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(Classification) Research 

• Comparison of 

• End Race Result (Wu & Williams, Daly & Vanlandewijck, 

APAQ, 1999)

• Race components (start, turn, finish) (Daly et al, APAQ, 

2001; Malone et al. MSSE, 2001; Pelayo et al. MSSE, 1999)

• Medals per impairment group (Wu & Williams, APAQ, 

1999)

• Swim Specific Physical Characteristics (Chatard et al. 

IJSM, 1990; Pelayo et al. EJAPOP, 1995)

• Performance determining biomechanical factors 



CLASS S8/10

Amputees Para or Polio

Hemi or Diplegia Joint restriction



Functional Classification Process

WATER

I. Comparison with Profile in Manual

II. Observation during competition



Criteria for Classification Fairness

(end race result)

1.  The speed of the world records should show 

a predictable decrease with decreasing 

functional class. 

2.  Race performances of the best swimmers 

should clearly discriminate among classes. 
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The speed of the world records should show a 

predictable decrease with decreasing functional class
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Comparison of Race Results Among Classes: Medley

Performance 

decreases as expected

with Class

Not all differences 

are significant

Exceptional 

performances are found



Race parts: 200-m Medley: 

End Results = start+swim+turn+finish

START (7.5%)

SEGMENT 1

BUTTERFLY 

(5%)

SEGMENT 2

BUTTERFLY (8.75%)

TURN IN 

(1) 

(3.75%)

RACE LAP 1

TURN IN (2) 

(3.75%)

SEGMENT 4

BACKSTROKE (8.75%)

SEGMENT 3

BACKSTROKE (8.75%)

TURN 

OUT (1) 

(3.75%)

RACE LAP 2

TURN OUT 

(2) (3.75%)

SEGMENT 5

BREASTSTROKE (8.75%)

SEGMENT 6

BREASTSTROKE (8.75%)

TURN IN 

(3) 

(3.75%)

RACE LAP 3

FINISH 

(2.5%)

SEGMENT 8

FREESTYLE (10.00%)

SEGMENT 7

FREESTYLE (8.75%)

TURN 

OUT (3) 

(3.75%)

RACE LAP 4

5m                       15m                       25m                                                    45m



Scientific Service = Race Analysis

Rate = time for 4 arm cycles (e.g. crawl = right hand – Right 

hand)

Speed = time over 10m 

(reference = head)



Race speed and stroking models are similar

in all classes and between populations

Stroke Length and Speed in Men and Women
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Stroke Length in male Paralympic 100m finalists
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Relationship between Stroke Length and Speed is 

only clear in higher classes (Crawlstroke)

Olympic
swimmers

Classes S2 – S10



Stroke Rate in Paralympic 100m Free Finalists
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BREASTSTROKE IS DIFFERENT?

Stroke Length And Speed in 100m Breast
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Compare the specific functional abilities among classes 
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Osborough et al, 2009 & 2010



Arm co-ordination (Maglischo)



Stroke Rate in Arm Amputees (Osborough et al, 2009)
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Arm co-ordination (Maglischo, Chollet, Seifert)

Catch up <0

Opposition =0

Supposition > 0



Arm co-ordination (100m race speed)

Group Class IdC (%)*
V 

(m/s)

Length 

(m)

Rate 

(st/min)
Points

I (4) 5.5 <-1.09 0.86 1.4 36.71 641

II (9) 7.67 0 - +8 1.13 1.85 36.36 814

III (5) 6 +12 - +28 0.98 1.42 40.05 846

No relation between IDC and SL or SR, Slight

relation with relative performance

Disability swimmers use similar IDC to 

able bodied?

Satkunskiene et al (2005). Coordination in arm movements during crawl stroke in 

elite swimmers with a loco-motor disability. Human movement science, 24(1), 54-65.



Means and SD of adapted IDC (IdCadpt), and IDC for both the 

affected (IdCaff) and unaffected (IdCun) arms for 13 crawl swimmers

Percentage of maximum swimming speed (M SD)

80 85 90 95 100

G.M. (n = 

13)

IdCadpt (%) -16.5 4.5 -16.6 5.9 -17.3 5.6 -17.5 5.3 -17.3 5.2

IdCaff (%) -24.0 8.5 -24.1 8.8 -23.8 8.5 -24.1 7.7 -24.3 9.1

IdCun (%) -9.0 9.8 a -9.1 10.4 a -10.8 9.5 a -10.8 8.8 a -10.2 8.7 a

Note 1: a Differences between IdCaff and IdCun are statistically significant (p < 0.01).

Affected side = considerably more Catch-up

No change with increased speed

Osborough at al (2009). Relationships between the front crawl stroke parameters of competitive unilateral 

arm amputee swimmers, with selected anthropometric characteristics. Journal of applied biomechanics.



Relative arm stroke phase durations for both the affected and unaffected 

arms

Affected side



As a consequence of being deprived of an 

important propelling limb, at fast swimming 

speeds SF is more important than SL in 

influencing the performance outcome of these 

single-arm amputee swimmers. 

Take Home Message



Passive drag testing

 

vR = constant 

PSTT 

swimmer 

camera 



Passive drag at race speed

R2 = 0.3729

R2 = 0.0794
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Passive drag(1m/s) vs race speed 

R2 = 0.0465

R2 = 0.1897
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•Drag decreases with class but the variablity is equal over speed. 

•Propulsion more related to speed than drag but drag easier to decrease



Research Question

100-m free Paralympic competitors with a loco-motor 

disability all use similar speed and arm stroking race 

patterns (Daly et al. 2003). 

Do trained and experienced Intellectual Disability 

swimmers generally adapt these patterns?



Mid-pool speeds for 5 groups of 100-m freestyle

championship finalists
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Experience: race speed pattern
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Stroke length per race segment for 5 groups of 100-

m freestyle championship finalists
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Race speed in 100-m Breast (50m)

Mid Pool Speed in 100m Breast Finalists
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Within Race Speed changes in 100m Breaststroke
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Turn Speed in Olympic Breaststroke Finalists
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Relative Performance

1. ID swimmers are relatively poor in 

100m fly (explosive strength)

2. ID women are less good than ID men.



Body Structure Flexibility and Strength compared to European Elite

ID swimmers have poor static strength



Turning problems in ID swimmers



Computer simulation model of the swimmer 

developed.

Driven by real kinematic data from 3D video 

analysis.

Model is personalized to the swimmer by 

scanning in body segments.

Propulsive and drag forces are calculated 

based on model input.

In near future, may help find the optimal 

solution for each swimmer.

* LIMITED to one hand movement

* Large financial investment

* Critical Mass may not be present

Computational Fluid Dynamics (CFD) analysis

J Biomech. 2008 Sep 18;41(13):2855-9. 

Using reverse engineering and computational fluid dynamics to investigate a lower arm amputee 

swimmer's performance. Lecrivain G, Slaouti A, Payton C, Kennedy I.

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kennedy%20I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lecrivain%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Slaouti%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Payton%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kennedy%20I%22%5BAuthor%5D


Optimizing kick rate and amplitude for Paralympic swimmers 

via net force measures FULTON et al. 2011 JSS

• Determine optimum kick characteristics, 12 Paralympic swimmers aged 

19.8+2.9 years (mean+s) were towed at their individual peak freestyle 

speed. 

• Conditions (i) a prone streamline glide for passive trials and (ii) maximal 

freestyle kicking in a prone streamline for active trials at different speeds 

and kick amplitudes. Kick rate was quantified using inertial sensor 

technology. 

• Speed was assessed using a novel and validated dynamometer, and net 

force was assessed using a Kistler force-platform system. 

• When peak speed was increased by 5%, the active force increased 

24.2+5.3% (90% confidence limits), while kick rate remained at *150 kicks 

per minute. 

• Larger amplitude kicking increased the net active force by 25.1+10.6%, 

although kick rate decreased substantially by 13.6+5.1%.

• The kick rate and amplitude profile adopted by Paralympic swimmers are 

appropriate



The Influence of Swimming Start Components for Selected 0lympic and 

Paralympic Swimmers, Burkett et al. 2010 , J. Applied Biom.



• Successful crawl swimming depends on body roll along 

the longitudinal axe.

• Sufficient core trunk stability is needed to balance out the 

forces generated by the upper and lower extremities.

• Various theories on how a swimmer generates and 

controls the body roll.

– From those theories it can be expected that a single leg 

amputee will show different result from a swimmer using 

both legs

Lower trunk muscle activity during crawl 

swimming in a single leg amputee



• One above knee amputee (right) swimmer and one Olympic 

triathlete swam 25 m fast with two beat kick, 6 beat kick and no 

kick.

• Roll of the hips was measured as well as lateral velocity of the hip 

and compared with arm position.

• Using wireless surface EMG units, (KINE©) activity was recorded 

from the right and left Erector Spinae (ES) and the right and left 

Rectus Abdominus (RA). 

Method



• In the arm cycle the glide phase was shorter for S9

• S9

– R32% L26%

• Tri

– R44% L49%

Result - arm cycles

Both swimmers had shorter glide to the opposite side of their preferred 

breathing side, even though they did not breath 



Results - body roll and muscle activity

• Both swimmers roll less at highr speed

– S9 swimmer rolls more to the right side (amputated 

side)

• S9

– L26° - R50° L21° - R28°

• Tri

– L23° - R25° L18° - R20°

• Clear muscle pattern is observed in ES for both 

swimmers but not so clearly in RA

– More roll = more muscle activity in ES



• For both swimmers the maximal muscle activity in ES happens just 

before the maximal roll on the same side

• Activation period is longer on the left ES, for the S9

• The right RA “seems” to be working harder than the left.

Results - body roll and muscle activity
EMG chart for S9



Result- raw EMG for S9



Discussion

• There is a clear difference between the amputee 

swimmer and the triathlon swimmer in:

– Body roll, SR, cycle phases and muscle activity

• There are many good studies on single arm amputated 

swimmers, but fewer on single leg

• This study shows that there is clearly a room for 

research on these elite athletes



Is Competition: therapeutic???
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• In free and breast, the relation between start speed and end race 

result are highest in class S(B)6 where the greatest mix of in and out 

of water starters occurs. 

• S(B)6 is, in fact, the only class in which start speed correlates with 

end race result in all strokes. 

• It therefore seems reasonable to encourage all swimmers to use a 

block start when possible. 

• Systematic check of the start time by the coach will of course 

indicate what is best for each particular swimmer.

Important points to think about



Important points

• In the functional classification system, the same number of points is 

given to starting and turning. But as race distance increases, the 

number of turn’s increases but there is always only one start. 

• A new classification system for distance freestyle events could 

therefore be suggested.



• Evaluation of performance serves to combine similar classes and 

reduce the number of winners enhancing the strength of competition 

and maintain fairness. It becomes easier to arrange competition 

programs. 

• Without careful consideration and research, the combination of classes 

may prompt some swimmers to drop out or retire immediately because 

they feel unfairly penalized. 

• Decreasing the number of classes increases the numbers in each 

class and the potential for differences between swimmers. All the 

swimmers in a class however must theoretically have a similar chance 

to win.



1. Increases in SS were achieved by a 5% increase in SF coinciding with 

a 2% decrease in SL. 

2. At SSmax, SF was significantly related to SS (r = 0.72) whereas SL 

was not. 

3. Faster swimmers did not necessarily use longer and slower strokes to 

swim at a common sub-maximal speed when compared to their slower 

counterparts. 

4. No correlations existed between SL and any anthropometric 

characteristics. 

5. Bi-acromial breadth, shoulder girth and upper-arm length significantly 

correlated with the SF at SSmax. 



6. IdCadapt did not change with an increase in swimming 

speed up to max. (catch-up model). 

7.All swimmers showed significantly more catch-up before 

their affected-arm pull compared to their unaffected-arm 

pull. 

8.At SSmax, the fastest swimmers used higher SF and less 

catch-up before their affected-arm pull, compared to the 

slower swimmers. 



Few differences between how able bodied and 

Paralympic swimmers win the race

Within considerations of 

boarders and overlapping 

the classification system does the job

General Conclusion



Other Variables ?

•Swim Straight

•Stroke count in turns

•Block Reaction at Start

•Breathing Strategy

•Relaxation and Rhythm

•???




