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INTRODUCTION

Sincethe invention of the game of basketbal by Dr. JamesNaismith in 1891, the game has
undergone many changes. Over theyears, the game evolved from a dower, more deliberate play
into an intense game of strength, stamina, speed, agility and, most importantly, shooting ability
(Brancazio, 1984). The two-hand set shot was the common method of shootingin the early days
of the game. However, playersand coaches redlized the importance of getting the shot off faster
and higher in order to get the bl over the defense. Thus, the jump shot was developed. The
success of ajump shot in the game of basketbd | partly dependson reaching optimal height in the
ar asquickly aspossible. Additionaly, successdepends on the player's ability to main
congistency of the shot throughout the course of agame. Given theintensity of a typical game,
what happensto the shot when fatigue setsin ?

A few studies have looked a biomechanica changes during fatigue conditions in other
sports. Sardinah and Zebas (1987) investigated the effects of perceived fatigue on the volleybdl
spike skill performance. They found that during the fatigued condition, the height to which the
spiker could jump and the velocity with which the hand contacted the bal were diminished.
Chapman (1982) noted that the step length, cycletime, and overal velocity were reduced during
fatiguein sprinters. Elliot and Roberts (1980) and Richards(1980) found similar resultsin
distance runners,

To answer the question of what happensto basketbal players when fatigue setsin, this
study was undertaken. The purposewas to determinethe effects of perceived neuromuscular
fatigue on selected kinematic variables of the basketball jump shot.

METHODOLOGY

Fourteen skilled mae basketball players performed 5 consecutive jump shots under the
conditionsof non-fatigue (NF) and perceived fatigue (PF). The shotswere executed from a
dribble at a designated area at the free throw line. Following thefirst series of jump shots, the
subject was asked to mount the stationary bike. Following a warmup, each subject began
pedaling asfast as possibleat a predetermined levd of resistance (.75 kg x body weight). The
subject performed the Wingate test continuoudy until an RPE of at least 18 was established.
When the subject verbaly reported an RPE of 18 or higher, the subject was told to return to the
filming area and perform 5 consecutive jump shotsagain.

The jump shots performed in the NF and PF conditions were filmed with a Peak5 2D
video camera (120 Hz), and later were andyzed with the Peak5 system software. The specific
parametersunder investigation were center of mass horizontal and vertical displacement, center of
mass vertical velocity at release, resultant bal velocity at release, angleof bdl at release, knee and
hip flexion and forearm and trunk inclination changes during the jJump. Intraclasscorrelations
weredone to determine the trid to trial consistency of the kinematic variables. Paired samplet-
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tests were performed to compare the kinematic vanables for the NF and PF conditions. The
Bonferroni Inequality test was used to adjust for Type [ error and significance was then set at p <
L0035,

RESULTS AND DISCUSSION

Reliability coefficients between .80 and .99 were calculated for all kinrematic parameters
from the intraclass correlations. It was determined that there was consistency in the among the 5
jumps in each of the kinematic parameters.

Table 1 summarizes the statistical findings between the NF and PF conditions for all
variables.

Parameter Condition Mean and 5.D. P
Knee flexion (deg) Prep NF 1122 +10.9 009
PF 1149+ 10.5
Rel NF 1723+ 62 355
PF 1714+ 73
Hip flexion (deg) Prep NF 1359+ 12.6 833
PF 1358+ 148
Rel NF 183.0+ 6.5 265
PF 1821+ 6.5
Trunk leen (deg) Prep NF 846+ 11.2 434
PF 239+134
Rel NF 942+ 48 247
PF 936+ 48
Forearm inclination (deg)  Prep NF 102.0+ 248 217
PF 022+323
Rel NF 74.4 + 14.6 090
PF T2.7+13.4
Ball angle (deg) NF 658+ 102 639
PF G46+11.2
Ball velocity (m/s) NF 57+ 14 652
PF 58+ 1.0

COM vertical velocity (m/s) NF 83 + 33 055
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PF .732.37
Horizontal displacement (m) NF 06+.12 22
PF 08 + .11
Vertical displacement (m) NF 44 + .09 .002*
beforerelease PF 39+ .11
Vertical displacement (m) NF 41+ .10 .001*
at release PF 35+ .11

Note. NF = nonfatigue
PF = perceived fatigue
Prep = preparatory phase
Rel = release
* = statistically significant at p <.0035

From a statistical standpoint, significant differenceswere indicated only for center of mass
vertical displacement. However, there was an observabledifferencein the velocity with which the
player was ableto jump from a position of deep kneeflexionto release of theball. 1t was noticed
that a player's speed was diminished during the PF state. Researchers stress the importanceof
obtaining maxima height for a successful performancein the jump shot (Brancazio, 1981; Hay,
1993; Knudson, 1993; Elliot & White, 1989). Hess(1980) stated that the foundation of a jump
shot isthe playerss ability to obtain optimum height in the air as quickly as possbleto
outmaneuver the opponent. Practically spesking, this meansthat if a player is not ableto generate
enough power to achieveoptimum height and speed in the execution of the jump, he may not be
ableto shoot the bdl over the defender, or the angle of the shot may haveto be altered.

Brancazio (1981) and Hay (1993) concurred that maximizing the height of release
increases the accuracy of the shot and a so increasesthe margin of error. Knudson (1993) added
that an optimal height of release providesfor amore favorableangle of entry. When a player is
fatigued in a game Situation, he may not be able to effectively executea jump shot while being
defended. Training for pesk physca condition then becomesa key factor to delay the onset of
fatiguein games. If thisisachieved, optimal height and increased vertica velocity will be possible
throughout the game resulting in better performance. Great coachesunderstand the importance
of prime physica condition. John Wooden (1988) summed up the importance of condition.

"' Successis built on fine condition. Fundamentas and form leave you as you begin to lose
condition™ (p. 39).

CONCLUSIONS

Within the assumptionsand limitations, the following conclusionswere made: (1) When
fatigued, basketball playerslose height on their jump shot; (2) Bdl velocity and angle of release
are not affected in the fatigued state; (3) Body position as reflected by hip and kneeflexion and
trunk and forearm inclination are not affected by fatigue; (4) Although not statisticaly significant,
the center of mass speed in the upward direction was dowed during the fatigued state; and (5)
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Practically speaking, the defensive player gains an advantage when the offensive player reduces
the height to which he can jump and the speed with which he can reach peak height.
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