JUMPING HEIGHT CAN BEACCURATELY
PREDICTED FROM SELECTED
MEASUREMENTS OF MUSCLE

STRENGTH AND BIOMECHANICAL
PARAMETERS

L.I. E. Oddsson & S. H. Westing
Karolinska Institute
Stockholm, SWEDEN

The ability to jJump high is an important factor for successful performance in
severd teeam and individua sports. A largevariety of training methodsareemployed to
increase jumping ability (Bobbert, 1990). However, specificand efficient training of
jumpingability foranindividual athlete requires a detailed knowledgedf factorslimiting
the vertica jump. Both coach and athlete would benefit from increased information
about such factors (e.g. muscle strength), and a scientificaly based test to ascertain
individua deficienciesin the performancecdf a vertical jump (Oddsson, 1987).

The height of a vertical jump isdetermined by the verticd velocity at take-off.
which in tumn is the result of the angular impulses (muscle torques multiplied by their
durations) at dl joints involved in the movement The individua magnitudes and
temporal coordination of theseangular impulseswill determinetheshapé and sizeof the
vertical impulsefrom theground (Hay. Vaughn, & Woodworth, 1980). Thecomplexity
of thiscoordination suggeststhat several factorsrelated to strength as well as speed of
movement limit the performanceof ajump (Bobbert & van Ingen Schenau. 1988). The
purpose of this study was to relate different biomechanical parameters and muscle
strength to vertica jumping height

METHODOLQGY
Subjectsand procedure

Twelvema estudentsof physicd education participated in the study (mean body
height 1.81+0.05 m; mass75.634.9 kg). All were habitudly activeand participated in
sports; two of them were considered elite athletes (skating and weightlifting). Each
subject performed four different forms of maxima vertical jumps (seeFigure 1) on a
Kistler forceplatform: (1) a"Rocket" Jump (RJ) fromafully crouched positionon”ti p
toes" with thethighsresting againgt the calf musclesto avoid counter movement; (2) a
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Counter Movement Jump (CMJ, hands held on (| hips); (3) a Counter Movement Jump
with a full arm swing (CMJP) and (d) a series of Bounce Jumps (BJ, bops at maximal
height, with minimal ground contact duwe and minimal flexion at the knees and hands
atthe hips). Subjects were instructed b keep their body in a similar position during take-
off and landing.

The vertical ground reaction force was recorded using a Mingograph inkwriter
(Siemens-Elema 803, frequency response DC-1200Hz). Subjects performed two jumps
of each kind, (| best of which was used for subsequent analysis.

Muscle strength produced by (| e knee extensor muscles was measured isokinetically
in a sitting position with a dynamometer (Seger, Westing, Hanson, Karlson & Ekblom,
1988) during concentric, isometric and eccentric muscle contractions (Seger, Westing,
Hanson, Karlson & Ekblom, 1988). Torque mos measured duringorelow (30 deg/s) and
orehigh (270 deg/s) angular velocity in the concentric and eccentric modes, respectively.
Isometric muscle torque was measured at 40 deg of knee flexion.
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Figure 1. Example of recordings of vertical ground reaction force from one subject performing

gRocket Jump (RJ), a series of Bounce Jumps (BJ), a Counter Movement Jump without (CMT)
and with armswing (CMJP).

Analysis and statistics

Peak force and flight time were measured from the recordings of the vertical
ground reaction force for the different vertical jumps. In addition, ground contact time
was measured during BJ. Jumping height was calculated from flight time (Bosco,
Luhtanen, & Komi, 1983). Potential energy change from lowest center of gravity
position (assumed2 occur at peak force)© peak height of the jump divided by time
between peak force and take-off was used as a measure of power developed during BJ
(Asmussen & Bonde-Pedersen, 1974).
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Biomechanical parameters cal culated from theforceplate dataand measurements
of muscle strength were entered into a stepwise multiple regression analysis, with
jumping height duringa CMJ astheindependent variable. Differences between means
were tested for significanceusingaone-way analysisof variance, followed by Tukey'’s
range test (p<.05).

RESULTS

Jumping height and muscle strength

Figure 1 showsan exampledf thevertica ground reaction forcerecorded during
the different forms of jumping. Subjects jumped lowest during BJ (0.30+0.07 m)
somewhat higher during RJ and CMY (0.35+0.06 and 0.38+0.08 m, respectively) and
highest during CMJP (0.43+0.08 m). Height of CMJP wassignificantlylarger than BJ
height

Highest peak torques wereproduced during eccentric contractions(298+53 and
303459 Nm for 30and 270deg/s, respectively) and lowest torquesoccurred during fast
concentric contractions{135+26 Nm at 270 deg/s). Intermediate torques were seen
duringdow concentric(248+44 Nmat 30 deg/s) andisometricconditions (221435 Nm).

A linear regression analysis showed a significant relationship between CMJ
height and all muscle strength measurements (7=.60-.78, p<.05, Figure 2) except for
eccentric torqueat 30 deg/s (1=.39, p>.05).
Multiple regression analysis

In the multipleregression model the variationin isokinetic and isometricmuscle
strength explained 83%(r=.91) of the variationin the height of t he counter movement
jump. Thebiomechanica parametersexplained 55%(r=.74) of thevariation in jumping
height The best fit was obtained when both biomechanica parametersand data on
muscle strength were entered into the modd (see Figure 3). In this stuation the
proportion of explained variance increased to 94% (R=.97). The parameters which
significantly contributedtot he explained variancein this situation were power devel -
oped during BJ, theratio of flight time to ground contact time during BJ, the ratio of
height during BJ to height during RJ, and torquedevel oped during eccentric (30 deg/s)
and isometric contractions.

DISCUSSION

Theresultsof thisstudy indicate that vertica jumping height can be accurately
predictedfrom measurements of musclestrength and certain biomechani cal parameters.
In the group o subjects tested, muscle strength measured during eccentric, concentric
and isometric quadriceps contractions was a better predictor of jumping height than
biomechanical parametersalone. It can be concluded that severd interacting physi-
ological and biomechanical factorsdeterminejumping height.

A common experienceamong coachesisthat agroup of non-trained jumperswill
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Figure 2. Peak torque (expressed per kg of body weight) produced during eccentric (left) and
concentric (right) quadriceps contractions at 30 and 270 deg/s in relation to jumping height of

a maximal counter movement jump (CMJ). The line indicates line of regression (r - simple
regression coefficient)

0.60

0.50 ¢+

0.40 +

/ R=0.97

: o p(0.05
030 /

0.20 —t— + —
0.20 - 0.30 ) 0.40 0.50 0.60

Observed CMJ (m)

Predicted CMJ (m)

Figure 3. Predicted and observed values of counter movement jump (CMJ) from a multiple
regression analysis when both measurements of muscle strength (torque/mass) and bicmechanical

parameters were entered into the model. The line indicates line of regresswn (R - multiple
regression coefficient).
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increasetheir vertical jumping ability with admostany kind of training program related
to the musclesinvolved in jumping. As the athlete increaseshis/her level o perfor-
mance, agenerd program to increase jumping ability becomesinefficient, acommon
experienceespecialy among dlite athletes. In this Stuation the specificity of training
must improveif performanceshould continueto increase. Specificityisawel known
and vay important principleusad in physica training. Thisprinciplesuggeststhatthe
muscle adapts to the specific stimulusit is being exposedt o, i.e. amusdetrained at a
certain speed will increasestrengtha that gpeed, or if trainedat acertain angle, thenits
strength will increaseat that angle (Sale& Mac Dougall, 1981). Specificity of training
requiresadetailedknowledge of factorslimiting theperformance,aswell asof training
methodsinfluencing thesefactors. Theresultsof thisstudy will form abasisforatest
of suchfactorsin theindividua athlete. This test will guidethecoachandathl etetowards
customizing a way of training for vertica jumping.
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