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INTRODUCTION

Rowing technique can be divided into three categories by the
characteristicsof Force-time curves. Different kinds of rowing styles are
theresult of different habitsand training, but they a so reflect theconditions
of specific muscle groups of each individual. Neuromuscular electrical
stimulation(NMES) isdevel opedfrom clinical el ectrical stimulation.Many
researchers are interested in its applicationin sportstraining. Pan Huiju et
al. (1991) found out that NMES has many advantagescompared withdirect
muscle electrical stimulation, so we applied NMES to the rowers as a
supplementa training method,

METHOD

20 €lite male rowersin Zhejiang rowing team volunteered to take part
in thisstudy. The subjectsweredivided into two groups. Group A received
NMES from NMES-168 Stimulators every night plus normal training
everyday for two weeks, and the muscle groups that received NMES were
decided by thefeaturesof their F-t curvesmeasured with a strain gauge set
in aConcept rowing ergometer. Group B wastrained normally. Heart rates
were monitored during the stimulations. Before the stimulation, two tests
weredone. Test 1 isto measurethe blood | actate acid concentration(BLAC)
with a'Y SI-1500 |l actate analyser 2 minutes after 20 minutes rowing with
intensity of 1 min. 50 s/500m { 1" 50s/500m) and rowing frequency of 18 on
a Concept rowing ergometer. 10 minutes after Test 1, Test 2 measured the
timetherowerstaketo finish 2500m on aConcept rowing ergometer. After
2 weeks of stimulation, theF-t curves, Test 1 and Test 2 were done again.

RESULTSAND DISCUSSION

Thefirst purposedf thisstudy was to detect the characteristicsof each
rower's techniqueand correct the incorrect rowing styles by measuring
F-t curves. Three categories of rowing techniques are shown in Fig 1
according to the characteristicsof F-t curves.
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Figure 1. Threetypes of rowing techniques

Category A emphasizes the synchronized explosive effects of legs,
body and arms at the beginning.

Category B pays more attention to the action of the muscles in the
midway of therowing cycle.

Category C emphasizes the synchronized action of body and arms.

Different featuresof theF-t curvesaretheresult of different habitsand
training, but they also reflect the conditions of specific muscle groups of
each individual . For example, rowers of Category A generally have strong
legs and wesk bodies and arms, which make the F-t curvesgo up quickly
and come down very soon. This is the most common situation. When
coaching these kinds of rowers, we should not only tell them to start the
rowing cycle with legs and then aid body and arms consequently, but also
find effective ways to increase the strength of body and arms. It would be
uselessif we only tell them to pay attention to the action of bodies and
armsand did not solve the problem of weak musclesof bodiesand arms.

Then what kind of F-t curveisgood? In what way can we achievethe
greatest efficiency? According to the principles of sports biomechanics,
the best techniqueshould make the boat go smoothly and with least speed
changes. So agood F-t curve should risequickly to the top point and then
keep the height for as long as possible, then the curve goes down for the
next cycle.

The smoothness of the curve is very important. Steady force makes
theboat go steadily. Theending of thecycleshould not be over-emphasi zed,
because it makes the boat vibrate up and down and create greater waves,
and the musclesof thebody and arms arerelatively weaker compared with
those of legs.

Thesmoothnessof the curvecan reflect thetraininglevel of therowers.
Excellent rowerscan always control the action of muscles; their curvesare
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alwayssmoother than the others, becausethe wholecycle of rowing needs
theaction of legs, body and arms. Good coordinating ability makessmooth
transitionfrom the action of amusclegroup to the next.

The measurement of F-t curvesaf the subjects showed that most of
the rowershad wesk body muscles. Two rowersshowed problemsaof dow
actionof legs, and another two rowers showed obviousdecrement of arm
strength after sometimeadf rowing even thougheverythingwasokay at the
beginning.

The decrease of F-t curveis probably caused by poor coordinating
ability. However, we believed the basi c reason wasthe weaknessadf specific
muscle group. Neuromuscularel ectrical stimulator NMES-168isthe result
o years research of thescientistsin our institute. Experiments had shown
that itisvery effectivein increasing expl osivepowers, prolonging maximum
forceduration and relieving sportsinjuries as well.

The second purpose d this study was to decide whether NMES-168
can a'so be used in developing rowers muscleseffectively. In the previous
studies, sportsscientistsusually gave out theresults to the coaches and the
coachesrevisetheir training plan according to the resultsand suggestions.
In thisresearch, we ndt only found problems but also tried to solve them.
We designed an experiment described earlier in the method. We applied
NMES -168 as a supplemental measure to the training of Group A, the
muscle groups that received NMES wererowers wesk musclegroups. ,

During stimulations, the correct position of the electrode is very
important. NMES, which is different from direct electrical stimulation,
stimulatesthe nerve segmentsthat control thecontraction of musclefibers,
so the accessory electrodeis always on the spine where nervescontrolling
specific muscle groups extend, the main electrode on the position where
nerves enervate musclefibers. Fig 2 shows the position of the electrodes
when doing NMES to thedorsi -lumbar muscles.

NMES-168 accessory  electrode
Stimulator
L Ja main elecirodes

Figure2 The position of the el ectrodes when doing NMES to the dorsi-
[umbar muscles.
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Theresultsof thetwo testsarein Table 1 and Table 2.

Table 1.
Resultsof Test 1.
before experiment after experiment
average SD average SD
GroupA 5.38 0.58 mmol/l 4.27 0.43 mmol/1
Group B 5.32 0.63 mmol/l 4.89 0.59 mmol/1
Table2.
Resultsof Test 2.

before experiment after experiment

average SD average SD
GroupA 820 021 sec 803 019 sec
Group B 821 022 sec 811 0'17 sec

, Aftertwoweeksaof experimental training, theF-t curvesof both Group
A and Group B were generally in better form. In Test 1, theaverageBLAC
of Group A decreased from 5.38mmol/l to 4.27mmol/l, and the average
BLAC of Group B decreased from 5.32 mmol/l to 4.89mmol/1 after the
experiment. T tests showed that both Group A and B had significant
differencein BLAC beforeand after the experiment (p<0.01). Beforethe
experiment, Group A and Group B had no significant difference (p>0.05).
After theexperiment, significant difference existed (p<0.01).

When doing Test 1, we select the rowing frequency of 18, intensity of
1°50s/500m and working timeof 20 minutesin aConcept rowing ergometer.
This kind of intensity, frequency and duration is often arranged in daily
trainingclasses. Therowersarefamiliar withit, so the psychol ogical factors
didn't affect the results of the experiment. Two minutes after the rowing,
finger tip blood was taken to measure BLAC. In Concept , theintensity is
expressed by thetimefor rowing 500min thewater. 1°50s/500m meansthe
rower keepsthe boat going & aspeed of 4.55m/s.

Test 2 was also one of the tests often practiced in daily training. Each
individual had experiencesin doing such atest, so thetest resultscan well
reflect thegeneral increment of their ability. Test 2 showed that the average
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timefor rowing 2500m of Group A decreased from 8'20 t08'03, and that
the average time for rowing 2500m of Group B decreased from 821 to
8’11. T tests showed that the performancesof Group A were significantly
improved( p< 0. 01) after the experiment, and that there were also some
improvements in Group B (p< 0.05).

Both Test 1 and Test 2 indicated that most rowers had significant
progressafter two weeksof conscioustraining, and that Group A had greater
improvement. After measuring the Force-time curves, the rowers learned
the weakness of their technique, and then trained with a definite aim to
reach the best medal. The improved technique of the rowers caused the
decrement of BL A C after the same amount of training. Rowers of Group A
not only know their features of their techniques through F-t measurement,
but also adopt NMES to the weak parts of their muscle groups besides
normal training. That is why they got better results after 2 weeks of
experimental training.

During thestimulations, the heart rates of the subjectsincreased alittle.
The average heart rates of the subjects were 65.18.0 and 73.29.1 before
and during the stimulations respectively, the increment was about 12%.

CONCLUSIONS

Weconcluded that by measuring Force-time curves we can train rowers
according to the characteristics of each rower, and that NMES-168 played
apositive rolein the development of muscles of elite rowers.
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