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Abstract

Classification in Paralympic Sport aims to minimihe impact of 10 eligible types of
impairment on the outcome of competition. Methamfsaissessing the extent to which a given
body structure or function has been impaired agaired, but are challenging because it is
not possible to directly measure an absence or Rether, impairment must be inferred by
measurement of extant body structures or functibhs manuscript reviews the literature
concerning the assessment of strength with theo&identifying and describing the most
appropriate method for inferring strength impairtierpara-athletes. It is posited that the
most appropriate voluntary strength assessmentaaétin inferring strength loss in para-
athletes will be multi-joint, isometric tests perfeed at joint angles that facilitate maximum
force production. Evidence suggests such methodipevimit development of tests that are
specific to a variety of para-sports and whichrat@ble, ratio-scaled, and resistant to
training. Future research should: develop spatifis tests which are suitable for
assessment of athletes with strength impairmentaridible severity and distribution; and
scientifically evaluate the extent to which sucstdgoermit strength impairment to be validly
inferred, including specific evaluation of the enttéo which such measures respond to

athletic training.

Keywords: Athletic performance, muscle strength, impairméagk and field
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Introduction

There are 27 Paralympic sports — 22 summer spoddie winter sports — and each of these
sports has its own sport-specific classificatiorstegn for impairments. The purpose of
classification is to promote participation in spbyt people with disabilities by minimising
the impact of eligible impairments on the outconfecompetitiort. There are ten eligible
impairment types in Paralympic Sport; intellectuasual, impaired passive range of motion,
impaired strength, ataxia, athetosis, hypertoiartsstature, leg length discrepancy and limb
deficiency: the impairment on which this paper fesi is impaired strength. Paralympic
classification systems aim to ensure that athletes succeed in Paralympic sport do so
because they have the most favorable combinatioantdiropometric, physiological, and
psychological attributes and have enhanced thenbesst effect through trainifig The
corollary of this aim is that athletes should neteeed in Paralympic sport simply because

they have an impairment that causes less actiwiiydtion than their competitors.

The IPC Classification Code mandated the developroervidence-based classification in
all Paralympic Sports? and subsequently the IPC Position Stand on Cieatin in
Paralympic Sport detailed the scientific principlder achieving evidence-based
classification. The language used in the CodethadPosition Stand is consistent with the
International Classification of Functioning, Disligiand Health and key terms are presented
in Table £. The interrelationship between these terms cafiustrated using the example of
myelomeningocele, which is a health condition tisatharacterised by impairment of the
spinal column and cord (body structures), and fbezeimpairments of muscular strength
(body function), typically in the lower limbs. Thegmpairments have a negative impact on

the execution of activities such as walking, rugnand swimming referred to as activity
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limitations. The extent of activity limitation thatesults from a given impairment is
determined by two things: the activity the persash&s to do (for example, a given loss of
strength in the legs may cause relatively morevigtilimitation in running than in

swimming); as well as the muscles affected (locatb the impairment) and the extent to

which voluntary force production is reduced (selyesf the impairment).

Conceptually, evidence-based Paralympic classifisatrequires methods that permit
quantification of the extent of activity limitaticthat results from an impairménso that if
an athlete with myelomeningocele wished to compethe 50m freestyle, their impairment
could be assessed in a way that permitted themetpldced in a class for athletes with
impairments that caused an approximately equivaerdunt of activity limitation. The aim
of this paper is to review the scientific literauo identify the most appropriate method of

strength assessment for this purpose.
Assessing strength impairment for Paralympic classification

From the outset it is important to recognise theg term “assessing” impairment is not
synonymous with “measuring” impairment becausecairse, it is not possible to directly
measure a loss or absence. Rather, in order tgsafise extent to which a particular body
structure or function has been impaired, extanysbdictures or functions must be measured
and the results used to infer impairment. To it in order to assess the length of lower
leg lost by a bilateral, trans-tibial amputee in@ possible to directly measure the absence.
However principles of body proportionality permitet loss to be inferred based on direct
measurement of the length of other body segmergs taigh, upper arm and forearm) and
recommendations for applying these principles lier purposes of Paralympic Classification

have recently been descriBed
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In the case of strength, the process of infernmgairment or loss is challenging but vital to
address because it a fundamental component ofifedaien in 16 Paralympic of the 27
Paralympic sports. The most valid assessment &r iloss would require a suitable pre-
morbid measure of strength prior to a person’srinpnd this would then be compared to
strength remaining after injury following appropgearehabilitation. However this gold-
standard assessment is rarely available and tmerefi®@ best method for inferring loss
depends on assessing extant strength of each dodivi The consideration of what is
measured should always be taken into context hayeasdf a person is measured after they
were injured but before any considerable athleating has taken place than the measure

would be capturing loss of strength from both imp&int and disuse and sedentary behavior.

Broad principles for a valid method of assessingaimment for the purposes of Paralympic
classification have previously been published, ¢hesing that methods must be: objective;
reliable; precise; ratio-scaled; measure only thectied body structure or function (i.e.
strength); be as training resistant as possiblepansimonious®. These criteria for a test of
impairment have been based on well-accepted th&éoryever, the scientific literature that
underpins the rationale for these criteria andsleges it to the practical development of tests
has not been explored, making this review an ingmbrstep towards identifying tests that can

be used to infer how much strength has been inghaire
General Criteriafor measures used to assess impair ment

The concept of reliability and validity of measumam tools in exercise science is well

known. Reliable and valid outcome measures thatadie scaled are also necessary to allow
the application of inferential statistics such @gression that will enable the quantification of
the relationship between impairment and performaadey requirement of evidence-based

classificatior.
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It is important to consider in Paralympic Sport ttteghletes may present with health
conditions and disabilities that result in the pree of more than one impairment, for
example they may experience loss of strength assl & range of motion and both may
affect their sports performance. Therefore, measah®uld be specific to the condition of
interest, for example in the case of impaired gfitenthe measure should only reflect strength
and be minimally influenced by the presence of oimpairments, such as impaired balance
or range of movemeht This is to ensure the accurate quantificationthef relationship

between the impairment of interest and performamiteout the confounding influence of

other impairment types during the classificatioogass.

The importance of selecting measures that areaasrtg resistant as possible is a key feature
of developing methods of assessing impairment nalfpapic Sport. It is imperative that the
methods used to infer loss in the process of dieason facilitate the development of a
selective classification systeln This means that impairment is used to place @hlato
groups to ensure that an athlete whose prepar&iaptimal improves their chances at
success during competition. The alternative is dopmance-based system, where training
can result in movement between classes, for exant@edicapping in golf or higher
competition grades in football. If athletes weretrmin effectively and this resulted in class
movement, this would be an anathema to ParalympostSThis underlying need to ensure
classification processes reflect the aims and sde&lthe Paralympic movement mean that

methods of assessing strength impairment must traiasg resistant as possible.
Strength training responsesin people with impaired strength

The task of assessing the extent to which a badgtste or function has been impaired is
simplified in some cases as measures used to imfgirment are not training responsive.

For example, in limb deficiency (such as dysmediad amputation) there is no risk of
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training impacting on the assessment process. Where is a loss of muscle strength in the
presence of a complete spinal cord injury, ther@ss no confounding influence of training-
no amount of training will impact on the muscle ¢tion available below the level of a
motor-complete lesion with studies showing siguifit and continuous declines in muscle
mass after injury However, there are a number of health conditibas cause impairments

to muscle strength where the assessment of stremgttbe impacted by athletic trainfiig.

While most of the available literature is not sfieally on athletic populations, studies have
shown increases in muscle strength in patients péttmanent musculoskeletal impairment
following resistance training including polio, cbral palsy and strok&™ In a study in

patients with post-polio muscle atrophy, after pesgive strength training, an increase in
dynamic strength of the upper and lower limbs waseoved but there was no corresponding
increase in isometric strength or in muscle Siz€he authors suggest this was a result of
strength gains arising from neural adaptationspeabaps in this population the remaining

innervated fibers had already undergone maximag¢tgqphy post injury.

Improvements to muscle strength after resistaraeifg in individuals with cerebral
palsy**"*®have been shown, although more literature is sigmpactivity limitations in

this population are likely to result from coordiioat difficulties or as a result of impaired rate
of force development, rather than maximal forcadpmion®®?°. There is considerable
research with stroke patients, with strength tregrdemonstrated to be effective to increase

muscle strength and decrease activity limitatioqmeeience by stroke survivors:?®

This body of literature suggests that the measuneofestrength may be influenced by
training, even in the presence of pathologicallpamed strength. It is likely to vary as a

function of the method of strength assessment tesddtect changes in muscle strength and
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this literature therefore emphasizes the needtermne the best method of strength

assessment for the process of inferring loss ssdiaation.

Methods available to evaluate strength impair ment

The modes of assessment of impairment availabledeananual muscle testing (the mode
currently used in Paralympic Classification), adlas the three most commonly used to
assess strength in the sports sciences and reatdililiterature —isotonic, isokinetic or

isometric measurés

Currently, strength is assessed in classificatieimgs Manual Muscle Testing (MMT)
technique®?®. For the purpose of inferring strength impairmiefitas a number of desirable
gualities (easy to administer, widely utilized ilinical practice, inexpensive), however its
main advantage for use in classification is that ditcome is based on the loss of normal
function. Individuals are rated on whether they gaoduce what is termed as “normal”
resistance (muscle grade of 5). Despite this cdnaépdvantage for inferring loss, MMT has
several important disadvantages which make it tiaisie as a method of strength assessment
for use in evidence-based classification systennstly; while the methods provide valuable
clinical information, their application for sciefiti purposes is problematic because
acceptable inter-rater reliability is extremely fidifilt to achieve in people with
neuromusculoskeletal impairmefftd®> Achieving acceptable interrater reliability for
measures of impairment is a particular challengPanalympic sport because they must be
applied internationally by culturally diverse cldigss. Secondly MMT methods use ordinal
scales which are unsuitable for research which aom$evelop evidence-based methods of

classification as they don't allow the use of iefeial statistics.
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With MMT shown to be unsuitable, the options ofnmdric, isotonic and isokinetic should
be explored. There are two key factors that magxaenined in the literature to determine the
suitability of the different modes, primarily retat to the assessment of maximum force

generating capacity and the specificity of the raessto athletic performance.

Strength is defined as the force generated byahgaction of a muscleThis must be
assessed maximally in classification in order ésslof strength to be inferred. The maximal
voluntary force generating capacity of a muscleaditionally assessed in isometric
contractions, predominantly due to the fundamemriaberty of muscles that dictates that
maximal force occurs at a velocity of z&dnce movement is initiated, force production
can be interpreted as submaximal and a functighefelocity of the movemefit Early

EMG studies confirm the importance of isometrictcactions in assessing maximal muscle
force and there is substantial evidence showirejaionship between the force generated
during isometric contractions and muscle activatian, EMG is linearly proportional to
muscle contractile force). This is important beeamsorder to get maximum voluntary
isometric force, the muscle(s) needs to maximattivated (voluntarilyJ**? The same is not
true in isotonic contractions because other factach as muscle length play a role in the
force generated. Therefore to obtain an estimate of how much theates can be
voluntarily activated, isometric strength measunesthe most useful. It must be considered
that in athletes with neuromusculoskeletal impairtagthe voluntary activation levels in
isometric measures may be impaired, with some relseaiggesting this may be by up to
50%, and has been demonstrated in cerebral paiskesand multiple sclerosis. Whie the
evidence in not available in impaired populatiditerature has shown that resistance training
may improve maximum activation levels in non-disabindividuald®, so while it is unlikely

to be feasible to assess activation deficits ircthssification process, considerations for
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trainability of isometric measures developed fa plurpose of classification must be taken

into account in future research.

The second factor that may assist in the deteriomatf the most useful measurement mode
relates to training interventions and specificifiae principles of specificity suggest that the
stronger the relationship that is shown betweeneasure and a performance outcome, the
more relevant it is to reflect changes in strerifgétt occurs with trainirfd and this has been a
focus of considerable literature in non-disabledlesés. To be valid for inferring loss in
classification however; measures should be asitiiresistant as possible, therefore the
literature which has shown a weak relationship ketw strength modes and athletic

performance would be the most useful for the purmdsclassification.

In the absence of literature specific to para-é#islethe non-disabled sport science literature
has consistently shown strong relationships betwesmous isotonic tests and athletic
performance than any other mode. Mahler found eetadion of 0.89 between isotonic tests
and sprint performant&and Murphy found a correlation of 0.86 betweertdsiz tests
(bench press) and seated shot put perfornian&udies that have examined isokinetic
strength and performance have been varied with sesearchers finding strong correlations
(r=0.93) for isokinetic knee extension assessmedtsarint performanééand others finding
only moderate correlations between isokinetic kewension and sprint spe&dSome have
found no significant correlations between isokinetssessment (knee flexion and extension)
and sprint performante® and researchers have indicated that test velquitys a

significant role in these discrepancies.

Studies investigating isometric strength and pertorce have shown weak but significant
correlations between isometric strength and thrgvpierformance (r= 0.11 to 0.5%)as well

as similarly poor relationships between isometricersgth and sprint performariéé’
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Kollock demonstrated a highly variable relationshgtween isometric single joint strength
and functional performance on sports-related tasks as hoppiffg This body of literature

suggests that isotonic and isokinetic tests cadigt show stronger relationships to
performance than isometric tests and in an atht=irdext are therefore likely to be more
training responsive and less appropriate for digaasion. This has yet to be fully explored in

athletes with disabilities and should be a foculitafre research.

Training literature also contributes, with reseashbwing that training 1RM squats improved
strength of a 1RM squat by nearly 75% after 8 wek&w/ever training with an isometric leg
press only increased 1RM squat strength by 25%\irtlg the 8 week training peridtand
there are similar studies noting that strengthning induced changes in weight lifting
strength may be unrelated to changes in isomstrangti*. Sale et al reported that 19
weeks of isotonic training three times a weekeased 1RM leg press strength by 29% but
isometric knee extension strength did not signifisachangé®. These studies indicate the
training resistance of isometric measures and sighat isometric methods of assessment
may prove useful in classification, provided reshas able to determine similar outcomes in
athletes with impairments. It will be of great inmf@nce to ensure this research is performed
across the spectrum of impairment as the potemngisability of isometric outcome measures
may relate to the severity of the impairment in iaoid to the presence of multiple

impairment types.
Enhancing validity through specificity of strength assessment

The literature indicates that isometric tests appeaave the most validity for the purpose of
inferring loss of muscle strength in Paralympicssléication, given they appear to be the
most training resistant of the modes and accuradsigess maximum force generating

capacity of the muscle. The development of furtttaracteristics of tests that may be valid
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for use in classification should reflect other l@iteria in assessing impairment, including
the need for tests that are relevant for performaReatures that may enhance the specificity
of isometric tests to allow more of the variance performance to be explained were
identified and reviewed including; the selectionjaihts involved in a test, the number of
joints involved, the joint position employed, ame toutcome variables selected for use in an

isometric test.
Determination of Joints involved

Ensuring specificity in the development of testsdiassification is imperative, for example;
elbow extension strength will impact wheelchairimgcperformance but ankle strength will
not, however if the activity of interest is runnitiys example is then reversed. To develop
tests of strength impairment, the biomechanicakefgth) determinants of athletic
performance should be clearly identified and testgeloped for different events that reflect
these determinants. This is a well-known concepiort science, where biomechanists and
coaches strive to identify key factors that wiltiopze performance, some key examples of
this are presented in a review of Paralympic spgsearch needs in biomechariésin the
context of classification it is essential that K&y muscle groups or joints for performance of
an activity are identified and subsequently asskssa strength test battery to ensure that the

tests are relevant to the activity of interest.
Number of joints involved in test

Research has indicated that strength methods $leasingle joint assessments have a weaker
relationship with functionali’. While traditionally, isometric and isokinetic &dties utilize

less joint involvement than isotonic tests, botm dae implemented using multi-joint
procedures. Isometric tests using multiple jointsveh been shown to have stronger

relationships to athletic performafieespecially when the most specific positions aredu
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and the muscles contributing to the force productwme representative of the activity of
interest®*°. Multi-joint tests will enhance the variance inrfeemance that is explained by

the measures, enhancing the validity of the testage in classificatidh
Joint Position

Isometric strength assessment varies considerabdy fanction of joint angle. Murphy and
colleagues showed a higher peak force during anesic bench press at an elbow angle of
120 degrees compared to an elbow angle of 90 d&§rée the bench press is a multi-joint
activity the difference here may also be explaibgdlifferences in joint moment arms, not
simply muscle lengft. Similarly, in the lower body, studies have shaetal leg extension
strength to be higher at a knee angle of 120 @sgiean 90 degre®slt is unknown whether
varying presentations of impairments will impact thie expression of maximum isometric
force at different joint angles in para-athleteswaver until more research is performed, the

principles behind joint position in non-disabletilates should be applied.

Research has shown that joint angle may also inthaatelationship of the strength measure
to athletic performance. Murphy and colleagues dtbthat while peak force in a maximum
voluntary contraction (MVC) could be generated misometric contraction similar to a
bench press activity at an elbow angle of 120 degyrihe relationship between the isometric
strength and bench press performance was much rhighen the elbow angle was 90
degree¥. The authors suggested this may be a result fefrdifces in motor unit recruitment
patterns and differing muscle mechanics at varjoirg angles® and is a consideration when
designing protocols that explain maximum variantathletic performance. This literature
indicates the importance of standardized positiwhsn implementing isometric protocols in
a classification context, given the significant sap of joint angle. From a classification

perspective, the imperative to measure maximumefqgoduction capabilities is of the
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utmost importance and therefore joint positionsusthde established based on maximum
force, however the position chosen should be withm joint angles used in the sport of

interest, to enhance specificity.

Outcome measures of isometric assessment

Outcome variables used in the literature of isommettrength protocols report maximum
voluntary contraction force (MVC) and/or the rateforce development (RFD) achieved
during the test. A maximum voluntary contraction®) may be obtained through isometric
protocols that apply force gradually or alterndiiyeas rapidly as possible, with the
difference in these measures impacting on the owtceariable of rate of force development
(RFD). For classification purposes, the key outcangasure required is the MVC value and
the literature has varied as to whether this vausignificantly different depending on the
instructions used during testifig* A more relevant question to indicate the impaéanf
MVC protocols in classification relates to the tieda validity of the measure to performance.
Studies have shown stronger relationships betwesamatric strength and athletic
performance when the relationship between perfoomaand RFD has been assessed, as
compared to MVC®>*® Viitasalo and Aura reporting a very strong catiein (r=0.9) for an
isometric leg extension test with rapid force gatien when RFD was compared to vertical
jump height®> . West and colleagues showed that when isomesa& MVC is compared to
dynamic performance, relationships are weaker, kewahen force-time data is used it
shows a stronger relationship to dynamic perforrednd.iterature suggests that this is
because force time characteristics of isometrengfth are more reflective of neuromuscular
adaptations that may correlate better with dyngpeidormance than isometric peak force.
This literature suggests that MVC should be thea@ue measure of interest in isometric
tests for the purpose of classification rather ti#D given that measures that have a
stronger relationship to athletic performance éely to also be more training responsive.
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Given that the RFD outcome is not required and liteeature has shown inconsistencies
related to whether fast or slow force applicati@sults in higher MVC’s, participant
instructions in isometric strength tests for clésation should encourage a slow to moderate
build-up of force to maximum during the test. Sasdhave suggested verbal encouragement

can considerably improve MVC results and shoulihblided in the protocd.
Recommendations

A systematic approach to selecting strength assegsmethods for use in classification is
required. Valid measures of inferring loss of siténin classification should measure
maximal force generating capacity and be as trgingsistant as possible, therefore the
literature indicates that the development of isommeé¢sts will be the most valid for this

purpose.

To ensure the validity of the isometric protocagps should be taken to improve the sport
specificity of the test battery to athletic perf@amee. The principal muscle groups used in the
event or sport of interest must therefore be idiedti The synthesis of the literature also
suggests that isometric tests should be performealiti-joint positions at standardised joint
angles that are allow maximum force production ithwnstructions given to participants to
develop force slowly as these characteristics witisure elements of specificity are
addressed. Additionally, the outcome of MVC shdutdused for analysis and tests should be

conducted with strong verbal encouragement byreste

Future research is imperative to develop and etalsach test batteries on athletes with
disabilities, however there is promising evidengethie literature on non-disabled athletes
that suggests that test batteries developed inviaig may suit the criteria for a test of
impairment®. A study on wheelchair athletes has also indicéted these principles would

hold in athletes with impairments, with a study Tiyrbanski and Schmidtbleicher showing
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improvements to both isometric and isotonic strieradter 8 weeks of heavy strength training
but a greater percent change was shown in dynanticites when compared with the
isometric multi-joint te€f. An example of a test developed for running everight be one
such as presented in Figure 1, an isometric testravforce is applied in a standardized
position to a force transducer, simultaneously €ssg, hip and knee extension (known to be
determinants of running performanteh a position that is maximizing force productiora

range of motion that is utlised during the runréwgon.

Research is required to develop and evaluateugi$tthese features and determine their
reliability, as well as their relationship to atiideperformance in athletes with disabilities to
determine the impact of impairment on activity liation. Importantly, research is also
required that assesses the response of these e®&sathletic training, as despite the intent
being to develop tests that are training resistarntifying the degree of training response
would further validate the use of these tests endlassification process. This important
consideration needs to incorporate study sampésriblude variance in impairment severity
as the classification process will be requiredhferi loss of strength across the whole
spectrum, and this assessment must be stableimeeregardless of changes in sports
performance- this will mean that classification eghieve its purpose and that for a given
level of impairment, athletes can train to imprdiveir performance and be as successful in

Paralympic Sport as possible.
Conclusions:

* Assessment of muscle strength in Paralympic Sphonld be conducted with the aim

of inferring loss of muscle strength as a resul gbndition.

* Isometric, multi-joint measures that include keyseia groups should be developed

to provide a valid method of inferring loss of miesstrength in Para-athletes
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* Future research will be required to evaluate thmitng resistance of methods that are

developed and to validate the concepts that wenerdfrom the non-disabled

literature.
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542

543 Table 1. Definitions for ICF terms that are used iclassification context

ICF term Definition

Health condition Diseases, disorders and injunesaxe classified in the
International Classification of Diseases, 10™ Revision, not in the
ICF. Cerebral palsy, spina bifida and multiple scleyase
examples of health conditions

Body structures Anatomical parts of the body sugbrgans and limbs and their|
components. The body structures of central conicern
Paralympic sport are those related to movementratalde the
motor centres of the brain and spinal cord, as asthe upper
and lower limbs

Body functions Physiological functions of body gyss (eg; cardiovascular
functions and sensory functions). The body fundiohcentral
concern in Paralympic sport are neuromusculosKdlatation,
visual function and intellectual function

Impairments Problems body function and structuah ss significant
deviation or loss. A person with a contracturéhatright elbow
would
be described as havimgpaired range of movement.

Activity The execution of a task or action by adiindual. The term

activity encompasses all sports-specific movement, including
running, jumping, throwing, wheelchair pushing, stiog and
kicking

Activity Limitation Difficulty a person may have iexecuting an activity. In
Paralympic sport activity, limitations refer to fitilty executing
the sports-specific movements required for a padrcsport.
Running is a core activity in the sport of athletand a persc
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550

who has difficulty running is said to have autivity limitation in
running.

Figure 1. Example of a test of strength that inocages key muscle groups for running in a

standardised position (hip angle of 60 degreeskard angle of 120 degrees) where force is

applied slowly to the force transducer in an isamodashion to obtain maximal voluntary

strength.
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