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Abstract

The dynamic strength index (DSI) is calculated as the ratio be-
tween countermovement jump (CMJ) peak force and isometric
mid-thigh pull (IMTP) peak force and is said to inform whether
ballistic or strength training is warranted for a given athlete. This
study assessed the impact of an individualized in-season re-
sistance training program, guided by DSI on basketball players'
physical performance. Forty-three elite players (19.4 + 2.9 years;
1.97 £ 0.08 cm; 89.1 £ 9.5 kg) were divided into an intervention
group (IG) (27 players) and a control group (CG) (16 players).
The IG was further split based on DSI into a ballistic group (DSI
<0.90, 11 players) and a strength group (DSI > 0.90, 16 players).
Over five weeks, participants underwent two weekly resistance
sessions, with the IG following a DSI-based program and the CG
a standard program. Performance was measured pre- and post-
intervention through 20-m sprints, 505 change of direction test,
CMJ, and IMTP. There were statistically significant improve-
ments in the IG, notably in sprint times (n2 = 0.12-0.21, p < 0.05)
and 505 test (M2 = 0.15 - 0.16, p < 0.05), predominantly in the
strength group. The CG’s performance was either unchanged or
declined for different variables. Our results suggest that DSI-
guided training effectively enhances basketball players' physical
performance within a competitive season.

Key words: Athletes, performance, jumps, strength, power, test-
ing.

Introduction

Basketball is a sport characterized by large number of high-
intensity tasks such as jumping, sprinting, accelerating, de-
celerating, and changes of direction (CoD) (Stojanovié et
al., 2018). Previous studies reported that professional bas-
ketball players perform more than 300 CoD maneuvers, 50
accelerations and 50 jumps during a basketball game, indi-
cating these movements as determinants of basketball per-
formance (Svilar and Juki¢, 2018). Therefore, evaluation
of these tasks is an indispensable component of basketball
training as it provides coaches and athletes with infor-
mation about individual's neuromuscular function and pro-
vides insight into an athlete's weaknesses and strengths,
based on which the training plan can then be customized
(Morrison et al., 2022).

Studies showed distinction between basketball
players of different competitive levels, where better play-
ers can sustain high-intensity intermittent efforts for a

longer duration and have better strength and power capa-
bilities (Ferioli et al., 2020a; 2020b; Yafez-Garcia et al.,
2022). Given the importance of strength and power quali-
ties for basketball players (Dos’Santos et al., 2021; Riggs
and Sheppard, 2009; Spiteri et al., 2014), an analytical ap-
proach to biomechanical testing can provide detailed in-
sight into the athlete's neuromuscular capacity, providing
the opportunity for training optimization. Thus, it seems
important that a strength and power-based program, indi-
vidualized to the needs of the player, is implemented to
maximize basketball performance.

Strength and power capabilities can be represented
on the force-time continuum. To do this and get a better
insight into an athlete's muscular mechanical capabilities
we can assess the ability to express force under different
loading conditions (e.g., high load and low load or only
body weight). The magnitude of the difference in peak
force between these two conditions can reflect adaptations
of the neuromuscular system to the training process. To as-
sess the ability to use force capacity to the greatest extent,
it is logical to use a metric that combines force expression
under different loadings (Comfort et al., 2018a; McMahon
et al.,, 2017; Thomas et al., 2017). In particular, the dy-
namic strength index (DSI) has been recently suggested as
a promising method for obtaining insights into an athlete’s
strength and power qualities, providing a more comprehen-
sive understanding of an individual’s capabilities and defi-
cits (Bishop et al., 2021b; Comfort et al., 2018b; Suchomel
et al., 2020). The DSI is calculated as the ratio between
force production during ballistic (e.g., vertical jumps) and
isometric/quasi-isometric tasks (e.g., isometric mid-thigh
pull IMTP)) (Comfort et al., 2018a; Sheppard et al., 2011;
Young et al., 2014). In other words, the DSI reflects an ath-
lete's dynamic force production capacity relative to their
maximal isometric force capacity.

DSI was introduced as a metric that reflects individ-
ual training needs (Sheppard et al., 2011; McMahon et al.,
2017). Low values of DSI indicate that the athlete should
focus on low-load power training to generate higher forces
during high-velocity conditions. In contrast, a high DSI
suggests that the athlete should focus on maximal strength
training to improve their capacity for maximal force pro-
duction (Sheppard et al., 2011). Additionally, when using
the DSI ratio, it is important to consider the relative effect
of each component (force component and ballistic compo-
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nent), as increasing both components simultaneously
would result in minimal changes in DSI but would likely
have a positive impact on performance.

It is well-documented that a short-term intervention
(5-12 weeks), with a strength or ballistic training program
in young males, significantly improves physical perfor-
mance (Asadi, 2013; Barrera-Dominguez et al., 2023;
Brini et al., 2022; Cormie et al., 2007; Ujakovi¢ and Sara-
bon, 2023; Wilson et al., 1993). Furthermore, literature
suggests that a generalized strength or ballistic training
program can improve the physical performance of basket-
ball players to some extent (Cherni et al., 2021; Yanez-
Garcia et al., 2022; Zhang et al., 2023). Previous interven-
tion studies mostly used a ‘“one-size-fits-all” strategy
(Cherni et al., 2021; Yafez-Garcia et al., 2022) irrespective
of players’ individual needs in terms of development spe-
cific physical capabilities. A limitation with this type of
training intervention is that it does not consider the fluctu-
ations in strength, power, biological variability, and fatigue
during a long competitive basketball season and can thus
be ineffective when training to improve or maintain an ath-
lete’s physical performance (Cherni et al., 2021). On the
other hand, literature indicates that individualized (in con-
trast to generalised) resistance training program is more ef-
fective for improving physical performance of basketball
players (Barrera-Dominguez et al., 2023; Cherni et al.,
2021). Moreover, if individualized, training interventions
consisting of three exercises per session performed two
times per week can be effective for improving physical per-
formance of basketball players (Barrera-Dominguez et al.,
2023).

Based on existing literature, DSI has the potential to
serve as a valuable metric for guiding the individualization
of training processes aimed at enhancing athletic perfor-
mance. Despite this potential, there have been no interven-
tional studies investigating the efficacy of a program tai-
lored to an individual’s DSI. Consequently, direct evidence
supporting the utility of DSI for improving training indi-
vidualization remains absent.

The aim of this randomized controlled trial was to
determine the effectiveness of the DSI to optimize training
programs to improve physical performance proxies (sprint-
ing, jumping and CoD) in basketball players. Based on this,
the primary objective of the study was to examine the effect
of an in-season individualized training program based on
DSI results on the athletic performance (jumping, sprint-
ing, and CoD) of professional basketball players in com-
parison to a standard (non-individualized) training pro-
gram. In addition, we examined changes in DSI values
based on different training types (i.e., strength, ballistic,
control). Based on the main objective of this study we hy-
pothesized that the intervention group (IG) would improve
physical performance to a greater extent than the control
group (CG). We also assume that DSI values would change
accordingly to type of the training, resulting in an increase
in DSI values in ballistic group, a decrease in DSI values
in the strength group and will not change in the CG.

Methods

Study design
We used a parallel-group, randomized-controlled trial

study design. The trial was registered within Clinical-
Trails.gov database (record number: NCT06094075). Par-
ticipants were randomly allocated to either the IG or the
CG by drawing cards from opaque sealed envelopes. After
the randomization to allocate participants into the IG and
CQG, participants in the IG were allocated into two groups
based on DSI values. A 2:1 ratio was employed between
the IG and CG to ensure a sufficient number of participants
in the IG, facilitating subgroup analyses (based upon fur-
ther allocation of the participants in the IG to either
strength or ballistic training).

Measurements and intervention occurred during the
seven week in-season period, right before play-off period.
Two resistance exercise sessions per week were performed
in both groups, with participants in the IG performing the
exercises individually tailored to their DSI values, and CG
performing a non-individualized program. Pre- and post-
intervention assessment included independent measures of
athletic performance. Included a 20-m sprint, 505 CoD test,
countermovement jump (CMJ) and IMTP.

Participants

We used G*Power 3.1 software (Heinrich Heine Univer-
sity, Diisseldorf, Germany) for calculating sample size for
a within-between analysis of variance (ANOVA) (effect
size (f) = 0.26; a error = 0.05, and power = 0.80). The f-
effect size was converted from eta2 of 0.06, which is the
low bound for the moderate effect. This computation rec-
ommended a sample size greater than 34 participants. Due
to potential dropouts, we recruited 43 highly trained bas-
ketball players (age = 19.4 + 2.9 years; height = 1.97 + 0.08
cm, weight = 89.1 £ 9.5 kg) to participate in the study. Par-
ticipants were from three different teams, all competing at
the same level. Nevertheless, all participants had five bas-
ketball training sessions, two games and two resistance
training sessions per week during the study period. The
randomization was performed in each team separately with
the same procedure by drawing cards from opaque sealed
envelopes. A CONSORT flow diagram of the progress of
the participants through the phases of the trial is shown in
Figure 1. All participants are part of high-level basketball
teams, participating at national and international level with
> five years of structured basketball training. Participants
were eligible to take part in the study if they 1) had > two
years of strength training experience and 2) had been in-
jury-free with normal participation in all basketball activi-
ties for past six months. None of the participants took any
medicine that would in any way influence the testing re-
sults or training procedure. Moreover, participants were
asked to continue with their regular diet without any
changes during the study procedures. The protocol was
conducted in accordance with the latest revision of the
Declaration of Helsinki. The experimental procedures were
reviewed and approved by the Medical Ethics Committee
(approval no. 0120-99/2018/5).

Intervention and assessment

Throughout the intervention period, all participants
engaged in an average of 10 hours of training per week,
which comprised five basketball sessions and two
resistance training sessions which presents the typical
weekly schedule for high-level basketball players during



506

Dynamic strength index training

( Assessment of eligibility (n = 46) J

+

Excluded (n =0)

Exclusion criteria (n = 0)

e

Lost to follow up (n = 3)
Did not complecte = 90% session (n=2)

Tyid not participate in final testing (n=1)

¥

d Analysed (n =27)

Excluded from analysis (n = 3)

Treclined participation (n = Q)
Other reasons (n = 0)
¥
Randomised (n = 46)
[ TIntervention group (n = 30) J [ Control group (n= 16) J

Lost to follow up (n = 0)
Did not complete 100% scssion (n = 0)

Did not participate in [inal testing, (n — 0)

3

Analysed (n = 16)

Excluded from analysis (n=4)

Figure 1. CONSORT diagram.

the competition period (Ujakovi¢ and Sarabon, 2023). In
addition, they played two games weekly. Pre-test was per-
formed one week before first resistance training session
and post-test was performed one week after the training
sessions had finished. Players performed both testing ses-
sions at the same time of the day in the afternoon (+ one
hour) to avoid the influence of the circadian rhythm. The
order of the subjects was randomised for each testing ses-
sion. The measurements were done in basketball hall with
air conditioning, with air conditioning, with the tempera-
ture kept between 20 and 22° and humidity between 40 and
60%. Moreover, testing was done the next day after the off
day, to prevent fatigue that would influence testing results.
Testing was performed at the same location and same train-
ing gym at pre- and post-intervention, with the field tests
being performed on the basketball court, while jumps and
strength test were performed in the neighbour room (fitness
room), where is the solid floor to avoid signal interruptions
when gathering data with force plates. All assessments
were conducted by investigators who held at least a mas-
ter’s degree in sport science and had ample practical expe-
rience with conducting the tests in elite-level athletes.
Each player performed a 20-m sprint, 505 CoD test,
CMIJ and IMTP. Based on CM1J peak force and IMTP peak
force data we calculated DSI (Thomas et al., 2017). Based
on the mean DSI value (0.89), the participants in the IG
were divided into two groups - strength group (DSI > 0.9;
n = 16), ballistic group (DSI <0.9; n=11). DSI benchmark
to allocate participants into strength or ballistic group was
consistent with available literature regarding DSI in
basketball players, indicating mean values of 0.86 - 0.90
(Thomas et al., 2017).
The resistance training program consisted of two sessions
per week for five weeks (10 sessions all together) and are
shown in Table 1. The sessions were separated by mini-

mum of 48 hours (Cherni et al., 2021). The strength train-
ing group consisted of mostly exercise with high loads,
whereas the ballistic training group performed dy-
namic/explosive exercises with low loads or bodyweight
exercises (Barrera-Dominguez et al., 2023). Other training
variables were the same for both groups, consisting of three
exercises per training and total six exercises per week (Bar-
rera-Dominguez et al., 2023), with four of the exercises be-
ing bilateral, one unilateral and one quasi-unilateral (Bul-
garian split squat and scissor jumps). Five exercises were
multi-joint tasks, while one single-joint exercise was cho-
sen to specifically target ankle joints. The CG performed
regular resistance training consisting of combination of
similar (basic) strength and ballistic exercises as IG. Re-
sistance training of the CG included three to four lower
body exercises per session with two of them being strength
exercises (e.g. squats, Bulgarian split squat, trap bar dead-
lift or calf raises) and one or two plyometric exercises (e.g.
depth jumps, pogo jumps or weighted jumps). For all exer-
cises three sets were done with similar rep ranges and in-
tensities as in the IG. During the experiment all players per-
formed their regular prevention program and upper body
program determined by their strength and conditioning
coach. The resistance training sessions were supervised by
strength and conditioning coaches which were previously
trained by research team to ensure proper execution of the
programs (Coleman et al. 2023). The intensity of the
strength exercises was controlled using % of RM (which
was regularly tested by strength and conditioning coaches
to determine exercise intensity) and self-reported reps in
reserve (RIR) with rep ranges that correspond to deter-
mined intensity (Helms et al. 2018), with which they were
already familiarized as this is regularly used method by
their strength and conditioning coaches to determine exer-
cise intensity.
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Table 1. Description of exercises and variables in both training programs.

Strength group
Training 1 Week 1 Week 2 Week 3 Week 4 Week 5
Bulgarian split squat 3x8; 75% 3x6; 83% 3x4; 88% 3x3; 92% 3x2; 95%
Trap bar deadlift 3x8; 75% 3x6; 83% 3x4; 88% 3x3; 92% 3x2; 95%
Calf raises 3x12; 70% 3x10; 75% 3x8; 80% 3x7; 83% 3x6; 85%
Training 2 Week 1 Week 2 Week 3 Week 4 Week 5
Back squat 3x8; 75% 3x6; 83% 3x4; 88% 3x3; 92% 3x2; 95%
Romanian deadlift 3x8; 75% 3x6; 83% 3x4; 88% 3x3; 92% 3x8; 95%
Pistol squats 3x8; 75% 3x7; 80% 3x6; 83% 3x5; 85% 3x4; 90%

Ballistic group
Training 1 Week 1 Week 2 Week 3 Week 4 Week 5
Weighted jumps with barbell 3x5; 20% BW 3x5; 25% BW 3x5; 30% BW 3x5; 35% BW 3x5; 40% BW
Unilateral CMJs 3x8 3x8 3x10 3x10 3x12
Scissors jumps 3x4; BW 3x5; BW 3x5; BW 3x6; BW 3x6; BW
Training 2 Week 1 Week 2 Week 3 Week 4 Week 5
Depth jumps (40 cm) 3x4; BW 3x5; BW 3x5; BW 3x6; BW 3x6; BW
Rhythmic squats 3x5;30% 3x5;35% 3x5; 40% 3x5; 45% 3x5; 50%
Pogo jumps 3x6; BW 3x8; BW 3x10; BW 3x12; BW 3x12; BW

First number = number of sets; second number = number of repetitions; third number = percent of one repetition maximum; CMJ — countermovement
jump; BW — body weight; number with BW = additional weight determined as percent of body weight; Rhythmic squats = squats with fast/explosive
eccentric and concentric phase of the movement (i.e., “fast down and fast up”).

Assessment was performed one week before the
first training session and the following week after the train-
ing sessions had finished. First, the participants performed
a standardized warm-up, consisting of five min of jogging,
dynamic stretching, and body-weight strength exercises
(squats, all-direction lunges, and planks), followed by three
warm up repetitions of CMJs and three gradual accelera-
tions to full sprint speed. The warm-up was followed by
20-m sprint test, 505 CoD test, CMJ and IMTP. There was
a 10 min break after the field tests, before jumping and
IMTP assessment. Athletes have been performing all tests
as a regular testing routine before, therefore, no familiari-
zation was needed.

Linear sprint

The linear sprint was performed over a distance of 20-m,
with timing gates (Brower Timing Systems, Draper, UT,
United States) set up at 5-m intervals (i.e. 5, 10, and 15-m)
(Plesa et al., 2023). Participants began each sprint 0.3 m
behind the starting line to prevent early triggering. The start
was from a standing position, and participants were free to
choose their front leg, which was kept constant throughout
all repetitions. They were instructed to sprint from the start
line as fast as possible through both sets of timing gates. A
total of three runs were undertaken, each separated by a
two min rest, with the best repetition being taken for further
analysis.

Change of direction

CoD was determined with th e 505-test, employing the
same timing gate device (Brower Timing Systems, Draper,
UT, United States). Participants were instructed to sprint to
a line 15 m from the start line (the time gates were posi-
tioned 10 m from the start line), plant their left or right foot
on the line, turn 180°, and sprint 5 m back through the tim-
ing gates (Nimphius et al., 2016). To prevent early trigger-
ing, participants started 0.3 m behind the starting line (as
in the sprint test). This sequence was repeated thrice for
each leg, alternating between the left and right, with a two

min rest interval between each repetition, and the best rep-
etition being taken for further analysis. Furthermore, as
proposed by (Nimphius et al., 2016), the CoD deficit was
computed to offer a more distinct measure of CoD perfor-
mance. This deficit was determined by subtracting the 10-
m linear sprint time from the 505-test time. Essentially, the
CoD deficit represents the added time a player requires to
complete a CoD task in comparison to a straightforward
acceleration over an identical distance (Nimphius et al.,
2016). CoD deficit was calculated from the best CoD and
sprint repetitions with that value being taken for further
analysis.

Vertical jumps

Ground reaction force data during jumps and IMTP were
sampled with a piezoelectric force platform (Type 9229A,
Kistler Instruments, Winterthur, Switzerland) at 1000 Hz
and stored within the MARS Software (Kistler, Winterthur,
Switzerland), which enables immediate and reliable calcu-
lation of the biomechanical jump variables (Hébert-Losier
and Beaven, 2014). Following three familiarization repeti-
tions at submaximal effort, three repetitions of CMJ were
performed with one min rest between. Participants were in-
structed to perform jump as fast and as high possible, with
self-selected countermovement depth (Ebben and
Petushek, 2010). Throughout the duration of each jump,
hands were to be maintained on the hips. Time to take off
was determined as the time between the countermovement
initiation (defined as the decrease in force signal larger
than three standard deviations of the baseline signal) and
the take-off (defined as the first instant of force < 10 N).
The impulse was then calculated by integrating the force-
time curve during the take-off phase. Utilizing the impulse-
momentum theorem, the take-off velocity was determined,
and jump height was estimated from the take-off velocity
based on the kinematic flight equations. Jump height, jump
time and reactive strength index (RSI) were considered as
indicators of physical performance, while peak force was
taken to calculate DSI. RSI was calculated by dividing the
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jump height with the time to take off (Ebben and Petushek,
2010).

Figure 2. The set-up for isometric mid-thigh pull testing.

Isometric mid-thigh pull and dynamic strength index
The IMTP tests were performed on the same force platform
as the jumping assessments (Type 9229A, Kistler Instru-
ments, Winterthur, Switzerland). Position was determined
as the strongest position to pull the bar chosen by players,
with knees at ~40° (Comfort et al., 2018b). The height of
the bar (i.e., the distance from force plate to the bar) was
measured and was kept the same during pre- and post-in-
tervention measurements for each player. Participants had
to exert maximal force against a bar that was firmly con-
nected to the ground so that it could only be lifted to a pre-
determined height (Figure 2). After two warm-up repeti-
tions at ~50% and ~75% of maximal effort, three repeti-
tions with maximal exertion were performed with a two
min rest between repetitions. The average value of the three
repetitions was taken for further analysis. In IMTP test, the
peak force was taken as the largest mean force in one sec-
ond intervals. Subsequently, DSI variables were calculated
from average value of peak force obtained in CMJ, and av-
erage value of peak force obtained during IMTP test as fol-
lows:

Peak force in CM]
Peak force in IMTP

DSI (%) =

The primary variables included performance prox-
ies (sprint times, 505 times, CoD deficit and CMJ parame-
ters). The secondary analysis also considered the DSI and
its constituent variables (CMJ peak force and IMTP peak
force).

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. Trial-by-trial reliabil-
ity was determined with a two-way random intraclass cor-
relation coefficient (ICC) with absolute agreement and
95% confidence intervals (CI) and coefficient of variation
(CV). ICC was interpreted as following: > 0.9 (excellent),
0.9 - 0.75 (good), 0.75 - 0.50 (moderate), and < 0.5 (poor)
(Koo and Li, 2016). Absolute reliability was assessed by
calculating the coefficient of variation (CV) according to

Hopkins (2000) and interpreted as poor (CV >10%), mod-
erate (CV =5 - 10%), or good (CV <5%) (Banyard et al.,
2017). Univariate analysis of covariance (ANCOVA) was
used to determine the difference between groups in post-
intervention values while using pre-intervention values as
covariate, with effect sizes (eta squared; n?) interpreted as
small (~0.01), moderate (~0.06), or large (~0.14) (Cohen,
2013). Furthermore, post-hoc testing was done with paired
t-tests with Bonferroni correction to measure statistical dif-
ferences between pre-intervention and post-intervention
results within groups. Hedges g with 95% confidence in-
tervals was used to determine within-group effect size be-
tween pre- and post-intervention results and was inter-
preted as following: trivial (< 0.2), small (0.2 - 0.5), me-
dium (0.5 - 0.8) and large (> 0.8) (Lakens, 2013). The
threshold for statistical significance was set at o <0.05 and
all analyses were carried out in statistical software Statisti-
cal Product and Service Solutions (SPSS) (version 25.0,
IBM, USA).

Results

All participants completed 10/10 training sessions through-
out five weeks. At baseline, sixteen participants were di-
rected towards strength training (mean DSI = 0.98; range =
0.92 - 1.12 and eleven towards ballistic training (DSI =
0.82; range = 0.71 - 0.90). Sixteen participants were allo-
cated to the CG (DSI = 0.86; range = 0.70 - 1.12) and con-
tinued with their general training program. Comparison
analysis in IG included participants of both ballistic and
strength groups together. Table 2 shows absolute and rela-
tive trial-by-trial reliability for all tests included in this
study at pre-intervention and post-intervention assess-
ments. All data at pre-intervention and post-intervention
time shows excellent relative reliability with ICC > 0.94
and good to moderate absolute reliability with CV < 5.72
%.

Table 3 shows mean and standard deviation (SD)
for performance variables for each group at pre-interven-
tion and post-intervention time points and changes that oc-
curred from pre- to post-intervention. ANCOVA indicated
a statistically significant shorter sprint times (p = 0.002-
0.010) and 505-test times (p = 0.008 - 0.009) during post-
intervention assessments for the IG compared to the CG,
with large effect size (n?= 0.116 - 0.209). There were no
statistically significant differences for CMJ variables and
CoD deficit (p = 0.551 - 0.837). Post-hoc analysis within
groups showed statistically significant improvements (p =
0.027, g = 0.46) in 5-m sprint performance in IG, while
performance significantly decreased in CG in 5, 10 and 20-
m sprint distance (p = 0.004 - 0.015 g = -0.42 to -0.62).
Furthermore, the IG significantly improved performance in
505 test (p = 0.006 - 0.025, g = 0.46 - 0.47), while changes
in 505 performances were not significant in the CG (p =
0.085 - 0.126), with the trend showing decrease in perfor-
mance. CoD deficit values tended to decrease in both
groups, but the difference was not statistically significant
(p=0.184 - 0.480).

Table 4 shows mean and SD for basic variables for
each group at both time points. ANCOVA indicated a sta-
tistically significant difference between groups at IMTP
relative force (p = 0.039, n>=0.108), during post-interven-
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tion assessments, while post-hoc testing showed significant
differences between pre- and post-intervention only in
IMTP peak force in IG (p = 0.025). Although not signifi-
cant (p = 0.186 - 0.177) CG slightly increased force pro-
duction in CMJ and decreased IMTP force, resulting in sig-
nificant increase in DSI values (p = 0.049). On the other
hand, IG significantly increase IMTP force (p = 0.025),
with no change in CMJ force production (p =0.939), trend-
ing towards decrease in DSI values.

Additional subgroup analysis was done which con-
sidered the control, ballistic, and strength groups inde-
pendently to discern the differential effects of the respec-
tive training protocols. Again, ANCOVA indicated statis-
tically significant differences at all sprint split times (p =
0.004-0.018; n2 = 0.187-0.248) and 505 variables (p =
0.029-0.028, 02 = 0.167) and IMTP relative force (p =
0.032, n2 = 0.169) during post-intervention assessments.
Post-hoc tests showed significant differences between pre-
and post- intervention results in CMJ height (p = 0.039), 5-
m (p = 0.008) and 10-m (p = 0.035) sprint and 505 test (p
=0.038) on left side in strength group, while no significant
differences were observed in ballistic group. Both groups
tended towards an increase in CMJ, sprint and 505 perfor-
mances. Furthermore, although no significant differences
were observed in DSI in both groups (p = 0.301 - 0.424),
DSI values decreased in the strength group and did not
change in the ballistic group. Results with means and SD
for all variables are presented in Table 5.

Table 2. Reliability of the primary outcome measures.

Discussion

The aim of the present study was to investigate the effects
of a five-week individualized training based on the dy-
namic strength index on sprinting, jumping, and CoD per-
formance in highly trained basketball players. The main
finding of the study is that the IG exhibited significant im-
provements in jumping, the Sm sprint, and CoD perfor-
mance in the 505 test, while the CG significantly decreased
sprint performance at all distances measured (5 - 20 m).
Furthermore, our results show a significant increase in DSI
values in the CG, which is underpinned by a tendency to-
wards a decrease in IMTP force and an increase in CMJ
force, while the IG tended to decrease DSI values, under-
pinned by a significant increase in IMTP force.

Although both intervention subgroups tended to-
wards improvement in performance proxies, statistically
significant improvements were found only in the strength
group. Furthermore, the strength group decreased DSI val-
ues, while in the ballistic group, DSI values did not change
from pre- to post-intervention. Results of this study showed
that evaluating DSI values and programming training
based on these values were effective for improving the
physical performance of basketball players during a five-
week training period. In particular, participants with very
high DSI values largely benefited from individualized
training with high loads.

Pre-intervention

Post-intervention

Tests and output parameters

CV (%) ICC (95% CI) CV (%) ICC (95% CI)

IMTP max F 2.84 0.98 (0.97-0.99) 2.66 0.99 (0.99-1.00)
height 3.46 0.97 (0.95-0.98) 3.54 0.96 (0.94-0.98)

max F 3.00 0.98 (0.97-0.99) 2.93 0.98 (0.96-0.99)

cMJ average F 2.26 0.99 (0.98-0.99) 2.54 0.98 (0.97-0.99)
jump time 422 0.94 (0.90-0.97) 4.20 0.94 (0.91-0.98)

RSI 5.71 0.96 (0.92-0.98) 5.50 0.96 (0.94-0.98)

Sm 2.14 0.95 (0.91-0.97) 2.77 0.95 (0.92-0.97)

Linear speed 10m 1.52 0.96 (0.92-0.97) 3.06 0.95 (0.92-0.97)
15m 1.06 0.97 (0.96-0.99) 2.81 0.97 (0.95-0.98)

20m 0.94 0.98 (0.96-0.99) 3.34 0.95 (0.92-0.97)

CoD speed 505 left 1.54 0.98 (0.96-0.99) 1.04 0.99 (0.98-0.99)
505 right 1.15 0.98 (0.96-0.99) 0.99 0.99 (0.98-0.99)

CV = coefficient of variation; ICC = interclass correlation; CI = confidence intervals; IMTP = isometric mid-thigh pull; F = force; Max = maximal; RSI

= reactive strength index; CMJ = countermovement jump; RSI = reactive strength index; CoD = change of direction; 505 = change of direction test.

Table 3. Descriptive statistics and ANCOVA for the independent measures of athletic performance.

Control group mean = SD Intervention group mean + SD ANCOVA

Performance ———
q Pre- Post- Hedges g Pre- Post- Hedges g p-

metrics . . . . . . . . n2

intervention intervention intervention intervention value
CMJ height (m) 0.38+0.03 0.39+£0.03 0.39(-1.12-0.33) 0.38 £0.05 0.40+0.06 F 0.43(-0.97-0.11) 0.778 0.002
CMJ jump time (s) 0.76+0.09 0.73+0.08 -0.36 (-0.36-1.09) 0.70 £ 0.07 0.69+0.10 -0.11 (-0.42-0.65) 0.475 0.013
RSI 0.49+0.07 0.53+0.08 0.57(-1.30-0.16) 0.55+0.10 0.57+0.11 0.19 (-0.72-0.35)  0.551 0.009
S5m (s) 1.04+0.06 1.08+0.07tF 0.57(-1.27-0.14) 1.07+0.08 1.03£0.09 §+ -0.46 (-0.08-1.00) 0.007 0.116
10m (s) 1.79+0.07 1.84+0.08F 0.63(-1.34-0-08) 1.81+0.13 1.78+£0.09§ -0.26 (-0.27-0.80) 0.005 0.183
15m (s) 246+£0.09 251+£0.10 0.55(-1.26-0.16) 2.48+0.13 245+£0.11§ -0.25(-0.29-0.78) 0.002 0.209
20m (s) 3.09+£0.11 3.14+£0.12F 0.46(-1.16-0.25) 3.12+0.15 3.08+0.12§ -0.29(-0.25-0.83) 0.010 0.153
505 left (s) 220+£0.15 223+0.16 0.21(-0.90-0.49) 2.24+0.14 2.17+£0.15§t -0.48(-0.07-1.02) 0.008 0.161
505 right (s) 221+£0.13 225+0.16 0.27(-0.97-042) 2.21+£0.11 2.16+0.14§t -0.39(-0.15-0.93) 0.009 0.159
CoDD left 045+£026 041+£0.13 -0.29(-0.41-0.99) 0.43+0.17 0.39+0.15 -0.25(-0.29-0.78) 0.837 0.001
CoDD right 0.46+0.23 0.41+0.13 -0.26 (-0.43-0.96) 0.41+0.17 0.38+0.15 -0.18 (-0.35-0.72) 0.757 0.002

* 12 = partial eta squared (analysis of covariance); SD = standard deviation; CMJ = countermovement jump; F = force; max = maximal; avg = average; RSI
= reactive strength index; 505 = change of direction test; CoDD = change of direction deficit; N — newtons; m — meters; s — seconds; N/kg — newtons per
kilogram t = indicates significant difference (p < 0.05) in paired t-test within group; § = Indicates significant difference (p < 0.05) in post-intervention
groups when using pretest score as a covariate.
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Table 4. Descriptive statistics and ANCOVA for the DSI and its constituent variables.

Control group mean + SD Intervention group mean + SD ANCOVA
Basic variables Pre- Post- Hedges g Pre- Post- Hedges g p- 2
intervention intervention intervention  intervention value
DSI 0.86+0.14 093+0.13+ 0.49(-1.22-0.24) 0.91+0.10 0.89+0.14 -0.16 (-0.37-0.70) 0.052 0.087
CMJ max F (N) 2246+295 2387+327 0.44(-1.16-0.29) 2309 +371 2310 + 341 -0.00 (-0.54-0.53) 0.318 0.026
CMJ avg F (N) 1790 +£231 1896+209 0.47 (-1.22-0.28) 1827 +273 1840 + 247 0.05 (-0.58-0.48) 0.181 0.046
IMTP rel F (N/kg) 28.94 +4.57 28.02+3.87 -0.21(-0.51-0.93) 28.97+3.73 30.14+439§  0.28 (-0.82-0.25) 0.039 0.108
IMTP max F (N) 2653 +476 2597+480 -0.11(-0.60-0.83) 2529 +461 2636 + 526 1 0.21 (-0.75-0.32) 0.054 0.094

* 12 = partial eta squared (analysis of covariance); CMJ = countermovement jump; F = force; max = maximal; avg = average; DSI = dynamic strength
index; IMTP = isometric mid-thigh pull; rel = relative; SD = standard deviation; N = newtons; N/kg = newtons per kilogram; 1 = indicates significant
difference (p < 0.05) in paired t-test within group; § = Indicates significant difference (p < 0.05) in post-intervention groups when using pretest score as a
covariate.

Table 5. Descriptive statistics and ANCOVA for the performance variables, considering intervention subgroups.

Strength group + SD Ballistic group + SD ANCOVA

All variables Pre- Post- Hedges g Pre- Post- Hedges g p- 2
intervention intervention intervention intervention value "

CMJ height (m) 0.38+0.05 0.39+0.061 0.18 (-0.87-0.52) 0.40 +0.06 0.41+£0.06 0.16 (-1.00-0.68) 0.888 0.006
CMUJ jump time (s) 0.69+0.08 0.67+0.08 -0.24 (-0.45-0.94) 0.71 £0.07 0.72+0.11  0.10 (-0.94-0.73) 0.348 0.055
RSI 0.55+£0.09 0.58+0.11 0.29(-0.99-0.41) 0.55+0.11 0.56 +£0.10  0.09 (-0.93-0.74) 0.598 0.027
S5m (s) 1.08 £0.08 1.02+0.06F -0.83 (0.11-1.55) 1.05+£0.07 1.05+0.12§ 0.00 (-0.84-0.84) 0.006 0.233
10m (s) 1.82+0.12 1.77+0.07F -0.50(-0.21-1.20) 1.79+£0.13  1.80+0.13§ -0.07 (-0.91-0.76) 0.004 0.248
15m (s) 248 +£0.14 244+0.09 -0.33(-0.37-1.10) 2.48+0.12 2.47+0.12§ -0.08 (-0.76-0.92) 0.005 0.236
20m (s) 3.12+0.18 3.06+£0.08 -0.49 (-0.21-1.19) 3.12+0.12 3.10+0.16§ -0.14 (0-70-0.97) 0.018 0.187
505 left (s) 227+0.12 2.18+0.131 -0.70 (-0.01-1.42) 2.19+0.16 2.12+0.14§ -0.45(-0.40-1.29) 0.029 0.167
505 right (s) 223+0.09 2.19+0.13 -0.35(-0.35-1.05) 2.20+0.13 2.12+0.16§ -0.53(-0.32-1.38) 0.028 0.167
CoDD left 0.45+0.14 0.44+0.15 -0.07 (-0.63-0.76) 0.41 £0.22 0.32+0.13 -0.48 (-0.37-1.33) 0.093 0.115
CoDD right 041+0.15 041+0.15 -0.00(-0.69-0.69) 0.41+0.19 0.33+0.14 -0.46 (-0.39-1.31) 0.198 0.080
DSI 0.98+£0.07 0.96+0.10 -0.23(-0.47-0.92) 0.82 £0.06 0.82+0.11 0.00 (-0.84-0.84) 0.106 0.96
CMJ max F (N) 2398 +334 2381 +£269 -0.05(-0.64-0.75) 2179 +398 2206 +417  0.06 (-0.90-0.77) 0.611 0.026
CMJ avg F (N) 1874 £228 1903 +£187 0.14 (-0.83-0.56) 1759 + 328 1749 +£301 -0.03 (-0.81-0.87) 0.134 0.103
IMTP rel F (N/kg) 27.33+3.11 28.14+3.14 0.25(-0.95-0.44) 31.35+3.35 33.04+4.44§ 0.41 (-1.26-0.43) 0.032 0.169

IMTP max F (N) 2436+ 394 2517+449 0.19 (-0.88-0.51) 2664 + 533 2809+ 602  0.25 (-1.08-0.59) 0.128 0.105
1 = indicates significant difference (p < 0.05) in paired t-test within group; § = Indicates significant difference (p < 0.05) in post-intervention groups when
using pretest score as a covariate 12 = partial eta squared (analysis of covariance); CMJ = countermovement jump; F = force; max = maximal; avg =
average; DSI = dynamic strength index; RSI = reactive strength index; 505 = change of direction test; CoDD = change of direction deficit; N = newtons;

s = seconds; m = meters; N/kg = newtons per kilogram; IMTP = isometric mid-thigh pull; rel = relative; SD = standard deviation.

Our results indicate that DSI may be sensitive to de-
tect specific neuromuscular deficits, based on which train-
ing loads might be adjusted to improve physical perfor-
mance. While solid support for using DSI in practice is
lacking in the literature, force-velocity profiling (FVP) is
well established in literature to be an effective tool to guide
training related decisions (Jiménez-Reyes et al. 2017,
Ramirez-Campillo et. al., 2022). FVP is obtained through
testing athlete’s qualities across different loading condi-
tions (Jiménez-Reyes et al. 2017), which allows the identi-
fication of the mechanical capabilities of musculoskeletal
system to produce force, power and velocity (Jaric, 2015;
Samozino et al., 2016) FVP slope navigates individuals
training (Ramirez-Campillo et. al., 2022), with athletes
having steeper FVP profile slopes (i.e., having relatively
high Fy and low V) being better at generating high forces
at low velocities thus being directed towards velocity ori-
ented training and vice versa (Jiménez-Reyes et al., 2017).

Previous literature has attempted to compare FVP
in vertical jump and DSI (Plesa et al., 2023). The study re-
ported that individuals with higher DSI scores had a more
velocity dominant profile (higher V), indicating that they
are relatively better in producing force at high velocities
(Jiménez-Reyes et al., 2017). Conversely, individuals with
lower DSI scores had a steeper FV slope (i.e., can express
a lower percentage of their maximal isometric force ability

at higher velocities), which implies that they need to put
more emphasis on ballistic training (Plesa et al., 2023).
Based on these results it seems that DSI training theory
goes in line with the FV relationship training theory. Sim-
ilar to DSI-based training in our study, individually tailored
training based on FVP has been shown to be effective for
improving physical performance of basketball players
(Barrera-Dominguez et al., 2023). Training based on FVP
individualization showed significant changes in IG in ver-
tical jump and sprint after four weeks, while changes in
CoD were observed only after eight weeks (Barrera-
Dominguez et al., 2023). Our study observed significant
improvements in jump, sprint, and CoD performance after
five weeks. Unlike the previous off-season study with three
basketball practices and two resistance training sessions
per week, our study occurred during the basketball season,
involving five practices, two resistance sessions, and two
games weekly.

Furthermore, we observed significant performance
decrements in CG for sprint performance with the tendency
towards performance decrements also in CoD tests. The
deterioration in performance on tests from pre- to post-in-
tervention in the CG is consistent with previous studies,
which highlights that accumulated fatigue during a basket-
ball season can adversely affect neuromuscular perfor-
mance (Stojanovié, et al., 2018). Notably, the IG displayed
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a significant increase in IMTP force, while the CG showed
a trend toward a reduction in IMTP force. This difference
in IMTP force change between the two groups could po-
tentially explain the variations in sprint and CoD perfor-
mance, given that strength is an important determinant of
and CoD capabilities (Dos’Santos et al. 2021; Castillo-
Rodriguez et al., 2012). Performance decrement may be
due to the accumulated fatigue from the overload of the
training and gameplay (Stojanovié, et al., 2018; Bishop et
al., 2021a; Petway et al. 2020; Ujakovi¢ and Sarabon,
2023). It seems that individually tailored resistance exer-
cise performed twice per week is more effective for main-
taining (in case of CMJ) or even improving (in case of
sprint and CoD) physical performance within the competi-
tive basketball seasons. Based on our results, it seems that
individualized resistance training may be crucial to sustain
or improve the physical performance of basketball players
during this period. Nevertheless, it would be interesting for
the future research to follow seasonal fluctuations in DSI
and its components to get more information about mecha-
nisms behind the performance deterioration.

The rationale for selecting a DSI value of 0.9 as a
benchmark for participant allocation was based on the lack
of established benchmarks in existing literature to guide
practitioners in making training-related decisions. It is cru-
cial to note that appropriate benchmarks are highly depend-
ent on the specific task at hand. For instance, previous re-
search conducted by Thomas et al. (2017) has illustrated
variations in DSI values across different team sports,
demonstrating that basketball players tend to have higher
DSI values in comparison to their counterparts in cricket
and soccer. Furthermore, literature shows that DSI values
may vary between testing approaches (squat jump vs. CMJ
for ballistic task, squat vs. IMTP for the isometric task)
(Plesa et al., 2023; Thomas et al. 2017). Preliminary evi-
dence suggests that the DSI values are highly variable
among sports, testing approaches and sex, thus, it is not
feasible to follow one-size fits-all benchmarks. To the au-
thor’s knowledge one study attempted to set DSI bench-
mark to guide training related decisions (Sheppard et al.
2011). Authors reported that a DSI < 0.6 might be consid-
ered low, suggesting ballistic training to generate higher
forces during the ballistic task. Conversely, a high DSI (>
0.80) indicates a need for maximal strength training to en-
hance maximal force production. However, this was a pilot
study with only five participants from various sports, ages,
and sexes, differing in training volume (two to three ses-
sions/week), duration (8 - 10 weeks), and programs.

Available literature regarding DSI in basketball
players, including our present study, has reported mean
DSI values at ~0.86 - 0.90 (Thomas et al., 2017). High
baseline DSI values in basketball players might be due to
the nature of the sport, consisting of many explosive move-
ments such as sprints, jumps, and CoDs. If we followed the
benchmarks put forward by Sheppard et. al. 2011, all play-
ers in our study would be directed towards strength training
or combination of strength and power training. Similarly,
in a study using FVP for navigating resistance training,
most (but not all) basketball players are more velocity ori-
ented and/or force deficient (Ramirez-Campillo et. al.,
2022). While the abovementioned study reported

significant improvements in IG, they did not report about
separate analysis regarding the type of the training (i.e.,
strength training or velocity emphasized training). Simi-
larly, to their results, IG in our study improved sprint and
CoD performance, while additional analysis showed that
only strength group significantly improved physical per-
formance, while improvements in ballistic group were not
significant. It may be that strength training is preferable
during the basketball season for improving physical perfor-
mance, as basketball players are largely velocity-dominant
athletes. Hence, the benchmark for allocating participants
into strength or ballistic group was possibly set too high in
the present study, and it could be that a larger portion of
participants would benefit more from strength training than
from ballistic training. Therefore, more studies are needed
to determine exact DSI benchmark to navigate resistance
training in basketball players during the basketball season.
Nevertheless, results of this study indicate that short
strength training intervention may be useful strategy for
maintenance of physical performance during the periods of
high demand and fatigue in competitive basketball as well
as useful method in tapering phase when preparing for the
final part of the season.

To our knowledge, there is only one study that has
investigated the effects of resistance training on DSI itself
(Comfort et al., 2018a). The authors reported a decrease in
DSI scores in a “high” DSI group after four weeks of mixed
strength and power training, while no changes were ob-
served in the “low” DSI group. Similar to our results, the
changes in DSI were largely underpinned by an increase in
IMTP peak force, with minimal or no change in CMJ peak
force in the strength group, while the CG significantly in-
creased DSI values, underpinned by an increase in CMJ
peak force and a decrease in IMTP peak force. Interest-
ingly, the ballistic group did not change DSI values. These
results indicate that DSI should always be interpreted in
conjunction with both underlying peak force variables. It
would be interesting to see future research include veloc-
ity-based training intervention to get insight into how cer-
tain velocity thresholds and velocity drops influence DSI
values.

The results of this study should be interpreted with
caution. Although the IG showed superior results com-
pared to the CG, additional analysis revealed that signifi-
cant improvements in physical performance were observed
only in the strength group. Although the ballistic group
tended toward improvements in physical performance, no
significant changes were observed. Additional studies are
needed to determine the precise benchmarks for navigating
training based on DSI values. Furthermore, more studies
are necessary to ascertain the effectiveness of different re-
sistance training methods during the basketball season on
the physical performance of basketball players. Moreover,
this study was conducted in the period right before the post-
season with a very homogeneous sample, so the results
cannot be generalized to performance metrics and athletes
from other sports. Finally, we were not able to control the
volume of basketball games, as the decisions about who
plays and how much they play are entirely up to the head
coaches; thus, some discrepancies may be present between
individuals. Nevertheless, while it is extremely difficult to
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conduct this type of research at a high level, due to limited
time and opportunities during the basketball season, we
find that controlling for resistance training and randomiza-
tion when creating the CG and IG is sufficient.

Conclusion

Based on the results of this study, it can be suggested that
evaluating DSI values and programming training based on
these values can be an efficient way to improve perfor-
mance during the tapering phase before the post-season. In
conclusion, this study shows that three sets of three exer-
cises, performed twice a week and selected based on the
DSI ratio, could be sufficient to improve (or prevent a de-
crease in) the physical performance of basketball players
during the basketball season. Furthermore, this type of in-
tervention is easily implemented into a system of physical
preparation, which makes it suitable to be executed during
the basketball season.
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of Strength and Conditioning Re-

Key points

e Evaluating DSI and programming based on DSI values is an
efficient way to enhance basketball players' physical perfor-
mance within a competitive season.

Individualized training consisted of three exercises of three
sets, performed twice a week is sufficient to improve (or
prevent a decrease in) the physical performance of basket-
ball players during the basketball season.

An average DSI value of 0.9 indicates that basketball play-
ers are largely velocity/ballistic dominant athletes, thus
strength training may be the preferable option during the
basketball season for improving physical performance if in-
dividualization is not possible.

The uniqueness of this study is that it was conducted at a
high level of basketball during the competitive season, thus
the findings of these studies are ecologically valid, with the
methods being easily applied by coaches for programming
to improve the physical performance of basketball players
during the tapering phase before the post-season.
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