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Abstract   We investigated the relationship between basketball free-throw accuracy and anthro-
pometry, physical fitness tests, and performance variables among 16 collegiate female basketball 
players. Each participant performed 20 basketball free throws. Anthropometric measures were 
height and weight; physical fitness tests were sit-and-reach, back strength, and grip strengths; 
other basketball performance variables were the phases of the pre-shoot routine: (a) time taken, 
(b) minimum angle when taking the ball back, (c) angle at ball release, (d) angular displacement 
during the forward arm swing, and (e) angular velocity at ball release on the elbow, shoulder, 
hip, knee, and ankle. We analyzed the correlation between free-throw accuracy and data on 
anthropometry and physical fitness, the time period and variability of the pre-shot routine, and 
kinematic data. There were negative correlations between free-throw accuracy and mean pre-
shot time, and variability of the pre-shot time, indicating that participants with a shorter and 
less variable pre-shot time showed a higher free-throw accuracy. Angular displacement of the 
shoulder during the forward swing and angular velocity of the knee at ball release showed posi-
tive correlations with free-throw accuracy. There was also a negative correlation between free-
throw accuracy and variability of angular displacement during the forward swing at the elbow, 
indicating that participants with smaller variability of angular displacement of the elbow showed 
higher free-throw accuracy. Some performance variables, including routine duration, angular 
displacement of the shoulder and elbow, and angular velocity of the knee, were related to free-
throw accuracy.
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Introduction

   Free-throw shooting skill and accuracy are important 
for all basketball players, irrespective of age, gender, and 
position. The free-throw shoot differs from other shots, 
such as 2-point, 3-point, and jumping shots, because play-
ers can take more time (five seconds), and can shoot with 
no pressure from opponent players. Many studies have 
reported factors affecting the accuracy of the free-throw, 
such as grip strength1), the pre-shot routine2-5), ball trajec-
tory6-7), back spin8), quiet eye9-10), heart rate11), height of 
the release ratio, the center of gravity12), brain activity13), 
sleep time14), wrist-joint position sense15), kinematics of 
the shoulder angle16), elbow-wrist coupling17), and the 
kinematic chain18). However, these studies each focused 
on a singular factor at a time rather than multiple factors 
simultaneously in their effects on free-throw accuracy.
   This study attempted to identify and relate to free-throw 
accuracy a number of different possibly influential fac-
tors. Information on a more optimal movement pattern, 

preparation, and motor sequencing for free-throw accu-
racy would be useful for junior players and beginners in 
order to improve their free-throw performance. We exam-
ined three factors related to free-throw accuracy based on 
previous research. The first factor was anthropometry and 
physical fitness tests. Kinnunen and colleagues1) reported 
that grip strength was associated with free-throw ac-
curacy in girls, and Garcia-Gil and colleagues19) showed 
that some anthropometric factors (age, height, arm span, 
and fat skinfold thickness) and physical fitness (agility in 
T-Drill Test) were associated with performance-related 
parameters among female basketball players. Based on 
these studies, we also evaluated the relationship between 
free-throw accuracy and anthropometry and physical fit-
ness, using some indexes such as trunk flexibility and 
back strength, which were not examined in the study by 
Garcia-Gil and colleagues. The second factor was the tim-
ing of the start of each phase of the free-throw motion (i.e. 
routine timing), which was recorded with a high-speed 
camera. Some previous studies reported the importance of 
the pre-shot routine2-5). However, to the best of our knowl-
edge, no studies have examined the relationship between *Correspondence: hiroki-nakata@cc.nara-wu.ac.jp
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free-throw accuracy and detailed free-throw motion such 
as the timing of each phase and variability during the 
routine. The third factor was kinematics, peak timing, and 
variability for the elbow, shoulder, hip, knee, and ankle 
joints during the free-throw motion. As mentioned above, 
previous studies mainly focused on kinematics of the up-
per limbs, including the wrist, elbow, and shoulder, in 
the free-throw15-17). In addition to this, the present study 
investigated the kinematics of the trunk and lower as well 
as upper limbs.
   Focusing on these factors, the present study investigated 
the relationship between free-throw accuracy and anthro-
pometry, physical fitness tests, and performance variables 
among sixteen collegiate female basketball players. These 
female players belonged to Division 3 of Kansai Wom-
en’s Intercollegiate Basketball Association in Japan. We 
hypothesized that basketball players with high accuracy 
(relative to those with lower accuracy) would have higher 
physical fitness, different routine timing, kinematics, and 
less variability.

Methods

Participants
   Sixteen female participants (mean age 20.1 years, range 
18-22 years) participated in the present study. All par-
ticipants were right-handed. All participants belonged to 
a basketball club in the same university, and were free 
of injury at the time of data collection. This study was 
approved by the Ethical Committee of Nara Women’s 
University, Nara City, Japan (Approval Number: 16-08). 
Experiments were conducted in accordance with the Dec-
laration of Helsinki. All participants gave their informed 
consent to participate in the study.

Procedure
   Participants participated in the experiment on two sepa-
rate days, with a month interval between the days. On 
the first day, for anthropometry and physical fitness mea-
sures, we recorded the participants’ height, weight, sit-
and-reach (trunk flexibility) performance, back strength, 
and right and left hand grip strength. In addition to these 
tests, participants also completed questionnaires to give 
information regarding their training background, years of 
basketball experience, and birth date. All physical fitness 
tests were performed at an indoor training facility, and all 
procedures over the entire study period were monitored 
by the same researchers.
Anthropometry measures.   We measured height to the 
nearest 0.1 cm using a portable stadiometer (DSN-90; 
MURATEC KDS Corp., Kyoto, Japan) and weight using 
an electronic scale (Inner Scan BC-308DG; Tanita Co., 
Tokyo, Japan) to the nearest 0.1 kg. Height and weight 
were measured with participants wearing light clothing 
without shoes or socks. We calculated body mass index 
(BMI) from height and weight data.

Physical fitness measures.   Trunk flexibility was mea-
sured with a sit-and-reach test using a digital flexibility 
testing device (TKK 5112; Takei Scientific Instruments 
Co., Niigata, Japan). Participants were asked to sit on the 
floor with their buttocks and backs to a wall with no shoes 
on and extend their knees fully. They were then instructed 
to place both hands on the device with their arms held 
straight and bend forward, slowly, as far forward as pos-
sible. The most distant point reached with the finger tips 
was recorded to the nearest centimeter. Each player was 
allowed two attempts, with the best score being recorded.
   Back strength was recorded using a back dynamometer 
(TKK 5002, Takei Scientific Instruments Co.). Partici-
pants were instructed to grasp a handle with their knee ex-
tended, and to lean forward at a 30° angle while keeping 
their back straight. The participant was then asked to pull 
on the handle as hard as possible by raising their upper 
body. Each participant performed the test twice; the best 
performance was recorded. Grip strength was measured 
using an electronic hand dynamometer (YDM-110D; YA-
GAMI Inc., Nagoya, Japan). The dynamometer was ini-
tially adjusted to best fit the subject’s handgrip. The par-
ticipant was then placed in a standing position and asked 
to squeeze the grip as hard as possible for three seconds 
without moving their arm. Participants were requested to 
squeeze the left and right hands as hard as possible, twice 
alternately. The highest scores in the left and right hands 
were averaged.
Free-throw performance measures.   On the second day, 
participants each performed 20 basketball free throws 
(basket diameter: 0.45 m, height: 3.05 m) while stand-
ing behind a free-throw line, following the regulations 
of college women’s basketball. The experiment was 
conducted in a university gym on a regulation-size court. 
Participants were asked to shoot within five seconds af-
ter the flashing of a light, which was set at the right in 
front of participants on the floor. A practice session with 
several trials was performed before recordings in order 
for participants to warm up and become familiar with the 
conditions. In order to avoid the effects of fatigue, we set 
a 1-min break after the 10th trial. All participants used 
the same basketball (GL6X, Molten Co., Hiroshima, Ja-
pan), and all performed two-handed shots. The free-throw 
shooting movement was recorded at 300 Hz using two 
high-speed video cameras (EX-F1; CASIO COMPUTER 
Co., Ltd., Tokyo, Japan). Camera 1 was set approximately 
four meters (m) diagonally backward to the right of 
the player’s shooting position (Fig. 1A). Camera 2 was 
placed approximately 11 m to the right perpendicular to 
the plane of ball motion in order to evaluate successful or 
unsuccessful trials (Fig. 1B). Each participant wore a pair 
of tight black shorts, socks, sneakers, and a black tight 
shirt and a swimming cap. Seven reflective markers were 
attached to the body of each participant: the right shoul-
der (acromion), right elbow (lateral epicondyle of the hu-
merus), right hand (styloid process of the ulna), right hip 
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(greater trochanter), right knee (lateral condyle of the fe-
mur), right ankle (lateral condyle of the fibula), and right 
toe. These markers were attached to participants using 
double-sided adhesive tape prior to data collection. Data 
were digitized and analyzed using Frame Dias V (DKH 
Co., Tokyo, Japan). Two-dimensional coordinates were 
obtained by Direct Linear Transformation (DLT). The X-
axis was directed from the free-throw line to the basket 
goal, and the Z-axis indicated a vertical upward direction 
(Fig. 1A). The time period for the analysis of the free-
throw movement was from the onset of the light flashing 
to ball release. The timing of ball release was defined as 
the first frame in which the ball was not in contact with 
the player’s right hand.

Data analysis
    Shooting accuracy was defined by successful rate among 
20 basketball free throws. The average value among play-
ers was 62.8 % (standard deviation [SD] = 15.9 %).
   Regarding performance data, the time period and vari-
ability for the pre-shot routine were calculated from the 

onset of the light flashing to the initiation of dribbling 
(ball leaving the hand) (Phase 1), ball catching (Phase 2), 
and ball release (Phase 3). We also defined the shooting 
movement duration (Phase 4) from the initiation of drib-
bling to ball release, and defined the whole movement du-
ration (Phase 5) from the onset of the light flashing to ball 
release (Fig. 2). In data for each phase, final values were 
the average of 20 throws. Variability among 20 throws 
was the standard deviation (SD). Intraclass correlation co-
efficients (ICCs) were calculated to show the reliability of 
each phase.
   Regarding kinematic data, the minimum angle during 
the backswing was defined as the smallest angle during 
the backswing. The angle at ball release was defined as 
the angle of the frame at ball release. Angular displace-
ment during the forward swing was defined as the angle 
of the range from the minimum angle during the back-
swing to the angle at ball release. Angular velocity at ball 
release was calculated based on the values for angular 
displacement and the time period. Each value was shown 
for the elbow, shoulder, hip, knee, and ankle angles. The 
timing for the minimum angle during the backswing was 
also calculated based on the onset of ball release. Thus, 
the timing of ball release was set as 0 ms, and periods 
prior to ball release were shown as ‘negative’ numbers. 
Final values were the average of 20 throws. Movement 
variability among 20 throws in these angles and timings 
was calculated as SDs. ICCs were calculated to show the 
reliability of kinematic data for the minimum angle dur-
ing the backswing, the angle at ball release, angular dis-
placement during the forward swing, and angular velocity 
at ball release in the elbow, shoulder, hip, knee, and ankle 
angles. ICCs were also calculated to demonstrate the reli-
ability of timings for the minimum angles of the elbow, 
shoulder, hip, knee, and ankle during the backswing.
   As for kinematic data, we first analyzed the relation-
ships among elbow, shoulder, hip, knee, and ankle angles 
regarding the: (1) minimum angle during the backswing, 
(2) mean timing of the minimum angle during the back-
swing, (3) angle at ball release, (4) angular displacement 
during the forward swing, and (5) angular velocity at ball 
release. These analyses were performed to evaluate the 
coordination with multi-joint movement during the free-
throw. This analysis was performed after checking data 

Fig. 1 (A) Experimental set-up for recording the time period 
and kinematic data at camera 1. (B) Experimental set-up 
for recording the ball trajectory from ball release into the 
basket at camera 2. Fig. 2 Schema for the time course of the pre-shoot.
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with a normal distribution using the Kolmogorov-Smirnov 
test. If a normal distribution was confirmed, Pearson’s 
correlation was calculated. If non-parametric data were 
found, Spearman’s correlation was analyzed. Then, we 
analyzed the bivariate correlation between free-throw ac-
curacy and data on anthropometry and physical fitness, 
the time period and variability of the pre-shot routine, 
and kinematic data. After extracting significant factors 
correlated with free-throw accuracy, a stepwise multiple 
regression analysis was conducted to examine the relative 
contribution of variables to the explained variance of free-
throw accuracy. All analyses were performed with SPSS 
Advanced Models 22.0 for Windows (SPSS Japan Inc., 
Tokyo, Japan).  Significance was set at p < 0.05.

Results

Anthropometric and physical fitness data
   Table 1 shows mean values of anthropometric and 
physical fitness data. No significant correlations were 
observed for any other variables in anthropometric and 
physical fitness data (height, weight, BMI, sit-and-reach, 
back strength, and grip strength of left and right hands).
   ICCs for ‘Phase 1’, ‘Phase 2’, ‘Phase 3’, ‘Phase 4’, and 
‘Phase 5’ were listed in Table 2. Fig. 3 shows the time pe-
riod from the onset of the light flashing to ball release (i.e. 
Phase 5) across 20 trials in six representative participants. 
The time period was markedly shorter for participants 
with a higher free-throw accuracy, and this was supported 
by correlation analyses.
   There were significant negative correlations between 
free-throw accuracy and mean time period in Phase 1 (r 
= -0.597, p < 0.05) and Phase 5 (r = -0.535, p < 0.05). In 
addition, a significant negative correlation was observed 
between free-throw accuracy and variability of the time 
period in Phase 5 (r = -0.535, p < 0.05).

Table 1. Anthropometric and physical fitness data, and r value 
of correlations with free-throw accuracy.

Data are expressed as the mean (standard deviation).

 Mean value r 
Accuracy (%) 62.8 (15.9) 

Experience (yr) 8.4 (3.7) -0.161 
Height (cm) 162.6 (6.6) -0.223 
Weight (kg) 56.8 (4.6) 0.153 

BMI 21.5 (1.8) 0.376 
R-grip strength (kg) 27.4 (4.0) -0.007 
L-grip strength (kg) 26.2 (4.1) -0.227 
Back strength (kg) 63.4 (15.4) 0.153 
Sit-and-reach (cm) 41.4 (10.7) 0.369 

Performance 
Period 1 0.726 (0.577-0.871) 
Period 2 0.903 (0.828-0.959) 
Period 3 0.947 (0.905-0.978) 
Period 4 0.887 (0.807-0.950) 
Period 5 0.864 (0.770-0.939) 

Minimum angle during the backswing 
Elbow 0.923 (0.853-0.972) 

Shoulder 0.854 (0.738-0.945) 
Hip 0.922 (0.854-0.970) 

Knee 0.938 (0.883-0.977) 
Ankle 0.952 (0.900-0.985) 

Mean timing of the minimum angle during the backswing 
Elbow 0.798 (0.656-0.921) 

Shoulder 0.871 (0.765-0.952) 
Hip 0.919 (0.850-0.969) 

Knee 0.635 (0.458-0.830) 
Ankle 0.638 (0.438-0.858) 

Angle at ball release 
Elbow 0.894 (0.804-0.961) 

Shoulder 0.710 (0.532-0.886) 
Hip 0.738 (0.580-0.887) 

Knee 0.811 (0.679-0.922) 
Ankle 0.971 (0.937-0.992) 

Angular displacement during the forward swing 
Elbow 0.865 (0.756-0.950) 

Shoulder 0.891 (0.793-0.962) 
Hip 0.939 (0.885-0.977) 

Knee 0.913 (0.840-0.967) 
Ankle 0.932 (0.858-0.981) 

Angular velocity at ball release 
Elbow 0.910 (0.831-0.967) 

Shoulder 0.878 (0.777-0.955) 
Hip 0.917 (0.846-0.968) 

Knee 0.924 (0.858-0.971) 
Ankle 0.951 (0.899-0.985) 

Table 2. 95% confidence intervals (CI) for each performance 
variable.
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Kinematic data
   The ICCs of each variable for the elbow, shoulder, hip, 
knee, and ankle are listed in Table 2. Significant correla-
tions for the minimum angle during the backswing were 
observed between the elbow and shoulder (r = 0.541, p < 
0.05), elbow and hip (r = -0.535, p < 0.05), and shoulder 
and knee (r = -0.633, p < 0.01). Significant correlations in 
the mean timing of the minimum angle during the back-
swing were noted between the hip and knee (r = 0.780, 
p < 0.01), hip and ankle (r = 0.594, p < 0.05), and knee 
and ankle (r = 0.594, p < 0.05). Significant correlations 
in the angle at ball release were noted between the elbow 
and shoulder (r = 0.551, p < 0.05), and shoulder and knee 
(r = 0.623, p < 0.05). Significant correlations in angular 
displacement during the forward swing were observed be-
tween the elbow and hip (r = -0.750, p < 0.01), elbow and 
ankle (r = 0.695, p < 0.01), and hip and ankle (r = -0.877, 
p < 0.001). Significant correlations in the angular velocity 
at ball release were noted between the elbow and knee (r 
= -0.693, p < 0.01), elbow and ankle (r = 0.617, p < 0.05), 

shoulder and hip (r = 0.676, p < 0.01), and hip and knee (r 
= 0.707, p < 0.01).
   There was a significant positive correlation between 
free-throw accuracy and angular displacement of the 
shoulder during the forward swing (r = 0.561, p < 0.05) 
and angular velocity of the knee at ball release (r = 0.610, 
p < 0.05). In addition, a significant negative correlation 
was observed between free-throw accuracy and variability 
of angular displacement of the elbow during the forward 
swing (r = -0.532, p < 0.05). Data on values and variabili-
ties at each angle are listed in Table 5.
   Then, we performed stepwise multiple regression analy-
sis to identify predictors of free-throw accuracy. We used 
data on mean values of the time period in Phases 1 and 
5, the variability of the time period in Phase 5, angular 
displacement of the shoulder during the forward swing, 
angular velocity of the knee at ball release, and variability 
of angular displacement of the elbow during the forward 
swing as expected predictors. As the results, angular 
velocity of the knee at ball release (β = 0.548) and vari-

Fig. 3 The whole time period of the pre-shoot across 20 trials for six representative subjects. The percentage 
shows the successful rate of the free throw. White circles indicate successful trials, while black circles 
show unsuccessful trials.

Table 3. Mean values and variabilities for each phase of the pre-shoot, and r value of correla-
tions with free-throw accuracy.

*Data are expressed as the mean (standard deviation) p < 0.05.

 Mean Value r Variability r 
Period 1 (ms) 884 (351) -0.597 * 163 (70) -0.315 
Period 2 (ms) 880 (583) -0.197 119 (129) -0.379 
Period 3 (ms) 1481 (509) -0.056 107 (48) -0.106 
Period 4 (ms) 2361 (585) -0.245 159 (129) -0.466 
Period 5 (ms) 3244 (660) -0.535 * 228 (116) -0.535 * 



132 JPFSM : Ogawa M, et al.

Table 4. Correlation matrix for performance variables among elbow, shoulder, hip, knee, 
and ankle.

*p < 0.05; **p < 0.01; ***p < 0.001

Minimum angle during the backswing

 Elbow Shoulder Hip Knee Ankle 
Elbow 0.541 * -0.535 * -0.356 -0.188 

 003.0 redluohS
-0.633 

** 0.046 
 791.0 123.0- piH
 072.0- eenK

Ankle      

Mean timing of the minimum angle during the backswing (ms) 
 Elbow Shoulder Hip Knee Ankle 

Elbow 0.337 0.323 -0.064 0.329 
 004.0 110.0- 183.0 redluohS
 * 495.0 ** 087.0 piH
 * 495.0 eenK

Ankle      

Angle at ball release
 Elbow Shoulder Hip Knee Ankle 

Elbow 0.551 * -0.174 0.006 -0.427 
 253.0- * 326.0 220.0 redluohS
 961.0- 420.0 piH
 211.0 eenK

Ankle      

Angular displacement during the forward swing
 Elbow Shoulder Hip Knee Ankle 

Elbow -0.140 
-0.750 

** 0.070 0.695 ** 
 882.0- 024.0- 690.0 redluohS

 *** 778.0- 010.0 piH
 274.0 eenK

Ankle      

Angular velocity at ball release
 Elbow Shoulder Hip Knee Ankle 

Elbow 0.059 -0.489 
-0.693 

** 0.617 * 
 220.0- 040.0- ** 676.0 redluohS
 121.0- ** 707.0 piH
 211.0- eenK

Ankle      
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Table 5. Mean values and variabilities of performance variables for the elbow, 
shoulder, hip, knee, and ankle, and the r value of correlations with free-
throw accuracy.

*Data are expressed as the mean (standard deviation) p < 0.05.

 Value  r Variability r 
Minimum angle during the backswing

Elbow 66 (13) 0.398 3 (2) 0.287 
Shoulder 21 (18) -0.432 8 (6) 0.058 

Hip 102 (24) 0.222 5 (5) -0.198 
Knee 94 (13) 0.318 3 (2) -0.330 
Ankle 55 (10) 0.346 3 (4) 0.018 

Mean timing of the minimum angle during the backswing (ms) 
Elbow -579 (361) 0.087 150 (109) 0.080 

Shoulder -1270 (449) -0.241 175 (140) -0.261 
Hip -1015 (501) -0.290 113 (92) -0.357 

Knee -775 (415) -0.047 237 (221) -0.216 
Ankle -389 (241) 0.158 189 (234) 0.255 

Angle at ball release
Elbow 158 (11) 0.434 3 (2) -0.041 

Shoulder 121 (8) 0.478 6 (6) 0.283 
Hip 175 (6) -0.479 3 (2) -0.216 

Knee 160 (7) -0.190 3 (1) 0.413 
Ankle 91 (14) -0.122 7 (8) -0.200 

Angular displacement during the forward swing
Elbow 92 (10) -0.224 4 (1) -0.532 * 

Shoulder 101 (20) 0.561 * 8 (5) 0.377 
Hip 73 (24) -0.348 5 (3) -0.175 

Knee 66 (15) -0.373 4 (2) -0.184 
Ankle 37 (10) -0.468 4 (4) -0.147 

Angular velocity at ball release
Elbow 447 (228) 0.134 65 (23) -0.244 

Shoulder 375 (99) -0.246 44 (18) 0.231 
Hip 146 (83) 0.486 24 (8) -0.360 

Knee 226 (96) 0.610 * 28 (9) -0.174 
Ankle 255 (85) 0.205 25 (7) -0.190 
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for professional players in the National Basketball As-
sociation (NBA). Thus, the movement pattern of the bas-
ketball free throw may differ between skilled players in 
the present study and professional players. Further studies 
are needed to clarify differences in the motion patterns of 
basketball players at several skill levels.
   In addition, a significant negative correlation was ob-
served between free-throw accuracy and variability of 
the time period in Phase 5 (Table 3). This suggested that 
participants with a higher accuracy showed smaller move-
ment variability. Some previous studies reported the im-
portance of the pre-shot routine2-5). Lobmeyer & Wasser-
man2) and Gayton and colleagues3) demonstrated that free-
throw accuracy was higher in trials with a regular pre-shot 
routine than in trials without this routine. However, to the 
best of our knowledge, this is the first study to show the 
importance of smaller movement variability during the 
pre-shot time. Our data suggest that consistency of the 
routine including movement and time under any situation 
are important for free-throw accuracy.
   The angular displacement of the shoulder during the 
forward swing was significantly correlated with free-
throw accuracy (Table 4). These results indicated that the 
kinematics of the shoulder were associated with the accu-
racy of the free throw. Khlifa and colleagues16) investigat-
ed the effects of a shoot training program with a reduced 
hoop diameter rim on the kinematics and performance of 
basketball free throws. The shoulder angle at ball release 
increased with shoot training, whereas the kinematics of 
the knee and ankle remained unchanged. In contrast, in 
the present study, data on the angle and angular displace-
ment of the elbow did not depend on the accuracy of the 
free throw, being consistent with a previous study show-
ing no significant differences in the angles or angular 
velocities of the elbow and wrist at ball release among 
basketball players with different skill levels22). A greater 
ball release angle and a more vertical orientation of the 
arm may be related to free-throw accuracy, as previously 
suggested17,23).
   The angular velocity at ball release of the knee was sig-
nificantly correlated with free-throw accuracy (Table 4), 
indicating that participants with a higher angular velocity 
of the knee at ball release had higher free-throw accuracy. 
Previous studies recorded the kinematics of the lower 
limbs during free throws16,17). As mentioned above, Khlifa 
and colleagues16) showed no significant change in the ki-
nematics of the knee and ankle after a shoot training pro-
gram. Mullineaux & Uhl17) also recorded the movements 
of lower limbs with retroreflective markers, but they did 
not focus on the kinematics. Our data also showed sig-
nificant correlations in the angular velocity at ball release 
between the elbow and knee, elbow and ankle, shoulder 
and hip, and hip and knee (Table 4). Taking these findings 
into consideration, we suggested that effective and op-
timal utilization of the knee affected coordination of the 
trunk and upper limbs in the kinetic chain for transferring 

ability of angular displacement of the elbow during the 
forward swing (β = -0.457) were identified as significant 
predictors of free-throw accuracy (R = 0.760, R2 = 0.577).

Discussion

   The present study delineated relationships between the 
accuracy of basketball free-throw shooting and anthro-
pometry, physical fitness tests, and performance variables 
among collegiate female basketball players. No signifi-
cant relationships were observed between the accuracy 
of free-throws and either anthropometric or physical fit-
ness data. However, regarding other aspects of basketball 
shooting performance, we found that some important 
factors in kinematic data during the pre-shot routine were 
related to free-throw accuracy.
   Mullineaux & Uhl17) showed that free-throw accuracy 
was sensitive to elbow-wrist angle-angle coordination 
variability in multi-joint kinematics before ball release. 
Our data on the correlation matrix showed some signifi-
cant correlations among the elbow, shoulder, hip, knee, 
and ankle (Table 4). For example, significant correlations 
in the mean timing of the minimum angle during the 
backswing were noted between the hip and knee, hip and 
ankle, and knee and ankle. This indicated the significance 
of coordination in the mean timing of the minimum angle 
during the backswing for the lower limbs and trunk.
   There was a significant negative correlation between 
free-throw accuracy and time periods of the pre-shot (i.e., 
Phases 1 and 5) (Table 3 and Fig. 3). This indicated that 
participants with a higher free-throw accuracy started 
each movement earlier, in preparation for dribbling and 
the shoot-set, and these participants also showed a more 
coordinated and rapid motion sequence. Regarding the 
regulations of the free-throw in basketball, the player has 
to shoot within five seconds after receiving the basketball 
from the referee. The free-throw condition in this study 
clearly differed from shooting during game play. How-
ever, based on these results, a quick tempo seems to be 
associated with free-throw accuracy. In other words, the 
participants with a higher free-throw accuracy were al-
ready prepared for shooting before the light flashed or the 
ball was passed from the referee. This would seem advan-
tageous since basketball free-throws need to be performed 
as an externally triggered movement (i.e. short routine 
duration) rather than an internally triggered movement (i.e. 
long routine duration). This notion is supported by the 
findings of previous studies using neuroimaging and neu-
rophysiological methods, indicating differences in human 
brain activity between externally and internally triggered 
movements20,21). On the other hand, Lonsdale & Tam5) 
showed no significant differences in the success rates of 
shots associated with brief, long, and regular duration 
routines. This discrepancy may be related to methodolo-
gies and skill levels. Lonsdale and Tam5) used televised 
footage rather than high speed cameras, and analyzed data 
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energy and improved the accuracy of free throws.
   A final factor affecting free-throw accuracy was vari-
ability of angular displacement of the elbow during the 
forward swing (Table 5). This indicates that participants 
with a smaller variability of angular displacement of the 
elbow at ball release had higher free-throw accuracy. 
Mullineaux & Uhl17) reported that ball release speed with 
elbow-wrist coordination was significantly lower in un-
successful trials than in successful trials of the same par-
ticipants, indicating the consistent movement of elbow-
wrist coordination. In the present study, data on angular 
displacement of the elbow during the forward swing were 
based on intra-subject variability. Taken together, the con-
sistency of elbow movement may be an important factor 
associated with free-throw accuracy.
   Using some factors related to free-throw accuracy, we 
performed stepwise multiple regression analysis. We 
found that angular velocity of the knee at ball release, and 
variability for angular displacement of the elbow during 
the forward swing were significant predictors of free-
throw accuracy. Based on the present results, we should 
emphasize the importance of using the knee and consis-
tency of elbow movements for junior players and novices 
in order to improve free-throw accuracy.
   As limitations of the present study, we did not analyze 
the data showing a difference between successful and 
unsuccessful trials, since participants performed only 20 
free throws. For example, participants achieved a shoot-
ing accuracy of 90% after only 2 unsuccessful trials and 
18 successful trials. In addition, some factors, such as par-
ticipant’s condition and luck, may be included in the data 
on only 20 free throws. Therefore, many shooting trials 
are needed to clarify more detailed mechanisms affecting 
free-throw accuracy in basketball in future studies. 
   We also defined all passages of the ball through the bas-
ket as successful trials. However, the movement mecha-
nisms may differ between shots whereby the ball hits the 
hoop and bounces in and cases where it doesn’t hit (i.e., 
swish shot). These differences should be examined in fu-
ture studies.
   No significant correlations were observed between free-
throw accuracy and either anthropometric or physical 
fitness data. However, parameters measured in the pres-
ent study were restricted. Other indexes such as strength 
of the lower limbs, flexibility of the shoulder, knee, and 
ankle, agility, and endurance capacity should be examined 
in future studies.

What does this article add? (Conclusion)
   The present study evaluated the relationship between the 
accuracy of the free throw and anthropometry, physical 
fitness tests, and performance variables. We clarified dif-
ferent movement patterns with free-throw accuracy using 
a high speed video camera. Our data suggested that bas-
ketball players with high accuracy showed a shorter and 
more consistent routine timing, different kinematics of the 
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