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Abstract: The aim of this study was to investigate associations and differences between dy-
namic strength index (DSI) and multi-directional jumping, linear and curvilinear sprinting,
and change of direction (CoD). Highly trained basketball players (n = 44) performed a 20 m
linear sprint, 20 m 3-point line (curvilinear) sprint, countermovement jump (CMJ), drop
jump (DJ), bilateral horizontal jump, unilateral horizontal jump, lateral jump, basketball-
specific lateral jump and isometric mid-thigh pull (IMTP). The results showed weak to
moderate associations between IMTP performance and horizontal jump, lateral jump and
curvilinear sprint (r = −0.33–0.41; p < 0.05). No correlations were found between CMJ peak
force and performance variables, while weak correlations were observed between DSI and
unilateral horizontal jump (r = −0.36; p < 0.05), lateral jumps, linear sprint and CoD deficit
(r = −0.37, −0.38; p < 0.05), showing that lower magnitude of DSI is associated with better
performance in those tests. Additional analysis revealed that the low DSI subgroup had
the highest IMTP peak force, while the high DSI subgroup had the highest CMJ peak force.
The low DSI group showed better performance in vertical, horizontal and lateral jumps,
while no significant differences were observed in DJ and curvilinear sprint performance
compared to other groups. The findings indicate that athletes with lower DSI values exhibit
superior physical performance, suggesting that a strength-oriented training approach may
be beneficial for basketball players. Due to the ballistic nature of basketball, more maximal
strength training is required to optimize the DSI ratio in basketball players. Additional
studies are needed to determine the precise benchmarks for navigating training based on
DSI values.

Keywords: strength; sprint; jump; change of direction; basketball

1. Introduction
Team sports are generally characterized by high-intensity actions such as jumps,

sprints and changes of direction (CoD), with basketball exhibiting the highest number
of high-intensity accelerations and decelerations among team sports [1]. The literature
reports that basketball players perform more than 300 CoD maneuvers, 50 accelerations
and 50 jumps during competitive games [2]. Moreover, previous studies have shown
distinctions between basketball players of different competitive levels, where players

Appl. Sci. 2025, 15, 434 https://doi.org/10.3390/app15010434

https://doi.org/10.3390/app15010434
https://doi.org/10.3390/app15010434
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://orcid.org/0000-0002-1505-1287
https://orcid.org/0000-0003-0747-3735
https://orcid.org/0000-0003-3555-8680
https://doi.org/10.3390/app15010434
https://www.mdpi.com/article/10.3390/app15010434?type=check_update&version=2


Appl. Sci. 2025, 15, 434 2 of 14

competing at the higher level exhibit superior strength and power capabilities. Furthermore,
higher-level players are also able to sustain high-intensity intermittent efforts for longer
durations [3] and to perform these activities with greater intensities during competitive
matches [4]. Therefore, evaluating sprint, jump and CoD ability is essential in basketball
strength and conditioning, offering insights into athletes’ strengths and weaknesses to tailor
training programs [5]. Considering the significance of strength and power for basketball
players [6–8], biomechanical testing provides detailed insights into neuromuscular capacity,
enabling training optimization.

A comprehensive evaluation of strength and power capacities may be achieved by
assessing an athlete’s performance across different loading conditions [9]. The magnitude
of the difference in peak force between different conditions can reflect adaptations of the
neuromuscular system to the training process. In this regard, the dynamic strength index
(DSI) has been a popular topic of investigation in recent years as it has been recognized
as a potentially useful tool to optimize training for improving an individual’s physical
performance [9–12].

The DSI is determined by comparing the peak force generated during ballistic activities,
such as vertical jumps, to the force produced in isometric or quasi-isometric tasks, like the
isometric mid-thigh pull (IMTP) [13–15]. DSI reflects an athlete’s dynamic force production
capacity relative to their maximal force capacity. Although some baseline thresholds have
been established [11,13], the exact benchmarks that may correspond to the best physical
performance are still not known. Previous studies have demonstrated that DSI varies across
team sports, with basketball players displaying the highest DSI values among team sports,
ranging from 0.71 to 1.12, with an average value of ~0.90 [11,16,17]. Furthermore, when
applying the DSI, it is essential to account for the relative contribution of each component
because simultaneous improvements in both components would lead to minimal changes
in the DSI itself but would likely enhance overall physical performance.

Additionally, when considering which test protocols to utilize in evaluating indepen-
dent assessments of physical performance, sports demands should be kept in mind. More
precisely, sprints, jumps and CoD actions seem to be crucial movements in basketball [18].
Jumping assessments are among the most popular methods to assess neuromuscular func-
tion in basketball [19,20], as the ability to produce high amounts of force into the ground to
vertically displace the center of mass is an important ability in basketball for movements
such as dunks, rebounds and lay-ups. It must be stressed that jump height alone does not
always indicate superior athlete performance as the time component may also play a role
in the players being in optimal positions to gather competitive advantages (e.g., grab a
rebound) [21]. Additionally, when individuals are not in an optimal physical state, they
may change movement strategies to achieve comparable outputs but within a longer time
window [22]. Thus, monitoring additional metrics beyond jump height alone is recom-
mended for examining jumping performance in basketball players [23,24]. Along with
jumping, running speed is also an important characteristic in basketball [25], as top speeds
and rates of acceleration can present important advantages in the game [21]. Addition-
ally, basketball involves not only linear movements but also dynamic, multi-directional
actions [3,26] and movements in curvilinear trajectories [27]. More precisely, 31% of total
sprints performed without the ball and 59% with the ball are curvilinear [28,29]. Therefore,
improving curvilinear qualities may be important to optimize basketball performance.
Based on that, optimizing basketball performance relies on addressing other critical move-
ment patterns, such as linear and curvilinear sprints, explosive jumps, rapid CoD and
multi-directional force production. A comprehensive evaluation of these parameters en-
sures a well-rounded physical profile, enabling athletes to adapt their training in order to
meet the diverse demands of the game.
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While DSI-guided training was recently shown to be potentially more effective in
enhancing or maintaining the physical performance of highly trained basketball players
during the season compared to non-individualized resistance training [11], there is still
a gap in the literature regarding the question about its relationship with physical perfor-
mance. Previous research provides some information on the relationship between DSI and
measures of strength and power derived from the component tests of the DSI metric (IMPT
and CMJ) [12,30,31]. However, such results must be questioned, as CMJ, IMPT and DSI
metrics do not represent truly independent variables. In contrast, assessing the relationship
between CMJ, IMPT and DSI with other independent measures of physical performance
(e.g., linear or curvilinear and CoD speed) would be more informative to practitioners, as it
would help determine whether the DSI and its constituent variables could serve as useful
measurements in practice.

To the authors’ knowledge, there are only two studies to date that have examined
the relationship between DSI and performance during a completely different task [16,32].
A study on surfers reported that upper body DSI (from the push-up task, isometric push
up and dynamic push-up on force plates) had no relationship with sport-specific physical
performance (r = −0.57–(−0.59); p = 0.10–0.12), while on the other hand, both isometric and
dynamic strength qualities underpinning the DSI were significantly greater in the better-
performing group [33]. The second study on basketball players reported weak correlations
between the DSI and CoD ability (r = 0.36–0.39), which was underpinned by a moderate
correlation between isometric squat strength and CoD ability (r = −0.43–(−0.54)) [16]. Thus,
it is essential to consider the relative impact of each component, namely the force and
ballistic components, as a concurrent increase in both would likely yield minimal changes
in DSI but would probably positively influence overall performance. To put it all together,
the relationships between DSI and independent measures of athletic performance offer
an opportunity for further exploration as it can show the direction of how to improve
sport-specific performance with general physical training (strength or ballistic training).

Therefore, this study had two objectives: (1) to assess associations between DSI and
sprint, jump and CoD performance and (2) to determine the differences between the
physical performance of basketball players in different DSI groups (low, medium and high
DSI groups).

2. Materials and Methods
2.1. Study Design

This cross-sectional study took place during the pre-season period as part of the
regular testing routine. It was conducted during two separate visits (total time of both
visits: ~120 min). Measurements were conducted a week before teams officially started
pre-season. The visits were separated by at least two days. In the first visit, participants
performed sprint tests, while jumps and strength tests were performed in the second visit.
Assessments included bilateral CMJ, drop jump (DJ), IMTP, bilateral horizontal jump,
unilateral horizontal jump, lateral jump, lateral basketball specific jump, 20 m sprint test,
20 m 3-point line curvilinear sprint test and 505 CoD test. In both visits, participants
performed the same warm-up, consisting of 10 min of jogging, dynamic stretching and
body-weight strength exercises (squats, all-direction lunges and planks), followed by
2 familiarization repetitions for each test. For familiarization repetitions, the participants
were instructed to gradually increase the effort from ~70 to ~90% of perceived maximal
effort. On the first visit, the warm-up was followed by a 20 m linear sprint test, a 3-point
line curvilinear sprint test and a 505 CoD test. On the second visit, the warm-up was
followed by horizontal jumps, lateral jumps, DJs and CMJs, and finished with a strength
test. For all tests, strong verbal encouragement was performed for each of the three
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repetitions performed, and the maximal values were taken for further analyses. There was
a sufficient break between the repetitions and different tests. The protocol was conducted
in accordance with the latest revision of the Declaration of Helsinki. The experimental
procedures were reviewed and approved by the Slovenian Medical Ethics Committee
(approval no. 0120-99/2018/5).

2.2. Participants

Forty-four highly trained basketball players (age: 21.0 ± 4.9 years; body height:
195.9 ± 7.5, body mass: 89.2 ± 11.3) were recruited. Only male basketball players were
included in the research to prevent possible confound in the analysis. This sample size
was sufficient for confirming moderate, high or very high correlations (r > 0.40) with
80% statistical power at an alpha level of 0.05 [33]. During the testing week, participants
were instructed to avoid long, intensive physical activities to avoid fatigue on the testing
day. Participants had >5 years of basketball experience, with all participants competing
at national and international club levels. The participants were excluded if they reported
any musculoskeletal injuries and pain syndromes within the last six months or any other
medical conditions that could be exacerbated with the measurement procedure. Participants
were informed about the details of the protocol and were required to sign an informed
consent prior to the beginning of the measurements.

2.3. Linear Sprint

The linear sprint assessment was conducted over a 20 m distance [11], employing
three sets of timing gates (Brower Timing Systems, Draper, UT, USA). The starting line
was placed 0.3 m behind the timing gates to avoid early triggering. Participants started
from a standing position and were free to choose their front leg, which was kept constant
throughout all repetitions. Timing gates were placed at the starting line and at the 10 m
and 20 m distance. Participants were instructed to sprint from the start line at maximum
effort, passing through all sets of timing gates. Three trials were conducted, with a 2 min
rest period between each. Three repetitions were performed with a rest period of 2 min.
The time was recorded with an accuracy of 0.001 s.

2.4. Curvilinear Sprint

The curvilinear sprint was performed around the 3-point line [27], with a total distance
of 20 m using the same pairs of timing gates (Brower Timing Systems, Draper, UT, USA).
The starting position was the same as for the linear sprint, 0.3 m behind the timing gates.
Timing gates were placed at the starting line and on the other side of the 3-point line at 20 m
distance. They were instructed to sprint from the start line over the 3-point line without
stepping on the line. If a participant stepped on the 3-point line, the repetition was repeated.
Three correct repetitions were performed on both the left and right sides, with a rest period
of 2 min between each trial. The time was recorded with an accuracy of 0.001 s.

2.5. Change of Direction

The same set of timing gates (Brower Timing Systems, Draper, UT, USA) were used to
assess CoD ability. Participants sprinted for 15 m to the (turning) line, stepped over the
line with the left or right foot, turned 180◦ and sprinted back through the timing gates [34].
Timing gates were placed 5 m before the turning line. If a participant stepped on the
marked line, the repetition was repeated. Three correct repetitions were performed for each
leg in alternating order, with 2 min rest between repetitions. Additionally, the CoD deficit
was calculated following the methodology proposed by Nimphius et al. (2016) [34] to yield
a more isolated measure of CoD performance. The CoD deficit was derived by subtracting
the 10 m sprint time from the 505 test time. Therefore, the CoD deficit is the additional time
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required for an athlete to complete a CoD task compared to a linear acceleration over the
same distance [34].

2.6. Horizontal and Lateral Jumps

Horizontal and lateral jump tasks were performed on a flat surface (sport parquet).
Measuring tapes were affixed to the ground, and participants kept their hands on their hips.
Bilateral horizontal jump (BHJ) was performed with hand free, while single-leg horizontal
jump (SLHJ), single-leg lateral jump (SLLJ) and single-leg basketball specific lateral (SLSLJ)
were performed with hand on the hips. Countermovement was allowed for all jumps, and
landing was performed on both limbs. The distance was recorded from the starting line to
the point where the heel landed upon the completion of the jump. For SLLJ and SLSLJ, the
participants placed the medial border of the stance foot behind the starting line, with the
other leg facing in the direction of the jump.

2.7. Vertical Jumps

DJs and CMJs were performed on a piezoelectric force plate (Kistler, model 9260AA6,
Winterthur, Switzerland). Ground reaction force data were recorded at a sampling rate
of 1000 Hz. The signals were automatically processed by the manufacturer’s software
(MARS, Kistler, Winterthur, Switzerland) by a moving average filter with a 5 ms window.
Each task was performed three times, with 1 min break between trials. The hands were
placed on the hips at all times. For the DJ, the participants stood on a solid 0.3 m high
box. The participants stepped off the box and performed a vertical jump immediately after
the landing. They were instructed to achieve maximal jump height whilst minimizing
the ground contact time. When performing the DJ, participants maintained an upright
posture. Jump height and contact times were also taken for the analysis, and subsequently,
the RSI (RSIDJ) was calculated as the ratio between the jump height and the contact time.
Ground contact time was defined as the time during which the force signal was >10 N. The
piezoelectric force plate was calibrated in accordance with the manufacturer’s guidelines
to ensure accurate measurement.

When performing CMJ, participants were instructed to perform explosive counter-
movement to self-selected depth and to jump as high as possible. Participants performed
three repetitions with 1-min breaks between the repetitions. Jump height, peak force and
time to take off were taken for further analysis, with RSICMJ calculated by dividing the
jump height by the time to take off [35]. Time to take off was determined as the time
between the countermovement initiation (defined as the decrease in force signal larger than
3 standard deviations of the baseline signal) and the take-off (defined as the first instant of
force < 10 N). Jump height and jump time RSICMJ were considered indicators of physical
performance, while peak force was taken to calculate DSI.

2.8. Isometric Mid-Thigh Pull Testing

The isometric mid-thigh pull (IMTP) assessments [36] were conducted on the same
force platform as the vertical jump tests (Type 9229A, Kistler Instruments, Winterthur,
Switzerland). The position was determined as the strongest position to pull the bar chosen
by players, with knees at ~40◦ [10]. Participants had to exert a maximal force against a bar
that was so firmly connected to the ground that it could only be lifted to a pre-determined
height. After two warm-up repetitions at ~50% and ~75% of maximal effort, three repeti-
tions with maximal exertion were performed with a 2 min rest between repetitions. The
peak force was taken as the largest mean force in 1 s intervals. Subsequently, DSI variables
were calculated by dividing the peak force obtained in CMJ by a peak force obtained
during IMTP.
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2.9. Statistical Analysis

Three general variables (CMJ peak force, IMTP peak force and DSI) and five perfor-
mance aspects (linear sprint, curvilinear sprint, CoD test, horizontal jumps and vertical
jumps) were taken into statistical analysis. The data are presented as means ± standard
deviations. The normality of the data distribution for all variables was verified with the
Shapiro–Wilk test, which showed normal data distribution. Inter-repetition reliability
analysis was performed using a two-way random intraclass correlation coefficient (ICC)
with absolute agreement and 95% confidence intervals (CI) and coefficient of variation (CV).
ICC was interpreted as follows: >0.9 (excellent), 0.9–0.75 (good), 0.75–0.50 (moderate) and
<0.5 (poor) [37]. Absolute reliability was assessed by calculating the coefficient of variation
(CV) according to Hopkins (2000) [38] and interpreted as poor (CV > 10%), moderate
(CV = 5–10%), or good (CV < 5%). Pearson correlation coefficients were used to examine
the associations between DSI and performance variables. The associations were interpreted
as follows: 0.0–0.1 (no association), 0.1–0.4 (weak), 0.4–0.6 (moderate), 0.6–0.8 (strong) and
>0.8 (very strong) [39]. A one-way ANOVA with a post hoc test was used to determine
the differences between high, mid and low DSI groups. Furthermore, post hoc testing was
performed with a Bonferroni correction to measure statistical differences between groups
(high, mid, low DSI), and Hedges g was used to determine between-group effect sizes.
Effect sizes were interpreted as trivial (<0.2), small (0.2–0.5), medium (0.5–0.8) and large
(>0.8) [40]. The threshold for statistical significance was set at α < 0.05, and all analyses
were carried out in SPSS statistical software (version 25.0, CJ278ML, IBM, USA).

3. Results
The descriptive statistics for all variables are presented in Table 1. Good-to-excellent inter-

repetition reliability was shown for the sprint for all vertical (ICC = 0.788–0.978; CV = 2.79–6.22),
horizontal and lateral jump parameters (ICC = 0.969–0.979; CV = 1.60–2.36). On the other
hand, the 505 test showed good to excellent inter-repetition reliability (ICC = 0.831–0.963;
CV = 0.96–2.95), while the CoDD showed good inter-repetition reliability (ICC = 0.825–0.857)
but poor absolute reliability (CV = 13.08–14.66), highlighting potential variability in the
performance or measurement error. Nevertheless, the best repetition from the 10 m sprint
and 505 test was used to calculate CoDD, which was taken for further analysis.

Table 1. Results of descriptive statistics and reliability for all outcome measures.

Outcome Variables Mean ± SD Range (Min–Max) ICC CV

DSI 0.91 ± 0.13 0.60–1.22 0.967 (0.942–0.982) 4.00
IMTP 2486 ± 433 1734–3679 0.989 (0.982–0.994) 2.60

Bilateral horizontal jump 247 ± 17 209–282 0.977 (0.953–0.989) 1.60
Horizontal jump—L 196 ± 15 170–231 0.971 (0.949–0.983) 1.76
Horizontal jump—R 193 ± 14 160–223 0.967 (0.939–0.982) 1.86

Lateral jump—L 179 ± 17 140–219 0.970 (0.941–0.985) 2.24
Lateral jump—R 175 ± 15 138–208 0.969 (0.949–0.982) 2.36
Specific jump—L 183 ± 17 146–214 0.979 (0.965–0.988) 1.68
Specific jump—L 182 ± 17 138–220 0.975 (0.952–0.986) 2.11

Linear sprint 10 m 1.75 ± 0.08 1.61–1.97 0.909 (0.848–0.949) 1.53
Linear sprint 20 m 3.06 ± 0.11 2.86–3.34 0.963 (0.937–0.979) 0.96
3 pt line sprint L 3.28 ± 0.16 2.91–3.68 0.936 (0.877–0.967) 1.65
3 pt line sprint R 3.32 ± 0.17 2.96–3.72 0.933 (0.886–0.962) 1.77

505—L 2.24 ± 0.11 2.02–2.49 0.831 (0.705–0.908) 2.95
505—R 2.23 ± 0.10 2.01–2.39 0.838 (0.716–0.914) 2.55

CoDD—L 0.50 ± 0.11 0.23–0.72 0.825 (0.696–0.906) 14.66
CoDD—R 0.49 ± 0.11 0.26–0.65 0.857 (0.748–0.932) 13.08
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Table 1. Cont.

Outcome Variables Mean ± SD Range (Min–Max) ICC CV

CMJ Height 0.39 ± 0.06 0.24–0.54 0.958 (0.928–0.977) 3.84
CMJ Peak force 2238 ± 362 1635–3172 0.978 (0.963–0.988) 2.79

CMJ RSI 0.52 ± 0.10 0.32–0.75 0.830 (0.696–0.910) 6.79
DJ Height 0.34 ± 0.06 0.21–0.51 0.955 (0.922–0.976) 5.65

DJ RSI 1.60 ± 0.35 0.76–2.87 0.934 (0.881–0.966) 6.06
DJ Contact time 0.21 ± 0.03 0.16–0.34 0.788 (0.616–0.889) 6.22

SD—standard deviation; ICC—interclass correlation; CV—coefficient of variation; DSI—dynamic strength in-
dex; IMTP—isometric mid-thigh pull; L—left, R—right; 3 pt—three-point line; 505—change of direction test;
RSI—reactive strength index; DJ—drop jump.

3.1. Associations Between Dynamic Strength Index and Performance Measures

IMTP peak force showed weak to moderate correlations with a horizontal jump
(r = 0.343), all lateral jumps (r = 0.324–0.441) and 3 pt line sprint on the right side
(r = −0.325). Positive correlations indicate that better IMPT peak force corresponds with
better lateral jumping ability, while negative correlations indicate that higher IMTP peak
force corresponds with better sprint performance. On the other hand, no correlations were
found between CMJ peak force and performance measures. Regarding DSI, weak correla-
tions were found between DSI and lateral jump with the right leg (r = −0.326), specific
lateral jump on the left leg (r = −0.371), 10 m linear sprint (r = −0.355) and CoD deficit
on the right side (r = 0.384). Negative correlations indicate that lower DSI values corre-
spond with better performance in lateral jumps and sprints, while the positive correlation
between DSI and CoD deficit indicates that higher DSI values mean less efficiency in CoD.
Additional analysis was performed to compare associations between performance variables
and CMJ peak force, and CMJ height was also performed. The results showed weak to
moderate associations between CMJ height and curvilinear sprint (r = −0.388 to −0.428)
and moderate to strong associations between CMJ height and all other performance tests
(r = −0.500 to 0.723), except with CoD ability. The results are presented in the table below
(Table 2).

Table 2. Results of correlations between DSI and its constituent variables and performance measures.

Performance Measures DSI ITMP PF CMJ PF CMJ Height

Horizontal jump −0.162 0.343 * 0.204 0.671 **
Horizontal jump L −0.355 * 0.292 −0.034 0.723 **
Horizontal jump R −0.211 0.135 −0.055 0.239

Lateral jump L −0.289 0.324 * 0.059 0.616 **
Lateral jump R −0.326 * 0.398 ** 0.116 0.645 **
Specific jump L −0.371 * 0.384 * 0.037 0.649 **
Specific jump R −0.262 0.411 ** 0.162 0.595 **

Linear 10 m −0.355 * 0.119 −0.163 −0.500 **
Linear 20 m −0.279 0.088 −0.113 −0.518 **

3 pt line sprint L −0.040 −0.221 −0.250 −0.428 **
3 pt line sprint R 0.063 −0.325 * −0.256 −0.388 *

505-L −0.038 −0.068 −0.097 −0.059
505-R 0.164 −0.151 0.001 −0.168

CoDD-L 0.183 −0.171 −0.021 0.298
CoDD-R 0.384 * −0.259 0.069 0.181

CMJ height −0.112 0.293 0.194 1.000
CMJ RSI 0.223 −0.024 0.141 0.686 **
DJ height 0.000 0.092 0.087 0.724 **

DJ RSI 0.018 −0.040 −0.063 0.656 **

IMTP—isometric mid-thigh pull; CMJ—countermovement jump; PF—peak force; L—left; R—right; 3 pt—three-
point; 505—change of direction test; CoDD—change of direction deficit, RSI—reactive strength index. * p < 0.05.
** p < 0.01.
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3.2. Differences Between DSI Groups

We divided participants into three groups based on their DSI values. Nine participants
were allocated in the high DSI group (>1.00), nine were in the low DSI group (<0.80), and
twenty-four participants were in the middle group (0.80 < DSI < 1.00). No statistically
significant differences in the homogeneity of variance existed among groups within the
Levene’s test were observed, and thus equal variances were assumed. Statistically signif-
icant differences were found between groups in IMPT peak force (F = 12.562; p < 0.001),
horizontal jump (F = 5.621; p = 0.007), lateral jump (F = 7.753–9.503; p = 0.000–0.002) and
specific lateral jump (F = 5.872–7.049; p = 0.000–0.002). Additional post hoc tests showed
significant differences between high and low DSI groups (g = 1.66) and mid and low DSI
groups (g = 1.93) in IMTP peak force. Regarding horizontal jump, the post hoc test showed
a significant difference between the mid and low DSI groups (g = 1.34). In the lateral
jump and basketball-specific lateral jump, the post hoc test showed a significant difference
between the high and low DSI group (g = 0.89–1.37) and the mid and low DSI group
(g = 1.28–1.70).

There were no differences between the groups regarding sprint and CoD performance
(p = 0.073–0.996). Nevertheless, linear sprint results tended toward better performance in
the high DSI group, while curvilinear results tended toward better performance in the low
DSI group. Furthermore, for vertical jumps, ANOVA showed significant differences in CMJ
height (F = 3.848; p = 0.030) and CMJ peak force (F = 5.489; p = 0.008), with no significant
differences being observed in DJ parameters (F = 0.382–1.776; p = 0.183–0.685). Further post
hoc tests revealed significant differences between the mid and low DSI group (g = 0.94) in
CMJ height and between high and mid DSI groups in CMJ peak force (g = 1.22). The results
for one-way ANOVA and post hoc tests are shown in the table below (Table 3).

Table 3. Results of one-way ANOVA.

Variable
High DSI Middle DSI Low DSI Hedges ‘ g ANOVA

Mean ± SD Mean ± SD Mean ± SD a b c F p

IMTP 2320 ± 419 2350 ± 319 3001 ± 359 −0.08 −1.66 * −1.93 * 12.562 0.000
Horizontal jump 250 ± 14 240 ± 18 262 ± 8 0.57 −1.00 −1.34 * 5.621 0.007
Lateral jump L 177 ± 16 172 ± 14 196 ± 13 0.33 −1.24 * −1.70 * 9.503 0.000
Lateral jump R 172 ± 16 170 ± 12 190 ± 13 0.15 −1.18 * −1.59 * 7.753 0.002
Specific jump L 179 ± 18 179 ± 15 200 ± 10 0.00 −1.37 * −1.48 * 7.049 0.002
Specific jump R 183 ± 14 177 ± 15 197 ± 16 0.40 −0.89 −1.28 * 5.872 0.006

Linear 10 m 1.71 ± 0.05 1.77 ± 0.08 1.74 ± 0.07 −0.79 −0.47 0.38 1.707 0.195
Linear 20 m 3.02 ± 0.14 3.07 ± 0.10 3.04 ± 0.10 −0.44 −0.16 0.29 0.767 0.472

Curvilinear—L 20 m 3.24 ± 0.10 3.33 ± 0.18 3.22 ± 0.13 −0.54 0.16 0.64 1.927 0.160
Curvilinear—R 20 m 3.30 ± 0.11 3.38 ± 0.18 3.23 ± 0.16 −0.47 0.48 0.83 2.820 0.073

505—L 2.24 ± 0.09 2.24 ± 0.11 2.24 ± 0.11 0.00 0.00 0.00 0.004 0.996
505—R 2.25 ± 0.08 2.25 ± 0.11 2.19 ± 0.11 −0.09 0.47 0.53 1.115 0.340

CoDD—L 0.53 ± 0.05 0.48 ± 0.13 0.50 ± 0.09 0.43 0.39 −0.16 0.473 0.627
CoDD—R 0.54 ± 0.05 0.49 ± 0.13 0.44 ± 0.09 0.43 1.30 0.40 1.704 0.198

CMJ height 0.39 ± 0.04 0.37 ± 0.07 0.43 ± 0.03 0.31 −1.08 −0.94 * 3.848 0.030
CMJ peak force 2547 ± 443 2123 ± 293 2237 ± 283 1.22 * 0.79 −0.38 5.489 0.008

RSICMJ 0.58 ± 0.12 0.49 ± 0.10 0.53 ± 0.05 0.83 0.52 −0.43 2.741 0.080
DJ height 0.34 ± 0.06 0.34 ± 0.06 0.36 ± 0.03 0.00 −0.40 −0.36 0.382 0.685

RSIDJ 1.65 ± 0.29 1.52 ± 0.40 1.77 ± 0.19 0.34 −0.47 −0.68 1.776 0.183

DSI—dynamic strength index; SD—standard deviation; * statistical significant difference; a—effect size for high vs. mid
DSI group, b—effect size for high vs. low DSI; c—effect size for mid vs. low DSI group; IMTP—isometric mid-thigh
pull; L—left, R—right, 505—change of direction test, CoDD—change of direction deficit, CMJ—countermovement jump,
RSI—reactive strength index, DJ—drop jump; *—statistically significant post hoc test.

4. Discussion
The aim of this study was to assess the associations between DSI and sprint, jump and

CoD performance in highly trained basketball players and to determine the differences be-
tween the physical performance of athletes in different DSI groups (low, medium and high
DSI groups). Correlation analysis showed weak to moderate associations between IMTP
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peak force and horizontal jump, lateral jump and curvilinear sprint, showing that maximal
strength is likely one of the determinants of these abilities. No significant correlations were
found between CMJ peak force and performance variables, while weak correlations were
observed between the DSI and lateral jump, linear sprint and CoD deficit. Furthermore,
our results showed that the low DSI group had the highest IMTP peak force, while the high
DSI group had the highest CMJ peak force. The low DSI group showed better performance
in vertical, horizontal and lateral jumps and also tended to exhibit better performance in
the drop jump and curvilinear sprint tests than other groups. Linear sprints tended to be
the best in the high DSI group, while all groups were aligned in CoD speed.

The novel findings of this study are the weak negative correlations between IMTP peak
force and curvilinear sprint and weak-to-moderate correlations with lateral jumps, suggest-
ing that strength ability might be important for basketball-specific sprint performance and
the efficiency of lateral movements. Interestingly, this study did not observe significant
associations between CoD ability and strength, although lower limb strength is reported
to be one of the most important determinants of CoD ability [6]. Nevertheless, it must be
mentioned that the CoDD variable showed poor absolute reliability (CV = 13.08–14.66%).
Furthermore, a previous study also showed moderate associations between squat isometric
peak force and CoD ability [16]. The lack of associations in the present study could be
explained by the fact that the IMTP is not an isolated measure for lower limb strength
but also challenges grip and core strength. Furthermore, negative associations between
the DSI and lateral jumping suggest that lower DSI values indicate better lateral jumping
ability, while negative associations between DSI and linear sprint suggest that a higher DSI
score indicates superior sprint ability. Based on this, it seems that being strength-oriented
is important for the ability to move in lateral directions, while being oriented towards
ballistic force production is better for developing high sprint speeds in basketball players.
Lastly, positive associations between the DSI and CoD deficit suggest that lower DSI scores
indicate better CoD ability, supporting the importance of strength for CoD performance.
This finding is consistent with the previous literature [16]. However, this must be further
discussed in terms of DSI components. Since lower DSI values may reflect higher isomet-
ric peak force for the same ballistic peak force, the above correlations between the DSI
and multi-directional jumping may be due to correlations between isometric peak force
and jumps.

The low DSI group showed superior performance in jumps in all directions and
tended to exhibit better performance in the drop jump (g = 0.36–0.40) and curvilinear
sprint (g = 0.16–0.83) tests. Similar results have been reported in the literature in relation to
jumping performance [30,31], showing that lower DSI values might be better for basketball
players’ physical performance, especially considering the importance of lateral movements,
CoD and jumping capabilities [3,18]. Although all these qualities are to some extent
determined by strength [27,41,42], these results suggest that a pure relationship between
isometric and ballistic force may play a role in influencing the physical performance of
basketball players. Nevertheless, it is important for practitioners to consider the relative
effect of both components when interpreting DSI values to obtain better insight into
players’ neuromuscular characteristics, training adaptations and future training directions.
It is important to interpret ratio numbers alongside their component parts for several
reasons. First, ratio data typically show greater measurement error compared to their
individual components [43,44]. This occurs because combining multiple components
compounds the potential sources of error, which can reduce reliability [45]. In addition,
when tracking changes in ratio data, the ratio score can change in multiple ways, not all
of which are beneficial. For instance, in the context of DSI, if both components decrease
proportionally, the DSI score may remain stable. This stability might misleadingly suggest
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that no adaptation has occurred when, in reality, performance would likely decline due to
reduced strength and ballistic capacities.

Previous studies have shown that basketball players have the highest DSI scores
among male collegiate team athletes [17], with studies suggesting that the average DSI
value in basketball players is ~0.90 [11,16,17]. Our study shows similar results with
an average DSI value of 0.91 and ranging from 0.60 to 1.22. Previous research by Su-
chomel et al. (2020b) reported very strong associations between DSI and IMPT peak force
(r = −0.746), while small associations were reported between DSI and CMJ peak force
(r = 0.297), showing that the IMTP peak force has more bearing on the resultant DSI ratio
compared to the CMJ. Based on this, high DSI scores in basketball players may be viewed as
a lack of strength ability, which is also supported by similar studies showing that basketball
players are more velocity-oriented and/or force-deficient [46]. Thus, high DSI values in
basketball can also be, to some extent, justified by the ballistic nature of the sport itself.
Basketball is known as a “stop and go” sport due to many accelerations, decelerations and
CoDs [18]; thus, it seems that basketball players have to develop force in a ballistic manner
(jumps and accelerations) or absorb the high magnitude of force in a short time period
(deceleration and CoDs). A previous study reported a decrease in DSI scores in subjects
with high DSI scores after 4 weeks of strength and power training [10]. Additionally, a
recent study on basketball players showed that training based on DSI is superior for im-
proving physical performance compared to general resistance training [11]. Together with
the results of this study, it seems that DSI is sensitive to detecting specific neuromuscular
deficits, based on which training-related decision can be made, to improve the physical
performance of basketball players. Although additional studies are needed to determine
the precise benchmarks for navigating training based on DSI values, it is reasonable to
assume that maximal strength is an important quality for the physical performance of
basketball players.

The results of this study show some weak correlations between DSI and performance
metrics. As discussed in the previous paragraphs, readers must acknowledge the limitations
of the ratio. An additional critique and potential reason for the weak correlations could
be the selection of peak force in CMJ peak force as a component metric. DSI is originally
consisting of CMJ and IMPT peak force [13]. IMTP peak force is considered a strength
ability and presents an individual’s maximal force-generating capacity, while the use of
CMJ peak force for presenting dynamic force capacity can be a bit questionable. It was
previously reported that CMJ peak force does not directly equate to jump height, take-off
velocity and net impulse [47] or may even be at odds with those metrics [48] and thus
may not be the best metric to represent ballistic capacity. This could also be the reason
for the absence of correlations between CMJ peak force and performance metrics, while
CMJ jump height showed moderate associations with all performance tests except CoD
ability. Therefore, alternative forms of the DSI calculated from time-limited jump metrics
suggested by James and Comfort (2022) [49] may be more suitable to reflect fast dynamic
strength capabilities as they underpin jump performance to a greater extent than peak
force [48]. In summary, more studies are needed to obtain insight into how alternative
forms of DSI influence general physical performance and detect training adaptations and
whether any of them can be used to navigate training-related decisions.

Some limitations of the study must be acknowledged. First, the relatively small
sample size (n = 44) limits the statistical power of the analyses and increases the likelihood
of Type 1 errors. While the sample was sufficient to detect moderate correlations (r > 0.40)
with 80% power at an alpha level of 0.05, the multiple correlations performed increased
the probability of false positives. Although the low DSI group showed superior results
compared to the other two groups, these results must be interpreted with caution as the low
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DSI group exhibited significantly higher strength ability based on the IMTP data compared
to the other two groups. In addition, this is a cross-sections study, meaning that results may
change during the basketball season. More surveys during the season would be needed for
a more reliable assessment and relationship between DSI and the physical performance of
basketball players. Finally, the sample studied was very homogeneous (i.e., highly trained
male basketball players); thus, the results cannot be generalized to performance metrics
and athletes from other sports.

Practical Application

• DSI may present a useful method to detect neuro-muscular characteristics of basket-
ball players;

• DSI seems to be easy to apply in high-level sports, thus may also be used during the
competitive season to follow neuro-muscular adaptations;

• basketball is predominantly ballistic-oriented in its nature; thus, more maximal
strength training may be required to improve the physical performance of basket-
ball players.

5. Conclusions
Our results showed that lower DSI values may be desired for the physical performance

of basketball players. DSI suggests that due to the ballistic nature of basketball, more
maximal strength training is required to optimize the DSI ratio. This was additionally
supported by significant associations between maximal strength with multi-directional
jumping and curvilinear sprint performance. Furthermore, due to significant correlations
between DSI with linear sprint and CoD ability, it seems that a pure relationship between
isometric and ballistic force may play a role in influencing the physical performance of
basketball players. Nevertheless, caution is needed when interpreting DSI values, as it is
recommended to consider the relative effect of both components to obtain better insight into
players’ neuromuscular characteristics, training adaptations and future training direction.
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