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Abstract: Rate of force/torque development scaling factor (RFD-SF/RTD-SF) has been used as a tool
for assessing neuromuscular quickness. The aim was to investigate strength capacities of two major
shooting muscle groups and their relationship to basketball shooting performance, and to compare
the RFD-SF as well as shooting performance between junior and senior basketball players, and finally
to examine the differences in RTD-SF between elbow extensors and volar flexors. In 23 male basketball
players (13 juniors and 10 seniors) we assessed maximal isometric torque (TMVC), maximal rate of
torque development and RTD-SF slope (kRTD-SF) for elbow extensors and volar flexors. The subjects
performed 10 throws at 2.3 m (short) and 8.9 m (long) from the basket. Our results showed similar
kRTD-SF and TMVC in both groups. Better shooting performance from short distance was observed in
senior players. Significant associations between kRTD-SF, TMVC and shooting performance were found
only in juniors. Elbow extensors TMVC was found to have a significant positive large association with
shooting performance from long distance. It seems that muscle capacity has an important role in
shooting performance in junior compared to players. Sufficient strength capacity of major shooting
muscles is important for juniors’ shooting performance from a long distance.
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1. Introduction

Rate of force development scaling factor (RFD-SF) has been used to quantify the ability to
generate force rapidly, which is described as neuromuscular quickness [1]. A large number of studies
have reported the RFD-SF as a reliable method for a number of muscle groups such as index finger
abductors [1,2], elbow extensors [1,3], knee extensors [1,4] and various hip muscles [5]. However,
the relationship between RFD-SF and performance in functional or sports-related tasks has not been
yet investigated. It is known that muscle quickness decreases with age [2] or disease [6], while the
influence of the specific training history on this ability is still, to a great extent, unknown.

Explosive and quick release during basketball shot is important to avoid the defender reaction.
One of the studies showed positive effects of explosive strength training on the shot percentage
level. However, explosive strength training was performed for upper and lower limb; therefore, it is
unknown if upper limb strength capacities play important role in basketball shooting performance [7].
We speculate that upper limb strength capacities may be important for accurate shooting performance
because it has been reported that an increase in maximum strength of elbow extensors positively
affected the shoot accurately in the three-point shot [8].

Appl. Sci. 2020, 10, 8206; doi:10.3390/app10228206 www.mdpi.com/journal/applsci

http://www.mdpi.com/journal/applsci
http://www.mdpi.com
https://orcid.org/0000-0003-0747-3735
http://dx.doi.org/10.3390/app10228206
http://www.mdpi.com/journal/applsci
https://www.mdpi.com/2076-3417/10/22/8206?type=check_update&version=2


Appl. Sci. 2020, 10, 8206 2 of 12

Basketball shot is among the sports-specific movements in which rapid production of submaximal
force by muscles that act across multiple arm joints is considered important. During a basketball
throw, the players manipulate their shoulder, elbow, and wrist to generate the optimal ball speed
and angular velocity of the joint at the time of the release [9], depending on the distance and the
position from the basket. The angular velocity of the upper arm joints and the speed of ball release
increase with the shooting distance [10], which suggests that higher submaximal involvement of the
major muscle groups is required as the distance increases. The elbow extensors have been suggested
as major contributors to release speed in basketball shooting [11,12] as they extend the elbow joint
before release, while the activation of the volar flexors is an important component of shooting that
optimises impulse applied to the ball at release [13]. Previous studies have reported that the angular
velocity of the elbow joint of the shooting arm at release increases with distance from the basket, while
the opposite is observed for the wrist [11], suggesting that the roles of the two joints vary with the
shooting distance. Some earlier studies reported that players with more training experience had better
shooting performance [12,14] and lower average duration of arm muscle activation [15,16]. Based on
this, we assumed that junior and senior players might also differ in the neuromuscular quickness of the
major shooting muscles (i.e., elbow extensors and volar flexors). Furthermore, the relationship between
neuromuscular quickness and performance of sport-specific tasks has not yet been investigated. Filling
these missing gaps could contribute to better understanding of RFD-SF and its use during routine
testing of the athletes and possibly, based on these assessments, to individualized guidance of training
programmes (e.g., more emphasis on speed-power training for individuals with lower RTD or RTD-SF).

To contribute our part in clarification of the functional role of the RTD-SF in sport-specific
performance, we conducted a study to investigate strength capacities of elbow extensors and volar
flexors in two groups of basketball players (juniors and seniors) and their relationship to shooting
performance, put into the sport-specific training history. Specifically, the first aim of our study was to
investigate the differences in the strength capacities (RTD-SF slope (kRTD-SF), maximum torque (TMVC),
and peak rate of torque development (RTDPEAK) of elbow extensors (EE) and volar flexors (VF) and
the shooting performance between junior and senior basketball players. We hypothesised that senior
players, based on their longer training history and complete physical development, have significantly
higher strength capacities of elbow extensors and volar flexors and better shooting performance
compared to junior players. The second aim of the study was to investigate the relationship between
the strength capacities (kRTD-SF, TMVC, and RTDPEAK) and shooting performance. We hypothesised
that in both groups, shooting performance would be significantly positively associated with kRTD-SF,
TMVC, and RTDPEAK of elbow extensors and volar flexors, at least from the long shooting distance.
The third aim of the study was to investigate associations of elbow extensors and volar flexors as
previous studies showed positive associations of kRTD-SF ability for different muscle groups, while this
association between elbow extensors and volar flexors has not yet been confirmed. We hypothesised
that there will be a large and statistically significant association in kRTD-SF between elbow extensors
and volar flexors in both groups of players, which might support the idea of a central regulation and
upper extremity (not a single joint, i.e., muscle group) related characteristics of RTD-SF ability.

2. Materials and Methods

2.1. Subjects

A total of 23 male basketball players from the top-ranked Slovenian basketball club were included
in the study (Table 1). All subjects reported their right arm as the preferred shooting arm. Subjects
with previous upper limb injuries (past 6 months), neurological disorders, low back pain, or recent
general illness were excluded from the study. The inclusion criteria were regular basketball training
in past 3 years at least 4 times per week. The subjects and their parents/guardians were informed
about the testing procedures and provided written informed consent prior to commencing the study.
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The experiment was approved by the Slovenian Medical Ethics Committee (approval no. 0120-99/2018/5)
according to the Declaration of Helsinki.

Table 1. Characteristics of Subjects.

Group N Age (years) Body
Height (cm)

Body Mass
(kg) BMI Training History

(Years)

Junior 13 16.5 ± 0.9 192.7 ± 7.8 81.5 ± 9.1 21.9 ± 2.0 5.5 ± 1.8
Senior 10 24.0 ± 4.2 198 ± 7.9 95.5 ± 10.9 24.2 ± 1.6 14.1 ± 3.8
Total 23 19.7 ± 4.8 195.2 ± 8.2 87.6 ± 11.9 22.9 ± 2.1 9.3 ± 5.2

N—the number of participants; BMI—Body mass index.

2.2. Study Design and Testing Procedures

For each subject, we captured measurements of (i) kRTD-SF, TMVC, and RTDPEAK for EE and VF
of the self-reported preferred arm and (ii) shooting performance at two different distances from the
basket in two separate visits. On the first measurement day, the subjects performed isometric strength
tests for EE and VF (random order) preceded by a 10 min warm-up consisting of 5 min of light running,
4 min of dynamic stretching, and 1 min of activation exercises (10 repetitions of squats, push-ups,
and V-ups). The isometric strength tests were performed before their regular training in the laboratory
setting. The next day, on the second measurement day, the subjects performed 10 throws at two
different distances (random order) from the basket after the standardized warm-up protocol described
before. The shooting performance was assessed in the gym basketball gym before their regular training.
The flowchart of the study is outlined on the Figure 1.
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Following the warm-up, the subject was positioned in a custom-made dynamometer (S2P, Science
to Practice, ltd., Ljubljana, Slovenia) which was used for TMVC and RTDPEAK and kRTD-SF assessment.
Participants position during elbow extension or volar flexion TMVC, RTDPEAK, and kRTD-SF assessment
is presented and described in Figure 2. In all cases, the lever arm (i.e., the linear distance from the
axis of the joint and the centre of the distal force-detecting support) was measured and considered in
the torque calculation. The signals from force transducers during elbow extension (Bending beam
load cell 1-Z6FC3/200kg, HBM, Darmstadt, Germany) and volar flexion (Tension compression load
cell FL25-50 kg, Forsentek, Shenzhen, China) were amplified (Isotel, Logatec, Slovenia) and converted
from analogue to digital signal (NI USB-6211, National Instruments, Austin, TX, USA). Signals were
sampled at 1000 Hz by a custom-made LabView 2015 software (National Instruments Corp., Augustin,
TX, USA). In case of TMVC and RTDPEAK, the raw signals were smoothed (moving average filter, 5 ms
time-window). In RTD-SF analyses the signals were filtered using a lowpass Butterworth filter with
cut-off frequency at 5 Hz, while corresponding RTD of each contraction was calculated as a peak value
of derivate of the torque curve [4]. All measurements were processed by a single investigator.
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Figure 2. Measurement set-up: (a) Subject in the custom-built elbow extensor dynamometer. Subjects
were seated (knee and hip in 90◦ position, trunk in upright position) on a bench with back support,
while their shoulder and elbow were flexed at 90◦ in sagittal plane (forearm was in neutral position).
The trunk and the shoulder of the performing arm were fixed to the back support, while the elbow
was fixated to the lower support of the dynamometer. The force sensor was at the upper support,
where the subject placed the wrist, which was fixated using elastic bands (to provide tension and
proper contact between wrist and dynamometer support). (b) Subject in the custom-built volar flexor
dynamometer. Subjects were seated on a chair. The subject’s shoulder and elbow were both flexed at
90◦, while their forearm (pronated position) was placed in a custom-made dynamometer which allows
full forearm fixation. Wrist was in neutral position. 1—force sensor, 2—joint fixations, 3—monitor for
visual feedback, 4—elastic band

2.3. Testing TMVC and RTDPEAK

In TMVC testing subjects were instructed to gradually increase the force and push as hard as
possible against the elbow (Figure 2a) and wrist dynamometer’s support (Figure 2b). Contractions
were sustained for at least 3 s; meanwhile, verbal encouragement was given to the subject. TMVC

for each muscle group was calculated (Nm/kg) as the maximal mean value on a 1 s time interval.
Each participant performed three repetitions for each muscle group. The greatest TMVC was used for
statistical analysis.
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Three isometric MVCs for each muscle group (EE and VF) with a 60 s rest between trials were
repeated, while in this case subjects were instructed to push as hard and explosive as possible to
calculate their RTDPEAK (maximum of the toque-time derivative). Greatest RTDPEAK (Nm/kg s) was
used for statistical analysis.

2.4. Testing RTD-SF

The RTD-SF relationship for each muscle group was computed from sets of 20–25 explosive
isometric contractions at four different submaximal intensities (20%, 40%, 60%, and 80% of TMVC)
(Figure 3a,c) in a random order, as previously described [1]. Subjects rested for 60 s between different
contraction intensities and 3 min between each task, i.e., muscle group. The target torque was displayed
as a horizontal line on a graph on a computer screen placed at the subject’s eye level (Figure 2).
The subjects were instructed to contract and relax as fast as possible.
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2.5. Testing Shooting Performance

During the second visit, the subjects performed 10 throws at two different distances, orientated
frontally towards the basket. Shooting distances were selected in random order for each subject.
Shooting performance from short distance was performed from half the distance between the basket
and free throw line (2.3 m), while shooting form the longer distance was performed from 8.9 m
(three-point line + distance between free throw and three-point line). From each subject shooting
performance from each distance was assessed (n/10).
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2.6. Statistical Analysis

Descriptive data of the dependent variables are presented as means and standard deviations.
The Shapiro–Wilk test was used to assess data normality. Fisher’s z-transformation was used to
transform r2

RTD-SF in case of RTD-SF to obtain normal distribution. The differences in kRTD-SF, TMVC,
and RTDPEAK between groups were evaluated with a two-tailed independent sample t-test and Cohen’s
d effect size (ES). The ES was interpreted as negligible (<0.2), small (0.2–0.5), moderate (0.5–0.8),
and large (≥0.8) [17]. Pearson correlation coefficients were used to determine the relationship between
kRTD-SF, TMVC, and RTDPEAK of EE and VF and shooting performance from short and long distance.
The correlation coefficient was interpreted in as (0.00–0.19 trivial; 0.10–0.29 small; 0.30–0.49 moderate;
0.50–0.69 large; 0.70–0.89 very large; 0.90–0.99 nearly perfect; and 1.00 perfect) [18]. Moreover,
we assessed the reliability of kRTD-SF, TMVC, and RTDPEAK by calculating two-way random model
intra-class correlation coefficients (ICC) for single measures and standard error of measurement,
expressed as the coefficient of variation (CV). For TMVC and RTDPEAK, we conducted inter-repetition
reliability, while for the RFD-SF, we split the data from each intensity into two halves, and compared
kRTD-SF r2

RTD-SF obtained from both subsets of the data. The level of statistical significance was set at
p < 0.05. Statistical analyses were performed using the SPSS (IBM SPSS version 26.0, Chicago, IL, USA)
software package.

3. Results

The reliability of the outcome variables is shown in Table 2. For both muscle groups RTD-SF
and TMVC showed very good reliability (all ICC ≥ 0.85; all CV ≤ 5.66%); however, the reliability was
somewhat lower for RTDPEAK, especially for the VF muscles (ICC = 0.54; CV = 15.21%).

Table 2. Reliability of the outcome variables.

Muscle Group/Variable ICC CV

Elbow extensors

TMVC 0.91 (0.85–0.96) 2.34 (1.02–3.49)
RTDPEAK 0.78 (0.55–0.92) 7.89 (3.44–12.75)
kRFD-SF 0.99 (0.97–1.00) 1.23 (0.97–2.03)
r2

RFD-SF 0.88 (0.76–0.96) 1.05 (0.54–1.61)

Volar flexors

TMVC 0.85 (0.72–0.94) 5.66 (2.81–8.44)
RTDPEAK 0.54 (0.23–0.84) 15.211 (8.76–21.12)
kRFD-SF 0.99 (0.96–1.00) 1.71 (1.11–2.58)
r2

RFD-SF 0.87 (0.67–0.96) 5.45 (2.36–9.21)

kRTD-SF—slope of regression line, r2
RTD-SF—linearity of regression line, TMVC—maximal torque normalized on body

weight, RTDPEAK—maximal rate of torque development normalized on body weight.

Junior players had a significantly lower average number of training years (5.5± 1.8 years) compared
to senior players (14.1± 3.8 years) (t(21) =−7.2, p < 0.013). There was no statistically significant difference
in height between groups (t(21) = −1.6, p = 0.11), while senior players had statistically significantly
higher body mass (t(21) = −3.4, p = 0.003) and body mass index (BMI)(t(21) = −3.0, p = 0.007). Average
kRTD-SF, TMVC, and RTDPEAK values of elbow extensors and volar flexors in junior and senior group
are presented in Table 3. Junior and senior players had similar values of TMVC in both muscle groups,
while junior players had significantly greater RTDPEAK of EE and VF (p = 0.003–0.005, ES = 0.35–0.36).
For both groups, a strong linear relationship (r2

RTD-SF = 0.93–0.95) between the peak force and the
RFD across submaximal contractions was calculated for both muscle groups (sample recordings are
presented in Figure 3). There was no statistically significant difference in kRTD-SF between junior and
senior players for elbow extensors or volar flexors. There was no difference in shooting performance
from long distance, whereas senior players were more successful from short distance.
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Table 3. Descriptive statistics and differences in measured parameters between junior and senior
basketball players.

Muscle Group/Variable Junior Senior t p ES

Elbow
extensors

kRTD-SF (/s) 8.9 ± 0.9 8.5 ± 1.2 0.46 0.65 0.009
r2

RTD-SF 0.95 ± 0.04 0.93 ± 0.07 0.98 0.34 0.04
TMVC (Nm/kg) 0.70 ± 0.13 0.74 ± 0.16 −0.65 0.6 0.01

RTDPEAK (Nm/kg s) 9.9 ± 0.9 8.3 ± 1.3 3.45 0.005 0.36

Volar flexors

kRTD-SF (/s) 7.5 ± 1.0 7.3 ± 1.8 0.87 0.39 0.04
r2

RTD-SF 0.93 ± 0.04 0.94 ± 0.05 −0.35 0.73 0.006
TMVC (Nm) 0.21 ± 0.07 0.23 ± 0.03 −0.5 0.63 0.02

RTDPEAK (Nm/kg s) 9.2 ± 1.5 7.2 ± 1.3 3.3 0.003 0.35

Shooting
performance

Short distance (%) 8.6 ± 1.2 10.0 ± 0.0 −3.9 0.02 0.56
Long distance (%) 4.8 ± 2.2 6.3 ± 2.1 −1.7 0.1 0.12

kRTD-SF—slope of regression line, r2
RTD-SF—linearity of regression line, TMVC—maximal torque normalized on body

weight, RTDPEAK—maximal rate of torque development normalized on body weight, Short distance—shooting
distance at 2.3 m from the basket, Long distance—shooting distance at 8.9 m from the basket.

Significant associations between kRTD-SF, TMVC, RTDPEAK (EE and VF) with shooting performance
for junior players are presented in Figure 4. We calculated a large positive association between kRTD-SF

of EE and VF and shooting performance from short distance (Figure 4a,b), while significant negative
large associations were seen between kRTD-SF of both muscle groups and shooting performance from
long distance (Figure 4c,d). Moreover, a significant positive large association was calculated between
TMVC of EE and shooting performance from long distance (Figure 4e), while the association between
TMVC of VF and shooting performance was not statistically significant (Figure 4f). No statistically
significant associations were calculated in junior players between RTDPEAK of both muscle groups and
shooting performance (r = 0.246–0.315, p = 0.48–0.49). There were no significant associations between
TMVC, RTDPEAK, or kRTD-SF (EE and VF) and any shooting performance in senior basketball players
(r = −0.481–0.481, p = 0.15–0.55) or in both groups combined (r = −0.366–0.271, p = 0.16–0.87).

Significant positive large associations between kRTD-SF of elbow extensors and volar flexors were
calculated for senior group (r = 0.677, p < 0.05) and when both groups were evaluated together
(r = 0.615, p < 0.001), while associations between kRTD-SF of elbow extensors and volar flexors in junior
group were not statistically significant (r = 0.514, p = 0.72).Appl. Sci. 2020, 10, x 8 of 12 
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4. Discussion

The first aim of our study was to investigate differences in strength capacities of elbow extensors
and volar flexors and shooting performance between junior and senior basketball players. Our results
showed similar kRTD-SF of both muscle groups between juniors and seniors regardless of significant
differences between the two groups regarding training history, body mass and BMI. Similar values were
also observed for TMVC of both groups, while juniors had significantly greater RTDPEAK (normalized to
body weight). Seniors showed better shooting performance only at short distance compared to junior
players. The second aim was to investigate associations between strength capacities and shooting
performance. Significant associations between kRTD-SF of both muscle groups and shooting performance
were found only in juniors. Our results revealed significant positive association between kRTD-SF

of elbow extensors, volar flexors and shooting performance from short distance. On the contrary,
a significant negative large association was found between kRTD-SF of both muscle groups and shooting
performance from long distance. TMVC of elbow extensors was found to have a significant positive
large association with shooting performance from long distance. Our third aim was to investigate
associations in kRTD-SF of elbow extensors and volar flexors. Our results showed significant positive
large associations between kRTD-SF of elbow extensors and volar flexors.

In this study, we investigated the kRTD-SF, TMVC, and RTDPEAK of two major groups of arm muscles
that generate force that is necessary for the execution of the basketball shot. RTD-SF has already been
shown to be sensitive to changes in neuromuscular function associated with age [2] and disease [6].
As it was shown that explosive strength training positively influences shooting accuracy in basketball
players [7], and moreover, there are some indices that maximum strength of elbow extensors is
positively associated with shooting accuracy in the three-point shot, our goal was to further investigate
the relationship between upper limb strength capacity and shooting performance. We hypothesized
that a sport-specific movement that is constantly repeated (such as basketball shooting) might have
an influence on strength capacities (kRTD-SF, TMVC, and RTDPEAK) of the responsible muscle groups,
and in addition, it might be dependent on the training history and physical development. On this
basis, we evaluated differences between junior and senior basketball players in terms of kRTD-SF, TMVC,
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and RTDPEAK of EE and VF. The senior basketball players had significantly longer participation in
basketball training and consequently greater experience and completed maturation.

Previous studies have shown that players with more training experience had better free-throw
performance compared to less-experienced players [12,14]. Moreover, it was shown that explosive
strength training of upper and lower limb improves basketball shooting accuracy [7]. In our study,
we investigated shooting performance from shorter and longer, as different shooting distances may
require different involvement of muscle strength capacities. Although it is known that muscle growth
is occurring in boys until 17.5 years of age [19], our results showed that juniors and seniors had similar
strength capacities of elbow extensors and volar flexors, with the exception of RTDPEAK. Significantly
larger normalized RTDPEAK in junior players can be explained with their lower body mass index
(Table 1), since it is known that lean body mass is associated with greater RFD/RTD [20]. On the other
hand, differences in abilities such as kRTD-SF, which is independent of the body mass and muscle size,
have not yet been investigated in relation to age. TMVC of elbow extensors, volar flexors as well as
kRTD-SF values of both muscle groups showed similar values in junior and senior basketball players
(Table 3). There is a paucity of literature analysing the differences in muscle capacity between junior
and senior elite basketball players, especially regarding the upper body. A previous study reported
that senior basketball players produce significantly higher absolute power with lower extremities [21].
Our data suggest that there is no difference in neuromuscular quickness (as tested by kRTD-SF), between
juniors and seniors. On the other hand, some studies that assessed shooting and passing actions
showed that more experienced basketball players exhibit a shorter duration of muscle activation of
the arm muscles [15,16]. This could be due to the changes in motor pattern activity associated with
increasing skill [22] and not due to the changes in neuromuscular quickness. In accordance with
previous studies [12,14], we have also confirmed that the players with more training experience have
better shooting performance, but only from short distance. It is known that the shooting movement
pattern changes with greater shooting distance, while its accuracy significantly decreases [23]. Overall,
our results suggest that senior players do not have higher strength capacities compared to junior
players, while they are equalized in shooting performance at long shooting distance. Thus, we can
reject our first hypothesis.

Shooting performance was related with kRTD-SF and TMVC only in junior players. This result
suggests that muscle abilities such as neuromuscular quickness and TMVC play an important role
in shooting performance only in junior players, whereas in seniors their shooting muscles exceed
the level of strength capacities required for successful shooting performance. In more experienced
players, the shooting performance is influenced by the pattern of muscle activity (i.e., shorter or longer
duration from the beginning of muscle activity, lower average activation time) [15,16] and likely not
by the capacity of the shooting muscles. A very strong positive association between elbow extensor
TMVC and shooting performance from long distance shows that muscle strength is more important for
shooting performance from longer distance in juniors compared to seniors. On the contrary there was
no associations between TMVC and shooting performance from short distance. Junior players with
higher elbow extensors TMVC were more successful at shooting performance from a long distance
(Figure 4e), which highlights the importance of muscle strength in the accuracy task from such distance.
We can speculate that junior players with a smaller TMVC were closer to their maximum strength
capacity when they performed shots from a greater distance. This can be supported with findings from
one study, which showed that the accuracy decreases when the shot is performed closer to the maximal
strength capacity [24]. Such associations have been only approaching statistical significance for volar
flexors. Likely, it seems that the elbow extensors play a more important role than wrist muscles in
providing the force required for the ball to reach the basket at greater distances [11]. On the other hand,
RTDPEAK was not associated with shooting performance which could be explained by the fact that
basketball shots are not performed under conditions that acquire maximal rate of force development.

Significant large positive associations were calculated between kRTD-SF of both muscle groups
and the shooting performance from short distance in juniors, while kRTD-SF of both groups was in
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large negative association with long distance. It seems that the execution of the shot from short
distance was better suited to junior players with greater kRTD-SF, while the opposite holds true for
the long-distance shots. A negative association between kRTD-SF and shooting performance from
long distance indicates that players with greater kRTD-SF have worse shooting performance from long
distance. It is already known that basketball shots are performed at higher velocities as the distance
from the basket is increased [13], while lower velocities are related to greater movement accuracy [25].
It has been shown that weaker players who are unable to generate sufficient force must use a strategy
of generating greater segmental velocities in order to execute a shot [26]. Shot execution at higher
velocities (due to the greater distance) increases body segments movement variability and decreased
movement consistency [27], while shooting performance at lower velocities provides additional time
and thus allows players to perform movement corrections with visual and proprioceptive feedback [28].
This could be supported by the results of another study in which novice handball players reduced their
shooting accuracy when the shooting speed was increased, while this had no effect on the shooting
accuracy of expert players [29]. However, we did not measure the kinematic characteristics of shot
execution, which would be valuable information for further explanations of measured associations.

In addition, similar investigation on a larger sample size would be needed for further conclusions
together with the kinematic analysis of the shot from few shooting distances, while contribution from
lower limb should be also considered. Finally, although the sensors used to acquire force data were
high-quality load cell models, the reliability of the exact set-up, as used in this study, has not been
checked before. The inter-repetition reliability of the outcome variables was, however, mostly very
good. Notably, RFDPEAK had kRTD-SF, which supports that the latter could be an important addition or
alternative to commonly performed assessments (TMVC and RTDPEAK).

5. Limitations of the Study

An important limitation of our study is the lack of data about the kinematics of the shot execution
(especially movement velocity), which could further explain the relationship between shooting
performance and strength capacity. There are potentially other additional variables that influenced the
shooting performance and were not controlled (e.g., release angle, release height, physical characteristics
of the players, additional basketball skills and movements that occur before shot, the power generated
by the leg muscles, etc.). Moreover, only male gender was evaluated so our conclusion refers only to
young male basketball players.

6. Conclusions

This was the first study to investigate differences in kRTD-SF and other strength capacities between
juniors and seniors with significantly different training histories. It appears that the specific training
history (performing basketball shot) has no influence on neuromuscular quickness of elbow extensors
and volar flexors. Our results suggest that strength capacities, specifically TMVC is a limiting factor
for successful shooting performance only in juniors, while in seniors there was no associations with
strength capacities and shooting accuracy. This should be taken into account in training programmes
of young male basketball players. Appropriate strength capacities, specifically maximum strength
of elbow extensors should be developed for successful shooting performance for longer distance
in young male basketball players. Detailed kinematic assessment of shooting performance should
be measured in the future to confirm our assumptions that players with higher kRTD-SF use higher
movement velocities at longer shooting distance, resulting in poorer shooting performance.
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