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While there are numerous vertical jumping investigations (Rudsom, 1986, Bobbert, Builing and Schenau,
1987) most study general vertical jumps in a basic laboratory setting. Static jumps, countermovement jumps with
and vithout arm swing and plyometric jumps are often selected for analysis. Pew have included the vertical jump
as specifically used in performance. There may be distinct differences in jusps used in jump training and
cospetition. The principle of specifity of training suggests that an athlete should train using drills and
techniques that simulate coapetition situations and performance conditions.

Vertical jumping is a fundamental aspect of perforsance in a variety of athletic activities. Good jumping
mechanjcs are important not only wvith respect to performance success but in preventing and minimizing both
traumatic and overuse injuries. Jumper's Xknee is often result of forced lenghtening of active muscle which
occurs on landing when the quadriceps muscle group eccentrically controls the slowing of the body against the
force of gravity. Stacoff, Kaeli, & Stuessi (1987) report that impact forces in landing from jumps utilized in
volleyball exceed the elastics limits of the cartilage in approximately 7% of the jumps analyzed. Colvin, Beal
and Zier (1984) studied spike jumping of the 1984 0.5. Men's Olympic Volleyball team. It was suggested that
optimal spike jumping technique is characterized by a forceful arm swing, a decisive blocking action with the
arns and simultaneous extension of the hips, knee and ankles during the extension phase. Lesser skilled jumpers
extend the knees and hips early during the set-up phase. Time of support ranged frem .26s to .3s which
enphasizes the speed of the loading period during the preparatory period. This influences muscle stretch
velocity and transition between eccentric and concentric phases.

PURPOSE

The purpose of this study was to identify and measure selected components of the vertical jump as utilized
in the specific skill of blocking a spike in volley-ball and countermovement jump vith arm sving as utilized in
jump training performed by elite and recreational female volleyball players.

METHODS

Six highly trained fesale volleyball players froa the Oniversity of Illinois volleyball team (ELITE) and
six recreational volleyball players (REC) participated in the study. The jumps analyzed in this study vere the
volleyball block jusp (BJ) and a training jump {1J) - performed by each subject and than three trials of each
type jusp were filmed with a LOCAM high speed camera operating at a film rate of 100 fps. Shuttered video
cameras vere used to film side and rear views. Block jumps were performed under a simulating competitive setting
vith each subject attempting to block spike hit by an attacker hitting a high set in middle front position.

Sequental end points were digitized vith a Senic Digitizer from adhesive markers placed on the right side
of the subject to correspond with shoulder, elbov, wrist, hip, knee, ankle and 5tb MTP. The rav data were
smoothed with a second order low pass digital filter set at 6 Bz. The bead, trunk, upper arm and thigh were
peasured as absolute angles from the vertical also computed as were angular positioning, ranges of motion,
anqular and linear velocities, height jumped, tisme of preparation, propulsion, flight and landing.

The propulsive phase was defined as the phase between the instant that the mass center passed its lowest
position and the instant the feet lost contact vith the floor. Beight juaped was defined as the difference
between the highest position reached by the body's CG and the position of CG in upright standing.

An analysis of variances was used to determine whether there vere significant differences between the two
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groups of players and the two types of jumps. The significant level for statistical amalysis was set at p «.05.
RESULYS AND DISCUSSION

The mean values (¢ s.4.) for the demographic data are age = 21 yrs {t 2.2}, beight = 175.2 ca (f 4.8) and
body mass = 55.45kg (¢ 3.2). ¥able 1 presents far the groups of subjects values of general kinematic variables
concerning 17 and B perforwances. Both groups jumped higher performing 27 than BJ, bad greater vertical
velocity of the cgat taksoff and a greater time of flight. On each of these variables the ELITE players °
morud signiticantly better than REC players. Of particular interest is the significant difference in landing

(17 > B).

TABLE 1 :
Mean General Kinematic Variab

RECREATIONAL  ELITE SIGNIFICANCE (p<0.05)
VARIABLE TR VIR Tha ¥
Nt ofJump(cm) M 34.45 3011 4145 3829 W>b
viem W 338 BN 4 4B ELITE > REC
VEL-CG-TO M 256 214 273 272 W8
me) #3545 3 2B ELITE > REC
n s M 50 33 682 32
me-Prep (5) S0 14 Dba 10 08
Time-LegPR(s) M 26 22 24 23
LAGL I A T R
tight (s M 25 24 28 27 U>M
Time-Flight (s) s0 01 02 63 62 ELTE > REC
Time-Land (s) M 15 15 17 13 T
O 01 02 03 02

Figure 1 illustrates hov AJs and TJs were executed in this study by REC and ELITE players. The photo in the
center captures the action of the blocker as she blocks the spike. The mean joint positions at S™-PR, 10, 0 and
BOL are detailed in Table 2. Differences in trunk and head positioning betveen 1Js and BJs can be observed. Note
the differences in landing positions betwveen the %s and AIs. Block jusping must be performed under the game
condition restraints of jumping close to a net that cannot be touched and landing in a manner that keeps the
athlete from crossing the center line. This necessitates that the blocker jump vith the upper body in a vertical
position. After placing the arss over the net to block the spike the ELITE group returns to the floor with
a mre hyperextended trunk than the REC group, perbaps a result of their ability to jusp higher, *hang® longer
{greater time of flight) and penetrate over the net vith their arms to a greater degree.
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Figure 1: Jumping Techniques of Recreationl and Rlite Volleytall Players Perforaing fraining Jusps and Blxck
Junps
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TABLE 2

¥ean Joint Angles (Deg) At Start of Propulsion (ST-PR) Takeoff (%0), Touchdown (TD), and End of Landing (20L).

RECREATIONAL £UTE

JOIMT JUmMP ST-PR TO ke EOL ST-PR 0 ™ EoL
HEAD T3 #1236 -228 808 4570 477 477 1394 1055
33 499 1285 1404 N2 1248 1248 1050 1319

[ 7] M 1253 1375 1795 475 1.5 125 342 113
D 1337 1258 581 1430 178 842 1104 85%

TRUNX T2 W 4185 9.0 205 100 €355 1295 882 12m
S0 135 603 1004 823 1158 730 834 1252

84 | 088 272 165 185 24.87 376 -8.95 479

S8 930 1292 330 880 N0 449 252 472

L L1 £ M 4545 421 455 50 4528 -533 877 3463
8 345 888 1 4 884 524 702 581

84 % 4157 670 892 2228 42.44 312 870 2290

sD 425 87 580 2N 895 419 4938 181

KNEE T M 9841 17313 16258 12237 95.24 17437 15288 11032
S0 734 A5t 461 397 12D 1.77 568 930

| I M 10897 17395 17203 129.68 108.18 17731 15849 122

30 1412 430 608 983 11 218 710 537

ANKLE TJ M 818 15057 1384 R72 86.34 15354 140.96 8053
S0 788 W2 9§ 5.9t 624 769 S5.05 573

[ 7] M 87.42 14888 133.43 89.51 8721 14866 13961 8475

S0 798 782 SN 1288 579 834 424 1382

Table 3 shows mean joint ranges

average angular velocities at

takeoff and peak velocities reached during the propulsion. The mean head and trunk ROMs and peak velocity of the
bead during propulsion was significantly higher in the 2Js than in the BJs. Bead and trunk movements are wore
restricted in the BJ because of the player's close proximity to tbe net. A significantly greater range of hip
and knee extension occured during propulsion in 27 than in BJ, peak velocities differed significantly (593.93
deg/s - T and 512.23 deg/s - Nj. In the lower extremities (hip, knee, ankle) peak velocities vere reached at
takeoff or a fev milliseconds prior to takeoff indicating simultaneous extension of these joints during

propulsion.

TABLE 1

Mean Joint Ranges of Motion During Propulsion (ROM-PR-deg), Takeoff (10), Average Velocity at Takeoff (AVG

V-10-deg/s}, Peak Velocity During Propulsion (PEAK VEL-PX-deqg/s}.

RECAEATIONAL BJTE
JOINT JUMP  ROM-PR  AVG V-TO PEAK VEL-PR ROM-PR AVG V-TO PEAK VEL-PR  SIGNIFICANCE
(Deg) (Deg/s) {D#y.5) (Deg) {Deg/s) (Deg/s) {P<0.05)
HEAD T4 M 1700 4061 47150 16.69 1890 36237 TJ > 82 -PEAK VEL
S0 8.3 2166 188.30 a1 25.31 150.81 14> 8J-ROM
8 M 943 4380 24554 7.02 3164 18400
S0 549 28.68 7798 5.20 2535 34 40
TAUNK TJ M 3872 9267 28101 4888 11766  248.69 T4 > BJ-ROM
S0 1012 24 34 7671 1z 2108 25.46
B4 M 2794 12487 264.62 2863 12130 23820
SO 1204 69.66 41.76 787 15.19 a7.n
HIPF T4 M S54n 20948  559.17 5062 21141 688.30 T4 > BJ-PEAK VEL
S8 5.0 28.92 58.77 8.16 28 128 TJ > BJ-ROM
81 M 4828 22355  467.28 4556  197.05  499.48
SD 462 5.0 28.13 656  24.74 73.65
KNEE T4 M 7472 29065  947.42 7913 330.44 105775 TJ> 8J-ROM
s0 1012 5898  150.33 1146 28.64 28217
B M 6598 30805 97517 7093 0558 91142
SD 139 70,04 154.44 1370 431 14408
ANKLE T4 M 6738 259.65  1097.00 6720 28542  1084.42
S0 872 3059 22633 1007 58.07  362.36
BJ M 615 28452 860.83 6145  251.53  906.08
S0 747 45.71 152.93 568 5224 17353
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Table ¢ sumparizes movements of the upper arm during the propulsion. In TJs the upper arm soves in sagittal
plane from a position of hyperextension at the start of propulsion to a flexed position in front of the body at
takeoff. In BJs the upper arm moves primarily in the fromtal plane during the propulsion. The ELITE group did
not use the upper arm in the same manner as the REC group during the BJs. The ELITE players start at the net
vith the arms extended overhead in front of the body and close to the net. As descent begins the arms do a quick
"ara pump® action vhere they are rapidly brought in (adducted) close to the sides of the body, followed by
vigorous abduction during propulsion and takeoff. The ELITE group had significantly higher mean upper arm
velocities at takeoff (313.33 deg/s) during the AT than the REC group (180.63 deg/s). In 1Js peak velocities of
the upper arn were reached before takeoff and deceleration was occuring at takeoff. This is in agreesent vith
Colvin, Beal and Zier (1984) who suggest that the "blocking® with the arms enhances the transfer of monusentus
created in the arps enhances the transfer of monumentum created in the arm swing to the body. In the BJs peak
velocities were reached at or just prior to takeoff which suggest the use of the arms is quite different in

generic (1) and performance jumps (BJ).

TABLE 4

Upper Ara Positioning at Start of Propulsion (ST-PR), Takeoff (10), Average Anqular Velocity During Propulsion
(AVG VEL-PR), Peak Angular Velocity During Propulsion (PEAK VEL-PR} and Range of Motion During Propulsicn
{RON-PR} .

SAGITTAL MOTION (FLEX/EXT) FRONTAL MOTION (ABD/ADD)

VARIABLE REC Td ELITE TJ VARIABLE REC BJ ELUTE BJ
ST-PR {Deg) M -107.00 -18.33 STARY " 49.17 76.83
S0 800 19.05 $0 1370 46.25

TO (Deg) M 14133 95.67 ST-PR (Deg) M 73.17 63.50
. SD 2404 56.32 80 2315 1877
AVG VEL-PR (Deg/s) M 607.57 516.17 T0 (Deg) M 146.50 15133
$D 7113 121.69 S0 1914 9.61

PEAK VEL-PR (Deg/s) M 1173.52 1066.72 AVG VEL-PR (Deg/s) M 18063 31333
SD 29145 219.21 SO 24.08 98.56
ROM-PR (Deg) M 25450 214.00 ROM-PR {Dag) M 97.33 96.83
$D 34.20 56.32 8D 1061 2170

* ELITE AVG VEL-PR significantly higher (p<0.05) than REC.

Landing variables are shown in Table 5. Although ankle flexion during landing is comparable in the two
types of jumps there is significantly less flexion in hips and Xnees in the BJs than in Ns. Onder performance
conditions landing may be cosplicated by the preceding events which occur in the blocking technique. After
takeoff the blocker must pove the hands above and over the net in an attempt to prevent the spiked ball fron
crossing the net. The skilled player, having a higher jump and longer time of flight, penetrates farther over
the net than a lesser skilled player resulting in a piking action of the body between the trunk and thighs.
A resulting action of this torgue-counter-torque piking action is that the legs sving forvard under the body. Cn
descent the arms must be carefully retracted back across the net vhich leads to a *stiffer”, straighter landing
and also it may prevent forvard motion of the body at impact which could possibly end in 2 net foul or center
line violation.
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TABLE 5
Mean Joint Ranges of Motion (Deg) During Landing

RECREATIONAL ELITE
Jump Hr KNEE ANKLE Hip KNEE ANKLE
AL LRI 40.19** §5.88 26.19 47.56 55.47
S0 274 7.78 8.16 10.50 13.92 8.32
BJ M 1333 40.58 56.09 15.20 3.0 54.86
S0 7.04 2.54 9.61 4.40 310 3.09

*TJ HiP ROM signiticantly greater than 8J (p<0.05).
*TJ KNEE ROM significantly greater than BJ (p<0.05). -

SUMMARY

Training jusps and performance jumps share certain coason technique characteristics but there are also
nuserous and critical differences. The coach and athlete should exercise caution in using generic vertical jumps
as the nucleus of 2 jusp training program. In designing an effective jump training prograa emphasis should be
placed on simulating performance requirements and rule restrictions imposed on the vertical jump under
performance conditions.

1. Major differences betveen the selected TRAINING JUMP and BLOCT JUMP include:

A

4

Use of arms in BT is restricted. There is limited shoulder flexion in the BJ with exaggerated
abduction moves employing different miscle groups than what would be used in the TV which uses large
ranges of shoulder extension/flexion and a minimm o abduction.

. Arus are decelerating at takeoff in s and are reaching maximum velocity at takeoff in BJs.
. Bead and trunk positioning varies greatly between the 1J and BJ with more hyperextension used in the

BJ

. Greater landing forces may be occwrring with the BJ as the player descends close to the net

attempting to maintain Dalance. Shorter landing times and smaller ranges of motion in the lover
extrenities support this.

2. Differences between ELITE and REC players include:

A
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ELITE players use the arms differently in the BV than do REC players. As the legs flex prior to
extension the upper arms execute an arm pump by bringing the arms close to the body and then vigorous
abduction occurs with takeoff.

. Several of the REC blockers took a bop or shuffle step forvard before initiating the BJ,
. ELITE players through the mechanics and motor integration of their jumping technique reach a higher

vertical velocity of their body mass cg at takeoff which results in a higher jump and a greater tise
of flight.

. A greater time of flight map allov the player more options as to blocking technique - i.e., skilled

jumpers usually pike during the block and have better arm penetration over the net.
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3. Generzl conclusions and copsiderations include:

A. It is isportant for the jumper (especially in AJ) to land on both feet, thmbyimmsinqtbearu
over vhich force is absorbed.

B. %o ninimize landing forces keep the calf and thigh muscles strmmﬁuhl.pintm
attenuation,

€. Proper shoewsar can also help minimize landing forces.

D. Bips, knees, ankles perforn forceful extension with maximum velocity reached just prior to or at time
of take-off.

B. A good forceful vertical arm sving contributes to vartical ascent.

7. A dovnward prepatory countersovement vith a quick transition to the propulsive phase is important in
placing load on thigh mmcles, stretching them prior to extension auavmq for greater elastic
recoil.

The ability to integrate and coordinate the complex task of vertical jusping is assumed to be
task-specific. A major elesent in developing jusping techniques that vill enhance the athlete's performance is
to execute the motor task repeatedly in a correct manner. An athletes runs the risk of unlearning proper
coordination in performance jumping if the jump training program is not carefully designed.

This study vas partially funded by a grant from the Texas Poundation for Intercollegiate Athletics for Women.
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