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Abstract
The aim of this study was to describe the effe¢teight weeks of pre-competitive period

preparation (Pc2P) on the isokinetic muscular datarstics in world-class handball players.
Nineteen male professional players (age: 26.6 tygars) participated in the study. Two
bilateral isokinetic tests of knee joint flexors; (Hamstring) and extensors (Q; Quadriceps)
were performed before and after Pc2P to deterntieepeak torque (PT), the mean power
(MP) and the ratios (agonist/antagonist, dominam/dominant and combined). For the PT,
Q at low angular velocity (60°% in concentric mode revealed no significant insgetor the
dominant nor non-dominant legs. For H, results sftba significant increase for both legs (
< 0.001). At the higher angular velocity (2409,sQ was significantly increased for the
dominant p < 0.005) and non-dominant legs € 0.002) as well as H for both sidgs <
0.001). Eccentric mode (30%)sshowed a significant increase for dominami(0.005) and
non-dominant legsp(< 0.01). For MP, results showed significant increaséow angular
velocity (p < 0.003) and high angular velocitp € 0.01) for both legs. In eccentric mode,
values showed a significant increase following Pé¢@P dominant p < 0.001) and non-
dominant legsf < 0.02). The ratios showed significant increase @ agonist/antagonist
ratio (AAR) at 60°.8 for dominant legff < 0.003) as well as the non-dominant Ipg(0.01).

At 240° s" the values showed a significant difference fohtsitle p < 0.02). From an injury
risk perspective, in addition to optimizing perf@nte, these results demonstrated that eight
weeks of Pc2P increased the maximum strength arstlenpower of international handball

players, even if the ratios of the knee joint mesalid not change during this period.

Key words: elite handball; muscular profile of fbever limbs; preseason period.
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INTRODUCTION

Handball is played by two teams of seven playera oourt measuring 40 by 20 meters
during matches of two periods lasting 30 minutdse @verage actual play time is 52.36 *
5.92 minutes for an elite men’s team (41) withdiplayers moving for more than 60% of the
total playing time with an average distance of 437102 m (44). Their activity consists of a
succession of actions such as jumps, sprints, siffenand defensive duels, shooting, and
changes of direction which are followed by rand@coreries (35,40,45). These actions place
high neuromuscular demand on the body, primarilytloa lower limbs, and are repeated
throughout the match; therefore, they are critiogderformance (35).

Actions like duels require the production of maxmmstrength, whereas others, such as
explosive actions, require a high rate of strend#velopment and power (27) with
contraction times of less than 250 ms (2). Givendemand on the lower limb neuromuscular
system, the investigation of knee muscle functignadaptations in handball players is
necessary (14). To assess these adaptations, Iseagg exist such as the one-repetition
maximum (1-RM) test, vertical jump tests (squat purar counter movement jump),
electromyography assessments (EMG) and isokinesting. EMG and isometric test
measurements from Thorlund et al. (51) have fourat tuscle and joint stress in elite
handball players are side effects of fatigue follyva game. Compared to others, the
isokinetic dynamometer provides valid and reproblécmeasurements (7,12) to assess knee
joint strength (13,34). Although the isokinetic tev was initially utilized for muscular
rehabilitation (11), it has become a referencetlier exploration and research of strength as
well as injury prevention in sports (9,15,20,22,3%ew studies have used an isokinetic
dynamometer in handball players. Gonzales-Ravé @& Holm (31) have analyzed
muscular profiles in elite male and female handpdédlyers to study isokinetic strength in

order to optimize performance (26) and to preveatdruciate ligaments rupture, respectively
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(31). A handball season consists of two distinciqus : a pre-competitive preparation period
(Pc2P) of six to eight weeks and a competition qeerof nine months (10,28,29). Pc2P
usually focuses on developing technical and talcsikidls in addition to the physical qualities
needed to optimize performance for the competigiegod (6). Pc2P also provides insight
into the repeated stresses on muscles, which dlearghout the season and result in fatigue
setting in gradually (24). In team sports, few aunshhave studied Pc2P. Although certain
studies have analyzed the physical and physiolbgiteanges in competitive soccer
(24,33,46) and rugby players (6), few studies haferred to changes in isokinetic strength
values in the lower limbs. Only Orchard et al. (4Bgcifically analyzed the changes in peak
torque (PT) and the strength of quadriceps (Q) hahstrings (H) in Australian soccer
players. To date, no studies have investigatecetteets of Pc2P on muscle adaptations in
world-class handball players. However, the monii@rof isokinetic strength and muscle
power before and after Pc2P, through the measofiJ and mean power (MP) of Q and H,
could be used to illustrate its effects in handpédyers and to reorient if necessary training
methods during this time. Furthermore, the analgdisavailable dominant/non-dominant
(DNDR), agonist/antagonist (AAR) and combined mt{&€R) would accurately assess the
muscular characteristics of each player, permittmgry prevention. The aim of our study
was then to analyze the effects of a Pc2P, witlatthmr of eight weeks, on the isokinetic
muscle profile of the lower limbs in world-classndaall players. We hypothesized that Pc2P
would be an appropriate period to develop the skt muscular performance, allowing

athletes to begin the competitive period with oted strength and power levels.
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METHODS
Experimental approach to the problem

To achieve the purpose of our study, the handballeps were monitored before and
after Pc2P. All subjects were familiar with thekseetic tests. Before and after Pc2P, these
tests were always carried out at the same timéefday and in the same order for all the
subjects. On the day of evaluation, after a statideal breakfast for all studied players,
measurements of body mass and fat free mass weredcaut. Afterwards, the subjects then
performed an isokinetic test.

Pc2P lasted eight weeks and was organized to gaiperformance at the end of this
period (Figure 1). The cardio-respiratory functiwsas the main focus of 16 sessions (17.8%
of the total volume) on the whole of Pc2P. Thenirag included three separate phases (Table
1). The first phase, with a duration of two weelkgused on aerobic capacity development
(65-80% of maximum heart rate (HRmax)) began (ibhwaontinuous training sessions and
(i) ended with fartlek sessions. During the fipbtase, subjects performed three sessions per
week. The second phase of cardio-respiratory trgjirwith a duration of four weeks, focused
on maximum aerobic power development (85 to 100%mER). This phase was based at the
beginning on long and medium interval training atdthe end on short interval training.
During this phase, subjects performed two sesgp@nsveek. Finally, during the two-week
third phase of cardio-respiratory training, sulgegerformed only one session of maximum

sprint training with a short recovery.

ok FIGURE 1 HERE ok

ok TABLE 1 HERE ok
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The technical and tactical training aspects of balideceived the most attention with
46 sessions, accounting for 51.1% of the trainiolyme of Pc2P. A psychomotor emphasis
during these sessions allowed for the improvemeéttieogeneral and specific motor skills of
handball player (coordination, agility, lateralipat, segmental dissociation). This focus
represented 11 sessions for 12.2% of the totaiwelurinally, muscle strengthening was also
utilized during 17 sessions (Table 2), with 18.9the total training volume of Pc2P. During
the first two weeks of training, focused on endaeanf strength, the intensity of the lower
limb strength training ranged from 40 to 60% of -wapetition - maximum (1-RM). Three
sessions per week were dedicated to this trainmghe next phase of a duration of four
weeks, focused on hypertrophy and maximal strerigth,intensity of lower limb strength
training intensities was 70 to 90% 1-RM. Duringstiphase, players made two sessions per
week. The number of sessions was deliberatelydninib two per week, in order to account
for the training load in handball, which emphasizeparticular the use of the lower body. In
the final two-week phase, focused on power, playdeslicated to weight training

characterized by a intensity from 50 to 60% 1-RNhatrate of two sessions per week.

ok TABLE 2 HERE f

Subjects

Nineteen male handball players, either French aeiga and belonging to the
professional league 1 (France), were recruitedtlier study. The players had a training
experience (7.6 + 1.3 years) of the highest leVelxpertise in France. Mean values (x SD) of
age, height, weight and body fat were respecti2ély + 5.4 years, 189.5 + 5.1 cm, 91.8 +
12.5 kg and 10.2 £ 2.2%. Inclusion criteria were tbllowing: being a male and being under

contract for a minimum of three years. The exclosidateria were chronic or acute diseases
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129 of the knee and/or lower limbs and pain in the kra®l/or lower limbs at testing,
130 contraindicating maximal concentric and eccentnereise. All subjects have written
131 informed consent to participate in the experimentaccordance with the Declaration of
132  Helsinki. The study protocols were approved byHtgics Committee of the local university
133 and were carried out in agreement with the headodoand validated by the medical
134 committee of the club.

135

136  Procedures

137  Isokinetic tests

138 Subjects were evaluated using a Biodex Isokinetfodinometer 3® System (Biodex
139  Corporation, Shirley, NY) with gravity correctioitwo bilateral tests of knee joint flexors
140 (H) and extensors (Q) were performed before aner &c2P in concentric and eccentric
141 mode. The warm-up and set-up procedure for theestshjwere the same prior to and
142 following Pc2P. Before the tests, the subjects veakmp on a cycle ergometer for five
143 minutes by cycling against a load of 60 watts (WP@ rotations.mifl. This warm-up was
144  followed by active dynamic stretching of the pso@s,H and gastrocnemius muscles. The
145 range of motion during the test was 70°, from -i®%0° angle, between the femur and the
146 tibia to limit hamstring resistance during the @sien. The length of the lever arm was
147 individually determined, depending of the heighteath players and the resistance pad was
148 placed two fingers above the medial malleolus. Téss were carried out bilaterally in a
149  sitting position with a hip flexion angle of 11Gf trunk and waist strap, and the upper limbs
150 crossed on the trunk. Each subject was placeccondortable position that did not limit knee
151  movement. The height and depth of the seat rel&tivthe dynamometer’s rotational axis and

152 the length of the lever arm relative to the rotadicaxis were stored in the computer program

Copyright © 2017 National Strength and Conditioning Association
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(Biodex Medical, Inc.) to standardize the test'siditions. During testing, subjects were
verbally encouraged by the same experimenter dpdegt the sides of the seat for support.

Each test was preceded by a standardized warm-yodets of five repetitions at 60°.s
! in concentric mode separated by one minute ofvergp following the three minutes of the
initial cycling warm-up. The protocol started wisim evaluation in the concentric/concentric
modes on the dominant leg, beginning with a sexfdie repetitions at 60°% followed by
one minute of recovery, then a new series of fagetitions at 240°% After one minute of
recovery, evaluation of H at 30%sn eccentric mode concluded the first part of tlst.
During the following five-minute recovery, the sabjs were set up for evaluation of the non-
dominant leg following the same procedure (47).

The values of PT and the MP, expressed in absehitees and normalized by body
weight, were used to calculate DNDR and AAR at$band 240°.3 in concentric mode. In
addition, the evaluation in eccentric mode allowesdto calculate CR from the H values
measured at 30°'sin eccentric mode and the @ values measured &t <34 concentric

mode.

Testing one-repetition maximum (1-RM)

The one-repetition maximum test was measured aftstandardized warm-up, which
began with cardio-respiratory activation (aerolaparity training at 70-75% of HRmax) and
then an articular mobilization of lower limbs (ae&] knees and hips). Subsequently, subjects
began with two sets of 8-10 repetitions at 50% @@% of 1-RM. Following this, subjects
then performed successive 1-RM starting at abo% 8% 1-RM and increased by 5% until
reaching 1-RM. There was a rest interval of twatlteee minutes between the sets. Each

subject had two attempts on the last performante texecuted (5).
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Testing maximal aerobic velocity (MAV)

The 20 meters shuttle run test was originally desigby Leger and Lambert (38). The
test is based on the completion of repeated shuttle between two lines placed 20 meters
apart. The running speed is incremental and datthyeaudio signals from a tape recorder.

The aim of the test is to complete as many shuitis as possible.

Anthropometrics measures

Body mass was measured with the players wearifg iigloor clothing and no shoes,
using a Tanita Body Composition Analysis (TBF-30QDanita Corporation, Tokyo, Japan).
Percentage of fat mass was estimated from fourfadéls thicknesses (biceps, triceps, sub-
scapular, and supra-iliac), according to the metob@urnin and Rahaman (19). Fat free
mass (FFM) was estimated as the difference betweessured body mass and estimated

body fat.

Statistical analyses

All data is presented as means * standard devi§Bdr). After conducting a test of
normality, the non-parametric Wilcoxon test forrpdi data was used to analyze the influence
of Pc2P on PT, MP, DNDR, AAR and CR. The significatevel was set gt < 0.05. When
significant differences were found, effect size \E#s assessed from the Cohen’s d. ES of

0.20-0.60, 0.61-1.19 arxl1.20 considered small, moderate and large respde(i32).

RESULTS
Peak torque

In concentric mode at 60%sthe comparison of PT before and after Pc2P shaweed
significant difference in Q for the dominant andnrdominant legs. For H, PT increased

significantly for both legsp(< 0.001). At 240°3, the results showed that Q was significantly
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increased for the dominarp € 0.005) and non-dominant legs € 0.002) as well as H for
both sides§ < 0.001). In eccentric mode at 30%,.sesults showed a significant increase for
dominant p < 0.005) and non-dominant legs< 0.01) (Figure 2). The Cohen’s d. ES were -
0.35 (small) in H for dominant and -0.25 (smallj fon-dominant legs at 60%.sAt 240°.§",

ES were -0.27 (small) and -0.34 (small) respectivet Q for dominant and non-dominant
legs. For H, ES were -0.48 (small) for dominant e&ld4 (small) for non-dominant legs. At
30°.s in eccentric, for H, ES were -0.27 (small) for doamt and -0.21 (small) for non-

dominant leg.

fl FIGURE 2 HERE fa

Mean power

In concentric mode at 60%:sand 240°.3 our results showed a significant increase of
Q for the dominant sidgp(< 0.003) and non-dominant side € 0.001). For H, the values
showed a significant increase for dominant sjple 0.001) at 60°:5 and 240°.3. For non-
dominant side, our results showed a significantdase |§ < 0.003) at 60°:5and p < 0.01)
at 240°.8. In eccentric mode; we observed a significantdase in MP of H for the dominant
(p < 0.001) and non-dominant legs € 0.02) (Figure 3). At 60°’¢he Cohen’s d. ES were -
0.26 (small) in Q for dominant leg and -0.24 (spnédl non-dominant leg. For H, ES were -
0.30 (small) for dominant and -0.14 (small) for riominant leg. At 240°5 ES were -0.24
(small) for Q for dominant leg and -0.23 (smally fmon-dominant leg. For H, ES were -0.29
(small) for the dominant leg and -0.17 (small) ftxe non-dominant leg. At 30%sin

eccentric, for H, ES were -0.29 (small) for dominkegy and -0.17 (small) for non-dominant

leg.
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o FIGURE 3 HERE fa

Dominant/non-dominant, agonist/antagonist and combined ratios

At 60°.s' and 240°3, the results for DNDR in concentric mode showed no
significant change for both legs. Our results féxRshowed significant difference at 60°.s
for dominant leg f§ < 0.003) and non-dominant leg € 0.01). At 240°.3 values showed
significant difference for both legp (< 0.02). Lastly, CR showed no significant change
(Table 3). The Cohen’s d. ES for AAR at 60°were -0.32 (small) for dominant leg and -
0.08 (small) for non-dominant leg. At 240%, €S were -0.45 (small) for dominant leg and -

0.16 (small) for non-dominant leg.

ok TABLE 3 HERE ok

DISCUSSION

This study set out to investigate the influencePeRP on the isokinetic muscular
characteristics of the knee joint in world-classnditzall players. The results showed a
significant impact of Pc2P on the development of MK) and H in concentric mode for the
two velocities (60 and 240°%and for both legs. The Pc2P effects were slightbye limited
in Q, since no increase in PT was observed in cdricecontraction at 60°sfor the
dominant and the non-dominant leg.

These results can be explained in different waystl¥;, the duration of Pc2P (eight
weeks) appeared to be sufficient to induce a sggmt improvement in the majority of
strength and power values of H, and to a lesseméexdf Q. Secondly, these results may be
explained by the Pc2P training, as a relativelgdashare of training sessions (18.9%) were
dedicated to building muscle. The gain in strengtld power after Pc2P may also be

explained by the muscle deconditioning in theseldvolass handball players during the five
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weeks of training interruption preceding Pc2P. edleMarquez and Badillo (39) indicated a
significant decrease in the strength of handbatbwis after seven weeks of training
interruption and Andersen et al. (3) reported losekinetic strength in sedentary adults after
a 12-week period of inactivity. The significant ieases noted above were observed despite
the need to manage the optimal development of IBttbngth and endurance qualities
alongside technical and tactical sessions (51.194yeall as preparation matches (n = 8) that
coincided with Pc2P. The effects of the concuraelopment of these two major muscle
functional qualities have also been the subjectsevkral studies. Some studies have shown
that strength gains are inhibited by the additioh emdurance training sequences
(18,30,48,50), mainly due to a physiological integhce between two signaling pathways.
One pathway stimulates growth factors like IGFFEréby optimizing protein synthesis and
thus the increase in strength and hypertrophy: mT@Rmmalian/mechanistic target of
rapamycin). The other stimulates the metabolisncasbohydrates and fatty acids: AMPK
(metabolic activated protein kinase) (23), whichilonis mTOR and thus limits these training
responses (17,42). To limit the negative effectscofcurrent training in strength and
endurance, a recent literature review (25) recont@émot exceeding two to three endurance
sessions per week, avoiding long-term running, @neys placing the power session before
the endurance session. These potential interfeseneg explain in part the lack of significant
change in the low angular velocity strength valteesQ and not for H. H was not impacted
by these interferences thanks to regular sesslmatsiricluded muscle strengthening of the
posterior chain, and also by multiple position&ée flexion found in handball.

The reduction of the number of strengthening esescinvolving the anterior muscle
chain in the thighs might be another possible exailan. We adapted the session contents
and indirectly favored limited loading on Q, asstmuscle group is already highly solicited in

handball. The results are consistent with the prevstudies. Reilly and Thomas (46) showed
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that a six-week Pc2P did not significantly improsteength in the knee joint muscles of

soccer players, while Dudley and Djamil (18) obséra significant improvement in muscle

strength in the knee joint in a population of tedrmen and women, but only at high angular
velocity.

Pc2P is a complex period, and training programsdatated by the demands of the
sport. Physical qualities will be developed accagdio the priorities set. Yet overall, too few
studies have investigated the Pc2P influence or kitrength gains (33) and further studies
are needed. The significant increase in PT of H@rat high angular velocity (240%)scan
be explained by the repetition of explosive actiomdhandball (35). Compared with other
team sports such as rugby, handball training iregud high number of different types of
practice sessions (including technical and tactitay as well as game on a half-sized court)
from the first week of Pc2P for players to imprakeir specific motors skills, such as passing
and shooting. A professional team, mainly compaseidternational players, participated in
46 handball-specific sessions during Pc2P. In emdsion, many actions were executed at
high intensity. The study carried out by Behm amde38) found that the greatest strength
gains were observed at velocities close to theitrgivelocity. These results observed at high
intensity reported that the significant effects thie isokinetic strength expressed at high
angular velocity are due to the combination ofrgitk training sessions and specific activity
sessions of Pc2P (21). The results of our studyeweowever, more pronounced for the
power values, which are in agreement with the ingiprogram (Table 1). During Pc2P, the
objective was primarily to develop power indicesl amot maximal strength. This objective is
in agreement with the need for movements at highulan velocities in most team sports
practiced at the highest level. These movementsystematically repeated during matches,
especially during sprints involving the knee joaitvelocities in the range of 600-700°.s

(48). Regular high-speed segmental movements ddwamgiball activity support the motor
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adaptations at high velocities (21).

Pc2P is also a key period for strengthening vulmleranuscle groups. In order to
prevent injury, H strengthening is systematicatiglided in the strength-building sessions.
This may explain the significant increase in PTHbfat low angular velocity (60°3.
Furthermore, the significant increase in PT foun8G£.s* in eccentric mode was likely due

to the development of injury prevention routinesimniy this period. Indeed, the mechanical
needs of this muscle groupegularly constrained by the stretching phase dusports

practice, constitute one of the justificationstfoe observed improvements in eccentric mode.

The constant need to optimize performance necéssaquires consideration of
individual muscular characteristics and the assessraf how training influences muscle
balance in the knee (1,4,13,34,37). For DNDR, esults showed no significant changes. In
the early phase of Pc2P, the ratio was already,gaodemonstrated by a value close to 1.0. It
is therefore normal that the ratio would not chaimgeight weeks. These results also indicate
that handball does not significantly affect majmbalances between the dominant and non-
dominant legs, even though handball players prefiaiéy use the same leg when throwing.
For the notion of agonist/antagonist balance, red by the AAR, at 60 dor dominant
leg (p < 0.003), non-dominant leg € 0.01) and at 240°’sfor both side§ < 0.02), the Pc2P
favors a significant increase. Nevertheless, ttle Ichanges near the reference values, from
0.6 at low velocity to 0.7 at high velocity, limithe interpretation of the data (14,20).
Duration of Pc2p appears too short to expect chlarigemuscle balance or lead to
physiological adaptations.

Regarding these two ratios, some authors (14,16)88¢ critiqued their use due to
their distance from functional reality, and propdtise use of CR. This last ratio measures the
maximum strength of Q at high angular velocity (248 in concentric mode) in relation to

that of H at low angular velocity (30%sn eccentric mode), which could be more useful to
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prevent damage of H. Analysis reveals absencegoifgiant changes and maintenance at a
value slightly greater than 1.0 (Table 2). Howe\beg results were satisfactory and suggest
that Pc2P is not necessarily suitable for rebatancatios in order to prevent injury for
several reasons. Physical training in Pc2P is mdotused on developing strength and
endurance. Given the high proportion of trainingnei assigned to technical and tactical
components (51.1%), which are essential factorsharidball performance, it would be
difficult to further increase the overall trainingad without the risk of overreaching or
overtraining. This finding makes it problematic fan individualized treatment goal of
achieving a balanced muscle mass. In additionPt®® period is perhaps not long enough to
efficiently impact muscle imbalances, even though girogram regularly includes prevention
exercises.

Our results show that eight weeks of Pc2P sigmfigaincreased isokinetic PT,
except for PT at 60°5sand MP for the dominant and the non-dominant sfdeghe two
velocities of 60°3 and 240°.4 in world-class handball players. The ratios did cloange
during this period, except for some AAR ratio, thlis study shows that eight weeks of Pc2P
does not lead to a major imbalance of the kneé jourscles in world-class handball players.
Limitation of study

One_limitation of this study is that muscle groupsre tested using an isokinetic
dynamometer with a monoarticular approach, whilertspare played in a closed system,
suggesting that several muscle groups contributathtetic performance. Moreover, it was

impossible to establish a control group with regarthe elite level of the team (6).

PRACTICAL APPLICATIONS
To increase the efficiency of the training programd optimize performance in the

season, the head coach of strength and conditiowiighave to multiply the sessions

Copyright © 2017 National Strength and Conditioning Association
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355 dedicated to the development of the strength angtolar power during this Pc2P. The study
356 by Silva et al. (49) show, in professional socclyers, with an important initial level of
357 strength and muscular power, leads to a less-matkettase of performance in the game.
358 Given these observations it would be necessary platers start the season with their
359 maximum capacity developed in order to tolerate stress of a competitive season that
360 usually runs for 9-10 months, with official matchplyed every week. Thereafter, the
361 increasingly busy schedules do not allow for thenteamance of strength and muscular
362 power. This has long been understood in rugby, whinits almost exclusively the first three
363 weeks of Pc2P to physical work. In handball, thare several possibilities to consider in
364 order to counteract this. In the absence of beirlg & lengthen the duration of Pc2P, it
365 would be advantageous to modify the training prognavolume and/or intensity. In order to
366 optimize the Pc2P, it would be interesting to iasethe number of practice sessions that are
367 focused on maximal strength. For this reason, tigarwzation of practice sessions initially
368 planned (Table 2) for the first week of training be dedicated to strength endurance,
369 followed by a week of hypertrophy, followed dirgcthy three weeks of maximal strength.
370 These final three weeks could be followed by twoekge of power development by the
371 method of contrasting loads (light-heavy) to mamthe strength levels for a longer period of
372 time. Finally, the last week would focus exclusyweh the development of explosivity. This
373 new programming strategy would allow for five we@fsnaximum strength training instead
374  of the previously stated three weeks.

375 This study, which reveals Pc2P as an appropriataregasurable period, could guide the
376 head coach of strength and conditioning, coachesprofessional sports teams, and
377 researchers to optimize the performance of pradessiplayers and consequently to better
378 protect them from injuries acquired during the kengf the sport’'s seasons, including the

379 increase in quantity of competitions.
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525 Figuretitles

526  Figure 1: Evolution of the volume training in Pc2P

527

528 Figure2: Evolution of the peak torque in concentric and ate mode

529 Q : Quadriceps ; H : Hamstrings ; 60QdomC : 6Dts Q concentric dominant side ; 60QndomcC :
530 60°s' on Q concentric non-dominant side ; 60HdomC : $0tn H concentric dominant side ;
531 60HNdomC : 60°5 on H concentric non-dominant side ; 240QdomC :°240on Q concentric
532 dominant side ; 240QndomcC : 240°@n Q concentric non-dominant side ; 240HdomC 224N
533  H concentric dominant side ; 240HndomC : 240%a H concentric non-dominant side ; 30HdomE :
534 30°.s' on H eccentric dominant side ; 30HndomE : 3b&s H eccentric hon-dominant side ;

535 NS : No significant ; ** ;p<0.01, *** : p<0.001.

536

537 Figure 3: Evolution of the mean power in concentric and ettc@mode

538 Q : Quadriceps ; H : Hamstrings ; 60QdomC: 6b%a Q concentric dominant side ; 60QndomC :
539 60°s' on Q concentric non-dominant side ; 60HdomC : $0tin H concentric dominant side ;
540 60HNdomC : 60°% on H concentric non-dominant side ; 240QdomC :°2#0on Q concentric
541 dominant side ; 240QndomcC : 240°@n Q concentric non-dominant side ; 240HdomC < 2740on
542  H concentric dominant side ; 240HndomC : 24B%ba H concentric non-dominant side ; 30HdomE :
543  30°.s' on H eccentric dominant side ; 30HndomE : 3b&8 H eccentric non-dominant side

544  **: p<0.01; ***: p<0.001.

545

546 Tabletitles

547 Table 1l: Organization of the endurance training progrant tive Pc2P

548 Pc2P : pre-competitive preparation period ; ACrohe capacity ; MAP : maximum aerobic power ;
549 AP : anaerobic power ; r = recovery between rdpatt; R = recovery between series.

550 Example : (3 x (8 x 30 sec), r = 30 sec, R = 4 miinneans that the subject had to run 3 seriés of
551 times 30 sec composed of 30 sec running at 90-1@® PARmax and 30 sec passive recovery. The
552  subject recovers passively 4 min between eachssétéeh session is repeated 2 times a week.

553

554 Table2: Organization of the lower body strength traininggmam over the Pc2P

555 Pc2P : pre-competitive preparation period ; 1-Rbdhe-repetition maximum ; rep : repetitions ; R :
556  recovery.

557 Example : (3 x (12 rep x 60% 1-RM), R = 1 min 30)neans that the subject had to realize 3 sefies o
558 12 repetitions at 60% 1-RM. The subject recoverssipaly 1 min 30 between each series. Each
559  session is repeated 3 times a week.

560

561 Table3: Ratios analyses

562 Pc2P: Pre-competitive preparation period ; m:ame SD: Standard deviation; DNDR:
563 Dominant/non-dominant ratio ; AAR : Agonist/antaggirratio ; CR : Combined ratio (eccentric at
564 30°.s' of H and concentric at 240%.of Q) ; RQ : Quadriceps ratio ; RH : Hamstringsora Dom :
565 Dominant ; Ndom : Non-dominant ; P : significatiwitNS : No significant.

566

Copyright © 2017 National Strength and Conditioning Association
19



ga b~ wnN

Table 1. Organization of the endurance training program over the Pc2P

Pc2P
Weeks 1 2 3 4 5 6 7 8
Objectives AC MAP MAP-AP
Continuous Fartlek training
. - 30-40 min (10 8x3min (10-12) x 1 min 3x(8x30sec) | 3x(14x15sec) | 2x(5x30sex) 2X(6x5sec)
Modality training : D ' _ 4 — 4 h
? sec acceleration R =3 min R=1min r =30 sec r=15sec R=4min r=15sec
40-50 min . p . y - _ ;
every min) R=4min R=4min R=8min
Intensity | 65-70 % HRmax | 75-80% HRmax | 85-90% HRmax | 90-95% HRmax | 90-100% HRmax | 90-100% HRmax | 90-100% HRmax HR not used
Tuesday Tuesday
Sessions Thursday Thursday hI/I:(r)ir(deay I\/II:?ir:jday I\/II:?ir:jday hI/I:(r)ir(deay Tuesday Tuesday
Saturday Saturday Y Y Y Y

Pc2P : pre-competitive preparation period ; AC : aerobic capacity ; MAP : maximum aerobic power ; AP : anaerobic power ; r = recovery between

repetitions ; R = recovery between series

Example : (3 x (8 x 30 sec), r = 30 sec, R = 4 min). It means that the sulbject had to run 3 series of 8 times 30 sec composed of 30 sec running at 90-100 % of
HRmax and 30 sec passive recovery. The subject recovers passively 4 min between each series. Each session is repeated 2 times a week.
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Table 2: Organization of the lower body strength training program over the Pc2P

Pc2P
Weeks 1 2 3 4 5 6 7 8
Objectives Endurance of strength Hypertrophy and maximal strength Power
Circuit Training 3x
. 30s / exercise 3x12rep 3x10rep 4x(6t07) rep 3x4rep 3x6rep 3x6rep
Modality 4 rounds R=1min30 R=2min R=3min R=4min (Zéef’zgifp) R=2min 30 R=2min 30
R=5min -
- Squat
- Squat .
- Core stabhility * P“(\)/vmeietrr)llt body
- Leg Curl - Squat - Hack squat - Squat 9 - Step-up - Step-up
- Core stability ! S - Deadlift . - Squat - Squeat
- ; - Deadlift - R. Deadlift - Squat - Deadlift
Training - Deadlift - Step-u - Step-u - Power clean - Deadlift + Clean and Jerk - Cleanand Jerk | - Clean and Jerk
Session - Core stability i LLeJFr)w ep i Lle}; ep - Step-u - Snatch - Snatch
- Leg Extension - Swing Ig aitle 9 e-up - Step-up - Plyometry body | - Plyometry body
- Core stabhility + Split Squat weight weight
- Swing Kettle
- Core stabhility
Intensity 40% 1-RM 60% 1-RM 70% 1-RM 80% 1-RM 90% 1-RM 90% 1-RM 60% 1-RM 50% 1-RM
Monday Monday
. Monday Monday Monday Monday Monday Monday
ons Wﬁ?gggay Wﬁ?g:gay Thursday Thursday Thursday Thursday Thursday Thursday

Pc2P : pre-competitive preparation period ; 1-RM : one-repetition maximum ; rep : repetitions ; R : recovery
Example: (3 x (12 rep x 60% 1-RM), R = 1 min 30). It means that the subject had to realize 3 series of 12 repetitions at 60% 1-RM. The subject recovers

passively 1 min 30 between each series. Each session is repeated 3 times a week.
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1 Table 3 : Ratios analysis

Concentric Concentric
°.s' 240°.8"
(60°.5Y) ( ) -
DNDR AAR DNDR AAR

RQ | RH | Dom | Ndom| RQ | RH | Dom | Ndom | Dom | Ndom

m 1.04| 1.01| 0.57 0.6 1 1.01| 0.68 0.68 1.05 1.02
Before +
pcop | &)
SD | 0.15(/0.19| 0.09 | 0.13 | 0.15| 0.1 | 0.1 0.12 | 0.24| 0.23

m |1.03]1.01| 0.6 0.61 | 0.99| 1.01| 0.72 0.7 1.06| 1.02
After

Pc2P

(%)
SD |0.11|0.16| 0.09 | 0.11 | 0.14| 0.1 | 0.07 | 0.12 | 0.21 | 0.23

P NS | NS | 0.003| 0.01 | NS | NS | 0.02 | 0.02 | NS NS

Pc2P :Pre-competitive preparation periodm : mean ; SD : Standard deviation ; DNDR :
Dominant/non-dominant ratio ; AAR : Agonist/antagmatio ; CR : Combined ratio
(eccentric at 30°:5 of H and concentric at 240°of Q) ; RQ : Quadriceps ratio ; RH :
Hamstring ratio ; Dom : Dominant ; Ndom : Non-domait ; P : significativity ; NS : No
significant
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1 Figure 2. Evolution of the peak torque in concentric and eccentric mode

400.0 NS NS

350.0
300.0 J_l J_J.
250.0

200.0 _T_l _I_-L - - ll _]-_l OBefore Pc2P

OAfter Pc2P

PEAK TORQUE

150.0

Peak Torque (Nm)

100.0

50.0

0.0
60QdomC 60QndomC 60HdomC 60HndomC 240QdomC  240QndomC  240HdomC  240HndomC 30HdomE 30HndomE

Q : Quadriceps ; H : Hamstrings ; 60QdomC : 60°an Q concentric dominant side ;
60QndomC : 60°:50n Q concentric non-dominant side ; 60HdomC : §b&n H concentric

dominant side ; 60HndomC : 60%.8n H concentric non-dominant side ; 240QdomcC :

240°.s' on Q concentric dominant side ; 240QndomC : 24b61s Q concentric non-
dominant side ; 240HdomC : 240%.en H concentric dominant side ; 240HndomC : 248°.s

on H concentric non-dominant side ; 30HdomE : 39%8 H eccentric dominant side ;

30HndomE : 30°:50n H eccentric non-dominant side ; NS : No sigaifit ; ** : p<0.01 ;
*** - p<0.001.
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1 Figure 3. Evolution of the mean power in concentric and eccentric mode
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60QndomC : 60°:50n Q concentric non-dominant side ; 60HdomC : §b&n H concentric

dominant side ; 60HndomC : 60%.8n H concentric non-dominant side ; 240QdomcC :

240°.s' on Q concentric dominant side ; 240QndomC : 24bé1s Q concentric non-
dominant side ; 240HdomC : 240%.en H concentric dominant side ; 240HndomC : 24b°.s

on H concentric non-dominant side ; 30HdomE : 3b%Re H eccentric dominant side ;

30HndomE : 30°:50n H eccentric non-dominant side ; ** : p<0.01** p<0.001.

Mean Power (W)

O W o0 ~NO O~ WN

Copyright © 2017 National Strength and Conditioning Association
1



)

101

(number of sessi

ining

Volume of tra

12

10

N Y
ANNNNNNNNNNNNNNNNNNY

2
7
2
7
7
2
7
7
7
2
7
7
7
2
7
7
7
7
2
7

[ Endurance

[ | Strength
Training Session
B Competitive Game

4
weeks, o




