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Abstract

The goal of this study was to 1) investigate gdnbaaly influence, hand-specific
anthropometric parameters, and upper-limb powersamhgth on ball-throwing velocity in a
standing position (My); and 2) predict this velocity using the multi-regsion analysis
method. Forty-two skilled male handball players elag 21 y+2.99; body height =
1.81 m+0.07; body mass =78.3 kg+11.3) participatedhis study. We measured general
anthropometric parameters (body height, body masas, mass, BMI) and handball-specific
anthropometric parameters (hand size and arm sp#per-limb dynamic strength was
assessed using a medicine ball (2 kg MB) throwesg, tand power through a maximal one-
repetition bench-press test (1-RMBP). All the viales studied were correlated with Ball
velocity. The 2 kg MBthrowing performance was the best predictor (r=0.8@General
anthropometric parameters were better predictor§.%6-0.70) than hand-specific ones
(r=0.35-0.51). The best multiple regression modebanted for 74% of the total variance and
included body mass, 2 kg MB performance and powdpui at the 20 kg-bench-press. The
equation found could help trainers, athletes arafegsionals detect future talents or test

athletes’ current fitness levels.



Introduction

For many authors, ball throwing velocity ) is a successful factor in handball (e.qg.
Hoff, J, Almasbakk, 1995; Gorostiaga, lzquierdoyrrdlde, Ruesta, & lIbanez, 1999;
Gorostiaga, Granados, Ibanez, Gonzalez-Badillo,lzsuierdo, 2006). This velocity depends
primarily on the player's ability to accelerate thall with an over-arm throw. Shoulder
internal rotation and elbow extension are two intgoatr factors (e.g. Fradet al, 2004; Van
den Tillaar & Ettema, 2004a; 2007). Other perforosafactors depend on the duration of the
movement, which reduces visual information for timalkeeper, and the accuracy of the
throw (Bayios & Boudolos 1998). One of the main @ams for both coaches and athletes is
the possibility of predicting the ball velocity. Wavestigated three major ways for this
purpose.

First, body height affects the outcome of physieats (McMahon, 1984; Astrand and
Rothal, 1986; Jaric, 2003). So, it seems that aptimetric variables should be taken into
account for prediction. Indeed, several studiesnglabsignificant and positive correlations
between the ball velocity and general anthropometiiables [r= .23 - .62]: body mass, lean
body mass, body height and BMI (e.g. Skoufas, Katradis, Hatzikotoylas, Bebetsos &
Patikas 2004; Van den Tillaar & Ettema 2004b; \&taal, 2009; Zapartidiet al, 2009).
Other studies considered specific handball anthr@ioc parameters (hand size and arm
span) and highlighted significant and positive elations [r= .29 - .37] with ball velocity
(Skoufaset al, 2004; Zapartidiset al, 2009). However, although general and specific
anthropometric parameters seem to be related tob#le velocity, they have a low
predictability level. Moreover, in all these stugliegeneral anthropometric parameters are
better predictors than specific ones.

Secondly, studies have shown that ball velocityretated to physical fitness

characteristics, especially power and strength. ddupower is considered an important



parameter responsible for successful rapid movesrgarformed with maximum effort, such
as throwing (Newton & Kraemer, 1994). To measungeugimb strength and power, isotonic
tests seem to be the most appropriate to handbedifcity (Flecket al, 1992; Marque®t

al., 2007). Studies used the bench-press test for pang strength assessment with male
players in order to predict ball velocity. They sleal positive and significant correlations
with the one maximum strength bench-press (r=.63Vfarqueset al, 2007) and with bar
velocity [r= .67- .71] with lower loads (Gorostigg@ranados, Ibanez and lzquierdo, 2005;
Marqueset al, 2007). This shows that upper-limb strength andigrotests are linked with
ball velocity, and with a higher correlation thdwose with anthropometric variables. In order
to find a more accurate strength test, closer to-avm throwing kinematics, Pineau, Horvath
& Landuré (1989, 1992) used a 2 kg medicine bathwhas an isotonic test to assess upper-
limb power and strength. The results showed thattdst was best in assessing the level of
each handball player.

Lastly, few studies have investigated combining dmteve models with
anthropometric and motor ability parameters. To lmowledge, only Eliasz and Wit (1996)
have investigated the influence of basic anthrogomeand motor ability parameters on ball
velocity in handball. These authors confirmed tplaysical fithess had a greater influence
than anthropometric parameters, especially whersidering trunk flexor muscle strength
and maximal arm speed. This statistical designigied the ball velocity more accurately by
combining the best predictors.

So, this short review shows that general, handisp@nthropometric parameters and
upper-limb strength tests are linked to throwin¢pery. However, none of these studies is
able to predict throwing velocity accurately, usimgimple correlation. So, the goal of this

study is to 1) investigate the influence of the egah body, specific anthropometric



parameters, as well as the upper-limbs on startshlighrowing velocity; and 2) predict this

velocity by combining the best predictive paramzter

Method

Experimental approach to the problem

A multiple-regression statistical design was used determine the effect of
anthropometric and physical parameters on the Jsddicity. Sixteen independent variables
were divided into two groups: 1) anthropometric goaeters, (a) four general parameters:
body mass, lean mass, body height, body mass iradek,(b) five specific anthropometric
parameters: arm span, finger span, hand perimeteysfinger length and middle-finger
length; and 2) seven physical fithess parameteedigime-ball throwing (2 kg), and six
variables recorded or calculated during the benmekgptest: the one-repetition maximum
bench-press (1-RMBP), force, velocity and powempatgt 20 kg, maximum power and bar
velocity at 30% of 1-RMBP. The dependent variaias the ball velocity in standing
position.
Participants

Forty-two skilled male handball players (Table Brtipated in this study. The
sample was composed of players playing at thrderdiit levels in the French championship
(local, high regional and high national levels,regsponding respectively to the third, sixth
and ninth divisions). All players had at least tyears of experience in competition with at
least two training sessions per week. They werenaljood physical condition, with no
injuries or disabilities. Each volunteer signed atten statement of informed consent after
receiving an oral and written description of theqadures approved by our university’s ethics

committee, and was informed of the risks and b&nefiparticipation in the study.



**** Insert Table 1 about here****

Procedures

First, we measured participants to record theirybbdight, arm span, and hand-
specific parameters. We weighed them on bioeleatnpedance scales. Then, after a five-
minute warm-up, participants performed a seriemetlicine-ball throws. After a 30-minute
rest, they performed a series of five ball thro@sorded using a radar gun. The best three
performances (maximum velocity) were saved fortiairtanalysis to calculate mean velocity.
The next day, during a second session, we meaporeer, strength and bar velocity for each
athlete during a bench-press test.

Anthropometric parameter measurement

We followed the standardized techniques recommeibgethe International Society
for the Advancement of Kinanthropometric (Marfedirés, Olds, Stewart & Carter, 2006).
Body height and arm span were measured using dmogaimeter, with 0.1 cm accuracy.
Body mass was measured using bio-electric impedaoakes (Weinberger model DJ-156;
Weinberger GmbH & Co, Germany), with 0.1% accuratlye methods of Visnapuu and
Jurimée (2007) were used to measure hand-speanticapometric parameters: finger length
from the tip of the thumb to the tip of the ringder, finger length from the tip of the thumb
to the tip of the middle finger, finger span, araht perimeter. Measurement accuracy was
0.1 cm. Hand anthropometry was repeated twice witlone-hour interval to calculate
measurement reliability. Intra-class correlatic@@) was 98%.

Upper-limb strength and power measurement

Available data suggested several specific methodsstimate muscle power (Van
Praagh & Dore, 2002). We chose two isotonic te@s:upper-limb explosive power was
assessed using a medicine-ball-throwing test (Bimtaal, 1989; 1992; Katic, Cavala &

Srhoj, 2007). In this test, participants were usted to throw a medicine ball as far as they



could (mass: 2 kg, perimeter: 56 cm), in a kneefiagition, holding the ball over their heads.
This position was chosen to evaluate upper-limbngfth alone (Pineaet al, 1989; 1992)
and not lower-limb strength. Each subject perfornfiee trials with a one-minute rest
between trials. The best two performances weredsand averaged for further analysis. ICCs
were 95%. A soft mat was rolled out on the floan, which the medicine ball mark could
easily be located and measured with a 20-meterragasure with about 2 cm accuracy. (2)
Upper-limb power and strength were assessed viaear@petition maximum bench-press
using a free weight barbell machine. In this tds, participants were instructed to take hold
of the bar (step 1), position it on their chesegs?), then raise it as quickly as they could until
their elbows were fully extended (step 3). All papants used an initial mass of 20 kg.
Increments were calculated using an isoinertialadyometer (Myotest S.A., Switzerland).
The myotest device was placed on the bar and nreditine three bench-press test steps with
beep signals. After each trial, this recognizedice\Jidovtseff, Crielaard, Croisier &
Cauchy, 2008) calculated the velocity at which iblae had been pushed. The software then
gave the next increment. When velocity was too s(@ss than 100 cm/s), the test was
stopped. Then, the software calculated the velpeitgximum power, strength and one-
repetition maximum for each bar. We recorded thieciy for the first bar lifted and the
power and strength output for the first three barsfurther analysis. The one-repetition
maximum was assessed using a single regressioti@ybased on the velocity recorded for
each bar (Figure 1). The software directly cala@daa reliability index. All indices higher
than 90% were saved for further analysis. If titddes were lower than 90%, the participants

performed the test again the next day. All paréais were successful with these criteria.

**** Insert Figure 1 about here****



Throwing velocity measurement

The ball velocity was evaluated by an over-armwhio a standing (i.e. stationary)
position, with both feet on the ground as for pgntirows. After a 10-minute warm-up, the
subject was instructed to throw a standard handbwadks: 0.480 kg; circumference: 0.58 m)
at maximal velocity at a 0.5 x 0.5 m target locatedhe middle of a standard handball goal
(2 x 3 m) located seven meters away . No advice gingan regarding throwing technique.
Each subject performed five trials with a one-minuést between trials. The best three
performances were saved and averaged for furttedysie. The coach supervised each throw
to ensure that they complied with handball rulesh woth feet firmly planted on the ground.
The ball velocity was recorded using a Doppler-raglan (MATSPORT TRAINING, Radar
ATS) with a frequency of 250 Hz and +0.027 thaccuracy. The radar gun was located
three meters behind the player, in the throweretagxis at a height corresponding to the
player's height. In order to be as accurate asilplessonly throws hitting the target were
recorded for further analysis. The ICC was 95%.
Statistical Analysis

The analyses were done using STATISTICA softwarergon 7, Statsoft, Inc). First,
Pearson correlation coefficients were used to deter the relationship between independent
variables. Then, a multiple-regression analysisirigpie was applied to identify the most
predictive models. The basic model used the getieegr model

Y =Baxs + BoXo Baxz + Ba

whereY, the dependent variable, representing ball velpisitnormally distributed is thei™
predictor andB; the coefficient. Descriptive statistics were udedverify that the basic
dependent variable normality assumption was medtribution normality tests and skewness
revealed no abnormal data pattern. For each varigie 95% limits of agreement (LOA) and

coefficients of variation (CV) were calculated (Atkon & Nevill, 1998). Additionally, in



order to validate the applicability of the multiplegression equation, using the same
protocol, we tested a twelve-player independentpaurgskilled handball players studying in
our university's sport science department) by usivegHowell method (2010) . We used a
paired T-test for each variable within the equaticomparison between the observed and the
theoretical value of the coefficients in the equa)i A 0.05a level was used for all statistical

tests.

Results
The ball velocity mean value in the standing positivas 21.70+2.53 m‘sand ranged from

15.78 m.gto 26.50 m 2.

****nsert Table 2 and 3 and Figure 2 about here*®*

Anthropometric parameters

All the mean, minimum and maximum values and cati@hs are summarized in
Tables 2 and 3. All the general anthropometric ipaters (body mass, lean mass, body
height, BMI) were correlated with the throwing velly (r>0.55; p<.001). The values
ranged from .55 (body height) to .70 (body mass$)e $pecific anthropometric parameters
were also correlated with the ball velocity butiwidwer links (Table 3). The ranged from
.35 (finger span) to .51 (arm span).
Isotonic tests

All these results are summarized in Table 4. TRMBP mean value assessed during
the bench-press test was 73.3£14.0 kg. It rangenh f49 kg to 106 kg and significantly
correlated with ball velocity (r=.55; p<.001). ThHerce output during the first bar was

410+49.5 N. It ranged from 294 to 538 N and siguaifitly correlated with ball velocity



(r=.63; p<.001). The maximum power mean value wés 5:188 W and was obtained at an
average load corresponding to 42.5% of the 1-RMB#ues ranged from 340 to 1138 W and
significantly correlated with ball velocity (r=.6<.001). The power output at the first bar
was 625.7£160.8 W; it ranged from 320 to 1046 W aighificantly correlated with ball
velocity (r=.65; p<.001). The velocity of the bar at 20 kgs\2.09+0.32 m’% it ranged from
1.38 to 2.80 m:$and significantly correlated with ball velocity (59; p<.001). The bar
velocity at a load representing 30% of 1-RMBP wa&23+0.21 m.3, it ranged from 1.45 to

2.37 m.g, and significantly correlated with ball velocity(45; p=.003).

****Insert Table 4 and Figures 3 & 4 about here****

The 2 kg MB throwing mean performance was 9.72#1.8nd ranged from 6.84 m to
13.22 m. This isotonic test was highly correlatethwall velocity (r=.80; p<.001).

Multiple regression model
**** Insert Table 5 about here****

Furthermore, we tested all the models that incltide parameters significantly
correlated with ball velocity. The best ones amamarized in Table 5 and classified in four
categories: anthropometric models (general and bahdpecific), physical fithess models
and combined models.

First, the general anthropometric model accounted2.8% of the total variance and
included all general anthropometric variables (bodgss, body height, BMI and fat-free
mass). Secondly, the best specific anthropometndaihaccounted for 36.0% of the total
variance and included hand perimeter, finger spiag, finger length, middle finger length
and arm span. Thirdly, the best physical fithessl@s accounted for 67% of the total

variance. This model included medicine-ball throyviperformance, power and force output
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in the 20 kg-bar bench-press. Lastly, by combinarghropometric and physical fitness
parameters, two models were retained with cormlatcoefficients of .85 and .86
(p<0.00001), accounting for respectively 72 and 7@the total variance. The error terms
were respectively 1.33 mtsand 1.35 m:& These models included body mass, medicine-ball

performance and either force output at 20 kg begarelss or 1-RMBP.

Discussion

In this study, we examined the effect of generatl apecific anthropometric
parameters on standing throwing performance antbngo tests. The standing throwing
velocity observed in the present study was 21.AB-g.§". These results are in keeping with
the data hitherto available with adult male sampladeed, with elite handball players,
standing throwing velocity was 23.8+1.9 th{&orostiagat al. 2005), 24.45+1.97 mi’s(Wit
& Elias, 1998) and 23.51+2.23 rit.§Bayos & Boudolos, 1998). With experienced handbal
players, playing in second and/or third divisiaiansling throwing velocity was 23.2+1.6 m.s
! (van den Tillaar and Ettema, 2004b) and 21.8+1$'nfGorostiagaet al. 2005). With
novice handball players or physical-education sttelestanding throwing velocity was
17.99+0.22 m:$ (Skoufaset al, 2004) and 16.85+1.58 ni-§Bayos and Boudolos, 1998). In
our study, the sample is heterogeneous (from lles@l to high national level). Taking into
account this heterogeneity, the values obtainedaun study logically correspond to an
intermediate performance level.
Anthropometric parameters

In accordance with previous studies (Skowdtasal, 2004; Van den Tillaar & Ettema,
2004b; Vilaet al, 2009; Zapartidi®t al, 2009), we found positive correlations between bal
velocity and general anthropometric parametersh wiarrelation coefficients ranging from

.55 to .70. Among all these factors, body mass aggp® have the highest correlation to
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throwing velocity (r=.70). This is in accordancethwithe literature on this topic in which
correlation coefficients ranged from .23 to .62r @arrelations are very close to those found
by Van den Tillar and Ettema (2004b) with a secand third national division sample of
Norwegian players. The high correlation obtainetiieen body mass and throwing velocity
could be explained by the higher muscle mass wvailueeavier players. Indeed, muscle mass
is a key factor of strength and power.

According to previous studies (Skoufas al. 2004; Visnapuu & Jurimaé, 2009;
Zapatrtidiset al, 2009), the ball velocity is significantly and gogly correlated with all
handball-specific parameters (r=.29-37). HoweveecsHic anthropometric parameters are
less correlated than general ones. Yet, in spitgpiificant values of correlation coefficients,
the total variance percentage accounted for bythieropometric parameters is low, just 49%
for the best predictor (body mass). Such a podk has been pointed out previously
(Visnapuu & Jurimaé, 2009).

Strength and power of upper limbs

Correlation coefficients obtained between recordadables (force, power and bar
velocity at the bench-press; throwing 2 kg MBBnhged from r=.45 (bar velocity at 30% 1-
RMBP) to r=.80 (performance in throwing 2 kg MB).

The 1-RMBP was 73.3+14.0 kg. This value is in adaoce with those obtained with
players of similar levels. Indeed, with elite plegje Gorostiagaet al. (2005) found
106.9+£11.6 kg, and 82.5+14.8 kg with second divigitayers. It is surprising and difficult to
explain why Marquest al. (2007) found very low values of 68.8+10.0 kg wtite players.
The correlation found is r=.55 and is close to k@queset al. (2007) study, who found
r=.63. Thus, the ability to lift heavy loads duribgnch-press seems to be linked to the ability

to throw the ball quickly. However, this indicatazcounted for just 39% of the total variance.
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Vgar has a significant correlation with maximum power.§5, p<0.001) and
accounted for 42% of the total variance. The maxmpower value occurred at 42.5+2.1% of
1-RMBP. In previous studies, the maximal power atifccurred at 30-45% load (Izquierdo
et al, 2002) or at 30% of peak isometric force (Kanekal, 1983). The maximal power
values recorded during bench-press are 675.1+188 W.difficult to compare our values
with others, because power was recorded when gheshits maximum value during our
study, while in the others, the value was averamext the whole movement. For instance,
Marqueset al. (2007) found a value of about 800 W with eliteyeles, and Izquierdet al.
(2002) 468+76 W with amateur second division hafigidayers.

On the other hand, the ball velocity has a sigaiftccorrelation (r=.60; p<.001) with
bar velocity at 20 kg, and also with a load repnésg 30% of the 1-RMBP (r=.45, p=.003).
This velocity accounted for just 36% of total vaa. Gorostiagat al. (2005) found such a
link at the same load percentage (r=0.67-0.71) veithateur and elite players. Thus,
movements with high velocity and low or medium frutput are more predictive than low-
speed movements requiring a high level of forcde&d, bench-presses at low loads (first to
third bar) show better correlations than at higloads, as regards power and force output.
These loads correspond to maximal power outputvdet 30 and 45 % of 1-RMBP).

Medicine-ball throwing (2 kg) is correlated withettball velocity, with a higher
correlation coefficient (r=0.80) than that obtainedh the bench-press, and accounted for
64% of the total variance. This shows that this aigit power test is closer to the ball
throwing movement and is more likely to predictfpenance than the bench-press. These
results show that power is more important thanngtie i.e. the player has to develop an
intermediate level of force but with high velocity.

Multiple Regression Model
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Using a multiple regression analysis, the predittgbevel increases from 64% with
one factor (medicine ball) to 74% with a three-ahle combined model. None of the
anthropometric models is able to predict the balowity with accuracy; confirming that
being tall, heavy or having a big arm span or hgpath is not sufficient to throw the ball very
quickly. Indeed, the best anthropometric model ant® for only 41% of the total variance,
which is lower than a single regression model iditig only medicine-ball performance. By
combining the results obtained with isotonic té€etedicine-ball performance and two bench-
press indicators: maximal power and force outputhenfirst bar) the predictability increases
to 67%. This proves once more that isotonic testsreore predictive of ball velocity, using a
multi-segmental movement, which requires a higtellexf strength or power in the upper
limbs.

Lastly, the model combining the best isotonic f@=dictor (throwing 2 kg MB) and
anthropometric measurements (body mass) accouni®f@6% of the total variance. In this
model, 2 kg MBcontributes 67% and body mass contributes 33% eofbtil velocity. With
three variables, the best model accounts for 74.@B#te total variance. This model includes
medicine-ball performance, body mass and forceutwtp20 kg, with a relative contribution
of 48%, 36% and 16% respectively.

However, our models do not account for 26% of theance. This could be explained
by the complexity of the ball-throwing movementdéed, it is a complex multi-joint
movement (Van den Tillar & Ettema, 2007) requiriagproximal to distal kinetic chain, in
which a powerful torsion movement is necessary.olm point of view, the variance
percentage for which our model didn’t account Nkelcludes two main aspects of the ball-
throwing movement. First, neither of these strertgts necessitates a high level of trunk
rotator isotonic strength and recruitment of thenkr muscles during axial rotation, as the

ball-throwing movement does. Indeed, the benchspr@sd the medicine-ball throwing
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require only trunk isometric strength to controldsee during the movement. This argument
is confirmed by a recent 3-D analysis of the owen-throw (Van den Tillar & Ettema, 2007)
which demonstrated that a pelvic rotation occureadier in faster throws than in slower
ones, and so necessitated a high trunk musclenisotictivation level. A recent study
suggested using a side medicine-ball throw to iatigh trunk muscles (lkeda, Kijima,
Kawabata, Fuchimoto & Ito, 2007) rather than a baokli movement. Lastly, the ball is
accelerated over a distance that depends on theement's amplitude, involving
anthropometric parameters but also rapid intermauler rotation (Van Den Tillaar &
Ettema, 2007), which necessitates good flexibilitie level of shoulder internal rotation at
ball release shows a significant relationship wittowing performance (Van Den Tillaar &
Ettema, 2007). None of our tests involves suchaulgler rotation. During bench-press, the
arms are in front of the trunk, and during the medi-ball test, the rotation is reduced since
the player throws the ball with both hands.
multiple-regression equation applicability

In order to validate the model applicability, wested a twelve-player independent
sample with the combined Model 1 (BM and 2kg MBheTcharacteristics of the sample and
the results are presented in Table 6. In ordeotthdt, we calculated the multiple-regression
equation for this new sample and we compared eadable within the equation with our
theoretical model (paired T-test). The new equatior combined model 1 is
V=0.068BM+0.810(2Kg MB) + 9.2 and is very close tloee one found in our study
[V=0.081BM+0.817(2Kg MB) + 7.4]. The T-test betweelnserved and predicted variables of
both equations showed no difference (T<1, n.s2ky MB; T=1.23, p=0.2 for BM and T<1
for the Y-intercept). So, the coefficients values the equation found are very stable,
whatever the sample. This implies that the equatonld help trainers, athletes and

professionals to detect future talents or to tédetes’ current fitness levels.
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**** |Insert Table 6 about here****

To conclude, our study shows clearly that 1) medidall (2 kg) throwing is more
likely to predict standing ball throwing velocithian anthropometric parameters; 2) general
anthropometric parameters are better predictors spacific parameters; and 3) the multiple
regression model combining anthropometric parareeded isotonic tests accounts for 72-

74% of the ball throwing velocity from a standingsgion.
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Figure Legends

Figure 1. Example of a typical force, velocity gmolver evolution with the mass at each bar
during the bench-press. The squares representeioeity, the circles the power and the
triangles the force. For this subject, the regmsdine of velocity assesses a one-repetition
maximum at 71 Kg.

Figure 2: relationship between ball throwing vetp@nd body mass

Figure 3: relationship between ball throwing vetp@nd arm span

Figure 4: relationship between ball throwing vetgeind 2kg-medicine ball throwing
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Table 1 Age and training: characteristics of theipi@ants

Age (y) Training  Training per week (n)
time (y)
n m sd m sd
Level High national 12 241 3.5 147 4.4 4
High Regional 17 205 1.9 8.00 4.07 2,7
Local 13 19.2 1.3 4.62 2.93 2,2
Total 42 211 3.0 8.86 5.48 2.92

n :number of participants, m : mean values, schdsted deviation
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Table 2 Correlation between throwing velocity aederal anthropometric parameters

Variables m sd Min Max Cv LOA LOA r p
(%)  -95% +95%

Body mass (kg) 78.3 11.3 63.3 109 13.5 74.21 80.99 .70 <.001

Body height (m) 1.812 0.074 1.691 2.022 4 1.789 328 .55 <.001

Lean mass (kg) 34.4 3.1 29.97 43.06 9.1 33.63 35.66 .68 <.001

BMI (kg.m?) 23.5 2.4 18.62 28.51 10.5 22.64 24.12 .60 <.001

CV : coefficient of variation in percentage, LOAmIts of agreement.

Table 3 Correlation between throwing velocity amadiball specific anthropometric parameters

Variables m sd Min Max CVv LOA LOA r p
(%) 95%  +95%

Hand perimeter (m) 0.5855  0.0323 0.524 0.701 5.8 5746 0.5938 45 .003

Finger span (m) 0.21155 0.0148 0.188 0.254 7.2 70.200.2159 .35 .023

Ring finger length (m) 0.1849  0.0109 0.168 0.225 6 0.1813 0.1877 A7 .002

Middle finger length (m) 0.1946  0.0104 0.178 0.236 5.4 0.1908 0.197 A7 .002

Arm span (m) 1.853 0.088 1.681 2.153 4.8 1.825 7.87 .51 <.001




Table 4 Correlation between throwing velocity asotonic tests

Variables m sd Min Max CV LOA LOA r p

(%) -95% +95%
1-RMBP (kg) 73.3 14.0 49 106 121 698 788 .55 0%.0
Force at the first bagig (N) 410 49.5 294 538 121 394 427 .63 <.001
Power max (W) 675.1 188.2 340 1138 13.2 619325 .65 <.001
Paokg (W) 625.7 160.8 320 1046 125 577.8825 .65 <.001
Bar velocity at 30% 1-RMBP (ni3  2.02 0.20 1.45 237 101 196 217 45 .003
V20kg (m.s?) 2.09 0.32 1.38 280 153 199 219 .60 <.001
Throwing 2Kg MB (m) 9.720 1.83 6.84 1322 141 9.100.18 .80 <.001
Throwing-ball velocity (m.3) 21.70 2.53 15.78 26.50 10.1 21.023.01

m : mean values, sd: standard deviation, Min: mummvalue, Max: maximum value, CV : coefficient @riation , LOA : limits of agreement
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Table 5 Multiple regression model predicting ballewing velocity

Models variables Equation r 2 p Error terms

General anthropometric BM,HEIGHT, BL, BMIV= 0.32BM + 0.18HEIGHT — 1.14BL + 0.33BMI —4.44 27 .53 <.00001 1.83niis
Handball specific HP, FS, RFL, MFL,AS V= -142HP + 23FS + 24MFL + IRF_ + 11.2AS - 14.2 .60 .36 =.00503 2.16™.s

anthropometric

Physical Fitness Tests 2Kg MB, Pookg Fokg V=0.9(2Kg MB) + 0.0051Ry4- 0.00568 Fprg+11.88 82 .67 <.00001 1.51m.s
Combined Model 1 BM, 2Kg MB, V=0.081BM+0.817(2KgB\1+ 7.4 85 .73 <.00001 1.35ri.s
Combined Model 2 BM, 2Kg MB, Jokg, V=0.08BM + 0.671(2Kg MB) + 0.008%fy+ 5.48 86 .74 <.00001 1.33m.s

V= Maximal ball throwing velocity, BM: Body mass,SA Arm span, HP= hand perimeter, FS= Finger Sp&h=Ring finger length,; MFL=
middle finger length; 2Kg MB=Medicine ball ThrowinBn.= Maximal power during Bench press;od= velocity at the first bar (20 kg) during
bench press, B Power at the first bar (20 kg), RMBP= maximal oepetition bench press;dg= force at the first bar (20 kg) during bench

press
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Table 6 Characteristics and results of the indepensample (n=12)

Variables m sd Min Max
Age 18.67 1.07 17 21
Training time (YY) 5.75 2.80 1 10
Body height (m) 1.79 0.07 1.68 1.97
Body mass (kg) 72.2 7.4 64 92
BMI (kg.m-2) 22.60 1.52 19.84 24.82
Throwing 2Kg MB (m) 9.65 1.62 6.4 12.2
Throwing-ball velocity (m.3) 22.19 1.74 26.11 19.41
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