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Abstract. The aim of this work was the examination of lower limbs muscles force-
velocity and power-velocity characteristics changes during the cycle ergometer
training. Students of Academy of Physical Education in number of 43 took part in
the research. They were divided in 4 groups and performed various velocity cycle
ergometer training. The training encompassed 5 intermittent efforts parted with 2
min pause: group M10 — maximal efforts with the load equal 10% BW, group
M5 — maximal efforts with load of 5% BW, group W80 — 3 min efforts with power
equal 250 W and pedalling rate of 80 rpm, group W45 — 3 min efforts with power
of 250 W and pedalling velocity equal 45 rpm. Control measurements of force-
velocity (F-v) and power-velocity (P-v) relationships were taken each Monday
before training beginning, during 4 weeks of the experiment and 2 weeks after it.
The F-v simple regression equation average direction coefficients gained in all
groups during 4 training weeks and after the 1% and 2™ week from testing differed
significantly according to data gathered before the research. The F-v simple
regression equation direction coefficients varied significantly between groups M10
and M5 and between W80 and W45 after the 1% week from tests next, between M5
and W80, W45 after the 2™ week of resting period. The highest increase of power
output measured in P-v characteristics was observed in groups M5 and M10 after
the 1% week from the experiment by following loads: 2.5%, 5.0% and 7.5% BW
and in groups W45 and W80 immediately after 4 week training by loads of 10.0%
and 12.5% BW. The lack of crucia differences among groups suggest that the
pedalling rates used in trainings had no influence on the after training power
output during F-v and P-v characteristics determination. The training intensity
effects the simple force-velocity relationship direction coefficients.
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I ntroduction

Human ability of power production in short time plays an important role in
many sports disciplines and in every day activity. Power depends on strength and
velocity. Strength and velocity as power compounds are frequently trained
separately. Increase of maximal force or velocity or both under the influence of
training improved maxima power of muscles [6,7,8,17]. However, according to
Bell et al. [1] the improvement of strength not necessarily betters power since large
part of the after effort force is neurologically based [26]. Hékkinen [8] in his work
showed that training consisting of large loads exercises diciting about maximal
force values and relatively small motion velocity improves mainly this part of
force-velocity (F-v) curve which lies in the field of small rates while exercises
performed with large velocities and small force influence the whole F-v
characteristic. Kanehisa and Miyashita [15] stated that training with heavy weights
lifted in slow motion €licits enlargement of maxima power and force in motions
with small velocities while the dynamic lifting of light weight increases strength
and power in the field of large velocities. Similar after training changes were
observed for training performed on the isokinetic dynamometer with large and
small velocity [3,5].

There are only few works in references regarding changes of force-velocity
(F-v) and power-velocity (P-v) characteristics under the influence of the cycle
ergometer training [17,18,19] and there are any descriptions of the effect of
pedalling rate on after effort changes of the above characteristics. In the light of
this fact it seems worth examining the various velocity cycle ergometer exercises
effect on F-v and P-v relationships.

The aim of this work was the examination of lower limbs muscles force-
velocity and power-velocity characteristics changes during the cycle ergometer
training.

Materialsand Methods

The research was conducted on 43 students of Academy of Physical Education
who were divided into 4 groups. They performed training on a cycle ergometer
composed of 5 efforts paused by 2 min intervals. group M10 (n=9) — maximal
efforts with load equal 10% body weight (BW), group M5 (n=11) — maximal
efforts with 5% BW, group W80 (n=11) — 3 min efforts with power equal 250 W
and pedalling rate equal 80 rotations per minute (rpm), group W45 (n=12) — 3 min
efforts with power of 250 W and pedalling velocity of 45 rpm. Examined subjects
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characteristics are presented in Table 1. As considering the anthropometric features
groups did not differ significantly.

Tablel
Examined groups characteristic (averages + SD)

Groups Age (years) Body height (cm)  Body weight (kg)
M10 (n=9) 22.2+1.8 178.146.5 77.8410.5
M5 (n=11) 22.5+0.9 180.7+7.6 78.0+11.1
w80 (n=11) 23.3+1.1 182.8+7.9 80.3+12.1
W45  (n=12) 22.7+1.4 182.126.5 79.7+9.6

Maximal efforts training with loads: 10% BW — group M 10, 5% BW — group M5,
3 min efforts intermittent training with power of 250 W and pedalling rates: 80 rpm
— group W80 and 45 rpm — group W45

This research was accepted by the Ethics Committee for Scientific Research.
All the participants were informed about the aim and methodology of the
experiment. They were aware that they can resign at any stage of researches.
Examined students accepted the above conditions in written. All measurements
were conducted in mornings.

Experiment: At the very beginning of this experiment al students
acknowledged all types of measurement and performed the Wingate test (load
7,5% body weight) on the cycle ergometer Monark 824E (Sweden) according to
the standard methodology described by Inbar et al. [13].

All groups’ participants for 4 weeks, 4 times a week performed training on the
Monark 824E cycle ergometer attached to a computer equipped with the MCE v.
4.0 programme (JBA Zb. Staniak, Poland). Test and trainings were done sitting,
without standing on pedals and riding began from the motionless position. Feet
were fastened to pedals with straps. The experiment participants were encouraged
to gain the maximal velocity as fast as they were able and keep it until the end of
the test. In a case of the 3 min efforts with power of 250 W examined had to keep
the constant pedalling rate. Measurements and calculations of the maximal power,
amount of performed work and times of work and rest were obtained using the
“MCE” programme. The singular training encompassed:

e group M10 — 5 maxima efforts: first — 100% of work determined in the
Wingate test (19.36+2.58 kJ ), other four — 50% of the above work (4 x 9,68+1,29
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kJ). The externa loads being equal 10% of the body weight (BW). The interval
between trainings equalled 2 min.

e group M5 — 5 maximal efforts: first — 100% of work determined in the Wingate
test (19.16+2.30 kJ), other four — 50% of the above work (4 x 9,579+1,151 kJ)
The externa loads being equal 5% BW. The interval between trainings equalled 2
min.

e group W80 — 5 lasting for 3 min efforts with the power of 250 W and work of
about 45kJ (pedalling rate 80 rpm, load 31.0 N appended on the cycle ergometer
scale). Theinterval between trainings equalled 2 min.

e group W45 — 5 lasting for 3 min efforts with the power of 250 W and work of
about 45 kJ (the pedalling rate 45 rpm, load 55.0 N appended on the cycle
ergometer scal€e). Theinterval between trainings equalled 2 min.

The aim of such a specific load appended on the cycle ergometer scale in
groups M 10 and M5 was the manipulation of muscles work influencing directly the
pedalling rate in every maximal effort. Load equalling 10% BW elicited lower
average pedalling velocity in comparison to lower load of 5% BW what as a
consequence forced various intensity of training.

Students did not perform additional trainings and used no nutrition
supplementation throughout the experiment.

Force-velocity and power-velocity characteristics were marked each Monday
before the testing (0), for 4 weeks of training (1-4) and 2 weeks after the testing
(5-6).

Force-velocity (F-v) and power-velocity (P-v) characteristic was performed on
the Monark 824E (Sweden) cycle ergometer attached to a computer IBM PC
Pentium with “MCE v. 4.0” software (JBA Zb. Staniak, Poland). Sensors were put
on the flying-wheel making 6 m distance during one circle of pedals. Examined
after fasting their saddle and wheel performed test in the sitting position without
standing on pedals and beginning riding motionless. Feet were fastened to pedals
with straps. Subjects done 5 maximal 10 s efforts with rising external load from
2.5%; 5.0%; 7.5%; 10.0% to 12.5% BW. The interval between respective efforts
lasted for 2 min. Students were eagerly spurred for gaining the maximal pedalling
velocity as fast as they could and then keeping it as long as it was possible. Using
the “MCE v. 4.0” software the measuring and calculations of the highest produced
by respective loads power (P, where n = load value) and velocity (v, by which P,
was reached) were done. The F-v and P-v relationships was determined for each
examined subject basing on their results obtained in 10 s maximal efforts. Maximal
power and optimal velocity of pedalling were calculated from individual equations
of a second order polynomial which was used to describe the P-v relationship
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[2,18]. The highest point of the curve (highest value of the function) was defined as
maximal power and the frequency of pedalling corresponding to it as optimal
velocity [18].

Force-velocity and power-velocity characteristics results were compared
through ANOVA/MANOVA anadysis with repeated measurements. The
significance of average differences were examined post hoc with the LSD test
(least significant difference test). All calculations were done using the Statistica ™
v 5.5 programme (StatSoft, Inc. USA).

Results

The F-v relationships were described in examined groups by a straight line.
Average values of the direction coefficients of smple F-v regression equation
differed significantly after 4 weeks of training and after the 1% and 2™ week from it
in relation to values obtained before the whole experiment (Table 2). Subjects
under the maxima efforts displayed crucial differences between direction
coefficients of the simple F-v regression equation gained after the 1% week from
testing and obtained immediately after 4 week training. Some significant variations
of the simple F-v regression equation direction coefficients were noticed between

Table2

Average values (£SD) of the direction coefficient of force-velocity relationship
simple regression equation and the significance of differences between averages
measured before the experiment (0) and following ones: (4) — after 4 week training;
(5-6) — 2 week after training period (*-p<0.05).

0 4 5 6

M10  0.0967£0.0090  0.1098+0.0095* 0.0969+0.0147# 0.1077+0.0132*°
M5  0.1005£0.0113  0.1051£0.0108  0.0921+0.0097*# 0.1018+0.0070°
W80 0.0991+0.0119  0.1148+0.0128* 0.1143+0.0137*® 0.1179+0.0173*°
W45  0.0988+0.0325  0.1155+0.0119*® 0.115620.0193*% (.1185+0.0175*"

Maximal efforts training with loads: 10% BW — group M 10, 5% BW — group M5,
3 min efforts intermittent training with power of 250 W and pedalling rates: 80 rpm
— group W80 and 45 rpm — group W45;

#-averages differ significantly between 4 and 5, 6 measurement, °-averages differ
crucialy between 5 and 6 recording;

M10 vs. M5, W80, W45, 2— p<0.05, M5 vs. W80, W45, ® — p<0.05
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Table3

Average values (+SD) of the highest powers [W] accomplished by applied load
during the force-velocity and power-velocity characteristics determination as well
as the significance of differences between averages measured before the research

(0) and following ones: (1-4) — during 4 weeks of training; (5-6) — 2 weeks after

training period (*-p<0.05)

Load Group 0 1 2 3 4 5 6
M10 3839 3773 3789 3781 372.0 395.0#  374.0°
.....%452 *416 4506 447 4532 4381 4602
M5 3741 3845 3861 3912 3775 399.8*# 381.9°
25 +57.2 1604 +60.9 +55.7 +54.6 +53.5 +54.9
w80 3832 3783 3826 3832 386.5 376.0 373.7#
.....%57.3 #579 45716 520 4572 640  +57.5
w45 3820 3746 3798 38038 382.3 374.3 370.0*#
+46.0 +456 +464  +481 +48.4 +45.9 +48.4
M10 6706 6780 655.3* 664.8* 657.9* 700.3*# 669.7°
....%921 868 4954 1037 4975 _ +918  +969
M5 669.7 6842 6702 6759 674.9 706.9*# 672.8°
5.0 +105.2 +105.6 +100.9 +102.0 +92.6 +102.1  +92.7
W80 6923 677.7 6835 696.6 687.6 672.7 662.2#
.....*1090 *1137 +1036 823 4976 _ +1040 _+995
w45 6810 6709 667.1 659.1 691.1 676.1 650.4*#
4912 4824 +89.7 £89.0 +92.7 +90.1 +92.3
M10 850.8 8594 8428 8389 849.7 886.6%# 844.7°
... #1827 £1231 +1243 1230 #1356 1142 41503
M5 8484 8446 8516 836.2 871.4 891.9*  869.9
75 +135.3 +120.8 +137.3 +1185 +122.7 +1122 +120.7
W80 8926 860.0~ 8729 8742 900.1 876.0 856.2#
... #1881 1521 41253 1351 #1259 +1288  +1409
w45 8685 8712 8678 8704 900.1*  870.4#  852.5#
+102.9 +110.0 £1051 +107.2 +1152 +1163 +1124

Maximal efforts training with loads: 10% BW — group M 10, 5% BW — group M5,

3 min effortsintermittent training with power of 250 W and pedalling rates: 80 rpm
— group W80 and 45 rpm — group W45.
# - averages differ significantly between 4 and 5, 6 measurement, ° - averages
differ crucially between 5 and 6 recording; load [% BW]
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Table4

Average values (+SD) of the highest powers [W] accomplished by applied load
during the force-velocity and power-velocity characteristics determination,
maximal power (Max) as well as the significance of differences between averages
measured before the research (0) and following ones. (1-4) — during 4 weeks of
training; (5-6) — 2 weeks after training period (*-p<0.05)

Load Group 0 1 2 3 4 5 6

M10 0448 954.3 940.2 957.1 951.9 o77.2*# 955.3
1425 11286 +1387 41448 +1447 1309  +1549
M5 943.8 919.1 945.9 9222 9733 977.5* 970.1
10.0 +157.8 +142.2 +150.8 +133.5 +133.8 +141.6 +146.7
W80 959.0 949.6 982.8 987.9 1009.5* 978.0 990.5
#1750 +1456 +1302 #1407 +1413 +1539 +1519
W45 9728 956.3 963.9 967.4 1029.3* 982.9%#  978.7#
+1355 +105.8 +1124 +1452 +128.7 +113.6 +133.7
M10 9447 989.1 998.5* 999.6* 1001.6* 1036.9* 1001.8*

+130.3 +1555 £131.9 +151.4 £1465 +1548 +145.7

125 +160.3 +168.2 £172.7 <1775 £163.7 +1948 1716
W80 9422 9776 10008 1003.3 1069.9* 1021.2* 1032.2*
+161.4 +1929 +£1519 +£129.7 +143.1 +1464  +180.7

+132.9 +134.2 +1235 +1729 +1484  +128.7 +134.3
M10 974.7 1005.0 1012.7* 1006.5 1007.6 1040.8* 1015.8*
#1382 £1567 £1410 1541 +1475 +1553 +1504
M5 9739 9675 984.5 956.0 1009.0* 1031.8* 999.1
Max +1545 +158.0 +157.7 +160.5 +151.4 +174.8 +155.7
W80 1020.3 1004.7 1008.4 10229 1074.3* 1029.6 1051.4
#1601 #1714 +1380 +1428 +1427 +1479 1701

W45 10174 10009 10025 10193 1077.7% 10471  1032.7*#
+1237 +109.8 +1235 +1625 +1396 +131.6 1336

Maximal efforts training with loads: 10% BW — group M 10, 5% BW — group M5,
3 min efforts intermittent training with power of 250 W and pedalling rates: 80 rpm
— group W80 and 45 rpm — group W45.

# - averages differ significantly between 4 and 5, 6 measurement; load [% BW]
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Fig. 1

F-v (bottom) and P-v (upper) characteristics attained by groups M5 and M10

before the research (0), after 4 weeks of practice (4); after the 1% week from testing

(5) and in 2 week from the research finish (6)
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Fig. 2
F-v (bottom) and P-v (upper) characteristics obtained by group W45 and W80
before the experiment (0); after 4 week training (4) and in 2 weeks from testing (6)
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groups M10, M5 and W80, W45 after the 1% week from the experiment as well as
between M5 and W80, W45 after the 2™ week from the test. The highest powers
averages produced by applied load (P,) are presented in Tables 3 and 4. Group M5
showed concurrent increase of F-v and P-v characteristics while exercises with
loads from 2.5 to 12.5% BW in 4 weeks of training (Fig. 1). The most significant
P, changes were noted in the 1% week from trainings (7.4% for load equalling 2.5%
BW, 6.0% for 5.0% BW, 5.8% for 7.5% BW, 4.2% for 10.0% BW and 3.9% for
12.5% BW - insignificant). Group M 10 displayed after 4 weeks of training the turn
in F-v and P-v curves as regards load 7.5% BW. The characteristics change was
elicited by the power lowering: about -3.3% for load of 2.5% BW and -2.0% for
5% BW as wdll as by its growth: around 0.8% for load of 10.0% BW and 6.1%
(p<0.05) for 12.5% BW. The largest power changes were observed in the 1% week
after exercises by the load equal 2.5% BW for 3.2%, by 5.0% BW for 4.5%
(p<0.05), by 7.5% BW for 4.7% (p<0.05), by 10.0% BW for 3.8% (p<0.05) and by
12.5% BW for 10.1% (p<0.05). For loads from 2.5 to 10% BW simultaneous
displacement of F-v and P-v relationships curves were recorded. Some important
decrease of power considering loads of 2.5 to 10.0% BW was noticed after 2 weeks
from testing (in relation to the measurement taken after the 1% week from tests) and
F-v and P-v curves rout overlapped with this obtained after 4 weekstraining. The 3
min cycle ergometer training with 250 W power realised by group W45 €licited
significant growth of power by loads equal: 7.5%, 10.0% and 12.5% BW for 3.7%,
6.3% and 12.0% respectively (Fig. 2). After the trainings ending the downwards
movement of F-v curve took place athough, only for 5% BW the power loos was
important. The significant growth of power occurred under the influence of training
with 80 rpm pedalling rate by the load equal 10.0 and 12.5% BW for 6.5 and
15.5% respectively.

Discussion

The dependence between produced power and the pace of shortening of
contractile elements is a fundamental characteristic of muscles [11,12]. In the in
vitro examinations the maximal power was produced by the optimal velocity and
force and the force-velocity (F-v) relationship was hyperbolic. In the in vitro
research conducted during exercises involving muscles of one joint [6,25,28] or
group of joints [4,7,14,27] the F-v relationship course was in accordance with
Hill’s equation (hyperbolic) or linear [4,22]. In the work of Zalewski et al. [31] the
F-v relationship gained on the cycle ergometer was described by hyperbole and line
for efforts performed with upper and lower limbs. The force-velocity relationship
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obtained by lower limbs exercise was described in thiswork linearly. It is coherent
with other authors results [4,31]. In the work of Vandewalle et al. [29] F-v
characteristics were determined on the cycle ergometer for male and female
athletes of various sport disciplines. Linear dependence was found between force
and velocity in the range of 100-200 rpm. Short distance runners had bigger values
of v, and Py than athletes practicing endurance disciplines. In papers of Hamar et
al. [9] and Hamar [10] variations of F-v curve in athletes of different sport
disciplines were observed. In researches of Busko and Wit [2] karate athletes
produced larger power by smaller loads and higher velocities in comparison to
rowers who displayed larger power by heavy loads and slower velocities.
Significant differences were stated between groups for the simple force-velocity
relationship direction coefficients what confirmed variations of force-velocity
curve courses in karate athletes and rowers and might have been elicited by
disciplines differences as well as training methods. Crucia changes of force-
velocity relationship simple regression direction coefficients observed in this study
show that the cycle ergometer training effects the F-v relationship route. The
intensity of training (maximal or/and submaximal) influence the F-v characteristic
direction coefficients change what is confirmed by coefficients values obtained
after 4 week training and further changes after the 1% week from testing
(differences between groups M5, M10 and W45,W80). Next, after the comparison
of datareached in the field of similar efforts (M5 vs. M10 and W45 vs. W80) there
can be stated that the pedalling rate (high or low) does not influence significantly
the ssimple force-velocity direction coefficient values. After training changes of the
simple force-velocity direction coefficient values suggest that the power growth
occurred in groups M10, W45 and W80 through the enlargement of force and in
group M5 through the vel ocity increase.

In the accessible references, the influence of various trainings performed with
large and small velocity on F-v and P-v characteristics was studied through: classic
form force trainings (weight); using training devices (isokinetic and non-isokinetic
cycle ergometers). Force training containing of exercises performed with large load
and small velocity improved the fina course of F-v curve (large force, low
velocity) and not the part describing high velocities [1,8,15,24]. However, training
with large velocity and small load improved results on the whole curve’s route
[8,24] or enlarged the force and power as considering motions performed with high
rate [1,15,24]. Basing on data described by Kaneki et al. [16], Moritani et al. [23],
Moss et al. [24] and Wilson et al. [30] there can be stated that the force training
conducted with load equal around 30-40% of maximal load develops power and
training with load of 80-100% - force. Results obtained during strength practice
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may be compared with outcomes gained during isokinetic exercises where high and
low velocity was applied. In papers of Cole et al. [3] and Ewing et al. [5] the
isokinetic exercises performed with high velocity improved the power and torque
peak by large rates and performed with high velocity made better values of
measured amounts only in the field of small paces. In studies of Mannion et al.
[20,21] trainings performed with high and low velocity did not cause crucial
differences between groups in all measured quantities. The present research
showed the simultaneous rise of F-v and P-v characteristics in group M5 after 4
weeks of training in the whole loads range from 2.5 to 12.5% BW. The most
important P, changes were noted in the 1% week after the experiment for loads
from 2.5 to 10.0% BW. Students participating in group M5 improved most
efficiently the power production in the sphere of large velocities and small forces.
Characteristics course was paralel after 2 weeks from trainings to the route
observed before the experiment what proves the diminishing of pedalling rate for
al loads (for 2.5% BW significant lowering — p<0.05). Obtained results are in
accordance with the thesis of Hékkinen [8] that the training performed with high
and low force betters power in the whole F-v and P-v characteristics. Immediately
after 4 weeks of training the above characteristics courses curves turned according
to point 7.5% BW for group M10. The most significant changes of power were
observed in the 1% week from trainings by loads from 5.0% to 12.5% BW. For
results attained for loads from 2.5 to 10% BW the paralel movement of F-v and
P-v characteristics curves occurred in relation to diagrams marked before the study.
After 2 weeks from trainings the significant decrease of produced power was
observed (in relation to the previous week) in the range of loads from 2.5% to
10.0% BW and F-v and P-v characteristics course overlapped with this achieved
after 4 week training. Assuming that this research training realised in maximal
efforts with 5% BW corresponds to 40% of maximal load (load by which examined
subject was not able to perform the trial during F-v and P-v characteristic
determination was accepted as maximal ) and with 10% BW to 80% maximal load
than acquired results for F-v and P-v relationships are coherent with outcomes of
Kaneka et al. [16], Moritani et al. [23], Moss et al. [24] and Wilson et al. [30] who
stated that the force training conducted with load equal 30-40% of its maximal
value develops power and at the level of 80-100% load - bettered is the force. The
lack of differences between groups M5 and M10 is in accordance with results of
Mannion et al. [20,21]. Analysing the F-v and P-v characteritic attained in this
research after trainings with the same intensity and differed only by the pedalling
rate (high and low velocity) the following fact was noted: 3 min exercises on the
cycle ergometer with average power of 250 W and pedalling rate 45 rpm and 80
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rpm effected in the growth of power. In group W45 power grew significantly for
about 3.7%, 6.3% and 12.0% by load of 7.5%, 10.0% and 12.5% BW respectively.
After the training finish the F-v line moved downwards what was a result of the
pedalling rate lowering and it considered al test loads. However, only for 5% BW
this fall was crucial. The significant grow of power was noted under the influence
of 80 rpm pedalling training and loads of 10.0 and 12.5% BW for 6.5% and 15.5%
respectively. Bigger decrease of power was noticed in group W80 in the range of
higher pedalling rates after 4 week training. The growth of power after 4 week
training in both groups only in the field of small pedalling velocities (load 10.0 and
12.5% BW) and significant drop of power in both groups during high velocity trials
(load equal 2.5 and 5.0% BW) is in the contradiction with the thesis of Hékkinen
[8] that the training performed with high velocities and small force (group W80)
improves the power in al F-v and P-v characteristics. Unless, the above statement
regards maximal efforts and cannot be applied for 3 min efforts with average
power of 250 W. Present study results are in disagreement also with reports of Bell
et al. [1]; Kanehis and Miyashita[15] and Moss et al. [24] who stated that the low
velocity training betters the power in motions performed with small pace and high
velocity practice improves motion power in the range of high velocities. Values of
produced power did not differ significantly in al trials of both groups. It is the
prove that after training power changes did not depend on the pedalling rate. It is
coherent with outcomes of Mannion et al. [20,21] where the isokinetic practice
performed with high and low velocity did not elicit crucia differences among
groups.

Worth noticing are the following points: 1) submaximal trainings with the
average power equal 250 W caused bigger power increase by loads of 10.0 and
12.5% BW than maximal effort trainings. Next, the sprint practice elicited higher
power growth by loads of 2.5, 5.0 and 7.5% BW in reation to submaximal
trainings; 2) F-v relationship line coefficients changes suggested that submaximal
practice with power of 250 W elicited the power increase through the improvement
of force alike in maximal efforts with BW equal 10%. If we accept that 250 W
submaximal efforts training presents 30-80% of maximal load than the power
growth obtained in this research is in agreement with results of Moss et al. [24]
who did not find significant differences of maximal power produced after 9 week
force training conducted with maximal velocity and load equal 35 and 90% of
maximal load. The above thesis is supported aso by outcomes of Moritani et al.
[23] and Wilson et al. [30] who claimed that exercises performed with load equal
30-40% of maximal load develop power and fitnessin the best possible way.
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Getting into conclusion, the highest power growth measured in F-v and P-v
characteristics was observed after the 1% week from the whole training which was
realised through maximal efforts in groups M5 and M10 as well as immediately
after the 4 week practice of 3 min efforts with the average power equal 250 W in
groups W45 and W80. The highest after training changes of power output in
groups M5 and M10 were noted by loads of 2.5, 5.0 and 7.5% BW and in groups
W45 and W80 by loads equal 10.0 and 12.5% BW. The lack of significant
differences between groups suggest that the pedalling rate and efforts intensity
have no influence on the after effort power developed during F-v and P-v
characteristic determination (especiadly groups W45 and W80). The trainings
intensity effects the force-velocity simple relationship direction coefficients value.
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