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Theincreasing popularity of thesport of rowing and the complexity of training
methods warrant research on the seasond techniquesof land and water conditioning.
Researchin thesportof rowing hasprimarily focusedonbiomechanical and physiological
parameters(Hagerman, 1984; Lamb, 1989). BiomechanicdinvestigationgMartindale
& Robertson, 1984) indicate that there are differences in rowing techniques between
waterrowingand rowing on ergometersdesigned to smulate water rowing. Therehave
been limited investigationson the neuromuscular functions involved with ergometer
rowing. The purposed thisinvestigation was to determine EMG activation patterns
during theused two land rowing ergometers designed to simulate water rowing. The
resultsd thisstudy will be used as abasisfor future investigationson thecomparison
of neuromuscular patterns between land and water rowing.

VETHODOLOGY

Eleven experienced malelightweight M=70.5+ 28 kg) collegiaterowersfrom
four universities were tested on two machinesdesigned to simulate water rowing, the
Concept 1I and the Gjessing ergometers. Mean height and age of the subjects were
152.2+5.7 am and 21.7+1.3 years. During rowing, surfaceEMG wasmonitoredon four
muscle groups. biceps brachii, long head of the triceps, rectus femoris, and biceps
femoris. EMG signal swereamplified and band passed (10Hz-5kHz) prior to analogue
to digital conversion at asampleratedf 1kHz, Forceoutput was measured through a
strain gauge transducer located in thedraw cableon each machine. Twostrain gauges
and two fixed resistors were mounted on the transducer completing a full Wheatstone
bridge and producing tension sensitivity twicethat of a single 11-millimeter gauge.
Output was processed through adifferentia amplifier usng high gain (200) and alow



pess filter (10 Hz). All data Sgnaswerestored on a microcomputer. Off-linesgnd
processing produced full wave rectified, linear envelopes (20 ms time congtant).
Individual subject's datawereaveragedfor each machinewith respect toforceonset (0.0
ms).

Following a warm-up, subjects randomly begen the testing procedure on either
meachine. Six to eight strokeswere usad to achieve thedesignated rate (30-31 stroked
minute)and maximal power at aresstianced 294 N m(Wilson, Robertson, & Stothart,
1988). Sixto eightsetsof eight secondsdf ckt a collectionwereaccomplished during the
ten hard strokes on eech machine

Data collection parametersincluded burst duration of BEMG and force, time of
pesk activationof BEMG and force, and onset timedf EMG rdlativetoforceonset. Paired
t-tests were usad to determine the differencesin these variables between the two
mechines. Significancewasaccepted @ thep<.10 levd.
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Figure 1. Averaged EMG and forcerecordsfromone subject on the Concepdl (a) and the
Gijessing (b) rowing ergometers.



RESULTS

Figure lisarepresentativesampled onesubject's datacollected on the Concept
IT (8) and Gjessing (b) ergometers. Thisfigurerepresentsone averagestirokecycleon
eachmachine. Al subjectsdisplayedasimilar EMG onset pattern acrossmachines. The
patterndf muscleactivationonsetswasrectusfemoris, tricgps, and bicepsfemoris. The
bicepsbrachii werethelast musdesactivated. Thefirst three musdes, rectusfemoris,
triceps, bicepsfemoris, wereactivated prior toinitiationd force. Forcedurationon the
ConceptITwas35.7% of thestrokecycle, whileon theGjessingforceduration occupied
37.9% d thestroke cycle. Despitegenerd similaritiesbetween the two mechinesin
onset and force duration pattems, careful scrutiny of individua muscle activation
patternsbetween machinesindicate differencesoccurred.

Tahle1

Tempord Parametersof EMG Activity and Forceon the Concept I and the
Gjessng Rowing Ergometers

Duration PeakTi € On
Parameters Machine (ms) (ms) (ms)
M SD M SO M SD

Concept I 395 142 390 44 116 142

Biceps .
Brachii Gjessing 390 88 382 60 175 93
) Concept I 509%%* 91 91* 78 -156 21
Triceps o
Glessng  586%** 99 156* 62 -141 70
Concept I 401 169  -100 86 -290** 179
Rectus o
Femoris1 Gjessing 448 127 -48 161 -205%* 234
ConceptlI 410 89 507** 110 271* 213
Rectus o
Femoris 2 Glessng 447 111 677** 175 453* 188
) Concept T 375%* 115 167 105 -47 128
Biceps .
Femoris Gjessing  435*%* 93 222 100 -5 120
Concept I 714 45 205%* 34 0 0
Force

Gjessng 757 103  336** 40 0 0

*p<.10. **p<.05. ***p<.0l.



Table 1 shows the EMG and force parameters of the three variables burst
duretion, time o peak activation and onset time.  Tricepsand biceps femoris burst
durationsweresgnificantlylonger on theGjessing ergometer comparedt o theConcept
11, Timedf peek activationdf thetriceps andt he second burst of therectusfemoriswere
sgnificantly greater on theGjessing. This indicates that these variablesoccurred later
in theEMG pattern on the Giessing relativeto forceactivation. Theonset timedf the
first burst of therectus femorisre ativetoinitiation of forceapplicationwass cantly
|essonthe Gjessing comparedt o the Concept I1. Thismeansthat therectusfemorisburst
on theGjessingoccurredcloser t o theinitiation of force. Thesecond burst of therectus
femorisduring Gjessing rowing wassignificantly greater t han thesecond burst of the
rectusfemoris observedduring Concept IT rowing. Thismeansthat theonset timeof the
second burgt of the rectus femoris on the Gjessng occurred later relativeto force
initiationcomparedt o theConcept IT. Timedf pesk forcewass gnificantlygreeter while
rowing on theGjessingcomparedt o rowingon the Concept I1. Therewerenosgnificant
differencesin the bicepsbrachii variables

DISCUSSI ON gnifi

While thegenerd musdeactivationordersweresimilar between thetwoland
rowing machines, specific neuromuscular differencesoccurred. The neuromuscular
differencesare not surprisingand support earlier biomechanical Sudies. Martindale &
Robertson (1984) found significant differencesbetween the movementsduring water
scullingand themovementson theGjessing land rowingergometer. They suggested thet
arowingergometer cgpabled smulatingthe water rowing mation would beavaduable
tool for techniquetraining. The resultsdf the present sudy suggest thet the design o
appropriate land ergometers mugt aso take into account neuromuscular functions
involved with theskill of rowing.

Lamb (1989) and Daireauix and Pottier (1983) found that thequadriceps were of
primary importanceduringt he rowingstroke. Themgority of t he quadriceps involve-
ment including onset and burst duration occurred in thefirst haf of the drive phese
Likewise, thiswas observedin the present study, therectusfemorisand bicepsfemoris
wereactive60%odf t he tota stroketimewhilebicepsbrachii were active 45% of t he total
sroketime. Thus, mogt of theforce productionin therowingstrokecamefrom thelegs
extending. Thebicepsbrachii activationonset occurred following forceinitiationin al
subjectsacross both machines. Thislatency of t he bicepsbrachii duringland rowingis
supported by Daireaux & Pottier (1983). dthough they did not find consistent latent
bicepsbrachii onsetsbetweenal subjects. Contrary't o thepresent study, they found that
t he bicepsbrachii onsetsand durations had substantia variability between subjects. The
variability found in the Daireaux & Pottier sudy wes probably due to the rowing
experienced the subjects. They used bath experienced and inexperienced rowers
I nexperiencedrowersinitiatet he movementdf the handlewith their amsasopposed to
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experienced rowerswho initiatemovement of the rowing handlewith thelegs. In the
present study, only experienced rowerswere subjects, therefore, this may explain the
smal| variability in the bicepsbrachii onsetsand durations.

Olbrecht & Clarys (1983) compared land training techniques versus water
training for the sport of swimming. They found thet the EMG patterns on dry-land
machinesdid not mimicthepattems observed duringswimmingin thewater. Thus. dry-
land training techniques may be questionableas to their effectiveness. In the present
study, thedry-landmachi nethat most cl osely mimicswater rowingcannot be determined.
Future studieson the EMG patternsduring water rowing are necessary.

CONCLUSION

Neuromuscular pattern differenceswereobserved whichisin agreementwith
biomechanical research on land versus water rowing. Experienced rowers use leg
muscl esastheprimary forceduring therowingstrokewhichisinagreementwithcurrent
rowingliterature. Thearm musclesare usad minimally toinitiateforceat thebeginning
of therowing motion. Asaresultof thisstudy. insight isavailableon thedifferencesin
EMG and force productionduring two modesof land rowing. Further datacollection
of thistype issuggested during water rowing t o determinethe effectivenessof these
machinesin mimicking water rowing.
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