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An attemp at the evaluation of the lower extremities power du-
ring a vertical jump on a dynamometric platform

K. BUSKO

Depariment of Biomechanics. Academy of Phyvsical Education, Warzaw, Poland

The paper presents an atlempi fo cveluate power of lovror extromdtics
for faaskotinel) players, Foroe plotform woith pmplifier and microcompe-
tor with AD ooincerier woere ased o fMeasere  mHeeifml external poe
wier, average power per body oweight and height of rise of the body
mass cemter for ©MJ jump, and jump with throw of the ball, Phoipha=
gen povwier for the athletes were measeced using  Margarin=Kalamen
tost. In the cxperiments were assmded muscle torgues for twenty main
muscles groups as an evaluailion af strength of sporismen, There wes
re two groups baskeiball players in these cxpesimonts: 29 women and
13 men from the national teams, Slgnificant correlation (significant le-
vel, piA5) were found Between height of rise and maximal externnl
powWer, averjge power por body weight for the CMJI jump and jump
with throw of the Ball for men aod women, Ne statstieal significant
differences ware fouwond in the axperiments botwesn parafmeters charac-
terizing CMJ and jump with the hall. The correlation coefficlents iwet-
ween phosphagen power dand parameters characterizing jump and the
throw are not statistically signiflcant {p==0,05. There were found cor-
relution (p<0,05) between phosphagen power and sum of the mascles tor-
gues measured in stalic condition per Gdy weight for lower cxtromib-
ticg and for muscles groups, but noo corcelations were found bBelween
parameters characterizing Jumps and museles torgues.
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Introduction

Countermovement vertical jump is often used in training practice
as well as in biomechanical studies to evaluate strength-velocity cha-
racteristics of lower extremities (1, 8], Many authors calculate velocity,
force, power, and height of rise of mass center on the basis of the ver-
tical component of the ground reaction force [2, 3, 4. 5|. This method
enables quick and easy evaluation of the velocity-strength characte-
ristics of lower extremities. However, the resullts obtained by using
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this method may be problematic [13]. In paper [2] 1t has been stated
that there is no relation between power and the height of rise of the
body mass center lor countermovement jump on dynamometric plat-
form. In our experiment we tried to evaluate the power of lower ex-
tremities for the basketball playvers basing on the countermovement
jump {CMJ) and on the simulation of jump with a ball throw on a dy-
namometric platform. Weo alse tried to examine the relationships
between chosen parameters of a jump and the physical features of
examined subjects,

Tahle 1
Characteristic of the studied groups
Druration of :
Croup Afe ulning Body mass Body height
iales 23 B+ .a64 l0=0832 8041801 189.7=1.604
Females 2HXEEDADT 1030558 TZa42EB5 18144 B4

Material and methods

The subjects of this study were 18 male and 24 female basketball
playars of the nalional teams. Groups characteristics is given in tab. 1.
For all the subjects the following measurements were performed: sta-
tic muscle torques, heights of rise of Lthe body mass center and power
of lower extremitizs for CMJ and jump with throw of the ball on a dy-
namometric platform, phosphagen power (by means of Margaria-Ka-
lamen method).

Static muscle torques were measured in standard conditions |accor-
ding to the method described by Fidelus [7], Torques for 20 main
muscles groups were examined — these were [lexors and extensors of
the trunk and following joints: shoulder, elbow, hip, knee, and ankle.
The values of muscle torques were ihen related to a body mass in or-
der to enable the comparison between the subjects,

Mm = Fxr/m (1]

where: Mm — muscle {orque [Nm- kg|,
F — external force [N],
r — arm of the external force [m],
m — body mass [Kgl.

In the calculation of dynamic parameters the method developed by
Bartaoasiewicz [2] was used. The CMJ as well as jump and throw
of a ball were performed on a Kistler dynamometric platform, Signal

from the platiorm was amplified and then processed using ¢ microcom-
puter Meptune 184 with an A/D converter. Basing on the changes of
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the ground reaction force in time the following parameters were cal-
culated:

Pmax — maximal power [W]; being the maximal value ol a product
of the acting vertical force and the body mass center velo-

city
P(t) = vith| Frit) — Q| (2)
where: v — velocity of body mass center [m/sl,
Fr — ground reaction force [N],

Q — hody weight [N].
h — height of rise of mass center:

h=v [T(0) dt (3)
P — average power W] during the upward phase of a movement
calculated from the formula:
P = mgh/t (4)
where: h — height of rise of mass center [m],
i — duration of a take-off [s],
m -— body mass [kg],
g — acceleration of gravity [mxs].
Margaria-Kalamen test (9] was used to measure phospha-
gen power. Il was calculated basing on the formula:

Pf = mxh/! (5)

where: Pf — phosphagen power [kg m/s],
m — body mass [kgl,
h — level diflerence between degree 3 and 9 [m]
| — time of run [s]

Resulis

The values of measured parameters for CMJ and for jump and
throw of & ball are given in tab. 2. To analyse the results linear cor-
relation as well as T-Student test were calculated for all measured pa-
rameters [10]. Significant correlation (significance level p<0.05) was
found between height of rise of mass center and both the maximal
power related to body mass (for CMJ as well as for jump and throw).
The lhnear correlation coefficients for the above parameters are given
in tab, 3. There are no statistically significant differences inside both
studied groups as far as the parameters of CMJ are compared with
the parameters of jump and throw (based on T-Student test), Neither
are there significant relationships between muscles torgues (related to
body mass) and dynamic parameters of CMJ and throw in both stu-
died groups (basing on the linear correlation and T-Student test).



Table 2

Mean walues and standard deviations of measured parameters

Parameters ales Females
Mm:  Kgp 4.8140.488 31374041
Kegl 4. 680,564 33610375
Hdp L3560t L5097 124711504
Kdl 150041 884 123248 832
iz 50121 084 THA8r0.543
ip T.5742.080 5480717
CI:  Pmax 322280 1356000 H069.10+301.148
Pim 158, 08+2 DE5 16,842 846
h 0477 £0.057 ATL 0050
Throw: Pmax 2051, M0 829597 1876803 1366
Fim 14.8] 3,055 16,253,921
h 0443 +0.061 DASE X005
Phosphagen power IBT.6+14.064

Notation: Mm — muscles torgues, kgp — right upper extremitie, kgl —
lefi upper extremitie, kdp — rcight lower exiremitie, kdl — lefi lower
extremitie, it — flexors of trunk, tp — extensors of frunk, Pmax —
maximal power, P/fm — average power related to bosdy mass. b — he-

ight of rise of mass center.
Units: Mm (Nm/kg), Pmax (W), PAin (w/kg), h (m), phosphagen power

(kp-mis)

There were nol found statistically significant corralations (p=>0.05)
belween the value of phosphagen power and the following parame-
ters: maximal power, average power related to body mass, and height
af rise of mass center. For the same signilicance level the following
correlation coefficienis were found between phosphagen power amld
muscle torques of: lower extremitie (0.732), lower extremities [(0.679;,
all the muscles groups (0.538).

Table 3

Linear correlation coefficienis beiwesn height of jump and both

maximal power and average power related to body mass for CRT

{above the dlagonal) and throw (under the diagonall for [emales
(A and males (B), respectively.

A b Prax Fim
h 0.57 0.588
Pmax 0.5498 {1585
Prm 521 0611

B h Pmax Pim
5] . I.5508 .57
Pmax 0.642 a.71
I",u"'m G875 0,708
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Discusion

Countermovement joms e oftén peed lo meoasure nower of athle-
tes of different eport i=cinlines [4, 11, 14, 13). Bartosiewilics
and Wit [2] reported, thai ¢ national vollevball team they recor-
ded maximal power values in renge from 2975 W to 4320 T, aod
height ol rise of mass center tancing from 0226 m o O m. boscre
and Komi |5] reported the mean value of height of risc of mass
center for national volleyball team equal 434120052 m. There was
no signifficant correlation found [2] between the height of jumop and
power for volleyball players [men and women), and judo competitors.
For the group of fencers the same relaticn was [ound to be significant
[3]. In presented study the statistically sigrificemt relations were ob-
gerved between the height of rise of mass center and both the maxi-
mal power and the average power related to body mass. There seems
to be a significant relation between the parameters of a vertical jump.
The lack of such relation in paper [2] may be due to the small number
of subjects or too hig scatter of the results achieved by the subjects.
There were no significant differences found beiween the muscle tor-
ques values reported for basketball plavers by Fidelus and Sko-
rupski [6] and those measured in presented study. This may implv
the stability of the development of this feature for basketbal! players.
In some papers [9, 14] statistically significant relationsnips were re-
ported between phosphagen power and the results of some physical
fittnes tests: Seargent test, sprints (30-60 m), multijumps. In this studv
the above relation was not significant. It seems to be due to the dif-
ferent movements in jump and Margaria-Kalamen tests, even though
they both measure anaerchic power,

Presented methods can be used to measure power of the lower
extremities. There seems to be a significant relationship between
height of rise of mass center and power fot both CMJ and jump and
throw on a dynamometric platform, '
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Streszezenie

W pracy lej podjolo probe pomiary mocy konczyvn dolnveh koeszyvkarzy Do pomia-
ru mocy wivte platformy dynamometryezne), wemacniacza | mikrokomputera z
preetwarnikiem ASC, Rejestrowanoe mor maksymalnsg, moc srednig na kilogram ma-
sy ciata i wysokose uniesienia Srodka maidy w wyskoku OMJ | reucie @ wyskoku
z miejsca, Testem Margarii-Kalamena zmicrzone moc fosfagenown badanych ae-
wodnikdw, Ma podsiawie pomiary momeniow 5 20 zespoldw miginiewyeh w sla-
tvee okreslone sile statvezng badanyeh. W badaniach uczesinlezyli: 34 zawodnlezki
1 18 zawednikdw kadry narodewe] w pllee koszykews), Uzyskane wspdlezynniki ko-
eelacii linfowe] miedzy parametranmi szybkofciowt=gilvaryml ujawnily istloing zalei-
podd (pel0,05) miedey wysekodely uniesienia drodka masy a moc) maksyralng | mo-
cq érednly na kilogram masy clala wyskoku CMJ | rzuty 2 wyskoku 2 micjsca za-
wodniczek | sawadnikdw, Pordwnuige parametry wyskoku CMJ @ parametrami rzu-
ity z wyskoky z miejsca teslem {=Studenta nie stwierdzonn istolnyeh slatvelveimie
raEnic. Wspalczynniki kerelaci lniowe] migdzy wartoseiy moey foslagonowej a mo-
e maksymalng, mocy frednig na kilogram masy eciala | wysokoscig uniesienin Srod-
kn masy uwryskanych w wyskokny CALJ § rrucie @ wyskoky z miejsca brly nieistatne
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stalysiveznie (p=003 W obu badanyeh grupach, nle siwierdzona iesiem t-Siuden-
ta i korelacjy liniows istotnych statvstycznie zaleinoéci miedzy momentaml sit mie-
imiowych w slatyvee a parametraml wyskolu | rzutw ¢ wyskoku z micjsca. Istoina
staivetycenip zaleimofé (p<0,05) wysigpily migdzy mocy fosfagenows a sumg mo-
mentiw sl wrglednyeh, kotczyn dolnyeh § wszyeikich badanych zespoliw mies-
niowyech.

Peawome

B paforc NPeacTOBACHED METOL HOCWX KOMOOHCHT, KOTORLIA COAUPRHT cROACTEA
METON TRYNTHPD WM ODpHIHakon W wetog pasTopnors ananwia, Tpofiacus rpyomH-
PONKEM MPHINAKGE HMEeT CAedVRILNE BIE ANR TaiHOPO P, NOFPYIIHPOSRATL [1PMInaKn
My, oor, By B rpynnel Gy, ..., Gy TAE srolel cymma gaffossimiy colcTEeHABIN 3HA-
YEHHA KOPPEARUMOHHBY METPHL TPYON NPHIHAKDE QO0CTHIHYOE MAKCHMYME N0 BOEX
rp¥Findponsax, TIpn HENomM1LI0nady TAKORD MUTOOA OANOEPEMUHHD NOAYUAeAl Cinmise
KEMOOHENTR TRYIN NPEINAKOR KOTopks ARamoreR obtoan chaxtopas. Oromga
CACAYET YTO ITOT METON NOTEAAHCT (IPOACIHTI. ANANMI TPYTIIMPOBEEH H heETODALIA
AapanNl MuOMeCTRA TpianREoR, B pafiore NOKAIAHO TOMC ARG ANCORHTMAE  METOSL
H EPHTCPHA [DOHCES ONTHMAALHOMG wieaa rpynn. Pafory SaKodidsaeT Dpesiep
MCOOALIONANHA ITHX BATORHTMOE ANA TFHIOTETHISCHOR KOPPeMRLHoHno] MaTpuuysL



