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HOW TO PERFORM CLASSIFICATION RESEARCH

Step 1: Identify sport and impairment
type(s)

Step 2: Develop model of
determinants of sport performance

Step 3a: Develop measures of Step 3b: Develop measures of
impairment (determinants of) performance

Step 4: Assess the impairment-
performance relationship

Step 5: Determine minimum
impairment criteria and class profiles
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HOW TO PERFORM CLASSIFICATION RESEARCH

Step 3a: Develop measures of Step 4: Assess the impairment-
impairment performance relationship
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HOW TO PERFORM CLASSIFICATION RESEARCH

Step 1: Identify sport and impairment [Eallgl[SIi[ef5
type(s) (Wheelchair racing)
- Muscle strength

Step 2: Develop model of
determinants of sport performance

Step 3a: Develop measures of Step 3b: Develop measures of
impairment (determinants of) performance

Step 4: Assess the impairment-
performance relationship

Step 5: Determine minimum
impairment criteria and class profiles
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Step 2: Develop model of
determinants of sport performance

- Some key muscle groups, positions and actions from published literature and
some from expert opinion in Delphi study



Step 3a
Theoretical foundations first....
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Assessing muscle strength for the purpose of classification in
Paralympic sport: A review and recommendations
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functions.

towhich a given body structure or

function has been impaired are required, but are challenging because it is not possible to directly measure
an absence or loss. Rather, impairment must be inferred by measurement of extant body structures or

Methods: This manuscript reviews the literature concerning the assessment of strength with the aim

imkp-crfunmim :ﬁiT&m and describing the most appropriate method for inferring strength impairment in para-
1‘:““:,‘:,:::‘5&‘ Results: 1t is posited that the most appropriate voluntary strength assessment method for inferring
Track and fisld strength loss in para-athletes will be multi-joint, isometric tests performed at joint angles that facilitate
maximum force production.
Concfustons: Evidence suggests such methods will permit development of tests that are specific to 2 vari-
ety of para-sports and which are reliable, ratio-scaled, and resistant to training. Future research should:
develop sport-specific tests which are suitable for assessment of athletes with strength impairments
of variable severity and distribution; and scientifically evaluate the extent to which such tests permit
strength impairment to be validly inferred, including specific evaluation of the extent to which such
measures respond to athletic training.
© 201& Sports Medicine Australia. Published by Elsevier Ltd. All rights reserved.
1. Introduction simply because they have an impairment that causes less activity

There are 27 Paralympic sports — 22 summer sports and five
winter sports — and each of these sports has its own sport-specific
classification system for impairments. The purpose of classifica-
tion is to promote participation in sport by people with disabilities
by minimizing the impact of eligible impairments on the outcome
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limitation than their competitors,

The IPC Classification Code mandated the development of
evidence-based classification in all Paralympic Sports.” and subse-
quently the IPC Position Stand on Classification in Paralympic Sport
detailed the scientific principles for achieving evidence-based clas-
sification, The language used in the Code and the Position Stand is

X il Flarnif .

S— ire Tl

- itk b

Measures of impairment

- objective

- reliable,

- Precise

- Ratio scaled

- specific to the impairment of interest
- parsimonious

(ie, account for the greatest possible
variance in

sports performance),

- and, as far as possible, be resistant to
the effects of trainin
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...then protocol

development and

evaluation

Relevant to
determinants of
performance

Assess reliability
Assess relationship to

body size

Develop normative

values
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Novel Strength Test Battery to Permit Evidence-Based
Paralympic Classification

Emma M. Beckman, PhD, Peter Newcombe, PhD, Yves Vanlandewijck, PhD, Mark J. Connick, PhD,
and Sean M. Tweedy, PhD

Abstract: Ordinal-scale strength assessment methods currently used
in Paralympic athletics classification prevent the development of
evidence-based classification systems. This smdy evaluated a battery
of 7, ratio-scale, isometric tests with the aim of facilitating the
development of evidence-based methods of classification. This study
aimed to report sex-specific normal performance ranges, evaluate
test-retest reliability, and evalate the relationship between the
measures and body mass.

Body mass and strength measures were obtained from 118
participants—63 males and 55 females—ages 23.2 years+3.7 (mean
+8D). Seventeen participants completed the battery twice to
evaluate test-retest reliability. The bedy mass—strength relationship
was evaluated using Pearson correlations and allometric exponents.

Conventional patterns of force production were observed. Reli-
ability was acceptable (mean intraclass correlation =0.85). Eight

had d significant correlati with body size (r=
0.30-61). Allometric exponents were higher in males than in females
{mean 0.99 vs 0.30).

Results indicate that this comprehensive and parsimonious battery
is an important methodological advance because it has psychometric
properties critical for the development of evidence-based classifica-
tion. Measures were interrelated with body size, indicating further
research is required to determine whether raw measures require
normalization in order to be validly applied in classification.

(Medicine 93(4):e31)

Abbreviations: 1CC = intraclass correlati IPC = International
Paralympic Committee, MMT = manual muscle testing, SEM =
standard error of the mean.

INTRODUCTION

total of 2.78 million tickets were sold to the London

Paralympic Games, making the Paralympic Games the
world’s third biggest sporting event, after the Olympic games
and the FIFA World Cup. The movement is genunely global
—174 countries have National Paralympic Committees—and
participation 1s increasing, with >6000 internationally regis-
tered athletes in the sport of athletics alone.'

Classification systems are integral to Paralympic sport,
being used to determine eligibility and control for the mpact
of eligible impairment types on the outcome of competition.”
Valid classification systems facilitate competition in which
the athletes who succeed are not simply those who have less
severe impamrments than their competitors, but those who
have the most favorble combination of athletic attributes
and have enhanced them to best effect.

Classification that is not valid or that is not perceived to
be valid poses a significant threat to Paralympic sport. At the
elite level, the legitimacy of an individual's compettive
success or athletic achievement can be significantly dimin-
ished by the perception that they are in the wrong class, with
the potential for considerable personal and financial costs, as
well as for discrediting the movement. At the grss-roots
level, a classification system that is perceived to be unfar
will discourage participation among people with disabilities,
rather than achieve the goal of increasing it.

Evidence-based decision making in classification is an
essential means of enhancing classification validity, but
evidence underpiming current methods of classification is
weak. In 2007 the International Paralympic Committee (IPC)
mandated the development of evidence-based methods of
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Step 3b: Develop measures of

(determinants of) performance

Wheelchair racing

Acceleration
Top speed

Custom built ergometers
Athletics Track



Step 4: Assess the impairment-

performance relationship

Trunk Strength Effect on Track Wheelchair
Start: Implications for Classification

YVES C. VANLANDE\EIJ{_‘K', JOERI VERELLEN', EMMA BECKMAN?, MARK CONNICK?,
and SEAN M. TWEEDY"

'Faculty of Kinesiology and Rehabilitation Sciences, Katholieke Universiteit Leuven, Leuven, BELGIUM;
and *Sehool of Human Movement Studies, The University of Queensland, Brishane, AUSTRALIA

ABSTRACT

VANLANDEWUICK, Y. C, J. VERELLEN, E. BECKMARN, M. CONNICK, and 5. M. TWEEDY . Trunk Strength Effect on Track
Wheelchair Start: Implications for Classification. Med Sci Sports Everc, Vol 43, No. 12, pp. 2344-2351, 201 1. Purpose: The T54
wheelchair racing class comprises athletes with normal arm muscle strength and trunk strength ranging from partial to normal. Para-
Iympic sports classes should comprise athletes who have impairments that cause a comparable degree of activity limitation. On the basis
ofthis caterion, the purpose of this study was to determine whether the T34 class is valid by assessing the strength of association between
trunk strength and wheelchair acceleration. Methods: Participants were 10 male and 3 female international wheelchair track athletes
with normal arm strenigth. Six were clinically assessed as having normal trunk strength, and seven had impaired trunk strength. Mea-
sures included isomettic arm and trunk strength and distance covered at 1, 2, and 3 s in an explosive start from standstll on a
regulation track, as well as on a custom-built ergometer with four times normal rolling resistance. Results: Mo significant differences
were ohserved between male athletes with and without full trunk strength in distance covered afier 1, 2, and 3 5. Correlations between
ispmetric trunk strength and wheelchair track acceleration were nonsignificant and low (0.27-0.32), accounting for only 7%-10% of
variance in performance. Correlations between trunk strength and distance pushed under high resistance were also nonsignificant,
although vahies were almost double (¢ = 0.41-0.54), accounting for 18%-28% of the vanance in performance. Conclusions: These
resulis provide evidence that impairment of trunk strength has minimal effect on wheelchair acceleration and indicate the T54 class is
wvalid. Results do not infer that athletes with no trunk strength should compete with those who have partial or full trunk strength.
Key Words: ATHLETICS, ACTIVITY LIMITATION, IMPAIRMENT, PARALYMPIC, RACING

endorsed extensive revisions of the IPC Athletics Clas-

sification System, which will be implemented after the
2012 London Paralympic Games (10). The stated purpose of
the revised system is consistent with the IPC position stand
on classification in Paralympic sport—to promote partici-
pation in sport by people with disabilities by minimizing the
effect of impairment on the outcome of competition (10,11).

In 2009, the International Paralympic Committee (IPC)

normal trunk control ... Equivalent activity limitation to per-
son with complete cord injury between cord level T8-S47
(10). To determine whether the T54 class achieves its in-
tended purpose—to minimize the effect of impairment on the
outcome of competition—requires evaluation of the effect
that reduced trunk muscle power has on wheelchair racing
performance: if reduced trunk muscle power has minimal
effect, then the class will achieve its purpose; if it has a large




Step 4: Assess the impairment-

performance relationship

Wheelchair performance

Isometric strength

Cluster analysis of novel isometric strength measures
produces a valid and evidence-based classification
structure for wheelchair track racing

Mark ] Connick,' Emma Beckman,' Yves Vanlandewijck,” Laurie A Malone,?

Sven Blomaquist,* Sean M Tweedy'

ABSTRACT

Background The Para athletics wheelchair-racing
dassification system employs best practice to ensure
that classes comprise athletes whose impairments cause
3 comparable degree of activity limitation. Howaver,
decision-making is largely subjective and sdentific
evidence which reduces this subjectivity is required.

Aim To evaluate whether isometric strangth tests wers
valid for the purposes of dassifying wheelchair racers
and whether duster analysis of the strength measures
produced a valid dassification structure.

Methods Thirty-two international level, male
wheelchair racers from classes T51-54 completed six
isometric strength tests evaluating elbow extensors,
shoulder flexors, trunk fiewors and forearm pronators and
twi wheelchair periormance tests—Top-Speed (0—15m)
and Top-5peed (absolute). Strength tests significanthy
comelated with wheeldhair performance were included in
a Cluster analysis and the validity of the resulting dusters
Was assessod.

Results All six sirength tests cormelated with
performance {r=0.54-0.88). Cluster analysis yielded
four clusters with rezsonable owerall structure (mean
silhovette coeffident=0_58) and large intercluster
strength differences. Six athletes {19%) were allocated
tio clusters that did not lign with their current dass.
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The purpose of these classes is to control for the
umpact of impairment on the outcome of wheelchair
track races, so thar the athletes who sucoced will be
thoss with the most advantageous combination of
physiological, psychological and anthropometric
artributes.' Conceprually, this requires classes thar
each comprise athlet=s with imparments that cause
a simular degree of acovity lutation w wheelchaur
racing. Accordingly, dass profiles reflect a logical
hierarchy (table 1). Class T51 is for achletes with
mpairments causing the greatest actvity limatation.
These athletss ypically have significant sorength
umpairments in all of the muscls groups raguirsd
for opamal wheelchair propulsicn, thess being the
shoulder flexors/adducrors, the elbow extensors,”
wrist pronators® and possibly the tunk flexors®
The hierarchy progresses te T54 in which Impair-
ments result n minimal actvity limication o wheel-
chair racng {eg, below knee amputanon or L4 SCI).

Class allocation for athletes with a motor-com-
pleee SCI is relanvely straightforwrard becanss their
umpawrment profile will be an exact macch for one of
the class profiles in table 1. However, an I0creasing
pumber of athletes have impairment profiles which
are not an exact march for any one profile, such as
umpairment profiles resulting from motor-incom-
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Connick, M. J., Beckman, E., Vanlandewijck, Y., Malone, L., Blomqvist, S. and Tweedy, S. Novel isometric strength measures produce a valid and
evidence-based classification structure for wheelchair track racing: A cluster analysis. British Journal of Sports Medicine




Theoretically... Or QuERSLAND

Performance

Impairment
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Results: Silhouette analysis of k-means
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cluster outcomes and current classes

« Silhouette analysis for k-means clusters was superior to the
current classes

Mean
Silhouette
coefficient
=0.58
(good)

k-means clusters

N=4]

] 02

0.4

06
Silhouette Yalue

0.8

Mean
Silhouette
coefficient
=0.32
(weak)
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Current classes
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Based at the Australian Institute of Sport

“Towards evidence-based classification for runners with

brain impairment in World Para Athletics”
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HOW TO PERFORM CLASSIFICATION RESEARCH

Step 3a: Develop measures of Step 4: Assess the impairment-
impairment performance relationship
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HOW TO PERFORM CLASSIFICATION RESEARCH

Step 3a: Develop measures of Step 4: Assess the impairment-
impairment performance relationship
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Impact of training on measures O ot

Do measures of impairment developed for the purposes of
classifying Para swimmers change in response to
“ - performance focused swimming training?
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Impairment Specific training assessment 0 B

Movement Activit

Characteristic Running Sidestep Test Countermovement  Standing  Triple Hop Four 10 m Running Split
Jump Broad for Bounds for ~ Speed in Place  Jumps
Jump Distance Distance Skip
v v v %
Dynamic balance v v v v v v v v
v v v v v v v Y
v v v v v v v o
v v v v v v o
v v v v v v v
Whole body coordination v v v v v v v
Table 3 Relationship between the criterion activity 7
limitation test (30 m sprint) and tests of activity limitation
(n=67)
Correlation with sprint
performance
Running in place 0.19
10 m skip 0.67*
Split jumps 0.35%
Standing broad jump (adjusted) —0.82*
Four bounds (adjusted) —0.80*

*Correlation is significant at the 0.05 level (2-tailed) |
These tests have been introduced into WPA classification for runners with Brain
Impairments as of 2019. All athletes classified must undergo these tests

Beckman, E.M., Tweedy, S.M. (2009) Towards evidence-based classification in Paralympic athletics: evaluating the
validity of activity limitation tests for use in classification of Paralympic running events. BJSM
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Impairment ISTATS Performance




Impairment Specific training assessment

tests

Strength data Class (vec) Class (mat)
Load ISTATs
2.
St.Pronation We.Pronation
(N) (N) Isol Trunk (N} St Push (N) We Push (N}  Tr+Arm (N)
130 120 290 450 360 410
3.
Predict class
LDA ANN k-NN
Predicted Class: 3 3 4
Probability class 1: 0 0 0
Probability class 2: 0 0 0
Probability class 3: 0.54 1 0.45
Probability class 4: 0.46 0 0.55
4
EEtUiLLSr:]—:T Predicted ISTAT: Lower prediction interval:

Regress strength on ISTAT
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