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MEASUREMENT OF BUTIERFLY AVERAGE RESULTANT IMPULSE PER PHASE 

Tiago B~rbosa1, J. V. Santos Silva', Filipa Sousa', J. Paulo Vilas-Boas' 
2 Polytechni~ Institute of Bragança, Bragança, Portugal 
Faculty of Sports SClences of the University of Oporto, Oporto, Portugal 

The aim of this study was to measure the average resultant impulse (ARI) per phase of 
the stroke cycle.'" butterf1y and to analyse the variability of ARI according to the adopted 
breathlng technlque .. The sam pie was camposed of 6 male Portuguese swimmers at 
national and Internatlonal leveI. 6 cameras were set. obtaining non coplanar images (2 
"dual media" images included). The study comprised the kinematical analysis of stroke 
cycles of the butterf1y stroke using the "Ariel Performance Analysis System" from Ariel 
Dynamics Inc. and a VCR at a frequency of 50 Hz. The ARI was calculated using the 
mean horizontal acceleration of the center of mass in each phase, the absolute duration 
af each phase and the body mass of the swimmer. Comparing the ARI according to the 
breathing technique adopted in each phase of the stroke cycle, we only observed 
significant differences in the outsweep. Comparing the intra-cyclic variations of the ARI in 
the different breathing techniques adopted, the arm's recovery when compared with the 
remained phases presented a significantly lower ARI. 

KEY WORDS: swimming, butterf1y stroke, kinematics, impulse. 
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INTRODUCTION: The average resultant impulse (ARI) ean provide us with useful 
information about the teehnieal proficieney of the swimmer (Alves, 1996). This is possible 
due to the ARI result from the differenees be!ween propulsion and resistanee (van Tilborgh, 
Willems & Persyn, 1988). One method to estimate the horizontal resultant impulse is through 
the swimming speed profiles, knowing the time values and the swimmers body mass (Vilas­
Boas, 1994). This method has the benefit of allowing the caleulation of the ARI per stroke 
phase (van Tilborgh, Willems & Persyn, 1988). ln that way, knowing the strongest and the 
weakest points of the stroke eycle it is possible to pro mote an improvement on the 
mechanies of the swimming teehnique in study. ln other words, the measurement of the ARI 
per phase can be a useful diagnostie tool hei ping the optimisation of the eo-ordination 
movement, the body position and the stroke meehanies of a swimmer. ln fact, this approaeh 
has been used in several swimming teehniques, sueh as the front erawl (Alves, 1996), the 
backstroke (Alves, 1996) and the breaststroke (Persyn et aI. , 1986; van Tilborgh, W illems & 
Persyn, 1988; Vilas-Boas & Fernandes, 1993; Vilas-Boas, 1994). However, there seems to 
be no investigation regarding the butterfly stroke. Therefore the aim of this study was to 
estimate the ARI per stroke phase in Butterf1y and to analyse the variability of these 
parameter according to the breathing teehnique adopted by the swimmers. 

~ETHODS: The sample was composed of 6 male Portuguese swimmers at national and 
Intematlonal levei (19.0±2.0 years old; 67.367±6.571 Kg of body mass; 173.9±4.0 em of 
I1eIght). Two pairs of video cameras (JVC GR-SX1 SVHS and JVC GR-SXM 25 SVHS) were 
U88d for dual media videotape reeording in non-coplanar planes. Both palrs of eameras were 
&ynchronlsed in real time and edited on a mixing table (Panasonie Digital Mixer WJ-AVE55 
VHS and Panasonic Digital AV Mixer WJ-AVE5) creating one single image of "dual media" 
• it W88 previously described by Vilas-Boas et aI. (1997). One of the !WO supports was set ln 
One and waUs 8.10m away from the trajeetory of the swimmer. The seeond structure was set 
ln ona ri the lateral walls at 9.30m from the forehead wall where the first strueture was 
lrlItaIJed at 10.20m trom the trajectory of the swimmer. Another eamera (Panasonic DP 
200 .. eet ln an underwater window in the end wall, at O.90m deep. One last 
... DP 200 SVHS) was set 4.50m above the surface water. ln these !WO last 

was oriented in the direction of the dl~placement of the sWlm":lers. ln 
cameras or pair of cameras recorded Images of the sWlmmer ln non­

from ali the other cameras or pair of eameras. Synchronisation of 
ullng LED's placed on the recording field ?f every eamera or pai~ of 

on regularly and simultaneously to Imtlate the synehromsallon 
entered the performance volume. This was assumed to be deilmlted 



3 meters cube. The calibration cube 
ich was defined b~ a 3x3:tarted in water and pe~ormed 3 sets 

by the calibration volume, ~h n points. Each SWlmm
er 

locity as close as posSlble from the 
was marked with .32 calibra IOstroke at a constant ve lateral inspiratlon ~ycles and non­
of 3x25 meters ln Bu~e~IY frontal inspiraMn .cycl~~'e kinematical analysls of t~e dlfferent 
maximal, uSlng exclU!~V: ~et. The study compn~ed erformance Analysls System from Ariel 
inspiratory cycles ln :utlerflY stroke using th~ Anej~55) at a frequency of 50 Hz. It was Used 
stroke ?ycles a(t~~~S ) and a veR (panasomc A~96) which is composed by 22 ana~omical 
DynamlCS Inc., I da ted by de Leva (1 ." d ' ages was performed uSlng the 
th~ Zatsior~kYs ~o~~ea3DPreconstruction of the dl~ltl~e K:ra 1971). It was used a filter 

P~il~~~t o~i~~:;e;ra~sformation" procedUr~t~b~;~~~r (1990) f~r the analysis. of the velocity 
with a cut-off frequency of 5Hz, as sugge ass The ARI was calculated uSlng . the mean 
and the accelerati~n of the center of m s ~r stroke phase, the absolute. duratlon of each 
horizontal acceleratlon of the center of ma~h p acceleration and the duratlon values were 
phase and the swimmers body mas\ ' z~ntal velocity of the center of mass did not 
obtained from the APAS. The ::~an ~~e 3 breathing styles. Differences on ARI between 
presented significant dlfferencdes e awCehe~echniqUe between phases were tested using the 
the breathlng techmques an ln e 
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"ANOVA for repeated measures" (p< 0.05). 

RESUL TS ANO OISCUSSION: Figure 1 presents the comparison of the ('-RI in each swim 
phase between the three breathing techniques. Companng the ARI accordlng to the. adopted 
breathing technique in each phase of the stroke cycle, we only observed slgnlficant 
differences in the outsweep. ln this phase, the ARI was significantly higher using the frontal 
inspiration cycles rather than the lateral inspiration cycles [F(1 ;5)= 82.688, p=0.0003] or the 
non-inspiratory cycles [F(1 ;5)= 12.944, p=0.0156] . There was no significant differences 
between the three breathing techniques in the hands path or in the relative duration of the 
outsweep, factors that could explain this results. However, the absolute duration of the 
outsweep was hlgher uSlng the frontal inspiration technique than the others two, but without 
statlstlcal slgmficance. However, this is probably one explanation for the higher values of the 
ARlh~ur:ng ~e outsweep adoptlng ~he frontal breathing. ln other way, the inspiration act 

:rensi~~~it ~~epr~~~~ al~~~~~~~~~/~h~ AR!.. Doing the inspirat!on through a cervical 
an .increase of the Drag Force (Clarys 1~~)'m~~ bo~y cross-sect!on area; and therefore, 
hOrizontal impulse in the subse uent 'h . ere ore, the sWlmmer needs a higher 
horizontal velocities in the most ~ro I ~ ase~ , speclally the outsweep, to achieve mean 
observed in the other breathing tech~~us~~~ p ases of the stroke cycle, similar to the ones 
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In9 techniques erage resultant imp I 

fig
. use (ARI) in each swim h 

ure 2 presents th . P ase between the 
technlques. Com . e Intra-cyclic vari . 
technlques, the panng ~he intra-cyclic atlo~s . of the ARI . 
:l:remained p~a:~ep~~~~ similar. ln allv~~~~~ns of the A~lni~ the d~fferent breathing 

Ioga Df Schleihaut (1979;e~ a slgnificantly lo~~ the recovery Phas~e dlfferent breathing 
, chlelhauf et aI. (19~ AR!. ln fact, this is .When compared with 

8) and Mason T ln agreement with the 
, ong & Richards (1992). 
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FIgure 2., Com rison af lhe inlra-cyclic varialions of lhe Bverag re ull nt impul (ARI) using lhe 
t thing techniques. 

CONClUSIONS: The butterf1y slroke is a swimming techniqu wh re it is possible to 
observe e pecific inlra-cyciic variations of lhe ARI due to gre I r reductions of this 
parameter during lhe arm's recovery. So swimmers must leam lo reduce th drop of the ARI 
during lhe arm's recovery by increasing the propulsive force produced by the legs actions 
anel adopting a more streamline posilion of the body during Ihis ph . It s ms that there is 
no significanl differences in the ARI during almost every phase of th troke cycle, excepl 
for lhe outsweep, according to the breathing technique. So, the bre thing styte used it is nol 
dacisNe for lhe adoption of a more fluenl swimming in butterf1y. 
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