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Association of anthropometric qualities with vertical
jump performance in elite male volleyball players

R ACUADI 1.2 M. CHEDLY !.%, K. KHALIFA 1.2 5. HERMASSI 1.2
M. SOUHAIEL CHELLY 2 K. VAN DEN TILLAAR 5.4, T. GABBETT =

Afr, The objective of this study was to examine the associa-
ton between physlcal and amhropomeiric profiles and vert-
cal ump performance in elite volleyball players.

Methods, Thirty -three eHie male volleyball players (21+1 ¥,
F69+52 kp, 1B6.5+5 cm) were siudled. Several amthropo-
meirk measurementis (body mass, stature, body mass Index,
Jower limb kengih and siidng helght) topether with jumping
height anaerobic power of coumer movemenn jump whh arm
swing (CMWL].,) were obtained from all subjects. Forward
stepwize muliiple lnear regression analyvsls was performed
to determine If any of the anthropomeiric parameters were
predictive of CMWLI___.

Resulis, Anserobike power was significanily higher (F 20.05)
In the tallest players relatlve io thelr shorier conmerparts.
A slenificant relatonship was observed between CHIJ__
and lower Hmb lengih (r?=0.69; P<0.01) and between the
Jower limb length and anaerobic power obtalned with ChvI-
Jogn (F3=0.57; P00 1), Whike significamnily correlated (P20.05)
with CM ] performance, stature, lower Hmb lengih/staiure
and sitting helght/stature ratos were not significam (F=0.05)
prediciors of CivL]__ performance.

Corciuston . This study demonsirates that lower Hmb length
Iz correlated wih ChHIJ__ n eliie male wolleyball players.
The players with Jonger lowwer Hmbs have the beiter wert-
cal ump performances and thelr anaerobic power 15 higher.
These resulis could be of importance for irained athletes in
sports relying on jumping performance, such as basketball,
handball or volleyball. Thus, the measuremem of amhropo-
metrk characterisiks, such as stature and Jower imb length
may assist coaches In the early phases of talent dentfication
in wolleyball.

Eey words: Violleyball - Plyoroelric exercize - Body height.
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mong the different eam sports, volleyball i= a

popular sport, played in nany countries world-
wide. The physiclogical demands of the sport have
gradually increazed over time, with players taller,
astronger and ore agile in order to satisfy the grearer
phyzical demands during a game. Hikkinen ! report-
ed that high levels of muscialar power are reguired
to petform the majority of veolleyball movements
(quick start, sndden stops, jumps etc.). Vertical jump-
ing ability iz a phy=ical parameter thar is extremely
important in volleyball.® > Duaring a game players
performn approximately 100 jumps during atracking
and blocking® Players must acguire high aerchic
and anaercbic capacities to be competitive,

It i= important o veolleyball players to reach a
maximian height above the net. Previows research
has investigared the reladionship between specific
anthrop omnetrical measuares (body mass, body com-
position, and stabare) and vertical jump perform-
ance.x % & Several investigations have demonsrared
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that body size and anthropometric characteristics of
athletes conld affect phy=ical petformance and may
rtepresent important prerequizites for snceessfnl par-
ticiparion in any given sport. 72

A nomber of atndies suggest a moderate posidve
correlarion berween the recorded performance and
body size.l?Body mass and stature influence strength
abilities according to the scaling theories.!! The im-
portance of players” stabire in s20Ine teamn sports
(=g, volleyball) i= accepted as it is well known
that body statare positively influences all body zeg-
ment lengrths and, in b, athletic performance 1214
It would seemn thar some coaches in the volleyball
conTnunity may believe that short volleyball players
would have to jump higher to reach this fized height
than taller players and consequently could be bet-
ter jumpers. Sheppard et @t found that deapite the
zame training and playing experience, taller athletes
tend to be faster at lateral movement and repeated
lateral novement in a volleyball specific movemnent.

Despite the wide u1se of wertical jump (height
jumped) in veolleyball players,? no stndies are cuar-
rently available investigating the added effect of
body segment lengths (as stabire and sitting heighe,
lower limb length, lower limb lengthfsratore, etc.)
on the performance of the Counter Movement Tumnp
with atm swing (CMT__) in volleyball players. Ac-
cordingly, the first purpose of this investigation was
to determine the relarionship berseen anthropomet-
tic parameters (as stabiare and sitfing heighr, lower
limb lengrth, lower limb lengthfstanire, etc.) and ver-
tical jumnp performance (represented by the connter
movement jump with arm swing [CMT__ 11 io elite
volleyball players. The second purposs was to deter-
mine what, if any, anthropomertric parameters were
predictive of CMT,__ in elite volleyball players. We
hypothesized thar an inverze relationship would exist
between stature and lower limb length and vertical
jump petformance. In this study the relarionship be-
rween vertical jumping ability, and some body zeg-
ments that could be related to body zize, was exam-
ined in elite male volleyball players.

Materials and methods

Participants

Thirty-thtee male volleyball players (21+1 ¥,
T8.9+52 ke, 18655 cm) all fromn the first divi-
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zion of the Thnisian Championship participated in
this study. Subjects were recruired from a squad of
highly trained, competitive volleyball players. They
trained & to 10 tmes (12-16 houars) per week, The
zibjects and their parents were fully informed about
the pozsible risks and discomfort associated with
the 2mdy, and all signed a written informed consent
form previously approved by the local ethics com-
mittee and in accordance with the ethical standards
of the Helzinki Declaration of 1975,

Anthropometric measursments

The following anthropometrical measorements
were collected: body Tnass, stature, sitting heights
and lower limb length. All measares were conductked
on the same day and were complet=d in the standard-
ized order described below. Body mass was meas-
ured to the nearest 0.1 kg nsing an electronic scale
(Seca, Hamburg, Germany), with subjects standing
barefoot and dressed in shorts or light clothing, Srat-
ure and sitfing heights were measnred nsing a wall
zstadiometer and sitking height table (GPM — Swiss
MMade). These measirermnents wete detetmined while
zibjects were barefoot. Lower limb length was
measured, as described by Steudel-Mambers st ol 16
with a tape from the anteroziaperior iliac spine to the
center of the medial malleclius of the ipailareral leg
with the aubject in the supine position,

Vertical fump testing

After an adeguate warming np of 10 min, jump-
ing height was assessed using an infrared photocell
mat connected to a digiral computer (Optojump Sys-
temn, Microgare SART, Bolzano, Iraly) by the same
investigator. The optical acquizition systen allowed
the neasnrement of contact and flight Hmes daring a
jurnp and calcnlates the height of jump to a precizion
of 171000 .17

Counter meovernent fump with arm swing (CMJF___ )

The =aiibject started from an upright standing po-
zition, made a downward movement antil reaching
an approximate knee angle of 90° and aubseguently
began to push-off with the help of the arms. Al sub-
jects performed familiarization rials before doing
three consecutive experimental trials for ChIT .
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The highest value for each jump was retained. Every
zibject was given a 15-second interval betwesn at-
teTnpts.

Maxtmal anaesrobic powsr

Power ouatpat (P) was esdmared from the verti-
cal jump test L€ by the power prediction eguation of
the Lewis formuila,t® which is 112ed with the vertical
jump.

P =+f49-Bu - Jn

Where BM i= the body mass in kg and h i= the
vertical jump height in neters.

Statistical analyses

All data were analyzed using SP5S version 11.0.
Analysis of dara was conduacted nsing the median
zcore of three trials for anthropometric data and the
highest value of three trials for all other dara. Means
and standard deviation were calculated for each vari-
able. Differences in vertical jump petformance be-
rween the tallest (M.=16) and shortezr (MN.=17) players
were compared 1sing an independent #-test. Pearson
product momnent correlation coefficients were deter-
mined to examine the relations=hip bebween vertical
jump performance and anthropometric variables, A
forward step-wise muiltiple linear regression analyzis
was performed with vertical jump as the dependent
variable. Several potential predictors were chosen
to develop a vertical jump prediction eguation: stat-
ure, body mass, lower limb length, sitting height, the
Cormnic Index (2irting heightfaratire) and the ratio of
lower linb lengthisrature . In developing a prediction
eguation, we limited the number of potential predic-
tors. When potential predictors are highly correlated
with each other a multicellinearity problem may be
created in the equaton and, in b, lead to a predic-
tion error. In starstics, hulricellinearity can alzo be
detecte d with the help of olerance and its reciprocal
measiare, called the variance inflation factor (YWIE).
The WIF quantifies the severity of nnlricollineariry in
an ordinary least sgquares regression analysis. It pro-
vides an index that Tneasures how much the variance
of an estimated regression coefficient (the square of
the estitnate™s standard deviation) is increased be-
canze of collineariry. When high mnolticollineariry i=s
present, confidence intervals for coefficients tend to

Yol 51 - Mo, 2
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TablE I—FExaminafon for mulicollinearity of the regression
variables in e lise male vollevball plavers (W .=33).

Varianes
Tolerance inflaicn
factor
Bodyrmass 0556 10486
Stature 0737 1255
Sitting height 0.845 1183
lower b lengthistature 0264 2751
Sitting heightfstatore (Cormmic Index) 0388 1.011
Body massfstatnre 0938 1.002

TablE II—Mean valurs of anfvapome rric dara in e life male vol-
levba il plawers (%, =33)

Lisan + 3D
Fody mass (kg) THE+5 2
Stature (cra) 126.5+4.6
Sitting height (cra) 93546
Lower lirab length (cra) 98.5+4.0
Lower limb length f stature 05403
Sitting height’ statnre (Cormic Index) 05403
Body mass f stature (logfomm) 04403

be very wide and r-statistics end to be very small,
Coefficients will have to be larger in order to be ata-
tistically significant, i.e. it will be harder to reject the
ol hypothesis when molticellineariry iz present.
To screen for mualticolline arity ameong the regressor
variables, several statistical tests inclading variance
inflation factor and tolerance values were applied o
the final model (Table I). The level of significance
was sef at P=0.,05,

Results

The intra-class correlation coefficient (ICC) for
the dependent variables, nsed to establish test-retest
reliability,#. 20 for CMT___ teat ranged from 0.85 to
0.96. Table I illustrates the descriptive statisrics for
body mass, stabare, siting height, lower limb length,
lower linb lengthfsratnre, Cormic Index, and body
Iaszsisfature ratos,

Table I shows the summary of multiple regres-
zion models for predicting CMT, . in wolleyball
players. A linear and =ignificant posirve relation-
zhip between lower litnb length and CHAT, _ (r=0.83,
P=0.001; Figiare 1) as well as between lower linb
length and anaerobic power was observed (and
r=0.75; P<=0.01; Figure 2).

THE JOURMATL OF SF ORTS MEDLICIIE AMD PHYSICAL FITHESS 3
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TarlE I —Surmrnary of e lfiple vegress ion mode 5 ob mined with lower [imb lengehfor predic ing verfical jump performarce (AT )

in e lite male vollevball plawers (& =33).

Conatant B Beta 2 Adjuated 12 Zignification
ChAT o, -7 077 0.83 062 0.68 0.001
Tl COUMbeTr Movement jump with amm & wing.
160
= P [watt) =-17.69 + | .38 x lower limb length
§ 150 1 o
e o
G. § 140
an i
= k| g,
& 4 1304 F % -
; Z wg ]
| ) a0
k= g 125 x w2 x%
= EAP ¥ ;% »
% E 110 4 = __,}t"" o
: -y 5w
¥ T ¥oow *
§ 100 9 /
CBAT_ (cm)=-27.13 + 077 = lower imb length |
30w . . . 20 - — - .
20 20 100 110 20 20 100 110

Lower limib length (cn)

Figure 1.—Relationship betwesn the lower imnb length and the
counter moverment jump with am sawing (Tl (r2=0.62;
B0 0010

The predicrion model was foond to have an 2
egqual to 0.69 for CMT,  (P<0.001). Oor data indi-
cate that the possible predictors produced a signifi-
cant positive effect in the CMT . (Table IIT). Only
the lower linb length was found as predictor of Chy-
J o Although significanfy correlate d (P<0.05) with
CMI, o, atature, LLT/statiure and aitting heightistat-
ure rafios were not significant (P=0.05) predictors of
ChT, - (Table TW). The step-wise multiple regres-
zion analysis excluded stature and body mass aswell
as some other calodlated raties from the eguation
becansze of their mnlticolline ariny.

Anaerobic power and sitting height were signifi-
cantly higher (P=0.05) in the tallesat players relative
to their shorter counterparts. However, no significant
differences (P=0.059) were detected betseen the two
groups notably for CWT___, lower limb length, lower
limb lengrhfztatiare, and Cormnic Index (Table V.

4 THE JOURMAL OF SPORTS MEDICIHE AN T FHY SICAL FITHES S

Lower limib length (cxn)
Figure 2. —Fel ationship betwesn the lowser lirnb length and the pow-
er obtained in maxraal vertical jurap test with e ted by the
counter moverment jurap with arm ewang (ChAT 0 (=075 Ol

TablE IV—The correlafion cosfficient values (v) obtained be-
e n anilroporme iric parare bers and vertical jump performaree
(CMI ) in ol pale vollevball plavers (K. =33).

T F valoe
Body mass (kg) 017 0.2
Stature (cra) 039 = 0.05
Sitting height (cra) -033 Q.08
Lower lirab length (cra) Q.83 = 0.001
Lower lirob length d=tatnre 065 = 0001
Cormic Index -85 = 0.001
Body massfstature (ogicmm) oo 083

CI, o counter movement jump with amm 2wing, r: Fearacn prodoct mo-
ment correlabon cosficient.

Discussion

Char firat objective in the smdy was to investigate
the relarionzhip berween vertical jump petrformance

PrAILL
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TaBLE YV —Diffrrences in verfical jump performances (CMT ) amaerobic power and anthropome fric parare ers ob fained between

sallesr and shorviest plavers.

Talleat playem (I1.=L4)
Ilean + 5T

Shorteat playem (1.=17)

hizan+ ID
Body mmaszs (kg TPTx6 T55+4.1
Stature (cra) 183 .53+3.6 182942 T#*
Sitting height (ol 26.1+4.0 Q0. B2 THH
Lower lirab length (o) 98.59+4.0 97537
Lower limab length £ stature 050,16 05017
Cormic Index 050,16 05017
Body massfstature (logicmn) 044016 04017
Anzerobic power lad2 4+106 11300473, 6%
1T oy, (o) S0.07+3.9 47 6335

*: P=0.05;, **: P=0.00L; significant differmnee betwesn shorteat and talleat playerz.

and anthropeomerric Insasarements. Statare, lower
limb length, ratios of lower limb lengthfstarare and
zitting height/stanire showed significant relation-
zhips with CBT__. Our reaualts are in agreement
with other stndies on the kinanthropometric quali-
ties of wack and field athletes, In fact, Carter = =l
have described the kinanthropometric characteristics
of Olympic athletes. It iz not surprizing that tall ath-
letes have a clear advantage in mest athletic events,
Egually, very strong correlations wete observed be-
tween relative depth jump performance and relative
zpike jump and relative CWAT 2, Tn addition, our data
is similar to the study of Pelin =t @l 22 indicating that
volleyball and basketball players were characterized
by their longer lower limb length. However, these
findings were in opposidon to those of Scott =t &l s
who showed thar stanre and body mass were not sig-
nificanty correlated with verrical jump performance.

We found a =zignificant relarionship (r=0.83;
P=0.001) berween lower linb length variable and
ChT, . In other words as lower limb length in-
creazed, vertical jump performance imnproved. The
contriburion of the lower limb length in the CWT,_
was 69%., The resnlts conld be explained by a me-
chanical poszible theory is that taller snbjects have
longer time and distance to produce force (accelera-
tion) due to their longer legs, rezuliing in a higher
jump. In general, smaller subjects have shorter limbs
and, therefore, a shorter distance over which to ac-
celerate.

Skeletal mnscle mechanics can restrict jumping
petformance due to the linits of maximal shortening
velocity and maximal power ourpur affecting jurnp
accelerarion and distance. Skeletal muiscle perform-
ance could canse greater linitarions on jumping per-
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formance when body zize is small 22 2 Therefore, [o
achieve the same jumping performance the smaller
zbjects will require higher force, greater peak pow-
er ourpiat and higher maxituim shortening velociny
to enable them to accelerate faszter to achieve the
zatne take-off velocity,

Other factors that may influence the resialts are
that the increase in lower limb length produaces
a gain of the height of the center of mass, which
was 0ot measnred in this stndy but it represents the
height of the second sacred vertebra, 52.% The posi-
tion of center of mass is higher in the body as the
lowweer litnbs are longer 2% and then could be a factor
for increazing the jumping height since it has been
zhewn that the maximnm reach height iz a produact
of the height of the center of mass and the position
of the body around the center of mass at the apex of
flight.27 Marsh € sngeested thar several potential ad-
aptarions conld increasze jumping performance as: 1)
the total average power required for the jump has to
be provided by skeleral mnscle but may be enhance d
by elastic potental energy stored prior to or daring
the jump; and 2) the distance from the centre of nass
to the most distal part of the limb could be increased
by having relatively long legs.

It iz well documented that it iz easier to raise the
center of mass againsr graviry in a subject with a
longer lower linb length than in a subject with a
zshorter lower limb length. = In fact, it is widely sup-
posed that short lower limb (sheorter athlete) would
require greater abiliry to generate the power needed
to raise the center of mass against graviny.2®

In addition, our results showed that the lower
limb length was pozitively and =significantly cor-
related with anaerobic power. buscular power has
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been conzidered an important phy=ical abilicy, par-
ticilarly responsible for snceess of rapid movements
(=g, jumping) .3 The muscilar power was higher
amnong the players having longer lower limbs (Table
W), The significant positive correlarion of anaerchic
power with lower litnb length implies that a higher
level of mnaximal astrength and power in the *high
atrength™ player result= in more powerful jumps.*?
Cir dara are in agreemnent with the resnliz obtained
by Margues =t @l 22 in volleyball playets that indicat-
ed that the middle blockets (who wetre the tallest and
heaviest players), are significantly stronger (P<0.03)
than the zetters. Dowling and Vamos  suggested
peak power may have been a necessity for vertical
jump performance, bat it was not the only detertnin-
ing parameter. Thus, experimental reanlts indicate
that a taller person could be better in activities with a
zignificant srength component.3s

Thi= stndy suggests that the players with longer
lower linb length have both an advanrage of the pos-
itive association berween lower limb length and the
anaerobic power and the raised position of a center
of masz at takeoff. Diata from this work suppott the
study of Sheppard et @lt% who found that taller ath-
lete= have a greater capacity o perform the fasr later-
al noverment and jumping tasks invelved in elire vol-
leyball. Althongh there are relatively short athletes
who have achieved the highest levels of snceess in
volleyball, these finding= wonld likely be due to their
zkills and other physical abilifies compensating for
their lack of statare, and theit achievernents should
not be viewed as atribatable to their short statore, L3
These reanlts appear to be relevant for rrained ath-
letes in sports relying on jumping performance, siich
as baskerball, handball or volleyball,

In accordance with the findings of Rob et @l 2
these resnltz sngeest that—differences in jumping
petformance among individuals may be related to
morphological variables such as greater relative leg
length, which would lead to greater available mnscn-
lar power ouatpuar and longer distance over which o
accelerare daring rake-off, respectively. Ouar findings
are in disagreement with those of Davis =t al2¢ who
investigared the relarionship of body segment length
and vertical jump displacement in 78 recrearional
athletes (55 men and 23 women, aged of 21.5+2.0
vears), They examined the contribation of segmen-
tal skeletal length to vertical jump petrformance by
measring skeletal length of the ook, femnur, tibia,
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and foor. Using regression analy=is these aathors
identified that foor length was the only significant
zkeletal length predictor of vertical jump perform-
ance in men.

The present si1dy demonstrates that the lower ex-
tremnity plays an important role in enhancing vertical
jumnp performance. Tall subjects with longer lower
limbs end to be better jumnpers than shotter sabjects,
As siach, inaccord with Sheppard st zf,45 tall playeta
have a distinct advanrage in that they can more rapid-
1y defend space above the net due to their larger reach
height in comparizon to shorter athletes. The lower
limb length was found to be highly correlated with
ChT,  and anaerobic power in elife male volleyball
players. The players with longer lower linbs had the
better CHT,  and their anaerobhic power was high-
er. However, comparisons of ChII__ performances
between the tallest and the shotter players revealed
that tallest players had a grearer but non =ignificant
(P=0.05) vertical jump than shorter players (Table
V). The non significant re=inlt counld probably doe o
the fact that there were no differences in lower limb
length berween the two groups. This, the tallest play-
erz do not have necessarily the longest lower limbs,

Conclusions

Thesze findings= provide evidence that the players
with longer lower linbs have better vertical jump
petformance and higher anaercbic power. In fact,
loweer litnb length iz of major impoertance for the
jumnping performance in volleyball and that this has
to be ested in raining. The coaches conld nse the
measrement of anthropotnerric characterisrics, siich
as stature and lower limb length for ralent idenrifica-
tion in volleyball. Equally it is not sufficient o have
a great stature to perform better vertical jump per-
formance bat it is al=o necessary to have long lower
limb in the same time. These resualts appear to be
relevant for volleyball players. Fuarther research is
required to validate these findings in larger samples,
amnong specific athleric populations thar require ver-

tical jumnping,.

References
1. Haldonen E. Maximal force, explosive strength and speed in fe-

male <olleyball and baslethall players. T Hom Mowement Stod
1989,168:291-303.

PrAILL



VERTTCAL TUMF FERFORIAINCE I ELITE MALE VOLLEYBALL FLAYERS

1.

11

12

13

14.

15

1.

17

1%

Yol 51 - Mo, 2

. Funaldi-Riezo, E,

I, Cromin JB, Gabbett TT, McGnigan MK, Etxebarma M,
Mewton RU. Kelative importance of strength, power, and anthropo-
metric measmes to jump we cfn%-:t]lmpfullc}'baﬂ player=. T
Strength Cond Res 2008, 22: 75865,

I, Dingley &, Jamsen I, Spratford W, Chapman
O%, Me'wton RIS, The effect of asisted jumping on wertical jump
height in high-performance wolleyball fayers. T Sci Med Sport
2011, 14: 855,

. Camel E. Review by Monash University dccidedt Ressarch Cemtre;

2001,

. Scott DD, David Briscoe, Craig &, Markowski Samunel T, Saville E,

Taylor JC. Physical charactenstics that predict wertical jump per
formancs in moreational male athletes. Physical Thempy in Sport
200534 167-74.

. Gabbett T, Gecarmieff B. Fhysiolomcal and anthropometric charac-

tenstics of Australian jumor national, state, and novice wolleyhall
Player=s. I Strength Cond Res 2007 ;21:902- 2.

. Alegre TM Lara AT, Elwira I 4 gnade, X. Muscle morpheolo

and
jump performance: and imntermunscnlar varabihty. T %fpu'ts
Mled Phys Fitness 2009 49: 3206,

. Gabbett T, Georgeff B, Dommw . The nse of physidomcal , an-

etric,and =511 data o predict selection in a talent-identified
junior wolleyball squad. T STrts Sci 2007,25:1357-44
{ = ?a.ccag;ui, . Somatotype, rde and performance in
elite wolleyball players. J Sports Med Phys Fitness 2001;41:256-42.
Duthie 38, Pyne OB, Hoplans W3, Livingstone S, Hooper 5L
Anthropometry profiles of elite mgby players: quantifying changes
in lean mas=. Br J Sports Med 2006, 40:202-7.
Wang W], Compton KH. Size and power required for metion
with implication for the esolution of sarly hominids. T Biomech
2005,36:1237-48.
Malowgans 3G, Mikolacs ¥, Bergeles NE, Barzonka ¥ 3, Bayice
L&, Mazmiz 3F o f . Somatotype, mzc and body canposition of com-
petitise female volleyball dayers. T 3ci Med gl:urt 2. 11:337-44
Sheppard J&, Chapman D%, Googh O, MoiGoigan ME, MNewton
RU. Twelve-month training-indnced changes in elite international
wolleyball players. T Strength Cond Kes 2009723:2096-101.

I, Gabbett TT, Stan i L. An analysis of in
peettions in elite men'’s wﬂeyk&i?dhma'dmaﬁms 1%&' ccmﬁftm%
demands and physiclogic charactenstcs. J Strength Cond Res
2008,23:1858-66,

Sheppard TM, Borgeand K, Strognell & Influence of statore on
monement speed ahilities in elite wolleyball players. T4 nst Strength
Cond 2008;16:12-4.

Stendel-Hombers KL, Weaver TD), Cara Wall-Scheffer M. The eso-
lntion of human nmning: Effects of changes inlowerlimb length on
locomotor economy. T Hum Esol 2007, 13:1-5.

Lehance C, Croisier JL, Bury T. Optojump system efficiency
in the azsemmment of lower limbe explomve strength. 3ci
2005, 151-5. \ - e
Harman E, Rossnstein M, Frykman F, Kesenstein K, Fraemer ¥

19

21
2.

23

a7
28

30
3l
T2

33

34

35

36.

. Bennet-Clark HC. Scale effects in jumping animals,
locomotion.

AOUTATL

Estimation of homan power ootpot from wertical jump. T Appl Sport
Sl Res 1591;53:118-20.

Ichnson [, Bahamonde K. Effects of gender and the Tewis formola
in mechanical poder estimates. 13International Symposinm on Bio-
mechanics in Sports, Abetract, 1995,

. Weir JP. Quanbfying test-retest reliabality n=ing the intraclas= corme-

lation cosfficient and the 5EM. T Strength Cond Res 2005;19:251-40.
Carter J. Physical structure of Olympic athletes. Med Sport Soi
1984,18:536-63.

Pelin C, Kiitgiiofilo &, Qzener B, Yazici AC. Anthropometrc
characteristice of yomg Turlish male athletes. Coll Antropol
2009:53:1057-63.

Schmidt-Mielzen K. Scaling: Why i= ammal size so important?
Cambrdge: Cambridge Umversity Press; 1984

. James B2, Carlos &, Mavas &, Herrel & . How important are sloeletal

muscle mechanics inseting limite on jumping performance? T Exp
Biol 2007,210:923-33.

In: Pedley
T, editer. Scale effects in amimal Londen: Academuc
Pms=; 1977, p. 185-201.

. Diméglio s Bilan decrois=ance In: Les tranmatismes du sport chea

I'enfant et I’adolescent. Pads: Bdibon Masson; 1997, p. 2730
Vint PE, Hinnichs R, Differences between one-foot and two-foot
wertical jump performances. T A ppl Biomech 1996;12:332-58.
Marsh RL. JTumping ability of anorans. In: Jones, TH, editor. Com-
parative wertebrate exercize physiology. San Diego, CA: Academic
Prs=; 1994 p. 51-111.

. Hill &%, The mechanice of active miecles. London: Proceedings of

the Royal Society of London; 1953, p. 104-17.

Smith M, Bavage RT3 . Some adaptations in mammals.
Zool T Linn Soc 1955,42:605-22.

Eraemer W], Mewton KU. Training for improved <ertical jump.
Sports Science Exchanpe 1994.7:1-12.

I,Berdahl 30, Braten 3. Jnompngheight development and body
welght considerations in =ld jumping. In: Miiller E, Schwameder H,
Raschner C e of . editors. Science andslding IT. Hambarg: Verlag Dr
Eorac; 2001, p. 403-12.

Marques MC, van den Tillaar K, Gabbett TT, Reiz VB, Gonzilez-
Ba.drj‘ilo I1. Phy=ical fitness qualities of professional wolleyball play-
erE: determination of positional differences. T Strength Cond Kes
2008:23:1106-11.

Dowling IT, Wames L. [denfificafion of lanetic and temporal factors
related to wertical jump performance. J4ppl Biomech 1993;9:95-
110,

Doodam 25, Yanderburgh FM. Allometric modelling of the bench
press and equat: ¥ho i= the strongest regardle=s of body mass? T
Strength Cond Res 2000;14:32-6.

Daviz T3, Bosley EE, Gronell LC, Eeeney 5S4, Romett &AM,
Mancinelli Cé o . The mlationship of body ssgment lc;fh and
wertical jump displacement in recreahonal at &. ] Strength Cond
Rees 2006, 20: 136-40.

THE JOURMATL OF SF ORTS MEDLICIIE AMD PHYSICAL FITHESS 7


https://www.researchgate.net/publication/221825527

