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A kinematic analysis of the basketball shot performance:
impact of distance variation to the basket

CINTIA FRANCA"?*, ELVIO RUBIO GOUVEIA™ *,
MANUEL J. COELHO-E-SILVA'**, BEATRIZ B. GOMES"?

! University of Coimbra, Faculty of Sport Sciences and Physical Education, Coimbra, Portugal.
2 LARSYyS, Interactive Technologies Institute, Funchal, Portugal.
3 University of Coimbra, CIDAF (uid/dtp/042143/2020), Coimbra, Portugal.
* University of Madeira, Department of Physical Education and Sport, Funchal, Portugal.

Purpose: The aim of the current study was to examine the variation on the kinematic parameters in the basketball shot associated
with the shooting distance. Methods: Twenty-seven female adolescent basketball players aged 12.1 = 0.9 years completed 10 BS trials
from a frontal position of 4.75 m and 5.75 m from the basket. Nine anatomical markers were placed on the participants’ dominant side to
assess the kinematic variables. The following variables were analyzed: angle, velocity, and height at ball release; centre of mass horizontal
displacement and maximum height attained; maximum hip height and hip height at release; shoulder, elbow, and knee angular position and
velocity at ball release; deepest knee flexion during the preparatory phase; the peak of the angular velocity of the shoulder, elbow, and knee
joints. Results: At release, the angle decreased while velocity increased significantly at 5.75 m. During the release, greater shoulder flexion
and increased joint (shoulder and knee) angular velocity were observed. The deepest knee flexion and the centre of mass horizontal dis-
placement were accentuated at 5.75 m. The ball release occurred before the peak of the jump phase. Conclusions: To compensate for the
long ball trajectory to the basket, participants perform a set of adjustments in the body segmental organization to increase the ball veloc-
ity at release. The coaches’ feedback should focus on the shooting arm’s positioning and in the jump phase (to jump as close to vertical

as possible). Also, a consistent shooting technique should be acquired close to the basket before expanding the shooting range.
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1. Introduction

The basketball shot (BS) is considered a fundamental
motor skill and the most used shooting technique in the
basketball game [15], [21], [25]. The BS learning and
teaching processes are supported by a reference move-
ment pattern, which emerged from basic biomechanics
principles [11], [15]. However, each player has a unique
shooting style due to their interpretation of the refer-
ence movement pattern and individual characteristics
such as anthropometry, physical capacities, and previ-
ous motor experiences [15]. Thus, even in elite play-
ers with similar percentages of shooting efficacy, it is
possible to observe inter-individual differences in the

motor action used while performing in comparable
game-related conditions [10].

Literature has mentioned intra-individual variation
on the BS performance by comparing the motor action
used under different game-related conditions, par-
ticularly when the distance to the basket is manipu-
lated [6]. Among game-related conditions, the in-
crease of shooting distance has been pointed out by
athletes and coaches as the primary influencer of the
shooting efficacy and form [12]. Indeed, efficacy is
consensually assumed as the main discriminant be-
tween winning and losing teams [5], [10]. However,
the ratio between scored and missed attempts limits
the feedback needed for the shooter’s improvement,
particularly among youngsters and more inexperi-
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enced players. Therefore, the analysis of the kinematic
variables has emerged as relevant to understanding the
dynamics of the motor action, the ball trajectory, and
the shot’s outcome [13].

Motor abilities play an important role in determining
the players’ long-term development [3]. Thus, previous
studies aimed to evaluate the effects of the shooting
distance on the shooting action to better understand
the mechanisms that support the successful perform-
ance [13], [14], [18]. The study of the ball trajectory is
defined by the angle, velocity, and height at ball re-
lease [14], [15] and intermediates the players’ action
and the shot’s outcome. Among boys shooting at sev-
eral distances from the basket, authors reported that the
mean ball release angle ranged between 57.9 + 3.4° and
68.7 £ 3.3°, while the mean of ball release velocity var-
ied between 5.43 = 0.16 m/s and 7.37 = 0.20 m/s. At
longer shots, the angle has decreased and velocity
has increased significantly [17]. The same trend re-
garding the angle and velocity at the release point
was observed in experienced basketball players. In
males, the mean of ball release angle ranged between
69.3 £ 10.6° and 78.9 + 8.8°, and velocity ranged be-
tween 4.39 £ 0.36 m/s and 6.89 £ 0.62 m/s [16]. In
females, lower mean angle and velocity at release was
observed (angle: 52.8 £ 4.1° to 52.1 £ 3.7°; velocity:
6.60 + 0.40 m/s to 7.90 + 0.30 m/s) [6].

Additionally, variables concerning the shooter’s
behavior and body’s segment organization have also
been examined, such as the displacement of the centre
of mass (CoM), and joints angular position, displace-
ment, and velocity [16], [18], [25]. Overall, the authors
reported several performance adaptations on the BS
associated with the distance to the basket. Also, effi-
cacy tended to decrease significantly at longer shoot-
ing ranges.

Most previous research has privileged studies
with experienced and male basketball players. The
research focused on analyzing the shooting perform-
ance among youngsters is lacking, particularly in
girls [7]. If significant adjustment mechanisms were
observed in the movement pattern used by experi-
enced players while shooting at longer distances to
the basket, it would be expected that those adjust-
ments would be more considerable in youngsters.
Besides, female novice players present less strength
and power than their male counterparts [23], which
may be relevant to motor action performance. Know-
ing the strategies used by players to throw the ball at
longer trajectories is critical for the coaches’ feed-
back, particularly to know what to look for [21] and
to encourage consistency on the acquisition of the
shooting action [6].

Therefore, the current study aimed to examine the
variation of the kinematic parameters in the BS per-
formed at two shooting distances (4.75 m and 5.75 m)
among adolescent female basketball players. We hy-
pothesized that several adjustment mechanisms on the
body segments organization are performed to increase
the ball release velocity to overcome the longer ball
trajectory to the basket.

2. Materials and methods

Participants

Twenty-seven female adolescent basketball play-
ers aged 12.1 £ 0.9 years, height: 153.3 + 8.0 cm, and
body mass: 48.8 + 12.8 kg, from clubs of Madeira
Island participated in the study. All participants had at
least two years of basketball training experience and
were not injured at the time of data collection. At the
time of data collection, participants had an average of
three training sessions per week. The current study
received ethical approval from the committee of the
University of Coimbra (CE/FCDEF-UC/00482019).
Procedures were conducted according to the standards
established by the declaration of Helsinki [9]. Legal
guardians were informed about the nature of the study,
including objectives, protocols and related risks, and
signed informed consent. Participants were told that
their participation was voluntary and all provided con-
sent after being informed that they could withdraw
from the study at any time.

Procedures

Before data collection, participants completed
a 15-minute warm-up that included jogging, drib-
bling, shooting, and dynamic stretching. After the
warm-up, each participant performed 10 BS trials
from a frontal position at two distances to the basket:
4.75 m, and 5.75 m. All participants started by the
4.75 m position, followed by the 5.75 m position. All
trials were performed with the standardized ball size
for their age (Wilson Evolution Size 6, 566 g). One
investigator caught the rebound of each shot, and the
ball was given back to the shooter through a direct
pass to maintain identical shooting conditions. After
receiving the ball, participants were asked to shoot as
they were in a game context, and for that reason, the
stationary performance was not allowed. A second
investigator was responsible for filming each BS at-
tempt with a digital camera (Sony Cyber-Shot RX100,
120 Hz) positioned in the sagittal plane at 7 m from
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the participant's dominant side, 1.20 m from the floor
(Fig. 1). According to the shooting position, the cam-
era was moved perpendicularly to the sagittal plane of
the movement. The distance between the camera and
the players allowed us to visualize the total movement
and part of the ball trajectory after leaving contact
with the athlete. A third investigator recorded the BS
outcome using an efficacy rating system composed of
two levels: (0) missed, and (1) scored.

Fig. 1. Schematic representation of data collection

For the 2D kinematic analysis of the BS on the
sagittal plane, nine anatomical markers (1.5 cm of
diameter) were identified: on the tragus to define the
ear; on the greater trochanter of the humerus to define
the shoulder; on the lateral epicondyle of the humerus
to define the elbow; on the ulnar styloid process to
define the wrist; on the head of the fifth metacarpal to
determine the hand; on the greater trochanter of the
femur to define the hip; on the lateral epicondyle of
the fibula to define the knee; on the lateral malleolus
of the fibula to determine the ankle; on the head of the
fifth metatarsal to define the foot [16]. A single inves-
tigator placed all markers on the participant’s domi-
nant side.

After data collection, all video recordings were
exported and analyzed using Tracker software (Open-
Source Physics — Video Analysis and Modelling Tool,
5.1.5) to assess the kinematic variables. The video cali-
bration was made using a reference object with known
dimensions placed in the plan of the movement. The
calibration factor was evaluated using a 2D-DLT (Di-
rect Linear Transformation) [2], [20], considering the
vertical and horizontal dimensions of the reference
object. A single investigator performed all analyses.

A previous pilot study to assess our methods was con-
ducted on 10 female basketball players aged 14.7
+ 0.6 years. From a total of 300 videos recordings
collected, 30 files were randomly selected to calculate
the intra-observer reliability coefficient (R). For the
ball release variables, the following results were
obtained: angle (R = 0.91), velocity (R = 0.87), and
height (R = 0.90), which shows a good consistency of
the analysis.

For the BS analysis, the following kinematic pa-
rameters were assessed: ball release variables (angle,
velocity, and height); the 2D position of the centre of
mass — CoM (total horizontal displacement and the
maximum height attained); the position of the hip
(maximum height and height at ball release); shoulder,
elbow, and knee joints angular position at ball release,
and the minimum angle formed by the knee (transition
between the first and the second phases of the move-
ment) for the sagittal plane of movement (flexion-
extension); angular velocities of the shoulder, elbow
and knee joints (the peak of angular velocity and the
angular velocity at the ball release), also for the sagit-
tal plane.

The ball release was defined by the last perceptible
frame where the player’s hand was in contact with the
ball. The ball trajectory was studied at the ball release
point, and five frames before and after the ball release
point [24]. The ball release velocity was defined by
the velocity value immediately after the ball release.
This value was calculated by Tracker software using
the ball displacement between frames and their re-
spective time. The ball release height was expressed
by the distance between the center of the ball and the
floor at ball release. The ball release angle was given
by the absolute angle formed by the center of the ball
between the ball release and the moment immediately
after. The coordinates of the release frame and the
frame immediately after were exported to the Excel
software. Then, the angle of ball release was calcu-
lated using trigonometric formulas.

For the 2D CoM assessment was made using a seg-
mental model. The coordinates that defined the center of
each marker during all movements were inserted into the
Excel software. After, the CoM of the several anatomical
segments was assessed through specific equations avail-
able in the literature, which considered the percentage of
the distance travelled by each marker and the proportion
of total body weight [8].

Tracker calculated the joints’ angular position and
velocity through the markers positioning during the
movement. For all analyses performed, a visual in-
spection to detect an error of track was made and cor-
rected if needed.
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Past literature divided the BS movement pattern
into three phases: 1) the preparatory phase, defined
between the start of the shooting motion to the deepest
knee flexion; 2) the action phase, which starts with the
deepest knee flexion until ball release; 3) the follow-
through phase, identified immediately after ball re-
lease to landing [21]. In the current study, the knee
joint minimum angular position (deepest knee flexion)
was analyzed in the transition between the first and
the second phases of the movement.

Height and sitting height were measured using
a portable stadiometer (SECA 213, Hamburg, Ger-
many) to the nearest 0.1 cm. The estimated leg length
was estimated through height minus sitting height.
Body mass was measured using a portable scale (SECA
760, Hamburg, Germany) to the nearest 0.1 kg.

Statistics

Descriptive statistics included mean and standard
deviation. All data were checked for normality using
the Shapiro—Wilk test. Paired #-test was used to evalu-
ate the impact of the increased distance to the basket
on the kinematic parameters. Effect size was inter-
preted using Cohen’s d as follows [4]: d < 0.2 (small),
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0.2 £d < 0.6 (moderate), 0.6 <d < 1.2 (large), 1.2 <d
<2.0 (very large). All analyses were performed using the
Statistical Package for Social Sciences (IBM SPSS soft-
ware, version 26). The level of statistical significance
was adjusted to 0.01 to minimize Type 1 errors [19].

3. Results

Descriptive statistics on chronological age (CA)
and anthropometry are presented in Table 1. Except
for CA, all variables fit the assumption of normal
distribution.

In Table 2, descriptive statistics and paired #-test
results for the shooting efficacy, movement duration
and ball release variables are summarized. In terms of
efficacy percentage, the scored attempts corresponded
to 47.5% at 4.75 m and 42.5% at 5.75 m, with no sig-
nificant differences observed. At ball release, signifi-
cant statistically differences were observed in the an-
gle (t=3.438, p <0.01, d = 0.46), and in the velocity
(t=-115.437, p < 0.01, d = —1.70). The ball release
angle decreased at longer shots, and the ball release

Table 1. Descriptive statistics of female adolescent basketball players (n = 27)

Mean Shapiro-Wilk
Variable SD
value (95% CI) value p
Chronological age  |[year] 12.07 (11.73 to 12.41) 0.85 0.213 <0.01**
Body mass [ke] 48.8 (43.810 53.9) 12.8 0.136 0.30
Stature [cm] 153.3 (150.1 to 156.5) 8.0 0.166 0.14
Sitting height [cm] 69.8 (68.3 to 71.3) 3.8 0.143 0.43
Estimated leg length |[cm] 83.5 (81.0to 85.9) 6.2 0.089 0.45

95% CI (95% confidence interval), SD (standard deviation), ** p < 0.01.

Table 2. Descriptive statistics and paired t-test results to examine mean differences
for efficacy and ball release variables obtained in the 4.75 m and 5.75 m.
basketball shooting among adolescent basketball players (rn =27)

Descriptive statistics Mean comparisons
Variables 475m 5.75m 4
t p
Mean (95%Cl) |  SD Mean (95%Cl) | SD
Efficacy
Scored [%] | 47.5(4251050.0) | 125 | 425(350t047.5) | 125 | 1559 0.13 0.41
Ball release
Angle [°] 60.4 (58.7 t0 62.1) 43 58.7 (57.4 10 59.9) 3.2 3.438 <0.01%* 0.46
Velocity [m/s] 6.98 (6.78 t0 7.18) 0.50 7.63(7.54107.72) | 023 | —115.437 | <0.01** | —1.70
Height [m] 1.92 (1.86 to 1.98) 0.15 1.90 (1.85t0 1.94) | 0.12 1.305 0.20 0.15

95% CI (95% confidence interval), SD (standard deviation), ** p <0.01.
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Table 3. Descriptive statistics and paired t-test results to examine mean differences for kinematic parameters

related to the shooter obtained in the 4.75 m and 5.75 m basketball shooting among female adolescent basketball players (n =27)
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Variables Descriptive statistics Mean comparisons
475 m 5.75m
t P d
Mean (95% CI) SD Mean (95% CI) SD
Centre of mass
Horizontal displacement [m] | 0.14 (0.12t0 0.16) | 0.06 | 0.23 (0.18t0 0.27) | 0.11 | —5.901 | <0.01** | —1.04
Maximum height [m] 1.12(1.09to 1.16) | 0.09 | 1.14(1.12t0 1.17) | 0.06 | —1.979 0.06 -0.27
Hip
Maximum height [m] 1.05(1.01 to 1.09) | 0.09 | 1.07 (1.04to 1.09) | 0.06 | —1.495 0.15 -0.27
Release height [m] 1.02 (0.98 to 1.06) | 0.09 | 1.02(0.99 to 1.05) | 0.07 0.00 1.00 0.00
Shoulder
Release angular position [°] | 111(107to 115) | 10 | 109 (105t0113) | 11 [-11.060] <0.01%* | 0.24
Elbow
Release angular position [°] | 159 (155t0162) | 10 | 158(154t0162) | 11 | 0447 | 0.66 | —0.04
Knee
Minimum angular position [°] | 114 (110 to 119) 11 111 (108 to 114) 9 3.364 | <0.01%** 0.34
Release angular position [°] 170 (168 to 172) 6 170 (167 to 172) 7 0.774 0.45 0.08
Shoulder
Peak angular velocity [°/s] 1114 (1029 to 1199)| 214 [1175 (1094 to 1256)| 204 | —2.958 | <0.01** | —0.52
Release ang velocity [°/s] 470 (420 to 520) 127 | 637(532t0743) | 267 | -5.164 | <0.01** | —0.81
Elbow
Peak angular velocity [°/s] 795 (712 to 877) 209 860 (784 to 936) 192 | -3.333 | <0.01** 1.42
Release angular velocity [°/s] 611 (550 to674) 157 580 (523 to 637) 145 | 2.783 | <0.01** | 0.22
Knee
Peak angular velocity [°/s] 532 (474 to 590) 146 | 608 (548 to 669) 152 | —6.097 | <0.01** | —0.62
Release angular velocity [°/s] 129 (108 to 151) 55 165 (124 to 206) 103 | -2.305 0.03 -0.44

95% CI (95% confidence interval), SD (standard deviation), **p < 0.01.

velocity increased. The mean of ball release height
was comparable between shooting distances, with no
significant differences observed.

In Table 3, the descriptive statistics and paired #-test
results for the kinematic parameters related to the
shooter are presented. The total CoM horizontal dis-
placement increased significantly at 5.75 m compared
to 4.75 m, suggesting a greater horizontal shift during
the shooting performance (¢t = —5.901, p < 0.01, d =
—1.04). Also, the mean of total CoM maximum height
increased at the longer distance but not significantly.
Regarding joints’ angular position, statistically sig-
nificant greater shoulder flexion was observed at the
release point while shooting at 5.75 m. The elbow and
knee's angular position were very similar between
shooting conditions. However, the knee joint mini-
mum angular position (transition between the first and
second phases of the movement) suggests a substan-
tially greater knee flexion when shooting at 5.75 m.
The shoulder, elbow, and knee’s peak of angular
velocity was substantially greater while performing
at 5.75 m. At ball release, only the elbow presents

a lower angular velocity at 5.75 m compared to 4.75 m
(r=2.783,p<0.01,d=0.22).

4. Discussion

This study aimed to explain the variation in the BS
performance through the analysis of the kinematic
parameters according to the shooting distance. It was
hypothesized that several adjustments could be made
by novice female basketball players while shooting at
a longer distance from the basket, mainly to increase
the ball release velocity. At 5.75 m, participants used
the deepest knee flexion (transition between the first
and the second phases of the movement) to increase the
time to generate velocity at the release point. Greater
shoulder flexion and elbow extension of the shooting
arm were observed at ball release. Also, the joints’
angular velocities increased at the longer shooting dis-
tance, contributing to ball release velocity. The CoM
horizontal shift was significantly greater at 5.75 m,
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indicating a greater movement variability in this shoot-
ing condition.

The ball release velocity is expected to increase at
longer distances to overcome the greater horizontal
displacement to the basket (ball trajectory) [14], [15].
As velocity increases, the ball release angle decreases
since the relationship between both variables is char-
acterized by an inverse behavior [11], [15]. Therefore,
a minor variation in one variable will directly change
the other. Indeed, previous empirical research has
reported a lower mean angle combined with a superior
mean velocity at the release point in experienced male
[16] and female [6] basketball players, as well as in
boys [17]. The comparison between 2- and 3-point
shots among the previously mentioned studies indicate
that the differences in the angle and velocity at ball
release were more substantial in youngsters, suggest-
ing greater movement variability than the one ob-
served in experienced basketball players.

According to the literature, the distance over which
the ball release velocity may be generated is increased
by the crouched position adopted during the BS pre-
paratory phase [6]. For that reason, the squat move-
ment before the jump phase should be accentuated at
longer shots. As expected, the deepest knee flexion
(transition between the first and the second phases of
the movement) occurred in this study while shooting
from 5.75 m. At 5.75 m shooting distance, the mean
of the deepest knee flexion was nearly by 3° lower
compared to 4.75 m. In experienced basketball players,
females showed variation in the deepest knee flexion of
1°, and males presented a variation of 2° [6], [16]. In
boys, differences in the deepest knee flexion derived
from the increase of the shooting distance were ap-
proximately 10° [17]. The data suggest the contribu-
tion of the lower body on the BS performance, par-
ticularly to produce velocity at ball release.

Meanwhile, the greater knee flexion observed while
shooting from 5.75 m contributed to a substantial
increase of the knee angular velocity both at its peak
value and at the release point. As greater impulse is
generated, these results were expected. Besides, since
the trunk and the legs should be fully extended at ball
release, it was also likely the increase of the joints’
angular velocity of the shooting arm. Indeed, while
performing at 5.75 m, the shoulder and elbow’s peak
angular velocity increased significantly compared to
4.75 m. Only the shoulder presented higher angular
velocity at ball release at the longest distance. Overall,
the greater angular velocities of the joints have al-
lowed the increase of the ball release velocity.

From the preparatory phase of the movement, play-
ers must coordinate the body segments to produce the

required position and the desired velocity at release
[6]. Greater shoulder flexion was observed at the re-
lease point while performing at 5.75 m. The shoulder
flexion movement is crucial for the BS as it produces
much of the upward force for the elevation of the ball
[1]. For that reason, this movement has been related to
the ball release height [15]. In our study, the shoulder
angular position at the point of release ranged between
109 and 111°, while in boys, results varied between
101 and 111° [17]. Both male (128-137° [13]; 118-122°
[16]); and female experienced basketball players
(107.3-113.8° [6]) showed lower shoulder flexion at
ball release when compared to youngsters. Also, among
experienced players, previous findings suggest in-
creased shoulder flexion by females compared to males
to provide a good arc to the ball trajectory. Probably,
males do not need increased shoulder flexion to
throw the ball from longer trajectories, which is related
to their characteristics in terms of anthropometry and
strength.

In this study, the elbow angular position at ball
release was similar between shooting distances. Pre-
vious data of experienced basketball players indicates
a slight increase of elbow flexion during the ball re-
lease at longer shooting distances [6], [13], [16]. In
contrast, boys presented more significant elbow ex-
tension when performing at increased distances from
the basket [17]. Although our results were not substan-
tial, the analysis of the mean values of each shooting
condition shows greater elbow extension by female
adolescent participants compared to boys and experi-
enced basketball players. The lack of participants’
upper body strength could probably justify these data
since much of the power for the shot comes from the
elbow extension [1].

Meanwhile, the significant increase of the CoM
horizontal displacement while performing at longer
distances has been reported in previous research and
was also observed in this study. The literature points
out to the need for some horizontal motion to shoot at
longer distances from the basket. However, highly
skilled shooters have presented a less horizontal shift
than their less skilled peers [11]. The BS reference
technical model supports the ability of players to land
in the same spot as take-off without floating slightly
backwards or forward after release [1]. Indeed, effi-
cacy should be improved with a more stable base [11].
The level of experience of our participants on the co-
ordination of the motor action and the attempt to ap-
proximate the basket to reduce the ball trajectory,
could justify the significant increase in the CoM hori-
zontal motion. Therefore, coaches should encourage
players to jump as close to vertical as possible while
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shooting, maintaining the trunk upright and not lean-
ing backwards or forward during the release point and
the follow-through phase. Finally, the analysis of the
hip variables allows us to conclude that the ball re-
lease occurs before the peak of the jump phase.
Probably, this should represent the attempt to use the
vertical velocity of the body during the upward phase
of the jump to assist the development of velocity at
the point of release due to the participants’ lack of
upper body strength [6].

The current study aimed to evaluate the effects of
the shooting distance on the BS performance among
adolescent female basketball players, since previous
literature has been mainly focused on experienced and
mostly male basketball players. The sample size, the
lack of randomization on the shooting order, and the
use of a 2D analysis represent limitations of this study.
Indeed, a 3D analysis would be far more informative
and precise on the data collection. On the other hand,
the lack of control of players’ characteristics such as
anthropometry and functional capacities, particularly
strength, is also a limitation of this study. However,
note that data available on this topic among youth is
few, particularly in females.

Thus, our results bring critical practical implications
for the ones involved in youth basketball. Youngsters
performed a set of adjustments mechanisms at the longer
shooting distance mainly to increase the ball release
velocity. The participants’ lack of strength, particularly
in the upper body, seems to represent a considerable
constraint when the distance to the basket is increased.
Future research on this topic should consider the
evaluation of the interrelationship between anthropome-
try, functional capacities and kinematic parameters.
During the early stages of sport-specific skills acqui-
sition, players should be encouraged to shoot closer
from the basket with an adequate movement pattern
before expanding the shooting range. Coaches should
focus their feedback on the correct positioning of the
shooting arm and the jump phase by incentivizing
players to jump as close to vertical as possible. The
shooting technique should be consistent between the
shooting distance.

5. Conclusions

The slight increase by 1 m in the shooting dis-
tance produced a set of adjustments mechanisms on
the BS motor action performed by adolescent female
basketball players: (a) deepest knee flexion (transi-
tion between the first and the second phases of the

movement); (b) greater shoulder flexion at ball release;
(c) the increase of joints’ (shoulder, elbow, and knee)
angular velocities; (d) significant increase of the CoM’s
horizontal motion. There is an increase of the ball
trajectory at longer shots, which demands an increase
in the ball release velocity. The set of adjustments
previously mentioned is mainly supported by in-
creasing the velocity at the release point. During the
early stages of long-term development, coaches should
encourage players to acquire a consistent shooting
technique close to the basket before expanding the
shooting range.

Acknowledgements

The authors would like to thank all players, respective legal
guardians, and coaches for participating in this study.

References

[1] ALEXANDER M.J., HAYWARD-ELLIS J., The effectiveness of
the shotloc training tool on basketball free throw perform-
ance and technique, Int. J. Kinesiol. Sports Sci., 2016, 4,
43-54.

[2] BREWIN ML.A., KERWIN D.G., Accuracy of scaling and DLT
reconstruction techniques for planar motion analyses, J. Appl.
Biomech., 2003, 19, 79-88.

[3] Busko K., PAsTuszAK A., LIPINSKA M., GRYKO K., Somatotype
variables related to strength and power output in male basket-
ball players, Acta Bioeng. Biomech., 2017, 19, 161-167.

[4] CoHEN ., Statistical power analysis for the behavioral sci-
ences, Academic Press, 2013.

[5] CSATALIAY G., JAMES N., HUGHES M., DANCS H., Effects of
defensive pressure on basketball shooting performance, Int.
J. Perform. Anal. Sport., 2013, 13, 594-601.

[6] ELLiOTT B., WHITE E., 4 kinematic and kinetic analysis of the
female two point and three point jump shots in basketball,
Aust. J. Sci. Med. Sport, 1989, 21, 7-11.

[7] FrancA C., GOMES B.B., GOUVEIA E.R., IHLE A., COELHO
SiLva E.MLJ., The jump shot performance in youth basket-
ball: a systematic review, Int. J. Environ. Res. Public. Health,
2021, 18, DOI: 10.3390/ijerph18063283.

[8] GRIMSHAW P., FOWLER N., LEES A., BURDEN A., BIOS instant
notes in sport and exercise biomechanics, Routledge, 2007.

[9] HARRISS D., MACSWEEN A., ATKINSON G., Ethical standards
in sport and exercise science research: 2020 update, Int. J.
Sports Med., 2019, 40, 813-817.

[10] IBANEZ S.J., SAmMPAIO J., FEU S., LORENZO A., GOMEZ M.A.,
ORTEGA E., Basketball game-related statistics that discrimi-
nate between teams’ season-long success, Eur. J. Sport Sci.,
2008, 8, 369-372.

[11] KNUDSON D., Biomechanics of the Basketball Jump Shot
— Six Key Teaching Points, J. Phy. Educ. Recreat. Dance,
1993, 64, 67-73.

[12] Liu S., BURTON A.W., Changes in basketball shooting pat-
terns as a function of distance, Percept. Mot. Ski., 1999, 89,
831-845.



166 C. FRANCA et al.

[13] MILLER S., BARTLETT R.M., The effects of increased shooting
distance in the basketball jump shot, J. Sports. Sci., 1993, 11,
285-293.

[14] MILLER S., BARTLETT R., The relationship between basketball
shooting kinematics, distance and playing position, J. Sports
Sci., 1996,14, 243-253.

[15] Okazaki V.H., RODACKI A.L., SATERN M.N., 4 review on the
basketball jump shot, Sports Biomech., 2015, 14, 90-205.

[16] Okazakl V.H.A., RODACKI A.LF., Increased distance of
shooting on basketball jump shot, J Sports Sci Med, 2012, 11,
231-237.

[17] Okazakl V.H.A., LaMAS L., OkazAKI F.H., RODACKI A.,
Efeito da distancia sobre o arremesso no basquetebol de-
sempenhado por criangas, Motricidade, 2013, 9, 61-72.

[18] PODMENIK N., SUPE] M., Con M., Er¢uLs F., The effect of
shooting range on the dynamics of limbs angular velocities of
the basketball shot, Kinesiol., 2017, 49, 92—100.

[19] PALLANT J., SPSS survival manual, McGraw-Hill education
(UK), 2013.

[20] POURCELOT P., AUDIGIE F., DEGUEURCE C., GEIGER D.,
DENoIX JM., A method to synchronise cameras using the direct

linear transformation technique, J. Biomech., 2000, 33, 1751—
1754.

[21] SATERN M., Performance Excellence: Basketball: Shooting
the Jump Shot, Strategies, 1988, 1, 9-11.

[22] SATERN M., Kinematic parameters of basketball jump shots
projected from varying distances, in ISBS-Conference Proceed-
ings Archive, 1993, https://ojs.ub.uni-konstanz.de/cpa/article/
view/1736. Accessed: 10 June 2021.

[23] SusmaN E.J., Houtrs R.M., STEINBERG L., BELSKY ],
CAUFFMAN E., DEHART G., HALPERN-FELSHER B.L., Longitu-
dinal development of secondary sexual characteristics in girls
and boys between ages 9% and 15 years, Arch. Pediatr.
Adolesc. Med., 2010, 164, 166—173.

[24] UYGUR M., GOKTEPE A., AK E., KARABORK H., KORKUSUZ A.,
The Effect of Fatigue on the Kinematics of Free Throw Shooting
in Basketball, J. Hum. Kinet., 2010, 24, 51-56.

[25] VENncUrIK T., KNjAaz D., Ruecic T., Sporis G., L1 F.,
Kinematic Analysis of 2-Point and 3-Point Jump Shot of
Elite Young Male and Female Basketball Players, Int. J.
Environ. Res. Public. Health, 2021, 18, DOI: 10.3390/
ijerph18030934.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




