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 Background: Ball backspin is created during a basketball's final release. The 

complex nature of the hand-ball interaction at the moment of release can result in 

spin axis (SA) misalignment, which decreases shooting accuracy. 

Aims: This study is the first to analyze distinct backspin modes, such as hand 

orientation, twist, and push location, and how each mode contributes to overall SA 

misalignment. 

Methods: Three-dimensional ball backspin, hand orientation, hand position, and 

ball twist before release were measured for 20 male basketball athletes. The 

multiple linear regression test analyzed SA misalignment about the vertical axis (ey) 

and side SA misalignment (ez). 

Results: The multiple linear regression for SA misalignment about the vertical axis 

(ey) found that the orientation of the fingers and twist modes were equally 

important while the push location was insignificant (f2 = 1.9, R2 = 0.63, F = 17.0, p 

< 0.001). For side SA misalignment (ez), all three modes contributed to ez 

misalignment (f2 = 3.3, R2 = 0.77, F = 18.1, p < 0.001), with both the orientation of 

the palm and twist modes contributing equally and the vertical push location 

having a smaller contribution. 

Conclusion: This study demonstrates that five different backspin modes—two for 

ey and three for ez—each have distinct effects and combine to produce the final SA 

alignment after the ball is released. Knowing how each mode contributes to the final 

SA misalignment will allow coaches to identify necessary changes in individual 

players' shooting techniques to improve their release and increase accuracy. 
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INTRODUCTION 

In the continuing pursuit to improve shooting performance in basketball researchers 

continue to explore many different approaches, such as technological advances (Olteanu et al., 2023; 

Wei et al., 2022), visual cues (Klostermann, 2019; Oudejans et al., 2002; Vickers et al., 2017), and 

cognitive factors (Fazel et al., 2018; Mascret et al., 2022). A reason for the broad array of approaches 

is that shooting a basketball is a highly complex sequence of tasks that integrates three phases. First 

selecting a release strategy, then joint coordination, and then the final execution of the release as the 

ball leaves the hand. The release strategy selection encompasses identifying the desired combination 

of the basketball's release angle and speed (Silverberg & Tran, 2024; Tran & Silverberg, 2008). 

Previous studies have shown that the solution to the release strategy is not unique and explored how 

athletes select release strategies within the release speed-angle space to maximize performance 

(Nakano et al., 2020; Slegers, 2022a). This first phase is a decision on how to shoot the ball, while the 

next two execute the shot. 

Many studies have attempted to identify specific joint coordination patterns (Amirnordin et 

al., 2024; Coves et al., 2020; Irawan & Prastiwi, 2022) and muscle synergies (Matsunaga & Oshikawa, 

2022; Matsunaga & Oshikawa, 2023) associated with successful shooters during the second phase. 

However, there has been little consensus regarding an ideal joint coordination pattern or shooting 

form to ensure success (Okazaki et al., 2015). Some challenges that exist to finding one ideal shooting 

form are different techniques, such as high and low releases (de Oliveira et al., 2008; Giancamilli et 

al., 2022) and effects from fatigue (Rupčić, et al., 2020; Schmitzhaus et al., 2022) which may lead to 
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different shooting motions based on the scenario. The absence of any one ideal shooting motion is 

reinforced by earlier studies that have shown that rather than repeating a learned motion, good 

shooters choose a desired release and use joint variability along the proximal-distal chain to 

minimize release error during the shooting motion (Bartlett et al., 2007; Mullineaux & Uhl, 2010). 

The final release of the basketball, as the shooting hand pushes the ball towards its final angle 

and speed, plays a significant role in overall shooting performance. Sevrez and Bourdin (2015) and 

Slegers et al. (2021) found links between distal joint proprioception and shooting performance. As 

further evidence of the importance of the final hand-ball interaction, Jiang et al. (2022) found high 

levels of proprioceptive sensitivity on the index and middle finger of the leading hand in basketball 

players. In contrast to the specific hand-ball interaction, Slegers and Love (2022) were the first to 

measure basketball backspin alignment and variability and use it as an indicator of the quality of the 

release. They illustrated the importance of spin axis alignment by showing that improving alignment 

and reducing spin variability improved lateral accuracy. The significance is the resulting spin axis 

alignment is a better predictor of lateral shooting performance than the joint motion leading up to 

the release. Although the resulting ball spin alignment was a useful measure of release quality and 

lateral shooting performance, a limitation of the study was that it did not address how different types 

of hand motion contributed to the final spin axis. A gap remains between the ball spin axis alignment 

theory and how to integrate different hand-ball interactions into working practice for coaches and 

athletes. 

This study aims to identify how three specific modes of hand-ball interaction contribute to 

the final basketball spin axis alignment: hand orientation on the ball, twisting the ball into position, 

and the pushing finger location. Each hand-ball interaction mode is measured during the moments 

before release and compared to the final spin axis alignment for 20 male professional basketball 

players. The different modes will be hypothesized to combine to produce an effective spin. The final 

spin axis alignment can be predicted using the three hand-ball interaction modes as explanatory 

variables. Knowledge of how individual hand modes contribute to spin alignment is valuable to 

coaches and players as they try to achieve specific ball spin outcomes by changing specific elements 

of the hand-ball interaction and translating the theory of spin axis alignment into working practice. 

 

METHOD 

Research Design 

A linear multiple regression power analysis was performed using G*Power Version 3.1.9.7 

(Faul et al., 2009) to determine the required sample size to achieve an effect size of f2 = 0.67. The 

effect size was chosen since it was consistent with R2 values of 0.4 found in similar studies for 

longitudinal accuracy, lateral accuracy, and ball path curvature in basketball (Slegers et al., 2021; 

Slegers, 2022b). Using an effect size of 0.67, α =0.05, power (1-β) = 0.90, and two tails, the projected 
sample size for three predictors was 19. Therefore, a larger sample size of n=20 was chosen. 

 Participants were asked to attempt 20 jump shots on a regulation-height basket (3.05 m) 

from a distance of 7.2 m (professional three-point line). All attempts were straight at the basket from 

the top of the key, directly facing the backboard, without a defender or any time restriction. Each shot 

was recorded from 1.5 m directly behind the shooter and at a height of 2.5 m using a tripod-mounted 

1080p HD digital video camera at 120 frames per second, with a shutter speed of 1/720 seconds. 

Like Slegers and Love (2022), a regulation basketball with 26 equally spaced 8 mm diameter white 

markers was used to track the ball spin. Processing the digital video and the identification of the 

centroid for each attempt was done manually using Tracker 5.1.5 software (Open-Source Physics 

Java framework). 

 

Participants 

 Twenty professional right-handed male basketball athletes (n = 20) from the 2022 

Professional Canadian Invitational in Toronto, Canada, were used in this study (age = 25.9 ± 3.5 yrs, 

height = 195 ± 8 cm). Each participant played for a team in the NCAA, U SPORTS, or Canadian 

Collegiate Athletic Association (CCA) and had recently completed their years of participation 

eligibility. All participants had been actively involved in sponsored competitive basketball within six 

months of the study. Each participant gave voluntary consent for inclusion in the study, which the 

local ethics committee approved. 
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Spin Axis Alignment 

 Shooting hand interaction with the ball as a basketball is released generates a three-

dimensional backspin of the ball. The basketball spins about a fixed axis, called the spin axis (SA), 

which can have a unity magnitude without loss of generality. Due to its resemblance to Euler's 

Theorem, the SA is often equivalently referred to as the Euler axis, and if the left end is at the origin, 

the right end of the axis has coordinates [ex, ey, ez] as shown in Fig. 1, with the constraint that 𝑒௫2 +𝑒௬2 + 𝑒௭2 = 1. For an ideally aligned backspin, where the SA is horizontal and perpendicular to the 

shooting plane, the SA can be characterized as [1, 0, 0] and is aligned with the x-axis. Misalignment 

of the SA results in the right end not lying along the x-axis but being tipped if ±ey and/or ±ez is 

nonzero. Two special cases are pure ey ([0, 1, 0]), where the ball spins like a top, and pure ez ([0,0,1]), 

or side spin, where the right side moves up, and the left side moves down. As found by Slegers and 

Love (2022), the average spin axis for right-handed players is ey = -0.22 and ez = -0.17, or slightly 

tipped down and toward the target, with shot-to-shot variability of the SA being positively correlated 

with lateral error. 

 In this study, the SA is estimated using the same procedure outlined in Slegers and Love 

(2022), where three markers are tracked as they rotate from the moment of last contact until 16 ms 

before the ball obscures any one marker. The displacement of the markers is used to find the optimal 

quaternion (Yang, 2012) and rotation matrix representing the displacement, from which the ball’s 
SA can be recovered (Shuster, 1993) 

 
Figure 1. Backspin Coordinate Axes Definition Viewed from behind the Shooter and Facing the 

target 

 

Backspin Release Modes 

 A limitation in prior SA studies is that only the net backspin result was considered. New to 

this study is the analysis of how different modes of hand-ball interaction individually contribute to 

the net result. Three types of hand-ball interaction modes called orientation, twist, and position (A, 

B, and C, modes respectively) are considered in this study and visualized in Fig. 2. The top row of Fig. 

2 illustrates how each mode functions for ey spin for a right-handed shooter. Mode A-Y occurs when 

the shooting (right) hand is tipped counter-clockwise. In this scenario, if the ball rolls off the hand 

normally, the SA will be tipped up or have +ey. Mode B-Y occurs as the shooting (right) hand starts 

on the right side and twists to the ball's center at release, causing an -e y twist. Mode C-Y occurs if the 

shooting (right) hand is on the right side of the ball. A forward push on the right side results in a +ey 

spin. All three modes are illustrated for typical right-handed occurrences. However, the signs on ey 

may switch depending on the actual interaction. The bottom row of Fig. 2 shows the three analogous 

ez modes.   

 The spin modes are measured by identifying 18 points: six from the moment of release, six 

after release, and six before the release, as shown in Fig. 3. The release frame is chosen as the 

penultimate image frame with the index, middle, and ring finger in contact with the ball (Fig. 3a.) 

Using the release frame, the tip and knuckle of the index, middle, and ring fingers are selected. The 

final push occurs using either one of the three fingers individually or a combination of the index, 

middle, middle, and ring fingers and varies from player to player. Each participant in this study was 

classified by their final push type and was assigned a push classification of 1, 1.5, 2, 2.5, or 3 based 

on whether they pushed with their index, index-middle, middle, middle-ring, or ring finger. The push 

center of pressure (xcp, ycp) is defined as the pushing fingertip location for classifications 1, 2, and 3, 

the average of the index and middle fingertips for 1.5, and the average of the middle and ring 
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fingertips for 2.5. Coordinates xcp and ycp are measured from the ball center and normalized using the ball radius. The push orientation, θcp, is the angle from knuckle to fingertip, made by the pushing finger angle, with θcp positive for fingertips to the right of the knuckle. The center of pressure location 

(xcp, ycp) is used to quantify modes C-Y and C-Z, while the push orientation, θcp, is used to classify 

modes A-Y. 

 

 
Figure 2. Identification of Backspin Modes. (Top) Visualizations of ey Modes for a Right-handed 

Shooter. (Bottom) Analogous Visualizations of ez Modes for a Right-handed Shooter 

 

 Modes B-Y and B-Z are generated as the hand twists into position before release and are 

called pre-spin. Similar to how the SA and spin rate are found from the evolution of three markers 

after release (Fig. 3b) using the method outlined in Slegers and Love (2022), the pre-spin axis (pre-SA) and rate (ω*) is measured using six frames (8th- to 3rd frames) before the release (Fig. 3c.) From 

the pre-SA [ex
*, ey

*, ez
*], the y and z pre-spin angular rates are found by multiplying the pre-SA components and the rate so to that ωy = ω* ey

* and ωz = ω* ez
*
. 

  

 
Figure 3. Backspin Release Modes. (a) Finger and Knuckle Identification at Release. (b) SA 

Alignment Tracking the Evolution of Three Markers after the Release. (c) Pre-spin by 

Tracking the Evolution of Three Markers before the Release. (d) Palm Orientation using 

MediaPipe Hands 

 

Mode A-Z requires the orientation of the palm or back of the hand. Two-dimensional selection 

of landmarks, such as in Fig. 3a, is insufficient to identify the orientation of the palm, so MediaPipe 

Hands, which employs machine learning, is used to infer 21 3D landmarks of a hand (Fig. 3d) from a 
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single frame. The back of the hand is considered rigid and defined by four landmarks: the index, 

middle, and ring finger metacarpophalangeal, and wrist (red squares in Fig. 3d.) The global 

orientation of the palm is defined as a j-i-k body-fixed rotation sequence by the angles ϕpalm, θpalm, and 

ψpalm, of which the palm twist, ϕpalm, about the j-axis is mode A-Z shown in Fig 2. If each of the back of 

the hand landmarks is transformed from the global to the back-of-hand frame by a 3x3 direction 

cosine matrix R, the z-components must necessarily be zero. These four equations can be put in the 

form Ax = 0, where A is a 4x3 matrix containing each landmark's x, y, and z coordinates as rows, and 

x is a 3x1 column vector containing the elements of the third row of R. The best fit least squares 

solution for x that achieves the ݉݅݊‖22‖ܠۯ subject to the direction cosine constraint that  ‖2‖ܠ = 1 is 

well known and found using the singular value decomposition (SVD) of A where the solution is the 

right-singular vector of A corresponding to the smallest singular value. From the best estimate of x 

(third row of R), the palm twist, ϕpalm, can be found using the definition of the direction cosine 

elements. 

 

Analysis plan 

 Statistical analysis was performed in Matlab v9.2.0 R2017a (Mathworks Inc., Natick MA, 

USA). All reported values are found using the means from 20 shot attempts for each participant, and 

therefore, differences in means are inter-individual values. Descriptive statistics are presented as 

inter-individual means ± standard deviations (SD) for SA (ey and ez), push location (xcp and ycp), θcp, 

ϕpalm, and pre-spin (ωy and ωz). Multiple linear regressions are presented for both ey and ez. Analysis 

of each multiple linear regression is presented with the F-statistic, adjusted R2, and Cohen’s f2 global 

effect size and interpreted as f2 ≥ 0.02, f2 ≥ 0.15, and f2 ≥ 0.35 representing small, medium, and large 

effect sizes, respectively. The multiple linear regression model reduction is achieved by eliminating 

all slope regression coefficients, β, with statistical significance p < 0.05, then performing a partial F-

test between the higher and reduced order model to verify the reduced model is adequate. In all 

cases, statistical significance was set at 0.05. 

To assess the reliability of the digitization of the finger and marker locations, a test-retest 

reliability analysis was performed using 20 attempts of one participant for ey, ez, push location (xcp 

and ycp), θcp, and pre-spin (ωy and ωz). The reliability coefficient and SD of test-retest differences were 

0.996 and 0.008 for ey, 0.998 and 0.007 for ez, 0.815 and 0.021 for xcp, 0.897 and 0.018 for ycp, 0.801 

and 2.2 for θcp, 0.941 and 0.0543 for ωy, and 0.988 and 0.02 for ωy. 

 

RESULTS AND DISCUSSION 

Results: 

 Table 1 presents descriptive statistics as inter-individual means ± SD and ranges for the SA 

alignment, push location normalized by the ball radius, shooting finger orientation θcp, palm 

orientation ϕpalm, and the shooting pre-spin rates. Results from a multiple linear regression between 

the response variable ey and four independent explanatory variables, ωy, θcp, xcp, and ycp, are provided 

on the left side of table 2. Since only two explanatory variable coefficients (ωy and θcp) have p < 0.05, 

a reduced order multiple linear regression with only those two explanatory variables is provided on 

the right side of table 2. a partial F-test using an F-statistic from the ratio of the extra sum of squared 

residuals in the reduced model to the full model results in an F-statistic of 0.39 (p = 0.69). Therefore, 

there is no evidence that the models for ey differ when xcp and ycp are excluded. A scatter plot of the 

predicted ey values using the reduced model is shown at the top of Fig. 4. 

The left side of table 3 summarizes a multiple linear regression between the response 

variable ez and the four independent explanatory variables, ωz, ϕpalm, xcp, and ycp. The reduced order 

multiple linear regression with only the three explanatory variables having p < 0.05 (ωz, ϕpalm, and 

ycp) is provided on the right side of table 3. A partial F-test results in an F-statistic of 0.68 (p = 0.52). 

Therefore, there is no evidence that the models for ez differ when xcp is excluded. A scatter plot of the 

predicted ey values using the reduced model is shown at the bottom of fig. 4. 
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Table 1. Descriptive Statistics for SA and Backspin Modes (n=20) 
 Mean SD Range 

ey -0.15 0.31 0.51 – -0.53 

ez -0.06 0.21 0.38 – -0.47 

xcp (ball r) 0.17 0.18 0.48 – -0.20 

ycp (ball r) -0.73 0.08 -0.60 – -0.90 

θcp (deg) -3.6 12.8 15.4 – -24.5 

ϕpalm
 (deg) 7.3 2.6 13.9 – -3.9 

ωy (Hz) -0.53 0.40 0.26 – -1.31 

ωz (Hz) -0.37 0.54 0.10 – -0.88 

 

Table 2. Effect of Backspin Release Modes on ey SA Alignment (n=20) 
 Full model Reduced Model 

Independent 

variable 

Coefficient (࢟࢘ࢇ࢜ࢼ ) CI 95% Coefficient 

࢟࢘ࢇ࢜ࢼ) ) CI 95% 

ωy (Hz) 0.366 (0.113) ** 0.124 – 0.607 0.373 (0.108) ** 0.143 – 0.600 

θcp (deg) -0.017 (0.004) *** -0.025 – -0.008 -0.016 (0.003) *** -0.023 – -0.009 

xcp (ball r) -0.125 (0.274) -0.709 – 0.459 - - 

ycp (ball r) 0.510 (0.630) -0.837 – 1.85 - - 

Intercept 0.378 (0.473) -0.631 – 1.39 -0.005 (0.072) -0.157 – 0.148 

     

f2 = 2.1 = 1.9 

F = 8.1** = 17.0*** 

Adjusted R2 = 0.60 = 0.63 

* p < .05, ** p < 0.01, *** p < 0.001 

Note: Coefficients are partial regression slopes with standard errors in parentheses. 

 

 
Figure 4. Comparison of the multiple linear regression models for SA alignment. (Top) Predicted ey 

versus measured ey. (Bottom) Predicted ez versus measured ez.  
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Table 3. The Effect of Backspin Release Modes on ez SA alignment (n=20) 
 Full model Reduced Model 

Independent 

variable 

Coefficient 

ࢠ࢘ࢇ࢜ࢼ) ) CI 95% Coefficient 

ࢠ࢘ࢇ࢜ࢼ) ) CI 95% 

ωz (Hz) 0.355 (0.089)** 0.164 – 0.546 0.342 (0.087)** 0.157 – 0.526 

ϕpalm
 (deg) -0.064 (0.011)*** -0.088 – -0.040 -0.063 (0.011)*** -0.086 – -0.039 

xcp (ball r) 0.123 (0.150) -0.196 – 0.442 - - 

ycp (ball r) 1.35 (0.405)** 0.483 – 2.21 1.41 (0.400)*** 0.562 – 2.24 

Intercept 1.51 (0.339)*** 0.790 – 2.23 1.56 (0.332)*** 0.859 – 2.27 

     

f2 = 3.6 = 3.3 

F = 13.5*** = 18.1*** 

Adjusted R2 = 0.72 = 0.73 

* p < .05, ** p < 0.01, *** p < 0.001 

Note: Coefficients are partial regression slopes with standard errors in parentheses. 

 

Discussion: 

Implications 

 The descriptive statistics in table 1 illustrate some common tendencies of right-handed 

shooters (left-handed shooters are similar but the signs would be flipped except for ycp.) First, for 

three-point attempts in this study, the mean SA is -ey and -ez, similar to free throws in Slegers and 

Love (2022). Next, the mean pre-spin is negative for both ωy and ωz as the right-hand starts on the 

right side of the ball and twists into position for the final release. Negative pre-spins are consistent 

with modes B-Y and B-Z and provide evidence that the initial twisting of the ball likely carries over 

to the final SA alignment after the release. The vertical location of the push point for all participants 

is located on the bottom quarter of ball -0.5 ≤ ycp ≤ -1.0 with the mean lateral push point being 

typically on the right side of the ball (xcp > 0), though not exclusively. The pushing finger varies from 

shooter to shooter, and of the 20 participants, 7, 9, and 4 have push classifications of 1.5, 2, and 2.5, 

respectively (no 1's or 3's), with the average being 1.93. Contrary to Hung et al. (2017), who used 

only two participants and concluded that the index finger does the pushing, the results here are more 

consistent with a combined index and middle finger push as in Jiang et al. (2022). The mean palm 

orientation points toward the left (ϕpalm > 0) and is consistent with the right hand being on the right 

side of the ball. The finger orientation, θcp, varies significantly from shooter- to shooter with a range 

of 40 deg, suggesting it may be a significant contributor to inter-individual variation in SA alignment. 

 Backspin release modes A-Y, B-Y, and C-Y can be assessed through the multiple regression 

model for ey in table 2. The coefficient ߚఏ௬= -0.016 (p < 0.001), indicates that the orientation mode A-

Y has a significant role in ey SA alignment and that ey decreases with finger orientation θcp. Based on 

the sign convention, ey increases as the fingers tip toward the left, as shown in Fig. 2. The coefficient ߚఠ௬= 0.373 (p < 0.01) indicates that the twist mode B-Y also has a significant role in ey SA alignment 

and that ey increases with y-axis pre-spin ωy, which carries over to the final SA alignment after 

release. Comparing the regression coefficients and study SDs for θcp and ωy, illustrates that the model 

predicts shooter-to-shooter variation in θcp and ωy contribute nearly equally to the study’s SD in ey. 

This suggests that backspin modes A-Y and B-Y are equally important in determining ey SA alignment. 

Table 2 also suggests that mean ey is neither affected by the push location xcp nor ycp and that backspin 

mode C-Y may not be important for mean SA alignment. A challenge in measuring backspin mode C-

Y is that while the location xcp can be measured with a 2D image, the push direction cannot. 

Qualitatively, some participants with a large positive xcp who were expected to have a +ey as shown 

in Fig. 2, were also observed to swipe their hand to the left, creating a -ey instead. The swiping of the 

hand to the left or right may be more significant than the position of the push but was not measured 

in this study. 

 The multiple regression model for ez presented in Table 3 is used to assess the backspin 

release modes A-Z, B-Z, and C-Z. The coefficient ߚథ௭= -0.063 (p < 0.001) indicates that the palm 
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orientation mode A-Z has a significant role in ez SA alignment and that ez decreases as ϕpalm increases 

(ϕpalm > 0 corresponds to palm directed more toward the left.) This is consistent with the image for 

mode A-Z in Fig. 2 where the SA is in the plane of the palm. The coefficient ߚఠ௭= 0. 342 (p < 0.01) 

indicates that the twist mode B-Z also has a significant role in ez SA alignment as ez increases with z-

axis pre-spin ωz, and carries over to the final SA alignment after release, similar to how ωy and ey 

interact in mode B-Y. The similarity in the magnitude of ߚఠ௬ and ߚఠ௭  also suggests that the mechanism 

between the carryover of pre-spin to SA alignment for both ey and ez may be the same and that 

reducing any pre-spin may lead to improved SA alignment. 

Mode C-Z interacts with ez through ycp, and the coefficient ߚ௬௭ = 1.41 (p < 0.001), with any 

contribution from xcp being insignificant. This suggests that as the push location moves lower on the 

ball, it contributes more to the -ez spin. A comparison of the ez regression coefficients and the shooter-

to-shooter SDs for ϕpalm, ωz, and ycp illustrates that the model predicts modes A-Z and B-Z contribute nearly equally to the study’s SD in ez, and mode C-Z to be approximately half of the other two. This 

suggests that backspin modes A-Z and B-Z are equally important in determining ez SA alignment, 

while C-Z plays a minor role. 

In this study, the absence of any contribution from the lateral push location, xcp, was 

surprising, specifically since the range among participants was large (0.48 – -0.20), but it may be 

explained in two ways. First, since the push for a 3-point attempt is mostly forward and not up, the 

ez spin from a lateral push is expected to be much smaller than ey spin which may explain the 

insignificance of the coefficient ߚ௫௭. Secondly, xcp is sensitive to the determination of push 

classification and variations in actual finger forces and the discrete classification used may not 

accurately represent the actual lateral push location. However, the finding that ߚ௫௬ is not significant 

in modeling mean ey doesn’t necessarily imply xcp does not contribute to the SA. It remains possible 

that intra-individual variation in xcp is related to variation in ey. 

 

Research contribution 

 The importance of SA alignment and variability to basketball shooting performance has 

already been established (Slegers & Love, 2022). However, the source of misalignment and the role 

of different hand-ball interactions were left unanswered. This study demonstrates five different 

backspin modes: A-Y and B-Y for ey and A-Z, B-Z, and C-Z for ez, all combine to produce the final SA 

alignment after the ball is released.  

The existence of these backspin modes provides two important contributions. First, it 

establishes tools for players and coaches to minimize total SA misalignment. Based on modes A-Y, A-

Z, and C-Z, aligning the shooting fingers vertically with the palm centered so that it faces the target 

(ϕpalm = 0) and pushing closer to the ball's quarter radius than its bottom will yield less misalignment. 

Minimizing pre-spin modes B-Y and B-Z highlight that getting the hand in position earlier to minimize 

twisting of the ball near the release is also beneficial for reducing SA misalignment. Secondly, since 

variability in SA alignment was found to be the most significant contributor to lateral shooting error 

(Slegers & Love, 2022), understanding the role of each mode provides players and coaches with tools 

to isolate sources of variability. For example, if a player tries to reduce ey variability, the results here 

clarify that modes A-Y and B-Y are equally important. A coach may be able to isolate for the player 

whether their finger orientation variability (A-Y) or pre-spin ωy (B-Y) dominates their shooting 

technique. 

  

Limitations 

 A limitation of this study is that it only investigates the inter-individual variation of the 

backspin modes. Intra-individual variations could provide further insight into the relative 

importance of each backspin mode. For example, while modes A-Y and B-Y for ey and A-Z and B-Z for 

ez were found to have equal importance in predicting SA alignment, it may be that players naturally 

exhibit more intra-individual variation in specific modes. If such a situation exists, it would have 

important implications for the relative importance of each backspin mode. In addition, the effects of 

evading defense and rushing shot attempts were not considered. Adding such factors may affect how 

each mode interacts with spin axis alignment.  
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Suggestions  

This study recommends further exploration of factors influencing SA alignment, particularly intra-

individual variability related to xcp. Developing training interventions focused on controlling pre-

spin and finger orientation is also crucial for improving SA alignment. Future research could involve 

larger sample sizes and more advanced measurement techniques and testing the impact of improved 

SA alignment on shooting performance in actual games. Additionally, 3D motion analysis could 

provide deeper insights into the hand and ball movement mechanisms. 

 

CONCLUSION 

This study was the first to identify and measure how three specific modes of hand-ball 

interaction: hand orientation on the ball (mode A), twisting the ball into position (mode B), and the 

pushing finger location (mode C), each contribute to the final basketball spin axis alignment. It was 

observed that modes A and B contributed equally to ey SA misalignment while all three modes A, B, 

and C contributed to ez, with mode C only having a minor impact. Combined, the specific role of each 

mode suggests that the total SA misalignment can be reduced by having correct hand placement with 

vertical fingers and palms facing the target, along with limited pre-spin of the ball before release. 

While it was previously known that SA alignment was a useful measure of release quality, an 

important outcome of this study is the finding that two athletes could combine modes differently to 

have similar total SA misalignment but for different reasons. In such a scenario, knowing how these 

individual modes interact to create the total backspin is valuable to coaches and players as they try 

to achieve specific ball spin outcomes since the remedy may differ based on which modes dominate 

and their relative contributions. 

Further studies should investigate how coaches could integrate knowledge of backspin 

release modes into training to improve SA alignment. The effectiveness of specific drills and training 

on how it changes the SA, its variability, and overall shooting performance would provide valuable 

insight for translating the theory of SA alignment into working practice. Other areas of future 

research include the effects of lateral movement while evading a defender and increased tempo. Both 

may alter how the spin modes contribute to the final spin axis alignment, and it may be insightful to 

coaches if future research can identify if different modes are more sensitive to these effects. 

 

AUTHOR CONTRIBUTION STATEMENT 

MC was responsible for the study's conceptualization and design, data collection, and initial 

drafting of the manuscript. NS contributed to the data analysis, interpretation of the results, and 

critical revision of the manuscript. NS also served as the corresponding author, handling all 

correspondence and revisions related to the publication. 

 

REFERENCES 

Amirnordin, S. H., Khi, M. G. H., Ngali, Z., & Afdzaruddin, S. H. S. (2024). Biomechanics analysis of 

basketball shooting via openpose motion capture system. Journal of Advanced Research in 

Applied Mechanics, 112(1), 32-45. https://doi.org/10.37934/aram.112.1.3245 

Bartlett, R., Wheat, J., & Robins, M. (2007). Is movement variability important for sports 

biomechanists?. Sports biomechanics, 6(2), 224-243. 

https://doi.org/10.1080/14763140701322994   

Coves, A., Caballero, C., & Moreno, F. J. (2020). Relationship between kinematic variability and 

performance in basketball free-throw. International Journal of Performance Analysis in Sport, 

20(6), 931–941. https://doi.org/10.1080/24748668.2020.1820172 

de Oliveira, R. F., Oudejans, R. R., & Beek, P. J. (2008). Gaze behavior in basketball shooting: Further 

evidence for online visual control. Research Quarterly for Exercise and Sport, 79(3), 399-404. 

https://doi.org/10.1080/02701367.2008.10599504 

Faul, F., Erdfelder, E., Buchner, A., & Lang, A.G. (2009). Statistical power analyses using G*Power 3.1: 

Tests for correlation and regression analyses. Behavior Research Methods, 41(4), 1149–1160. 

https://doi.org/10.3758/BRM.41.4.1149 

https://doi.org/10.37934/aram.112.1.3245
https://doi.org/10.1080/14763140701322994
https://doi.org/10.1080/24748668.2020.1820172
https://doi.org/10.1080/02701367.2008.10599504
https://doi.org/10.3758/BRM.41.4.1149


Carniglia & Slegers   The Impact of.… 

10 | Journal of Coaching and Sports Science 

Fazel, F., Morris, T., Watt, A., & Maher, R. (2018). The effects of different types of imagery delivery on 

basketball free-throw shooting performance and self-efficacy. Psychology of Sport and 

Exercise, 39, 29-37. https://doi.org/10.1016/j.psychsport.2018.07.006 

Giancamilli, F., Galli, F., Chirico, A., Fegatelli, D., Mallia, L., Palombi, T., & Lucidi, F. (2022). High-

pressure game conditions affect quiet eye depending on the player’s expertise: Evidence from 

the basketball three-point shot. Brain Sciences, 12(2), 286. 

https://doi.org/10.3390/brainsci12020286 

Hung, C. F., Chen, C. C., Lin, S. H., & Chung, T. K. (2017). Finger and palm dynamic pressure monitoring 

for basketball shooting. Journal of Sensors, 2017(1), 9352410. 

https://doi.org/10.1155/2017/9352410 

Irawan, F. A., & Prastiwi, T. A. S. (2022). Biomechanical analysis of the three-point shoot in basketball: 

Shooting performance. Journal of Physical Education and Sport, 22(12), 3003-3008. 

https://doi.org/DOI:10.7752/jpes.2022.12379 

Jiang, H., Kruszewski, A., Cherkashina, E., Theodorou, A., Zacharakis, E., Cherkashin, I., ... & 

Kruszewski, M. (2022). Compensatory action of the index and middle finger in the kinematic 

chain of a basketball shot. Acta of Bioengineering and Biomechanics, 24(3), 13-20. 

https://doi.org/10.37190/ABB-02092-2022-01 

Klostermann, A. (2019). Especial skill vs. quiet eye duration in basketball free throw: Evidence for 

the inhibition of competing task solutions. Eur J Sport Sci, 19(7), 964-971. 

https://doi.org/10.1080/17461391.2019.1571113. 

Mascret, N., Vors, O., Marqueste, T., & Cury, F. (2022). Stress responses, competition, and free-throw 

performance: The predicting role of other-approach goals. Psychological Reports, 125(6), 

3049-3068. https://doi.org/10.1177/00332941211040 

Matsunaga, N., & Oshikawa, T. (2022). Muscle synergy during free throw shooting in basketball is 

different between scored and missed shots. Frontiers in Sports and Active Living, 4, 990925. 

https://doi.org/10.3389/fspor.2022.990925 

Matsunaga, N., & Oshikawa, T. (2023). Influence of difference in view of goal on shooting performance 

and muscle synergy. Journal of Physical Education and Sport, 23(1), 106-111. 

10.7752/jpes.2023.01013 

Mullineaux, D. R., & Uhl, T. L. (2010). Coordination-variability and kinematics of misses versus 

swishes of basketball free throws. Journal of Sports Sciences, 28(9), 1017-1024. 

https://doi.org/10.1080/02640414.2010.487872 

Nakano, N., Inaba, Y., Fukashiro, S., & Yoshioka, S. (2020). Basketball players minimize the effect of 

motor noise by using near-minimum release speed in free-throw shooting. Human Movement 

Science, 70, 102583. https://doi.org/10.1016/j.humov.2020.102583 

Okazaki, V., Rodacki, A., & Satern, M.N. (2015). A review on the basketball jump shot, Sports 

Biomechanics, 14(2), 190-205. https://doi.org/10.1080/14763141.2015.1052541 

Oudejans, R.R., van de Langenberg, R.W., & Hutter, R.I. (2002). Aiming at a far target under different 

viewing conditions: Visual control in basketball jump shooting. Hum Mov Sci, 21(4), 457-80. 

https://doi.org/10.1016/s0167-9457(02)00116-1 

Olteanu, M., Oancea, B. M., & Badau, D. (2023). Improving effectiveness of basketball free throws 

through the implementation of technologies in the technical training process. Applied 

Sciences, 13(4), 2650. https://doi.org/10.3390/app13042650 Rupčić, T., Feng, L., Matković, B. R., Knjaz, D., Dukarić, V., Baković, M., ... & Garafolić, H. (2020). The 
impact of progressive physiological loads on angular velocities during shooting in basketball-

case study. Acta kinesiologica, 14(2), 102-109. 

https://doi.org/DOI:10.7752/jpes.2023.01013 

Schmitzhaus, V. M., Oliveira, W. G., & Almeida, M. B. D. (2022). High-intensity effort impairs basketball 

free-throw shooting efficiency. Motriz: Revista de Educação Física, 28, e10220000422. 

https://doi.org/10.1590/s1980-657420220000422 

Sevrez, V., & Bourdin, C. (2015). On the role of proprioception in making free throws in 

basketball. Research Quarterly for Exercise and Sport, 86(3), 274-280. 

https://doi.org/10.1080/02701367.2015.1012578 

Shuster, M. D. (1993). A survey of attitude representations. Journal of the Astronautical Sciences, 

40(4), 439-517. 

https://doi.org/10.1016/j.psychsport.2018.07.006
https://doi.org/10.3390/brainsci12020286
https://doi.org/10.1155/2017/9352410
https://doi.org/DOI:10.7752/jpes.2022.12379
https://doi.org/10.37190/ABB-02092-2022-01
https://doi.org/10.1080/17461391.2019.1571113
https://doi.org/10.1177/00332941211040
https://doi.org/10.3389/fspor.2022.990925
10.7752/jpes.2023.01013
https://doi.org/10.1080/02640414.2010.487872
https://doi.org/10.1016/j.humov.2020.102583
https://doi.org/10.1080/14763141.2015.1052541
https://doi.org/10.1016/s0167-9457(02)00116-1
https://doi.org/10.3390/app13042650
https://doi.org/DOI:10.7752/jpes.2023.01013
https://doi.org/10.1590/s1980-657420220000422
https://doi.org/10.1080/02701367.2015.1012578


Carniglia & Slegers   The Impact of.… 
 

   Journal of Coaching and Sports Science | 11 

Silverberg, L. M., & Tran, C. M. (2024). High performance computing of the nonlinear dynamics of a 

basketball. Nonlinear Dynamics, 112, 14093–14105. https://doi.org/10.1007/s11071-024-

09833-z 

Slegers, N., Lee, D., & Wong, G. (2021). The relationship of intra-individual release variability with 

distance and shooting performance in basketball. Journal of Sports Science & Medicine, 20(3), 

508. https://doi.org/10.52082/jssm.2021.508 

Slegers, N., & Love, D. (2022). The role of ball backspin alignment and variability in basketball 

shooting accuracy. Journal of Sports Sciences, 40(12), 1360-1368. 

https://doi.org/10.1080/02640414.2022.2080164 

Slegers, N. (2022a). Basketball shooting performance is maximized by individual-specific optimal 

release strategies. Int. J. Perform. Anal. Sport, 20(3), 393-406. 

https://doi.org/10.1080/24748668.2022.2069937 

Slegers, N. (2022b). Inter-distance differences in aiming error and visual perception influence 

shooting performance in basketball. Scientific Journal of Sport and Performance, 1(3), 220-

229. https://doi.org/10.55860/JOSJ2411 

Tran, C. M., & Silverberg, L. M. (2008). Optimal release conditions for the free throw in men's 

basketball. Journal of sports sciences, 26(11), 1147-1155. 

https://doi.org/10.1080/02640410802004948 

Vickers, J.N., Vandervies, B., Kohut, C., & Ryley, B. (2017). Quiet eye training improves accuracy in 

basketball field goal shooting. Prog Brain Res, 234, 1-12. 

https://doi.org/10.1016/bs.pbr.2017.06.011 

Wei, W., Qin, Z., Yan, B., & Wang, Q. (2022). Application effect of motion capture technology in 

basketball resistance training and shooting hit rate in immersive virtual reality 

environment. Computational Intelligence and Neuroscience, 2022, 4584980. 

https://doi.org/10.1155/2022/4584980 

Yang, Y. (2012). Spacecraft attitude determination and control: Quaternion based method. Annual 

Reviews in Control, 36(2), 198-219. https://doi.org/10.1016/j.arcontrol.2012.09.003 

https://doi.org/10.1007/s11071-024-09833-z
https://doi.org/10.1007/s11071-024-09833-z
https://doi.org/10.52082/jssm.2021.508
https://doi.org/10.1080/02640414.2022.2080164
https://doi.org/10.1080/24748668.2022.2069937
https://doi.org/10.55860/JOSJ2411
https://doi.org/10.1080/02640410802004948
https://doi.org/10.1016/bs.pbr.2017.06.011
https://doi.org/10.1155/2022/4584980
https://doi.org/10.1016/j.arcontrol.2012.09.003

