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competitiveswimmers with a physicaldisability, the ideal 

for crawl swimrning has not yetheen c1ariiied,and ii may 

dift'erent írom lhat af able..;bodied switnrnerS because óf 

(çlíflerenc,,, in body structure. The qbjective ofthisstudy was to 

computationally the fastest arm stroke ofcrawl swimrning 

for swimmers. wTth bilateral transfemoral amputadon, and to 

investigatethe features Df the optimálstroke. Theoptirnalstroke 

was obtained by theoptirnization method with ParticJe Swarm 

Optimization(PSO) and the swimming humansirriulation módel 

(SWUM). ln this lTIethod, the design variables were the joint 

angles ofthe· upper limbs; and the objective function ,\1as to 

ma.xirnizeswímming speed. The optimal stroke was obtained for 

eaeh strbke cycJe of 0.8 s to 1.5 5 with increments of 0.1 s. ln 

addition, ilwas also obtained for several palmar flexion anglesof 

the wristat thecateh phase.The fastest stróke was obtainedwhen 

the strokeeyeIe was 1.0 s and the palmarflexion angle was 35 

degrees. For short stroke eycles, the optimalstroke was the 

motion pulling aná pushing the water near the mid.:.line of the 

trunk. For long stroke cycJes, the optimalstroke was the motioil 

pushing the water tbward the outsideofthe trunk.ln bothstrokes, 

ule \Vater was pulledand pushed shallowly. Possible reasOn for 

these features was that the optimal strokes were the>soh.itions to 

reducethe torque whieh sihks the lower hody and to stabilíze the 

posture, 
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Despite an increase in popularity ofParalympiesports, there isa 

lackofstudies on these sports j and eontroversies regarding the 

classification system forParalyrnpian swimmers. The Paralympic 

c1assification systerrt features 10 classes toprovide fair 

eompetition for swimmers with a physical disability, The 

summary of the clean swimming speed (SS) eao provide useful 

information for the c1assification system in competitive 

swimmiJig. The aim ofthis study wasto surnmarize evidenee of 

the fairness of Paralympic categories of male swimmers witha 

physically disability~ focusing 00 SS in the lOO-rtl fiont crawL 

Multiple databases (PubMed, EMBASE, IS! Web ofKnowledge, 

SPORTDiseus, Academic Search Premier; CINAHL) Were 

examined for observational studies published until October2017, 

00 official swimming taces. Five studies \Vere fOUild and 

analyzed (n = 369; national and internationallevel). The random 

effectsmodel was used for this meta-analysis. StatísticaI 

63 

heterogeoeity among thestudies was assessed by the 

ineonsistencytest(12) and alfa = 0:05. Subgroup analyses \Vere 

pertormed with additionofthe "dass" covariailt aceording to the 

eharacteristics ofthe studies. Bias was analyzed with aforestplot 

00 the OpenMeta[Analyst] software. lncreases in SS were related 

to higher Paralympic classes. Poolingdata from ali stlldies and 

classes, theestimated meanofSS was 1.25 m.s .. 1, SO=0.05 m.s­

I. P <0.0I,!2 ~ 99%, p < o.o\. The analysis ofsub-groups found 

high hêlerogenêity (12 > 75%, p < 0.05). The resulls suggest lhal 

the Paralympic Classification System seems to be fair for lhe 

men's 100-m freestyle events. Assessment ar studiesbyclose 

classes and by groups with many classes together; e.g. 51-810, 

inereased the heterogeneity of the analysis. However, further 

studies are necessary to explain possible inconsistenCies in the 

Paralympie Classifieation. 
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The resistance expetienced by a body when it moves through the 

water while holding a fixedbody positian is termed passive drag 

(PD). Oh 01 alo (2013) found !hal in para swimmers, as lhe 

severity ofswimming-'specific impairmentdecreased, sodidPD. 

Active-drag (AD) is the resistanee experiencedwheil performing 

a swimming stroke. ln able-bodiedswimming; AD is more 

dependent on sWimming technique thandn anthropometry 

(Kolmogorov & Duplisheheva, 1992). Holiander el alo (1985) 

found no relationship between AD and freestyle performance of 

competitive able-bodied swimmers. To date, no published studies 

have reported the AD of paraswirtltners. lnfonnatianonhow 

physical impainnent affectsAD should be ofvalue to swimming 

teachers j coaches and c1assifiets. Thepurpbse ofthis stildy was 

to establish therelationship between AD, fieestyle performance 

and levei of impairment of para swimmers. Participants were 

seventy-two para-swimmers with physical impairments from IPC 

class SI to S10. AD attheirmaximal freestyle swimrning speed 

(SSmax) was estimated using the Naval Architeeture Based 

Approach (NABA), an oveNpeed lowing melhod (Wêbb el alo, 

2011). PD was measured directly fiam the towing force. The 

lowest drag seores trom thtee trials weteanalysed. AD was 

normalised for SSmaxand body mass, BM (ADnorm = 
AD/BM/SSmaxA 2). PD was similariy normalised (PDnor111). 

SSmax ranged !Tom 0.21-1.75 mls. PD andAD ranged from 2.8-

123.6 N and 6.5-129.3 N, respeclively. PDnDrm and ADnorm 

ranged !Tom 0.37-1.20 1m and 0.36-2.55 1m, respectively. There 

was a cleat trend forADnorm to increaseas lhe levelofphysical 

impairment became more severe (S class decreased) (SI0-58: 

0.55 ± 0.10 1111 ~ S7-S5: 0.70 ± 0.19 1m --> 54-SI: \.10 ± 0.61 


