

LW 2

Impairment affects one leg, for example an amputation abowe the knee.
They will use a prosthesis and ski with two skis.

LW 3

Impairment in both legs, such as muscle weakness in both legs.

LW 4

impairments in the lower parts of one leg. Less impact on skiing
compared to LW 2. Typical examples are amputations above the ankle
or loss of muscle control in one leg.

Skiers with arm impairments

LW 5/7

Impairments in both arms that prohibit them to use ski poles.

LW 6

Significant impairment in one arm, for example a missing arm above
the elbow. Use one ski pole only.

LW 8

Moderate impairment affecting one arm, eg cannot flex the elbow or
fingers on one side. Use one ski pole only.

Skiers with combined impairments in arms and legs

LW 9

Impairment in arms and legs. Mild coordination problems in all
extremities or eg amputations affecting at one arm and one leg. Use
one or two ski poles, depending on capabilities

Sit-Skiers

LW 10

Impairment limits leg and trunk function. Unable to sit without support
of the arms, for example due to paraplegia

LW 10.5

Limited trunk control, but sitting balance can be maintained when not
mowving sideways.

LW 11

leg impairment and fair trunk control, which enables them to balance
even when moving sideways.

LW 11.5

Near to normal trunk control

LW 12

Impairments similar to those described for the sport classes LW 2-4:
leg impairment, but normal trunk control. Eligible to compete standing
or sitting.
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With sit-skiers the definition of the Sport Class is seen as mosteokallg in between
classes LW 10 and015 and classes LW 11 and 11Capability to maintain balance is the
defining factorbetween classes LW 10 and 10.5 but class allocation leaves room for
I mprovement I n terms of Capatility®tcentod truskcd u a |
maintain balance i key postion when definingf the athlete would belong into class 11

or 11.5.(Pernotet al.2011)

3.5 Methods to classify a siskierd Sport Class

Methods to define the class for a-skier between LW10 and LWl are based on IPC
Classification Rules and Regulations. November 2007 the general assembly of IPC
approved the IPC classification codbat include comprehensive guidelines, policies and
procedures for conducting classification. The collst includesalso theNordic Skiing

Classification rules thatre availablat

http://www.paralympic.org/sés/default/files/document/131004101850237 2013 _10 04 IP
C_Nordic_Skiing_Classification_Rules_and_Requlations_1.pdf

Theseclassification rulesre regularly updated, the present one being releasddctdier
2013. (Tweedy and Vanlandewijck 200BC 2013.

17


http://www.paralympic.org/sites/default/files/document/131004101850237_2013_10_04_IPC_Nordic_Skiing_Classification_Rules_and_Regulations_1.pdf
http://www.paralympic.org/sites/default/files/document/131004101850237_2013_10_04_IPC_Nordic_Skiing_Classification_Rules_and_Regulations_1.pdf

3.5.1 Physical/medical assessment

Medical assessment is a key part of the classification process. It is conducted to ensure that
the impairment of theathlete is permanent by nature and that the impairment gives
eligibility to participate into Nordic skiingor disabled athletes. IPC Nordic Skiing
Classification Rules require dh allocation of a class for a sitier is defined from both
physical androm technical point of viewThe physicalevaluationcan be performed only

by qualified classifielobtainirg needed medical education. The main frameworks used for
physicalmedical assessmenin the Nordic skiing areWor | d Heal t h Or g
International Classification of Functioning, Disability and Hea{wHO ICF) and
American Spinal Injury AssociatiofASIA) impairment classificatianVanlandewijck and
Thomson 2011Snyder et al2008.

Disablement models provide a common language and a baseline fooplegeh sport
specific classification methods. They also provide an effective conceptual framewrork f
refocusing health care interventioM§HO ICF is the disablement framework used by IPC

as a baseline for medical assessment. ICF includes two main dimensions to the framework
as lists: a list of body functions and structure, and a list of domains eftyacnd
participation. As the functionality and impairment is individual and occurs always in a
context, the ICF includes also environmental factors. The framework is applicable to all
people and described both positive and negative functionalitiesydéBet al. 2008 IPC

2013.

ASIA released # first guideline to classify the spinal cord injuries in 1982. Classification
spinal injury applies to stki athletes outside amputees or athletes with lower limb
deformity. ASIA classification is based oeurological responses like touching amnghing
selected parts of the skin. It also includes evaluation of the strength of the muscles

controlling key motions of the body including hip flexion, shoulder shrug, elbow flexion,
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wrist extension and etlw exension. Using these paratees the spinal injury is classified
into five different categoriedA-E) on ASIA impairment scale. (Vanlandewijck and
Thompson 2011; Tweedy and Vanlandewijck 2009).

3.5.2 Technical/functional assessment

Thetechnicalfunctional assesmentfor sit-skiersincludes muscle activity tests, sensitivity
tests andcoordination testswith functional assessment the main factors determining the
Sport Clasgocus on how much does the impairment of a person impact uporsppoific
activities am performance A test setup named assttable-test was introduced in 1985
for the muscle activityand balance maintenantesing of sitting athleteslt is used as
functional testfor the sitting ability and trunk stabilityTesttabletest utilizes aspecific
board with siskiersasdescribed in théigure 4. (IPC 2013;Pernotet al.2011; Tweedy and
Vanlandewijck 2009)
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Figure 4. Testtabletest used in IPGit-skierclassification(Pernotet al.2011).

Testtabletest hagn total four differenttests:45 degree hip flexion (forward leaning), 45
degree backward inclination, lifting a ball above headamdximum trunk rotation range.

In each of tests the athlete is assigned certain number of points based on the functional
capabilityand test pedrmanceFor examplein theforwardleaning test the points would be
given as:

Score 0 No function: The athlete can lean forward but loses balance before 45°

Score 1 Weak function: The athlete can lean forward but not go up against gravity
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Score 2 Far function: The athlete can lean forward and come up with using the
head and upper part of the trunk from 45° and above

Score 3 Normal function: The athlete straightens up notynal

The test tableéest focuses on functional litations of key musclesndjoints contributing to
sit-skiing. It defines the sitting capability level for a disabled athl&tee scoring does not
take into account the muscle strength itself. MMT methods like static isometric force
production on upper limbare utilized tocreate gading system thadlsotake into account

the forcegeneratiorcapabilities of the athlet@his complements the functional assessment
of the sitskiers.(Tweedyet al.201Q Pernot et al2017).

3.6 Allocation of Sport Classes LW1012 (sit-skiers)

IPC useshe ASIA classification standard to define impact of the spinal cord injury to the
Sport Class. The ASIA standard includes functional parameters on sensory and motor
levels, zone of partial preservation, score on ASIA Impairment Scale and evaloiathe
completeness of thajury. ASIA classification standampplicabilitywas teged in study by
Cohen et b (1998). ASIA wasseen as a defining classification method on severe spinal
cord injuries like tetraplegi@n patients with incomplete paraplegiae tASIA classification
method provided different results leaving room for interpretation on the corsg. cl
(Cohen et al199%8; Pernot et al2011)

Testtabletest is in a key role in determining the Sport Class an athlete belongs into.
Validity of the testtabletest for the functional classification was tested by Peebal.

(201) by mounting thdesttabletest board on top of a force plate. Test subjects performed
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reaching forward, reaching lateral right and left sides moves on the board rgith tia
maintain the balance. Movement results were compared with the force plate forces.
Outcome of the study gave strong positive correlation between the movement and force
plate results in terms of center of pressure displacementtal@stest was pven to be
accuratdor the functional classification boine of the findings wathat theaccuracyis less

clear between classes LW 10 and LW 1(Pernot et al2011).

As an end rsult of medical and functional classificatighe sitski athlée gets asingle

score indicating the class he/she belongs Bthenet al. (1998) study conclude that the
pure functional classification system is not an evidence based but leaves room for
discussion especially on the challenging cases between LW 10.#d.0.5andbetween

LW 11 and LW 11.5 Objections and protests of both athletes and coaches are raised
regularlyin sports for the disabled, including the-skiing. (Cohen et al. 199&ernotet al.

2011)

3.7 Functional classificationprocess challenges wheelkhair racing

Validity of the functional classification system can beueptioned from masurement
weighting and neasurement aggregatigrerspectivesTweedy & Vanlandewijck (2009)
revisit these perspectives in context of wheelchair radmghlighting the ballenges
involved in validating a functional classification proceBlse wheelchair racing classes are

defined in terms of loss of strengih:(Tweedy and Vanlandewijck 20Q9)
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T51: Equivalent activity limitation to a person with complete cord injurgcat level C56

T52: Equivalent activity limitation to a person with complete cord injury at cord leved C7

T53: Equivalent activity limitation to a person with complete cord injury at cord leval T1

T54: Equivalent activity limiaition to a person withoenpletecord injury at cord level T8
S4

Based on the above profiles for the classes, an athlete with complete cord injury on T2
would entail diagnostic tests and evaluations of strength M@ and the resulting class
would be T53. Classiation process$or a person with a C6 aomplete injury(e.g. with

some functionality on abdominal and lower spinal muscles but limitatin@sm strength

is more complicated. The outcome could be either T52 (if the disadvantage of the arm
strength limitation is condered greater than advantage of superior trunk strength), T53 (if
the disadvantage of the arm strength limitation is considered equal to advantage of superior
trunk strength) or T54 (if the disadvantage of the arm strength limitation is considered to be
less compared to the advantage ofesigr trunk strength). (Tweedy andanlandewijck

2009 Tweedy et al2011).

Scientific evidence from research projectse beingused to define the sport specific
“impairment scores" that could be used to determine theatoclass in multidimensional
cases by weighting the result with a framework scohés is a method for overcoming the
weighting measurement challeng@r the wheelchair racing case above a framework could
be based on defining arm and trunk muscle fotethe event performance by examining
several athletes with different disability levels. This would be used to overcome the
measurement weighting challenge of ftioigal classificationSimilar impairment score set

up was introduced by Pernot et @011) in context of sit skiers and tesibletest.(Tweedy
andVanlandewijck 209, Pernot et al2011).
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Measurement aggregation challenge can be demonstrated when the classification process
includes two or more different impairment types. A person wittonplete spinal cord

injury at T2 and right elbow extension deficit would by default belong akss T53.
He/shecould be classified into T52 in case the disadvantage of elbow extension limitation is
same or more as the bilateral arm weakness of othetesthitethis class, or again into T53

in case the disadvantage of elbow extension limitation is minor. In this case the evidence
based decision making requires knowledge of the relative importance of impaired elbow to
the wheelchair racing and means to suarnge the impact in terms of joint movement

limitations (degrees) and strehdrelative score). Tweedy and/anlandewijck 2009)

3.8 Combination of sit-ski race results across Sport Classes

When the number of classesargiven sport are defined, it is imgant tounderstandhe
distribution of athletes per clask some classethe number of classified athlstean be

small The goal of an integrated classification system is to enable each competitor, even
those with the most severe disability to competa ifair manner with other athletes that

would have similadegree of disability. (Gehlsen aKdrpuk 1992 Pernot et al2011).

The number of skiers attending to a competition on each of the Sport Classes described in
tablel can be very limited. Bving a separate event for each oé ttlasses would not bring

out avalid race eventTherefore the results of skiers belonging into different sport classes
are being integrated together using@ghtingsystemin a similar manner as described in
chapter 3.7n context of wheelchair racindgcach sport class has an own multiplier that is
used for balance the end result so that the results between dassegecomparable.In
Nordic Skiing the |1 PC has three c eskibgioned
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and oOovisually i mpai aled the sitskierem aré muttigliesdubly ta s 0
percentage based on the estimated impact of the disability to the result. The system is an
adjusted formula that is used to determine overall each of the compelittive to each
other.This way theathletes from different classeanfairly compete against each other in

the same race despitef Sport Class (Pernot et al. 2011 IPC 2013 Tweedy and
Vanlandewijck 200%

The percatage system used in Nordic-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 IPNSC (International
Paralmpic Nordic Skiing Committe) and are being published in Internet on IPC official
website. The IPC Nordic Skiing Percentages for 20024 can be found he(d>C 2013):

http://www.paralympic.orqg/sites/default/files/document/130124162220086 IPC+Nordic+Sk

iing+Percentages201™4.pdf

The table2 below presents the percentages being applied for-2012 for sit skiers.

Table 2. Percentages to combine sit skinegults on season 2@D14 (IPC 2013)

Class [Percentage
LW 10 86 %
LW 10,5 90 %
LW 11 94 9%
LW 11,5 97 %
LW 12 100 %
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Based on the tabl2 the final time for LW 10 sit skier would be 21:30 in case the actual
time would be 25:00 (25:00 * 0,86).

3.9 Integrated evidence basedlassification process

Integrated evidence basedlassificaton combines medical and functional assessment
outcomes with scientific resulti. requires extensive field testing and research to define in
an unambiguousmannerthe determining parameters for class allocatiorspecially in
complicated multimpairmentcases as highlighted by Tweedy & Vanlandewijck (2009)
with wheelchair racingn chapter 3.7Integrated classification system is being taken into
use across the sports under IPC including swimming, wheelchair racing and sit skiing.
(Richteret al.1992 Tweedy and Vanlandewijck 20P9

Evidence based classification requires process related research work. icé foitthe
researchers to useesearch design thatonfirms the classification process rather than
evaluats the resulting classtself. The pr@ess focustakesinto account measure®r
impairment leveland activity limitation. Impairments related to eordination,ROM and
strength need to be evaluated on how much they limit activatiaomovements relevant to
the sport in questiorAfter developng the measures and examining relevant size of group
of athletes, it is possible to develop a regression equétioplass allocatiorbased on
statisticalmultivariateanalysis.The regression equati@ould then beised as a baseline for
an athlete to lotain an impairment sconesed to define theport class This score would
take into account the activity limitation and enable to overcome weighting and aggregation
challenges described in chapt&.7. (Backman and Tweedy 2008; Tweedy and
Vanlandewijck 209).
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3.9.1 Applying evidence basedlassification in swimming

Gehlsen & Karpuk (1992) demonstratedthat in paraplegic swimming the functiah
classification used bilational WheelchaiAthletic Association {WAA) is applicable to
classes with significant diffences in terms of impairment but with classes close to each
other, where the conclusion of the final class leaves room for interpretation for the classifier,
the differences are not that clear. In paraplegic swimming the Classes V and VI were noted
being dallenging to differentiate in terms of mean speed measured Basmd 100 meter

swimming events(Gehlsen an&arpuk 1992)

Limitations dentified by Galsen & Karpuk (1992) were anald further byRichteret al.
(1992)to clarifyif the NWAA functiond classification system on swimming would work as

a baseline focompetitionand how to develop theurrent systentowards more integrated
evidence based classificationThe functional classificationon swimmingwas based on
points allocated on body paitsvolved on swimming propulsion and defines their role to
the end result. For example on breaststroke 55% of the performance would be on leg
propulsion and 45% of arm propulsion. Classifiers utilized these parameters on different
manner and moved the attés from a class to another also based on their perforroance
competitions This may besnoughon recreational sports whereas with elite athletes lead
into a situation where the athlete might gétadvantagdy taken into higher class just
because of &ining efforts. The results of the study stated that applying only functional
criteria is not enoughQehlen and Karpuk 199Richteret al.1992)

Wu & Williams (199) build on Richter et al(1992) in defining the limitationf

functional classificatin in swimming and challenges of developingAs international elite
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Paralympic @Gmes are oglorganized once iaveryfour year, it takes four years to validate

a classification systemmodification with large enough number of data poinfeveral
studies were made based on 1992 Barcelona games results and the functional dlassificat
system was again revisitedhis highlights one major problem on classification research:
observations of the classifiers about the games results lead to new classificatiess
developmentand consequently several versions of the classification systems have been
used since first introduced. This makes comparisons of the results and stdetvingsn
thegames challenging. (Wu antdilliams 1999 Richter 1992

Wu & Willi ams(1999)criticize the arguments of Ritdr (1992 questioning the validity of
the results in terms of empirical study aability to influence on classification process
developmentWu & Williams (1999) state thahe focus should be on performance oute
of individuals instead of the biomechanical analysis of the swimmRegsearch of the
classificationmethodsof disabled sportss in early phase and test -sgis are very much
context specific. Research group ¢hereforefind arguments to define thest set either for
the performance equity or activity limitati focus. (WuandWilliams 1992;Richter 1992
Vanlandewijck and Thompson 2011

3.9.2 Impairment measurement challenges

Contradicting results from Wu & Williams (1999) and Richter (1992) on swigmi
demonstratehe challenges related to collecting and measuring evidEmcategrated
classification process. Limited number of test subjects and contextuality of the tept set
create challenges to collect reliable information about the falamairment for the sport:
(Wu and Williams 1999; Richter 1992; Tweedy and Vanlandewicjk 2009):
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1. Identifying intentional misrepresentation of abilities. Some athletes may try to
obtain more favorable classification by intentionally misrepresenting their abilities
For this the IPC Classification Code contains severe sanctions up to lifetime ban
from Paralympic sports. Developing evidence based methods to identify intentional
misinterpretationsis important for athletes, coaches, administrators and other
stakeholdein Paralympic sports.

2. Training responsiveness of impairment measuresComplete training resistance of

classification systems cannot be guaranteed even on evidence based classification. It

is vital that athletes who have positively influenced their inmpaint (for example
spinal cord injured athte by training of the trunk muscles) do not get competitive

disadvantage by being classified into less impaired class.

In order to overcome the impact of training the classification process has to includ# a set
tests that enable classifiers dlassify athletesregardless ofraining impact Backman&
Tweedy (2008) validated a test set used on Paralympic runners for their training impact
evaluation.The test set includedport independent tests lilksgandingbroad jump, four
bounds for distance, 10 meter speed skipningon aplace and split jumps. The study was
conducted on able bodied persons/¢oify the test set before being proposed as input for
IPC classification proces As a conclusion the usagd eport independent parameters
provide objective insight to the level of impairment without distortion of sport specific

training.(Backman and'weedy 2008)

Results frona study orable bodied showed good reliability and normafgrenance ranges

for eachtest. The tests emplsizing strength and power (standing broad jump and four

bounds) were weih line with the actual performanad disabled athlete§ hecoordination

focused tests like running in place or split jumps showed lower predictpact This was

hypothesizedto be because able bodied athletes had a threshold value of coordination

enabling them to run or jump quicklWith disabled persons these tests could have been
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more determiningAs a conclusion the verificatioof a test set up used alassificationis
doable with able bodied persons bearimg mind the possible limitations of ghtest

applicability. (Backman an@iweedy 2008)

3.9.3 Integrated classification developmenbased on competition results

Studies and research projects on integralassification procesgevelopment have aimed

to analye classification outcomes in games to determine effectiveness of the classification
systems.As the research projects have challenges described in the previous chapter the
results ca be consideredothave following limitationsn terms of wider applicabilityWWu

andWilliams 1999 Backman and Tweedy 2008

1 Focus only on the functional classification systemd there are multiple of them to
follow (e.g.NWAA classificationvs. IPC classification omvheelchair racing)

1 Limited availability of dataon athletes with spinal cord injuriess other
impairments

1 Very few participants with very severe disabilities

Regardless of thémitations the studies provide good methodological frameworks on the
test setup development for the evidence based classificatiofarget of integrated
classification is to enable combining the sports classes in competitions. Combination of the
classes increases the number of competitors per class. This can be problematicdier a si
event because it increases the potential for differences betwegretitorswithin a class

and increases risk of misallocatiqiwwu andWilliams 1999 Tweedy and Vanlandewijck

2009.
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A classification method can be considered as successful in easeettal distribution and
advancing in competitions follows the distributions similar to impairgroup sizes
Developmenbf the swimming classification process between 1992 and 1996 games seems
to be successful against this target. Distortion of cergialsy and spinal corthjured
athletes beinguinderrepresenteth 1992 gamegin terms of gold medals womwas fixed

when examining the results of 1996 gam€sntinuous evaluation of the classification
process results against elite competition resultablen development of integrated
classification procesgWu andWilliams 1999 Gehlsen and Karpuk 1992
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4 MUSCLE ACTIVATION I N SIT-SKIING

Sit-skiing is based ormdouble poling skiing technique. Muscles of upper limbs, trunk,
abdomensnd hip are in key roleiforce generation. To increase accuracy of allocation of
the sport class the biomechanics of sikiing need to be understood. Measuring the force
generation an&MG in sit-skiing bring factual information about differences of impairment
levels to perforrance of a sit skier. Measurements conducted in laboratory environment
limit the impact of external parameters to the study results increlesialgof conformance

of the results for classification.

4.1 Biomechanical characteristics okit-skiing and wheelchair racing

Biomechanicon sitskiing focus onseated double poling exercise where the force is being
produced by poling with both arms in paraléeld the skiers sittingon a sledgeSitting
position on the sledge can vaiihis isfrom biomechanis point of view closely aliged to
ablebodied double poling skiing in terms of upper body muscle activation andjQin.
Double poling is a economic technique with increasing popularity also amongst the able
bodied skiers(Bjerkeforset al.2013)

32



4.1.1 Muscle activationin double pding

Holmberg et al. (2005) and Halonen (20#&finethe key muscles in the double poling in
activation ordeto be RectusAbdominis,ObliquesExternusAbdominis, TeresMajor, Hip
extension muscled,atissimusDorsii, TricepsBrachii, VastusLateralis,Vastus Medialis,
BicepsFemoris andFlexor Carpi Ulnaris. In addition to these muscles also the muscles on
legs arebeing utilized Muscles have different roles in different phases of double poling in

terms of activation level and timingHolmberget al.2005; Halonen 2018

Role of the muscular system paietivation in double poling was demonstrated by Lindinger
et al (2009) on upper bodyEMG role for double polingResults were further applied by
Halonen (2013) toconfirm the EMG size and timng in the double poling. Increased
electronic muscle practivity is seen as a preparatory action to accumulate the muscle
tendon complex into different kinds ahovements Muscle preactivity increases the
sensitivity of muscle spindel§his can be seems EMG before the actuactivity like
movementPreactivation of the muscular systasan important factor for the timing of the
force generation andor the accuracy of theesponse fom stimulus.A well pre-activated
systemincrease the capacity fatoring elastic energy in the mus¢ndon complex.
(Lindinger et al. 2009; Halonen 2013).

Upper bodymuscle EMGis alignedwith produced velocity. Measuring the EMG on the
active musclesluring double poling force generatiprovidesa framework that cabe used
to reflect the velocitiesachievable when the EMG results are normalized against the

maximum EMGthe muscle can generateindingeret al.2009 Holmberg et al2005.
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4.1.2 Impact of sitting position to force generation

Hip and trunk muscles playaentral role in the siskiing biomechanics in force generation

and in maintaining balance. Changing the tracks using trunk and hip assistance, trunk power
during climbing, trunk stability and control during hill descent, and trunk control in curves
are he key events on sikiing where the athletésapabilities or limitations to use these
muscles have a determining role for the performad&G quantityand timing can define

what are the key muscles in balance maintenance and in which order they aredrearuit

stabilize the body on external stimul@Bernot et al. 20%1Shemmell et ak010.

Shemmell et al(2010) demonstrated the role of involuntary stretch reflex to maiibain
stability. Involuntary stretch reflex can be seenmasscleEMG activity in 50-100ms afte
perturbaion. Timing of the latency depends on the muscle measured and type of reflex.
Short latency refleXmonosynaptic reflexpccur around30-50ms whereas long latency
reflex (polysynaptic reflex)timing is arounds0-100ms.Fastestvoluntary reaction is seen
after 90100ms of the stimulus. Long latency reflex can be modulated by the test subject.
Therefore the long latency reflex amplitude can be used also to illustrate how muscle

responses are adaptittggrespondo the perturbation shulus. (Shemmell et a2010).

Sitting position has an impact to the forgenerationcapabilities orsitting sports as was
demonstrated by Massed#t al. (1992) and Vanlandewick et al(2011) studieson
biomechanical analysis of wheelchair propulsemmd impact of sitting position to force
geneation Masse et al (1992) studied the biomechanics by filminige test subject
performing wheelchair rolling on constant 60% of maximum velocity with raw EMG being
recorded fromBiceps Brachii, Triceps Brachii, Pedoralis Major, Deltoid Anterior and
Deltoid Posterior musclesVanlandewijck et al (2011) focused on the acceleration in
different sitting positions. Used positioralter the athlete'pattern of propulsion and

consequently affedthe performance. One ofthe key findings of the study was that the
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upper body muscle EMG had a correlation with siténg position usedSitting posiions

are specific to sport sthe results could not be extended as such to sit skiing but the
dependency between EMG asitting position give input to the test sep for sit skiing.
(Masseet al.1992 Vanlandewjick et al. 201}

Used equipment impacts to the pushing techniquej@ntt ROM. Key joint ROM is in
many sports a determining factor for classification. When the athbee otherwise equal,
those with greater active ROM will be placed in less impaired cassof the key findings
of the Goosey & Campbell (1998yas that thgoint ROM had a direct impact to the
wheelchair propulsion economgitting postion impa¢s the ROM creating a positive
correlation between the position and propulsion econagspecially when the speed is

increasing(Goosg andCampbell 1998CrespeRuiz et al 2011).

Impact of theROM in wheelchair basketbalind the role in classificatiowas studied by
CrespeRuiz et al.(2011). The classification process favheelchair basketbatlompetition
utilizes skill basegroficiency as illustrated by Brasil@¥0) in chapter 3.3and isbased
on observations of classifierKinematic analysis wouldct as developmemnput towards
evidence based classificatigivanlandewijcket al.2011; CrespeRuiz et al.2011; Brasile
1990)

Like Goosey & Campbell (1998 respeRuiz et al (2011)studiedthe key movements of
upper limb joints when test subjectsrformedselectedactivities such as pushingivoting,
shooting and passintpper limb joint ROM is in key role in wheelchair spoitée results
of the $udy validated the hypothesis that biomechanical analigsispplicableto define
sport class speatf motion characterigts and supports the classification procé€sespe
Ruizet al.2011 Goosey and Campbell 1998
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Vanlandwijck et al. (201)1focuses on the biomechanical differences betweersitting
positions and reason for differendestween pasions inaccelerationThe positions studied

are described ifigure 5. (Vanlandewijcket al.2011)

Flywheel
Photocell 2
0
/ Oooocc F
 * S
J J
Condition 90 Condition 45 Condition 0

Figure 5. Wheelchair seating positions studied. (Vanlandewejcl.2011)

Sitting stability of athletes with spinal cord injuries have limited caitial to utilize trunk,

pelvis and hip muscles. These limitations are addressed either by strapping around pelvis
and trunk or by adopting tteatting position.Key reason is the perceived positive impact of
these actions to performande. general the taletes with higher spinal cord injuries and
more significant seating stability reduction use relatively deeper seating pdsgiomh as
Condition 0 on the figur® - with more acute angle on the hips. (Vanlandewstkal.

2011)

Deepersitting position limits the range of trunk movement due to altering the length of
abdominal muscles and placing pelvis into posterior tilt. In wheelchair racing this limits the
capabilities to position the shoulder optimally with respedbhdandrimof the wheelchair

Postion of the shoulder joint movement has impact to the hand contacting the rim. Rim
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contact and shoulder movemésiseen by Goosey & Campbell (1998)be in key position
in terms of economy aothe wheelchair propulsionLimitation caused by the deegitting
position to the shoulder movement would decrease also the propulsion ecandmy
performance which was also a validatdaypothesis of the Vanlandewijoit al. (2011
study.(Vanlandwijcket al.2011;Goosey andCampbell 1998)

In addition to the shodkr angle against the rim, thieeting of thesitting position change
the average trunk positiorand trunk active ROM. From performance point of view
Conditions 90and Conditions45 (figure 5) were seen as similain Condition Othe
performance was loweThe compromised performance in Conditmvas defined to be
due to significantly limited trunlROM and more upright position for the wheelchair rim
propulsion. TrunkROM was seen to b&ery importantin force generatiorduring the
wheelchair first pushirom standstill state. Rectus Abdominmsisclewas highly active in
the fast acceleration pbadriving the force generatiofhe main reason for adoption of the
deepsitting position (and for using straps to limit the trunk ROMas impaired trunk

function (Vanlandewijcket al.2011)

Wheelchair racing propulsion efficiendgpendon the experience level of the test subject.
Therefore the results fromheelchairstudies done onbde-boded subjectsieed to be put in
context whee the experience on whebbirsis limited compared to athletes that are using
the wheelchair on their daillfe. Lenton et al. (2008) compared experienced and non
experienced wheelchair users and concluded that the main contributoetbdieacyis on
co-ordination capabilits and more effective transfer of force betweerhand andherim.

Effect of continuous practice leads to development of more optimal coordination and hence

improved propulsion techniqué.entonet al.2008)
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4.2 Usage of ergometers to simulate skiing

Ergometers are being uséad sport scienceo stabilize theresearchenvironment and to
produce valid dia for example on biomechanicatharacteristics of the event in question.
Wheelchair sport events such as track and field, basketball and, e beerstudied
more extensively thawinter sports(Thompson and Vanlandewijck 2011).

Correlation between tests conductadaboratory against the tests done on fieldNordic
skiing, wheelchairacing wheelchair tennis and wheelchair basketball irestgated by
Bernardi et al (2011). Compariso between wheelchair basketbplayers to wheelchair
track and field thletes were in the focus @outts (1990) study. Bernardi et §011)
found dependenciebetween aerobic performance measures like maximesnt rate and
VO2max between field and laboratory tests. Amongst the sports investigateNotiokc
skiersandtrack & field wheelchair racerbad thdargestaerobc capacityboth in laboratory
andin field conditions Coutts (1990) investigated the bioth@nical correlations between
environments on wheelchair propulsion on maximum velocity and acceleration. Results
between laboratory anfield conditions were aligrie Physical wheelchair hand rim
diameterwas identified as key sport specific differentiator velocity and acceleration.
(Bernardiet al.2011 Coutts1990.

In cyclic sports such aNordic skiing the skiing velocity is derived from the distartbhe

body travels during each of complete cycle of movement and the rate or the number of times
the body moves through a complete cycle in 1 second. These pensicen be tracked on

field by recording the skiingnd also in laboratory usirgki ergometers. Ski ergometers are
based on similaflywheel and rope mechanism as rowing ergometers. Hal(#@48) and
Forbes et al(201Q validated theski ergometetestapplicabilityto simulateNordic skiing.
Halonen (2013demonstratedhat theergometeris alignedwell with skiing on snow in

terms of absolute and relational power outptiereas Forbes et.gR010) validated the
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positive correlation in terms of cardespiratory response. Forbes et(aD10)concluded

that double poling results ski ergometer were aligned with field conditions on eNtadic
sit-skiers. However in the ergometestthe subjects recorded significantly higher heart rate
and lactatevalues A possible reason for this was more constant nature of muscle activation
on ergometer compared to field conditipmich is also one of the proposed reasons found

by Halonen (2013) for the power output differen¢Esrbeset al.201Q Halonen 203).

The test setp of Forbes et al(2010)in the study included usage of a modified double

poling ergometewith wheelchair adlustrated infigure 6.

Figure 6. Modified double poling ergometer (Forbesal.2010)

Positiveconnectionbetween the dable poling ergometer and field test reswisified that
the ergometecan be applieavith seatechthletes The major limitation in the studyasthe

small sample size due tiniqueness of the populatiorhis means an increase likelihood

39



to find differences between variables when in fact there is no differende find

differences on test conditions when in fact there is no differen&®rbeset al.2010)

40



5 PURPOSE OF THESTUDY

Purpose of this study was to define if a custom maesksérgometemwould provide to be
a suitabletest setup for bringing information on forcgenerationand muscleelectronic

activation(EMG) on double polingand on balance maintenance activitiésrthermore the
differences between four masitting positions are to @ analyed As both sit skiingand

wheelchair racing are cyclicsports, the findings from Masse et al. (1992nd

Vanlandewijck (2011)about role ofsitting position impact to forcegenerationare

applicableto the sitskiing. The findings were introduceith chapter4.1.2 (Masse et al.
1992; Vanlandewijck 2011)

Information on force generation and EMG should be proven to be an accurate enough
framework so that the test aght could be applied to the development of classification
process of the sikiers. Therefore the study aims to provide insights to complement the
IPC functional and technical assessment methods described in the chapter 3.5.2. Capabilities
to operate trunk and hip muscles are considered to be in determining position for class

allocation. (Pernot et al2011).

5.1 Identify the differences betweersitting positions

Hypothesis is that there are differenbesweenrsitting positionsin sit-skiing and that those
differences can be identified alaboratory environmentia EMG. The focus of thetady
was on verification of the test setip and the tests werdone with able boda skiers to

homogenize theetup. The testsetup verification processs aligned with the results from
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Backman & Tweedy (1998) where test -sgt was verifiedon able bodié subjectsto be
accurate with resultsd |.iBakmaeahd Bveguy 1098)a b i | i

Positive connectionbetween laboratory and field condition tests found by Bernardi. et al
(2011) and Coutts (1990) enaldperatingthe test protocoin a laboratory environment.
The test protocol wadefinedto measurdollowing parameter®n acustom madesit-ski
ergometerin differentsitting positions maximum velocityand forcegeneratioron double
poling, EMG, acceleration and joint movement andieslius) (Bernardi et al2011; Coutts
1990).

5.2 Identify key muscles active in forcegenerationand balance

maintenance

Applicability of the sit-ski ergometerto simulate the double pole skiing proceass
laboratay conditions has beetonfirmedby Halonen (2013) showing thBMG and force
output on double pole skiingn ski ergometeiis well aligned withskiing on real snow.
Muscle activation order was the same, however there were differences identified ice¢he for
generatiorand EMGamplitude It can be expected that teinilar test setup would also be
applicable into siskiing when upper bodgnovementis comparable to the regular double
poling. Forbes et al(2010) tes setup on wheelchair was chosas another adaptah
reference where ergometers and seated equipment were useetast setup. (Halonen
2013; Forbes et al. 2010).

Maintaining the balance during skiing is very important for the sit skiers. Depending on the

level of impairment and thsitting position the muscles used for balancing the posture are
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different and they operate on different activation levldance testvas conducted using a
perturbation platfornbuilt from a motor andx force plate and the ski seat attached on

top ofit. This part @ the test setip was defined to illustrate muscle activation during skiing

on field conditions, for example in curves and downlAB. described by Holmberg et al.
(2005) and Lindinger et a{2009),EMG can be used to identiigey muscles activated for

the balance maintenanaed what is their activation timing during thetion According to
Shemmell et al (2010) the latency of the EMG can be used to define reflex responses to the
balance maintenander further muscle angbint stiffness analysigHolmberg et al. 2005;
Lindinger et al. 2009Shemmell et al 2030

Hip, elbow, wrist and shoulder jointeave different ROMbn perturbation tests different
sitting positions.Different sitting positions and different range of movements change the
kinematicsof theactivity aswasconfirmedby Goosey & Campbell (1998)Comparing the
ROM against the EMGoetween the positionsan give indication onmuscle activatiorto
maintain position during the skiing for example on cuni2ata on ROM was recorded
during this test setup butthe analysiss excluded from the scope of this studyerefore

the detailed results are nptesented in this thesis. TIROM testis discussed only as

contextual elemen{Goosey and Campbell 1998).

Force generation on siki erganeter combined with ROM analysifollows the
recommendations presented by Tweetlgl.(2010 for MMT as it takes into accourROM
parameters from D&W muscle strength assessment method. Modifications proposed by
Tweedyet al.in chapter3.3.1have been ten into account in the test protocol definition.

The test setip is defined to focus on the main muscles and joints defining the impact of th
impairment so that the results could be utilized further in classification process

development(Tweedyet al.2010, Pernot et al. 2031
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6 METHODS

6.1 Test subjects and preparations for the test

The test protocol was executed Vuokatti, Finland 7" i 10" of October 2013The ski
ergometetestsetup was build indoors into Vuokatiinowpolis test station gymin total 9
volunteeredest personsvere selected amongst the students of Sotkamo Sport High School
via email requestThe focus groupvas the students specialized into Nordic skiing and
actively competing omternational or nationdével. Each of the participants wagpained

the test procedure and possibisks involved into the testest subjectdilled in a written
consent hat they are physically fit to perform the test in gieentime. The test persons
were instructed not to drink alcohol or coffee beftine test and to avoid smoking.

Characteristics of the participants are defined in table

Table 3. Test subject height, weight and age.

subj# | Height (cm) | Weight (cm) | age (y)
1 176 72 23
2 175 65,2 19
3 184 76,3 19
4 173 69,1 18
5 175 60,9 18
6 184 719 18
7 178 69,7 19
8 177 73,9 18
9 179 72 25
Average 177,9 70,1 19,7
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Test subjects had experience on skiing and use of dpabig ergometer. This is expected

to increase thelevel of confemanceof the results on double poling. However the test
subjects did not have previous experience about sit skis, which needs to bentaken i
account on resultOn wheelchair racinghe lack of experience was defined to &main
differentiatoron resuls between abldodied and disabled athletégandlandewijcket al.

(2001) introducal multiple studieshighlighting similar differences in terms of efficiency,
kinematics and force generatidrenton et al(2008 also concludeé uponthe importance of
experence.The | evel of test s ubijsamompsriant ®ktaxtudl o n
matter for a test(Vanlandewijcket al.2001; Lenton et al2008.

Information on table clarifies that the selected test persons fornomogeneougroup of

young nales with average age of 19.7 yeaiBhis supports the purpose of the study of
verified the test setup as it eliminates the question of too diverse group of test persons that
might lead intospeculations ofccuracyof the resultsThe sample size @ is relatively

small and has to be taken into consideration when defining wideragmalieability of the

results. Measurement information recording and data collection was tloa@onymity
with respect tpovacy Daa waseswibto therdsgarelgt s @ p me mb e

personal computers that were password protected.

6.2 Test equipment and environment

Test setup for sit skiing was built on Concept 2 SkiErgo skergometer Concept2 Inc,
Morrisville, Vermont, USA with a custom made se#éhat was fixed on a forcelatform
Seat was designed to align with the sledges used by sit skerseat is adjustable so that
the test subject could perform the test in four different positideage of the ergometer for
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the double poling simulation was alignedth the test set up of Forbes al. (2010) study

on the differences between laboratory and field conditions on sit skiers cardiorespiratory
responsegrigure? below presents thergometetest platform One can identify similarities

with Forbes et al.2010) test set up by comparing with fig@é&om chapter £. Utilization

of the force plate in the test agb was applied from Pernot et €2011) validation study on

the testtabletest.(Forbeset al.201Q Pernot et al. 1998

Figure 7. Sit-ski eegometer and perturbation platform

6.2.1 Custom made sit skiseat and ergometer

The sit-ski seatused was custom madby Jyvaskyla Wiversity. The seat was placed in
front of theski ergometer (called as SkiErgo in this thesis from now Degt subjectvas to
pull down theSkiErgo ropesto simulate thelouble polingtrajectoryon sitskiing. SkiErgo

was fixed on wallThe polingresistanceould be adjusted as air resistancesocale 1 to 10
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where 1 is the lowest rstance.Force transducers (Jyvaskyla Umsigy, Finland) were
attated to the ropes of the SkiErdeor this study the resistance was set to 7.5 for all of the
test persons and positions used.

Building of a custom made seat instead uding a realsit-ski seatwas chosen for two

reasons:

a) Able-bodied skiers do not benefit from using an own seat

b) The real seats are tailored for the sit skiers, no standardized seats available.

This approach differerom the Goose® Campbell (1998yecommendation totilize test
subj ect s 6 itloable bosiedaubjests thidMvas considered not to bias the results.
The testset up enables changing the seat to anothefoorexample if the equipmemtould

be applied for disabled athletes.

Theforce plate andhe seatwere mountedon a perturbationplatformthat cald be moved

into one dimensionby an electronic motar Rapid movement ofthe seat illustrates
perturbation and furthermore provides information about the activation of muscles in
situations where the balance is lgeaitered byanexternal stimulusThe st setup with a

test persors illustrated infigure 8.
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Figure 8. Test setup overviewwith a test person

Before engaging to the test protocaght @) bipolar electrdes were attached on test
S u b j skio to desordEMG, as illustrated in Figur8. In addition ofthe EMG electrodes

an accelerator sensovérrier Low-g Accelerometeryernier Software and Technologies,
Oregon, USA was attached to the shoulder tbe test subjectThe accelerator sensor
recorded information about the bottyunk movementduring the tess. Accelerator signal
time alignmentwith perturbation signal and EMG signals provides information about
muscle activation timing when the body was movedaddition to EMG electrodes also
reflective markers were placed on the tesfextbfor jont ROM. The ROM dataanalysis

wasexcluded from the scope of this study.
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6.2.2 Four different positions on sit skiing

Depending on the level of impairment or personal preferences, there are four main positions
being used by sit skiers. Positiongpast of the test setp are illustrated below ifigure 9.

P1normal P2 knee high N P3 kneeing P4 long sit

Figure 9. Sitting positions used in the study.

Forcegeneration balance and motion tests were performed in all four positions in random

order toexclude the impact dhe order of the positionssed in the protocdb the results.
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6.3 Test protocol

The tesfprotocolconsisted of three maphases

1. Recording of maximum EMG that the test subject could produca force chair
and on floor (MVC,maximum voluntary contraction). Thiwas doneto oltain
reference fonormalizedEMG in main study phases.

2. Measuring the velocity and EMG on double poliwgh the SkiErgo to clarify
differences between tlstting positions

3. Balancetests on perturbation platforro understand role of the trunk and hip

muscles in balancmaintenace

Each of the test subjects went through the following tests iplihses 2 and B each of

the four positions:

Maximum velocity, tryl
Maximum velocity try 2 (only in the first position)
Constant velocity (75% of max)

Pertubation 1: Anterior Posterior (6 times in both directions)

=4 =2 A2 A4 -

Pertubation 2: Medial Lateral (6 times in both directions)

6.3.1 EMG measurementpreparation

Muscle electric activity as EMGwasmeasured from following muscleBhe selection of the

musclego analyzewas adopted from the referenstedieson wheelchair propulsioand on
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double polingconducted by Masset al. 992, Lindinger et al(2009) and Holmberg et.al
(2005)

1 Abdominal muscles Rectus Abdominsi (RECah), External Abdominal Obliques
(OBL)

Back muscles Erector Spinae (higESH), Erector Spinae (low(ESL)

Hip flexor muscles Rectus FemorigRECH)

Hip extensor musclesGluteus MaximugGLU), Biceps Femori¢BICf)

= =/ =4 =4

Arm muscles Triceps Brachii (Long headYRI)

Abbreviations in capital l&trs (eg. ESL) will be used in the text onward3he placement

of the electrodes is illustratedfigure 10.

51



Triceps Brachii

frontal view dorsal view

Figure 10. Placement of bpolar electrodes in the muscles

EMG activity was recorded using-polar surfaceslectrode. One kpolar electrodevas
attached to each of the muscles where the EMG activity was recorded. The distance
between the electrode ends was 2 ciacing the electrodes on the muscles was done
according to SENIAM instructions. First the skin hairs were removed from skin asing
disposable razoiThen theskin was rubbed using fine sandpaper to make it more electricity
conducting.Skin was disinfectedvith Neo Amisept fluid. Electrodes remained on the
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places attached throughout the test protocol and their placement was sectagitdp the

electrodes, wires and transmitter unit on to the skin.

Each of the bipolar electrodesas connectedto Noraxon TeleMyo 2400R transceiver
(Noraxon Inc, Scottsdale, ArizondSA). Trangeivers had wireless connectitmTeleMyo

DTS belt receive Each of the transceivers had own channel configured into the receiver.
Test subjects performed the tests in short or long running thighs without shirt orlshoes.
total performing the test protocol todko hours per subject and it was done on indigidu
basis.

6.3.2 Phase 1:Maximum EMG

The maximum EMG was recorded aseéerencepoint for the MG produced in the actual
tests. Normalized EMG gives better contextualinformation about the musclelectric
activity thanthe absolute valued-or he EMG recording thdelemyo DTS belt receiver
was connected to TeleMyo 2400R G2 data consolidtoraxon Inc, Scottsdale, Arizona,
USA) using a WiFi connection. From the G2 data consolidator the raw EMG signal was
transferred to CED 1401 ABnalog to digital convertdCED, Cambridge, UKandthen to

PC to be visualied and recorded using Spike 2 softwg&D, Cambridge, UK The base

level in Spike 2 was set to 0 when no muscle activation was perceived.

Maximum EMG for RECf, BICf, TRI, RECaband OBL were recorded usin@ force
measuremengeat(Jyvaskyla University, FinlandMaximum EMG was recoet] as a static
force production as maximum voluntary contraction (MVQest subject was fixed to the

force measuremenseat using straps and instructed to produce the maxiroroa &gainst
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the resistance when commanded. For each of the muscles the procedure was done twice on

the seat. The foromeasuremendeat is presented figure 11.

Figure 11. Forcemeasuremengeatused forMVC EMG.

Maximum EMG forGLU, ESHandESL were ecordedhe testsubject laying on the floor

on his chest. Test assistant was holding either the leg or the back of the test subject. On
command he performed a maximum force production against the resistance provided by the
assistantOn the tests conduaten the seat the force produced was recorded from the

sensors on the lezxtension and arm extensipads in the chair
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6.3.3 Phase 2:Maximum velocity and force generationon SkiErgo

In each of the fousitting positions (sedigure 9) the test subject exe@ad first a maximum
double polingvelocity test The st subject was instructed to pull down 8l@Ergoropes

as fast as possible to achieve maximum velocity (minutes / 500 meters). Test instructor
followed the velocity development from tl8&kiErgo display and when velocity stagnated

and there was no acceleratidre called the test subject to stop. In the first of the positions
testedthe test subjegberformedthe maximum velocity tedtwice. This part of the double
poling test provided information abodifferences of positions in context of maximum

velocity to be achieved.

In order to make comparisons betwestting positionsin terms of ROMand EMGit is
importantto record data on constant speed for a limited number of poling ciased on
the maxmum velocity the test instructors calculated 75% velocity using Microsoft Excel
2003 PC softwareMicrosoft Corporation, Redmond, Washington, USA). The test subject

then performed 220 pulls ofSkiErgoon this constant 75% of maximum velocity.

Vicon Nexus 1.7.1Software Suite (Vicon Motion Systems Ltd, OxfordJK) was used to
capture the Poldorces (Polgw, Poleigh) from the force transducers mounted into the
SkiErgo handleskorce transducer analog signalere converted into digital formasing
CED 1401 AD signal trandar.

The EMG signals were captured in the Vicsoftware connectetb TeleMyo 2400R G2
data consodlator. This enabletl h e r e s e aall &dy datpto bergrdrdedusing a
single computesetup. In Vicon the sensor delay was set to 312 ms, sensitivity into 1000

ms/kg and gain value to 10V.
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6.3.4 Phase 3:Balance teston perturbation platform

To analye musclesactive on balance maintenanttee test platform was moved from a
starting position either forward or backward using an elaogohanical computer
controlled motor.This is referred further aa perturbation platform. The platform was
custom assmbled by Jyvaskyla University Vuotech unithe motor used wadBosch
Rexroth 3phase sgchronous pamotor type MSKO060GO0300NN-M1-UG1 _NNNN
(Bosch Rexroth AG, Germahyit was controlled by power steering unitndradrive HCS
typ: HCS2.1EWO0012 (Bosch FRexroth AG, Germany) The perturbation platform is
presented in figure 7 as part of the overall testipet

Power steering uniof the motorwas connected to PC where the power signal initiating
stimulus was given byndraworks 12VO06software (Bosch Rexrth AG, Germany)User
interface forIndraworks to give the backward and forward stimulus was custom made by
Jyvaskyla University Vuotech unit on LabVIEW software environment RKational
Instruments, Austin, Texas, USAYser interface was controlled from tkame PC that
recorded the data to ViconWhen the movement was triggerdéebm the LabVIEW
software the platform moved on speeaf 50 cm/s either forward or backwardavith
acceleration of 50crel. Amplitude of the movement (length) was not constant but
dependenon how long therigger signal was kept oifhe balance ss were conducted in
both anteriorposteriorand medialateral directiors. The test setip with a test subject

prepared for anterigposterior balance test is illustratedfayure 12.
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Figure 12 Test subject prepared for anterfmwsteriordimensionaperturbation test.

Forwardbackwardand leftfight movemerd wereelicited in a randomized way so that the
perturbation stimulus was not predictablene betwea the movements was changed and
also thdengthof themovement Subjectcould notanticipate the distance of the stimutus

the directionof it. Task of the subjeatas to keep the sitting position as stable as possible
yet not to stress the muscles continuou$lye test subject was told teceive in total 12
stimuluse sp@r position. In anterigposterior dimension this would mean six raments
forward and six backwaroh a randomized order. Balance tests were conducted in all four
positions so in total a test subject received 4 * (12 +s12)i mu. EMGweasrécorded in

all of the positionsThe data analysi®cuseson the anterieposterior dimension only.
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6.4 Data collection and analysis

Data processing was conducted during November 201@nuary 2014 iVuokatti usirg

PCs eqipped with Vicon Nexus 1.7.1 softwaae@dNoraxon MRXP Master 1.0&oftware
(Noraxon hc, Scottsdale, Arizona, USApata processingncludedmultiple phases where

the information was gorted and imported betwedme processingsoftwaresd Role of the

Vicon software was to act as a central data collection point whereas Noraxon was the
primaryanalysis toolSelective parts of all of the data recorded are discussed in the scope of

this masterodos thesi s.

6.4.1 SkiErgo and perturbation platform testEMG analysis

Therecorded data in Phase 2 and Phades®ribed in chapter 6\8as outputted from the
Vicon software in .c3d formab Noraxonto analyse the EMG arforce signa in terms of

peak value, mean value, area valmed timing against the trigger ten Trigger time
represerdthe start of the data analysis time window. Pole force signal was used as trigger

in SkiErgo test and electronic motor stimulus was used in perturbation platform test.

A personal record folder was created for et sufectin Noraxonandthe relevant .c3d
files were imported intet. Maximum speedand perturbation platforntest data analysis on
anteriorposterior dmension (backwardéidrward) collected information on eaplsitionon:

1 Acceleration (based on the accelerometer signal)
1 Pole forcesROLE L and POLE_R
1 EMG (mVs) per each of the muscle with bipolar electrode.
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On SkiErgo test the EMG recording was conducted in two phasd$oraxon Phase 1
represens 300ms window before the actual pulling of the ergometer rope starts. This phase
defines the musclgreactivation EMG quantity and timing. Lindinger et al. (2009)
demonstrated the importance of j&ivation EMG for the stretebhortening cycle in
double wling skiing. This provided the baseline for analyzing the EMG in two phases.
(Lindinger et al. 2009).

Right pole force chann€Poleight) was selected to be thegger and starting point of the
Phase 2n the SkiErgo testwhich was set as 500ms frometstart of the pulling to define
the muscles active in the actual pulling of the ropes. Fig@eresents the Noraxon

screenshot with the phases 1 @n@presented over time
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Figure 13 Data windowsPhase 1 anéhase 2 in Noraxon
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Figure14 presentghe Noraxon analysis of a data gathered during a perturbation test in one
position. In he balance testhhe movement wadonein a random order so itNoraxon
analysisthe directions backwards and fawishad to be separated@his can be seen as
separatcRW (forward) and BWD (backward) analysis results onfitpere 14 following

triggersignal on channel #8 he trigger signal is based on the electronic motor movement.

Figure 14. 18 channels recorded during a perturbation test

Each analysis record otains the EMG data of all the muscles having the electrodes
attached. I n the bal ance t e&EMG, saligfed with she wa s

findingsof Vanlandewijck et al(2011) about the role of trunk and abdominal muscle EMG.

(Vanlardewijck et al. 2011).
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