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 Common Movement Patterns of the Jump Shot  
while Increasing the Distance from the Basket  

in Elite Basketball Players 

by 
Nadja Podmenik1, Matej Supej1, Hana Debevec1, Frane Erčulj1 

The aim of this study was to examine chosen kinematic variables (duration of the shot, position of the centre of 
mass, position of the shooting hand, rotation of the shoulder axis) of successful shots and to describe differences in 
movement patterns in elite basketball players while increasing the distance from the basket during a jump shot. Our 
participants were three elite shooting guards who were all Slovenian national team and Euroleague players. They were 
shooting from three different distances (3.75 m, 5.25 m, and 6.75 m); analysis included 90 successful shots. The 
kinematics of the entire body was analysed using the inertial motion capture suit. The main interest was on the 
transverse plane (direction Y), focusing on rotational movements and movements to the left and right. The results 
showed that the rotation of the shoulder axis in the transverse plane, with all three participants, was greatest (p < .05) 
from the longest distance. Despite that graphs of individual players differed, deviation to the left was most significant 
while shooting from the largest distance for all participants. Also the landing from the jump shot was on the left 
according to the origin. For example, the average deviation to the left for player no. 2 was 11.9 ± 3.6 cm (the shortest 
distance), 12.6 ± 4.7 cm (the middle distance), and 23.3 ± 5.1 cm (the longest distance). Distance from the basket 
influenced the kinematics of the shot, especially from the longest distance. Along with the already well-known changes 
in the sagittal plane (direction X and Z), this research provides information on changes in the transverse plane, which 
are also very important, especially while shooting from longer distances. 

Key words: transverse plane, duration of the shot, position of the centre of mass and shooting hand, rotation of the 
shoulder axis. 
 
Introduction 

Shooting at the basket is one of the most 
important and most widely used elements of the 
basketball game (Hay, 1994; Wissel, 2004), while 
the jump shot was labelled as the most important 
shot in basketball (Hay, 1994) since some data 
suggest that half of all the points in a game are 
scored by the jump shot (Erčulj and Štrubelj, 2013; 
Tang and Shung; 2005). It is a complex and a 
technically demanding shot where the ball is 
being shot while in the air. For a successful shot, 
the most optimal conditions must be ensured at 
the time of ball release. Ball release variables are 
well known. It has been proven that basketball 
players do not maintain the same release 

conditions of the ball while shooting at the basket 
from different distances, where the ball’s angle of 
release and release height decrease when we 
increase the distance (Miller and Bartlett, 1996; 
Okazacki and Rodacki, 2012; Satern, 1993), while 
the release speed of the ball increases (Miller and 
Bartlett, 1996). When the distance from the basket 
is increased, the vertical (Miller and Bartlett, 1993) 
and the horizontal angle on the basket decreases 
(Okazacki and Rodacki, 2012), while the course of 
the ball to the basket increases (Satern, 1993; 
Walters et al., 1990). The angle of entry into the 
basket depends on the angle of release, the release 
height, and the release speed and is one of the key 
factors that determine whether the shot is going to  
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be successful. The ball’s vertical angle of entry 
into the basket allows for maximum deviation. If 
the angle is decreased, this angle of entry turns 
into an ellipsis up to the angle of 32.7º when the 
diameter of the ball is larger than the projected 
diameter of the basket and a goal is, even 
theoretically, no longer possible. 

Several previous studies investigated 
basketball shooting and average values of certain 
shooting variables, which were mostly related to 
the shooting arm. Some researchers (Elliot, 1992; 
Okazaki and Rodacki, 2012; Satern, 1993) also 
captured and analysed data from video 
recordings where the camera was positioned 
laterally relative to the study subjects. From that 
position it was determined what occurred during 
a shot at the basket in the sagittal plane. This 
single camera technique was unable to determine 
the movements occurring in the frontal and 
transverse planes.  

Although there are a lot of studies 
providing data about the position of the shooting 
arm and other body segments in basketball, there 
is a lack of knowledge about elite basketball 
players. Participants of previous studies were 
usually low level players or very heterogeneus in 
terms of their experience and basketball skills 
(Button et al., 2003; Miller and Jackson, 1995; 
Oberle, 2003), gender (Elliott, 1992; Satern, 1993), 
and the playing position (Miller and Bartlett, 
1996). Consequently our study includes elite 
basketball players who played the same position 
and therefore did not differ significantly when it 
came to the mentioned characteristics (gender, 
role, experience, effectiveness). We chose the 
sample of shooting guards because kinematic 
variables of shooting at the basket change most 
consistently with the shooting guards when the 
distance from the basket is increased (Miller and 
Bartlett, 1996; Walters et al., 1990) and also 
because shooting guards usually decide to shoot 
from a greater distance (Sampio et al., 2015), 
which is also one of the most important roles they 
have in the game. Previous research also shows a 
tight connection between the player’s position 
and anthropometric (morphological) 
characteristics or, in other words, that these 
characteristics greatly differentiate between 
different types of basketball players (Carter et al., 
2005; Erčulj and Bračič, 2010; Sampio et al., 2006). 
Nonetheless, we are aware that every basketball  
 

 
player is somehow unique and has their own style 
(technique) of the jump shot, which is adjusted to 
his psychophysical characteristics. The aim of this 
study was to analyse successful shots for each 
individual separately, provide values of chosen 
kinematic variables and at the same time find 
those changes which occur with all participants 
when the distance from the basket is increased. In 
our analysis we emphasised variables in medio-
lateral direction (Y), which had been neglected in 
previous studies. Therefore, we analysed the 
following variables: the duration of the shot, the 
trajectory of movement of the shooting hand, the 
trajectory of movement of the centre of mass 
(CoM) and the rotation of the shoulder axis in the 
transverse plane. 

Methods 
Participants 

Three elite basketball players participated 
in the study, who at the time of the research, 
played an important role in the strongest 
European club competition – the Euroleague. All 
three participants were also members of the 
national team of Slovenia where they played the 
shooting guard position. The average age of 
participants was 29.3 ± 4.04 years, body height 188 
± 5.07 cm, and body mass 86.9 ± 5.47 kg. One of 
them was left-handed, while the other shooting 
guards were right-handed. They signed a written 
consent form and voluntarily participated in 
measurements that were approved by the ethics 
committee and adhered to the latest amendments 
of the Declaration of Helsinki. Participants were 
not suffering from any previous injuries that 
could affect the results and the execution of 
shooting at the basket. 
Measures 

We used the inertial motion capture suit 
MVN “MVN Biomech Pro“ (Xsens, Enschede, 
Netherlands; 120 Hz) when analysing kinematic 
variables of the jump shot. Previous studies have 
shown that this type of equipment is appropriate 
for the analysis of athletic movements when short 
sequences of movement are considered (Krüger 
and Edelmann-Nusser, 2010; Supej, 2011). The 
measurements were simultaneously recorded 
using the camera Casio Exilim – F1 (300 Hz), 
which was set perpendicularly to the direction of 
the shot, at a distance of 7 m from the shooting 
hand (Figure 1). The camera helped determine the  
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time of ball release. For the purposes of 
synchronization of both measuring systems, 
participants would hit the ground with their foot 
on the side of the camera before executing the 
shot. 

The standard procedure before starting the 
measurement required properly installed 
equipment (Figure 2), the entry of anthropometric 
measurements of each individual participant, and 
the calibration. The calibration took place in three 
positions with participants barefoot. After the 
initial 10-min warm-up, players performed shots 
from three different distances on the centre line of 
the field, 1.5 m apart from one another. Every 
participant first shot the ball from the first 
distance (3.75 m), then from the second distance 
(5.25 m), and at the end from the third distance 
(6.75 m). Participants were given instructions to 
perform jump shots imitating game situation. 
Each participant first performed three warm up 
shots from each distance. In order for the 
participant to be fully concentrated on the shot, 
the ball was picked up by a third person, who 
would pass the ball from under the basket and 
also give the signal for the shot. The objective of 
participants was to score 10 shots from each 
distance. They were shooting in 10 s intervals, in 
order to prevent fatigue. Only “swish” scores, i.e. 
scores without touching the rim or backboard, 
were included into further analysis.  
Design and Procedures 

The full analysis included 90 successful 
shots, 30 from each distance. Measured data were 
entered into Excel (Microsoft, Redmond, USA) 
using our own program Moven 2 Excell (Supej, 
2012). The shot was divided into three phases – a 
preparation phase, a jump phase and a follow-
through phase, which is consistent with previous 
research (Lamb et al., 2010; Miller and Bartlett, 
1996) and together represents the hole cycle of the 
shot. The preparation phase lasted from the 
moment of the downward movement to the 
moment when both feet left the ground (take-off). 
The jump phase lasted from the take-off to the ball 
release, that is, the moment when the ball left the 
hand. The follow-through phase lasted from the 
ball release to the moment when both feet 
touched the ground (landing). 

The following variables were chosen: the 
duration of the shot, the position of the CoM in all 
three axes, the position of the shooting hand in all  
 

 
three axes and the rotation of the shoulder axis in 
the transverse plane presented in the whole cycle 
of the shot. For an easier understanding of the 
results, we placed the coordinate system in a way 
that the X-axis was pointing to the direction of the 
side line towards the basket (anteroposterior 
direction), the Y-axis was pointing to the direction 
of the baseline (mediolateral direction), and the Z-
axis ran perpendicularly to the axes mentioned 
before (superior-inferior direction). When it came 
to the position of the CoM and the shooting hand, 
we chose the ankle of the pivot foot as the basis of 
the coordinate system. For an equal comparison of 
all participants, we changed the sign before the 
mediolateral direction when measuring the left-
handed participant. Angle α (Figure 1) represents 
the rotation of the shoulder axis in the transverse 
plane. We adjusted the formula in order to gain 
the same angle with the left-handed participant.  

In order to facilitate graphic presentation of 
the shots, the data were interpolated using cubic 
splines (SRS1 Cubic Spline plug-in for Excel) in 
such a way that all the shots from the first to the 
last point of each phase matched according to the 
number of points. These interpolated phases of 
each shot were combined into one shot. The 
duration of the first phase constituted 60% of the 
duration of the shot, the duration of the second 
phase constituted 15%, and the duration of the 
third phase constituted 25%. The time of the ball 
release was set as time 0. 
Statistical Analysis 

We processed the acquired data with the 
software package SPSS (version 18) (IBM, 
Armonk, New York). Initially, the data sets were 
analysed using descriptive statistics (mean ± 
standard deviations) of the 10 successful shots of 
each participant from one distance. Statistically 
significant differences between the distances were 
analysed with repeated measures ANOVA. 
Shapiro-Wilk and Hartley tests confirmed data 
normality and homogeneity. When the 
assumption of sphericity was violated, the 
Greenhouse-Geisser or Huynh-Feldt correction 
was used. Estimated epsilon (ε) indicated which 
was the proper correction. When differences were 
statistically different, we used the Bonferroni 
correction of multiple comparisons. This method 
clearly indicated between which distances the 
statistically significant differences occurred. The 
significance level was set at p < 0.05. We used line  
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charts for graphical representation of the analysed 
variables over the entire shot. 

Results 
All three participants scored more than 90% 

of shots from the shortest distance. One of them 
scored all 10 shots and the other two 10 out of 11 
shots. From the middle distance two participants 
scored 10 shots out of 12 and the third one 10 out 
of 20 shots. From the longest distance they made 
10 shots out of 12, 14 and 17 attempts. Figure 3 
depicts the movement of the CoM of all three 
participants. On average, the length of the jump 
increased towards the direction of the basket 
during the entire cycle of the shot when the 
distance from the basket increased. This length 
ranged from 20.8 to 32 cm with the shortest 
distance, 34.8 to 38 cm with the middle distance, 
and 38.8 to 49.2 cm from the longest distance. All 
three participants showed a difference in the 
anteroposterior direction when it came to the 
shortest and longest distance in the moment of the 
take-off, the ball release, and the landing (p < .05).  

In the mediolateral direction, the highest 
number of differences occurred in the longest 
distance, especially with the first two players, 
where the difference was significant (p < .05) in 
the moment of the take-off and ball release. 
Despite the statistically significant differences, the 
pattern of movement for player no. 3 was similar 
until the ball release, while after the ball release 
significant differences appeared. The average 
deviation to the left (according to the origin) was 
2.8, 15.4 and 17.4 cm (the shortest distance), -4.9, 
18.9 and 23.8 cm (the middle distance), and 6.4, 
38.1 and 25.4 cm (the longest distance).  

The curve of the CoM in the superior-
inferior direction differed the most in the 
preparatory phase of the shot, where the CoM of 
the longest distance achieved the lowest point of 
the amplitude of movement in the shortest time. 
This was evident for players no. 2 and 3. Their 
movement pattern in the preparatory phase was 
much different when shooting from the shortest 
distance (Figure 2). The average maximum height 
of the CoM increased in two players when we 
increased the distance from the basket (D3.75 = 
70.7%; D5.25 = 71%; D6.75 = 71.8%; D3.75 = 73.5%; D5.25 = 
74.7%; D6.75 = 77.4%). A statistically significant 
difference (p < .01) appeared only in one player. 
The third player reached the maximum height of  
 

 
the CoM when shooting from the middle distance 
(D3.75 = 82.8%; D5.25 = 84.2%; D6.75 = 83.8%). It means 
that the maximum height of the CoM for the 
player who was 190 cm tall reached 157 cm (D3.75), 
160 cm (D5.25) and 159 cm (D6.75). The same pattern 
could be recognized also for the height of the 
CoM at ball release and for the released arm 
(Table 1). According to the ball release, the 
maximum height of the CoM is achieved at 
different points of the curve. While shooting from 
the shortest and middle distance, all participants 
reached the maximum height of the CoM first, 
which was on the average .052, .085, .117 s 
(shortest distance) or .005, .034, .069 s (middle 
distance) before the ball release. While shooting 
from the longest distance, one of the participants 
achieved the maximum height of the CoM in .027 
s before the release, while the other two 
participants achieved the peak after the release 
(.002 s; .027 s). Differences between the distances 
were significant (p < .05) in all three players. 

Table 1 shows the duration and the position 
of the shooting hand of each participant. 
Considering the duration, the part of the shot 
before the ball release got shorter when the 
distance was increased and was prolonged after 
the ball release. Statistical differences can be seen 
with all three participants between the shortest 
and the longest distance (p < .01). The movement 
of the hand followed the same trend as the 
movement of the CoM. Differences (p < .05) can be 
seen with all three participants between the 
shortest and the longest distance in the moment of 
the take-off, ball release, and landing in the 
direction of the basket (anteroposterior direction), 
at the time of the take-off and ball release in the 
lateral direction (mediolateral direction), and at 
the beginning of the shot with the up-down 
movement (superior-inferior direction). With the 
mentioned distances, the average difference in the 
direction of the basket was 21 cm (player 1), 5.1 
cm (player 2), 12.8 cm (player 3)  and 1.8 cm 
(player 1), 17.4 cm (player 2), 4.8 cm (player 3) in 
the lateral direction. 

The rotation of the shoulder axis in the 
transverse plane (Figure 4) differs according to 
each player, but these differences between 
distances were similar with all three participants. 
The greatest difference can be seen in the 
preparatory phase (although player no. 2 
performed a similar rotation at the beginning of  
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the shots from all three distances), when the 
difference was considerably greater with the 
longest distance. The rotation had the highest 
value already in the initial formation or soon after 
the initial movement. Even though the differences 
decreased after the take-off, they were still  
 

 
significant (p < .05) with all the players. At the 
time of ball release from the longest distance 
(D6.75), the rotation of the first player amounted to 
40º (D3.75 = 39º), with the second player reaching 
55º (D3.75 = 50º), and the third player to 12º (D3.75 = 
6º). 

 
 

Table 1 
The average time and position of the shooting wrist in the specific moments. 

  Duration (s) X (cm) Y (cm) Z (%/TV) 
Player no. 1 

 D (m) M±SD M±SD M±SD M±SD 
Beginning 3.75 -.94±.074a 29.1±5.6 -27.7±2.6 58.6±0.85a 

5.25 -.84±.055 31.6±5.5 -28.3±2.3 56.8±0.67 
6.75 -.75±.089c 30.4±2.5 -29.9±2.2 55.9±1.27c 

Take-off 3.75 
5.25 
6.75 

-.18±.024a 47.9±2a -18.8±1.1a 105±0.58 
-.13±.009b 59.4±1.7b -21.6±2.1b 105±0.31b 
-.12±.007c 65.3±4.6c -14.6±1.3c 104.2±0.82c 

Ball release 3.75 
5.25 
6.75 

0 72.1±2.4a -17.6±2.6a 112.8±1.49 
0 84.4±3.1 -23.7±2.5b 113.1±0.72 
0 89.2±8.5c -13.6±2.5c 113.2±1.58 

Landing 3.75 
5.25 
6.75 

.11±.029a 71.7±2.2a -15±5.3a 111.6±0.38a 

.19±.016b 85±3.8 -26.8±6.4b 110.8±0.48 

.27±.009c 94±19.3c -15.4±5 110.6±0.73c 
Player no. 2 
Beginning 3.75 -.94±.036 33.3±2.2 -20.9±1.4 59.6±0.76a 

5.25 -.89±.061b 31.5±1.7b -22.2±2.9b 57.5±0.81 
6.75 -.48±.012c 48.6±1.3c -8.2±1.6c 57±1.38c 

Take-off 3.75 
5.25 
6.75 

-.24±.012a 50.6±2.2a -11.7±1.3 103.3±0.47 
-.19±.028 60.2±1.9b -11.9±1.5b 103.6±0.69 
-.19±.01c 66.3±2.2c 1±1.7c 103.7±0.62c 

Ball release 3.75 
5.25 
6.75 

0 74.6±2.9a 0.5±3.4 112.7±1.11a 
0 85.8±4.4b -0.5±2.2b 115.3±3.03b 
0 95.1±3.6c 19.6±2.7c 118.9±0.71c 

Landing 3.75 
5.25 
6.75 

.11±.012a 71.4±2.7a 5.4±4a 111.3±0.41 
.2±.013b 81.6±5.8b 9.5±3.3b 111.7±0.51 
.29±.01c 91.9±5.6c 35.6±3.7c 112.2±0.81c 

Player no. 3 
Beginning 3.75 -1.14±.079a 23±1.9 -19.7±1.4a 60.6±1.01 

5.25 -1.03±.037b 23.5±1.6 -17.8±1.7b 60.7±1.79b 
6.75 -.7±.16c 22.2±4.3 -13.9±0.8c 54.6±2.32c 

Take-off 3.75 
5.25 
6.75 

-.26±.013a 40±1.7 -0.6±1.1a 109.1±0.96 
-.22±.006b 40.2±1.8b 3.1±1.8 108.8±0.63 
-.2±.012c 42.5±2.1c 2.2±1.8c 108.8±0.82 

Ball release 3.75 
5.25 
6.75 

0 70.1±4.6 3.1±1.6a 123.3±1.72a 
0 71±2.6b 8.4±3 126±1.27 
0 75.8±3.3c 9.4±3.7c 125±2.5 

Landing 3.75 
5.25 
6.75 

.24±.012a 78.1±5.8 3.4±2.7a 109.6±0.63 

.31±.009b 83.2±5.4 11.8±4.4 109.8±0.91 

.34±.012c 90±7.8c 14±7.8c 109±1.08 
D, distance (m); a, statistically significant differences between the shortest and middle distance; 

 b, statistically significant differences between the middle and longest distance; c, statistically significant 
differences between the shortest and longest distance. 
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Figure 1 

Measuring protocol, the coordinate system, and the angle of rotation of the shoulder axis. 
 
 
 
 
 

 
Figure 2 

Jump shot with the MVN suit. 
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Figure 3 

Average movement of the CoM. The dotted line on the x-axis represents the take-off and the solid 
line represents the time of ball release. The asterisk (*) marks the two distances that show 

significant differences in a particular moment. 
 
 
 
 
 

 
Figure 4 

Average rotation of the shoulder axis and its confidence interval. The dotted line on the x-axis 
represents the take-off and the solid line the time of ball release. The asterisk (*) marks two 

distances showing significant differences in a particular moment. 
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Discussion 

The main findings of the study were that 
the movement before the ball release is shorter 
when increasing the distance, while it is 
prolonged after the ball release if the distance is 
increased. When the distance from the basket was 
increased, players decided on a longer jump 
towards the basket. All participants released the 
ball when falling down (after achieving the 
highest point of the jump) when shooting from 
the shortest and from the middle distance. In the 
lateral direction (which has not been investigated 
so far) the differences were most significant. 
Although the patterns of adjustment of the 
trajectory of the CoM and the shooting arm while 
shooting from different distances were different, it 
can be generalized that the deviation to the left 
was most significant while shooting from the 
largest distance. The results also showed that the 
rotation of the shoulder axis in the transverse 
plane, was greatest when shooting from the 
longest distance (especially in the preparation 
phase). In our participants’ values (despite the 
homogeneous sample) differed quite significantly, 
thus caution is needed when making 
generalizations. The results demonstrated that 
even elite basketball players use different styles 
and techniques while performing a jump shot. 
Nevertheless, there are the already mentioned 
characteristics that are common to all when we 
increase the distance of shooting. 

The results of this study show that during 
the shot, movements towards the basket 
(anteroposterior direction) increase with the 
increased distance (Figure 3). These changes were 
proportional for all three players while shooting 
distance was increased. The average shift CoM at 
the time of ball release from the longest distance 
was 28, 33 and 26 cm. These results are in line 
with the study by Okazaki and Rodacki (2012) 
who also had a sample of adult basketball players. 
Their shift at the time of ball release (when 
shooting from a distance of 6.75 m) was 30 cm. It 
is a bit surprising that these values are even 
higher than those of 15-year-old basketball 
players, where the shift at the time of ball release 
reached up to 25 cm when shooting from a 
distance of 6.75 m (Podmenik et al., 2015).  

It is interesting that the greatest difference 
in the longest distance, when compared with the 
other two, lies in the mediolateral direction, which  
 

follows the direction of the baseline of the 
basketball court. This finding is novel, because 
this coordinate was not considered in previous 
studies that performed only 2D kinematic 
measurements in the sagittal plane (Elliot, 1992; 
Okazaki and Rodacki, 2012; Satern, 1993). As we 
can see in Figure 2, movement in this direction 
substantially differed among shooting distances 
and among players. After the take-off of player 
no. 1, deviation to the right was observed when 
shooting from the middle distance and deviation 
to the left when shooting from the longest 
distance. The pattern of the trajectory of the CoM 
of player no. 2 was similar when shooting from 
the shortest and the middle distance, but when he 
shot from the longest distance the curve was 
significantly moved to the left  (p < .05). Player’s 
no. 3 curve of the trajectory of the CoM was rather 
unique. The deviation to the left increased 
proportionally with the shooting distance. Despite 
the observed patterns in the X-direction with the 
shooting distance, no such patterns were present 
in the Y-direction, and each player exhibited his 
unique patterns in that direction.   

  According to previous studies, the 
maximum height and the release height of the 
CoM decreased with younger players when 
increasing the shooting distance from the basket 
(Miller and Bartlett, 1993; Podmenik et al., 2015), 
which is not in line with our findings. At present, 
the maximum height of the CoM and the release 
height of the CoM increased when the shooting 
distance was increased in two players. In one case 
(player no. 3) the maximum height of the CoM 
and the release height of the CoM were highest 
when shooting from the middle distance. The 
same pattern as in the maximum height of the 
CoM and the release height of the CoM was found 
with the release height of the shooting hand 
(Table 1). Nevertheless, we should be aware that 
player no. 3 reached the highest values in the 
maximum height of the CoM and in the release 
height of the CoM when shooting from all three 
distances. Only his maximum height and release 
height of the CoM exceeded 80% of body height 
and his height of the release arm exceeded 120% 
of body height.  

During the jump shot it is only at and 
around the peak of the jump that relatively the 
most stable frame of reference exists as velocity in 
the vertical direction is almost zero (Oudejans,  
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2002). It was reported that elite basketball players 
take advantage of this stable condition at the time 
of ball release (Oudejans, 2002). Our study 
demonstrated more details regarding ball release 
with coordination of the peak jump. Even though 
our participants were elite basketball shooting 
guards, they did not, when looking at all three 
distances, coordinate the ball release with the 
peak of the jump in the same manner. At this 
point we must emphasise that nowadays some 
elite basketball players (such us Stephan Curry – 
one of the best jump shooters in the NBA) 
perform single motion jump shots, which are 
characterized by a quick release executed 
immediately after the take-off. Similar shots are 
often performed by younger players as well. In 
general, we witnessed one key change in the 
movement of the CoM when our findings are 
compared with the younger players. While 15-
year-old basketball players reach maximum 
height before the ball release (-.05 s; the shortest 
distance), at the time of the ball release (the 
middle distance), and after the ball release (.03 s; 
the longest distance) (Podmenik et al., 2015), the 
situation slightly differs when it comes to elite 
players. When shooting from the shortest and 
middle distance, the latter perform the shot in the 
phase of falling down (after achieving the highest 
point of the jump). In our case, this was also true 
of one player while shooting from the longest 
distance (-.03 s), while the other two players 
performed the ball release before reaching the 
maximum height (.002 s, .027 s). The reason for 
performing the ball release after the peak of the 
jump is most likely due to the fact that elite 
basketball players are physically stronger. The 
belief that shots from the shortest distance are 
performed from the highest point (Oudejans, 
2002) did not apply to youth players (Podmenik et 
al., 2015) nor to elite basketball players. Whatever 
the reason for this type of shot may be, it is 
obvious that players have automated this kind of 
strategy of shooting at the basket, as they perform 
the shots in the same way under in laboratory 
conditions, where they are not under pressure to 
score a field goal and are not being blocked by the 
opposing player. 

Before performing the jump shot (before 
the take-off), the body rotates in the transverse 
plane. Players with a right shooting hand have 
their right part of the body placed before the left  
 

 
part. This is in line with the prevailing 
professional doctrine, which states that players 
place the right foot a half of foot before the left 
one when shooting at the basket (this applies to 
right-handed players) (Wissel, 2004). Some claim 
this is the most important factor of a successful 
shot (Miller and Bartlett, 1993) and should 
amount between 29 and 55˚ in the preparatory 
phase. Miller and Bartlett (1996) have discovered 
a smaller rotation, which ranges between 16 and 
21˚ at the time of ball release. Our study shows 
great differences between participants (Figure 4), 
but all three performed a rotation of the body in 
the transverse plane, where they showed the 
greatest rotation at the longest distance. 
Therefore, the importance of the rotation increases 
with the distance. It ensures the anteroposterior 
stability and at the same time the rotation is used 
to propel the ball. It should supposedly also make 
the alignment of the shoulder, the elbow, and the 
wrist with the eyes easier (Hay, 1994), which 
could potentially increase accuracy.  

There remains the possibility that the used 
measuring technology could have influenced the 
execution of the shots because of the sensors that 
where placed on the body. However, each 
individual sensor only weighs 30 g and it enables 
a direct measurement of the chosen variables. 
Participants did not complain about the 
discomfort related with the measuring equipment. 
In addition, they had quite a lot of time to warm 
up, practice the shots, and to adapt.  

The current research provides unique 
information about the jump shot technique 
(kinematics) of elite basketball players, especially 
in the lateral direction. For these players the 
results demonstrated that changes in the 
trajectory of the CoM occurred in all three axis, 
showing the importance of analysing full body 3D 
kinematics and not only planar movements which 
was mostly the case in the past. In particular, 
gradual changes in the X direction, predictable 
changes in the Z direction and very specific 
changes in the Y direction, which are different for 
each particular player occurred. Nevertheless, to 
fully comprehend the importance of movements 
in the medio-lateral direction future studies are 
needed. 
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