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Purpose: The purpose of this study was to determine the relationship between
linear and change-of-direction sprinting performance with dribbling
performance and Dribble Deficit in professional female handball players.

Methods: Eleven professional female handball players (mean age: 2112 +
4.34 years; body height: 171.59 + 4.52 cm; body weight: 66.29 + 5.73 kq)
participated in the study. Each participant completed several linear (sprint over
10, 20, and 30 m) and change-of-direction tests (slalom test, zig-zag test,
505 test), first without the ball (sprinting performance) followed by ball
dribbling (dribbling performance). Dribble Deficit was calculated indirectly as
the time difference between the best trial while dribbling minus the best trial
without dribbling.

Results: A large to very large correlation was observed between the linear sprint
and dribbling performance (r = 0.53-0.78), as well as between change-of-
direction sprinting performance and dribbling performance (r = 0.66-0.88).
The study also showed a moderate to perfect relationship between linear
dribbling performance and Dribble Deficit (r = 0.46-0.93), and a large
relationship between change-of-direction dribbling performance and Dribble
Deficit (r = 0.54-0.55), while the relationships between linear sprinting
performance and Dribble Deficit (r = —-0.51-0.21) and between change-of-
direction sprinting performance and Dribble Deficit (r = -0.14-0.26) were
small and non-significant.

Conclusion: In summary, Dribble Deficit reflects dribbling ability independent of
sprinting ability and refines its application for practical use in assessing dribbling
skills in female handball players.

dribbling, technical proficiency, team handball, agility, movement
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Introduction

Team handball is
fluctuations, that require players to coordinate various physical

characterized by frequent intensity
demands, including side cutting, tackles, running, sprinting,
jumping, and change-of-direction (Ingebrigtsen et al, 2013;
Michalsik et al., 2014). These physical demands must be
integrated with technical skills such as ball throwing, catching,
passing, and dribbling (Michalsik et al., 2015; Stamenkovi¢ et al.,
2023). Dribbling demands during handball gameplay are relatively
low compared to other team sports (Stamenkovi¢ et al., 2023) but
dribbling skills and dribbling performance time have been identified
as critical attributes for handball players. These technical skills assist
players in maintaining field position and ball possession by evading
tackles and opponents’ attempts to intercept (Karcher and Buchbheit,
2014). Dribbling is predominantly dependent and executed in
conjunction with fast running and sprinting or intense change-
of-direction during low to high-speed transitions or in one-on-one
duels (Ingebrigtsen et al, 2013; Karcher and Buchheit, 2014;
Stamenkovi¢ et al, 2023). In addition, dribbling performance
time proficiency is widely used as a criterion for identifying
talent in handball (Lidor et al., 2005; Serrien and Baeyens, 2018),
therefore, effective measurement methods are necessary to
accurately identify talented players.

Recently, composite handball game-based tests have been used
to evaluate specific physical and technical performance, including
sprinting performance with and without the ball (Schwesig et al.,
2016; Wagner et al.,, 2016; Michalsik et al., 2021; Wagner et al.,
2022). However, these tests were often impractical and limited
(Wagner and Hinz, 2023) as dribbling (independent of sprinting
ability) was not included as a component of the tests, nor considered
in the prediction of handball performance (Almeida et al., 20205
Boji¢ et al., 2020). Currently, dribbling assessment in handball is
typically performed via field tests that incorporate straight-line or
multidirectional running. Furthermore, dribbling quality and
efficiency are determined traditionally by measuring the time
required to complete the course while dribbling the ball (Lidor
et al., 2005; Manchado et al., 2013; Schwesig et al., 2016). However,
dribbling speed in those assessments is largely determined by a
player’s running and sprinting speed (Scanlan et al., 2018a; Wilson
et al,, 2020), so the protocols that only include dribbling, running,
and sprinting speed are questionable in assessing dribbling
performance despite already confirmed validity. Therefore,
traditional methods have often been confounded by an athlete’s
sprinting abilities, failing to provide a true representation of
dribbling performance (Stamenkovi¢ et al, 2023). However,
understanding the difference between sprinting and dribbling
speed performance (both in straight line and change-of-direction
scenarios) can contribute significantly to improving dribbling
quality and game performance.

To address the limitation of traditional dribbling assessments,
which are often confounded by sprinting ability, Scanlan and
colleagues (Scanlan et al., 2018b) introduced a novel measure of
dribbling performance time called Dribble Deficit. Briefly, Dribble
Deficit is the additional time taken to complete sprinting
assessments while dribbling compared to sprinting without a ball.
Notably, Dribble Deficit has been proposed as a more reliable and
valid metric to quantify dribbling performance, independent of
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confounding factors such as acceleration and technical
proficiency (Scanlan et al., 2018a; Ramirez Campillo et al,
2021a). These findings are further supported by the efficacy of
the Dribble Deficit as a more precise measure of asymmetry in
dribbling skills compared to traditional assessment methods,
highlighting its potential to identify imbalances between the
2020).

Specifically, recent studies (Scanlan et al, 2018b; Conte et al,

dominant and non-dominant sides (Trecroci et al,
2020; Ramirez-Campillo et al., 2021b) reported moderate to very
large significant relationships between linear sprinting and dribbling
performance (r = 0.64-0.82) and change-of-direction sprinting and
dribbling performance (r = 0.44-0.88) in semi-professional, junior
and collegiate male basketball players. However, the same studies
described the relationship of Dribble Deficit with linear and change-
of-direction sprint times as non-significant trivial, small, or
moderate (r = -0.45 to 0.22). Similarly, Stamenkovi¢ et al. (2023)
and  dribbling
performance using the traditional and Dribble Deficit approach

found interdependence between sprinting
among professional male handball players. Furthermore, the
aforementioned male handball study indicated that both linear
sprinting and change-of-direction performance were significantly
associated with dribbling performance (r = 0.65-0.76). In contrast, a
trivial to small, non-significant relationship was observed between
linear sprint and change-of-direction performance and Dribble
Deficit (r = 0.14-0.35) (Stamenkovi¢ et al., 2023). The authors
additionally concluded that further research on Dribble Deficit is
needed, particularly in female handball players, to determine
whether Dribble Deficit is also independent of players’ physical
performance because of the lack of research performed on elite
female athletes, limiting the development of evidence-based
approaches to practice (Emmonds et al., 2019).

Unsurprisingly, evidence-based knowledge for coaches and
sports scientists regarding elite female handball is limited
(Manchado et al., 2013) and more importantly, the translation
of results from studies on male to female athletes may be erroneous
(Emmonds et al., 2019). Within the area of investigation, research
on Dribbling Deficit (Scanlan et al., 2018b; Conte et al., 2020;
Ramirez-Campillo et al., 2021a; Stamenkovi¢ et al., 2023) has
primarily focused on male athletes (e.g., collegiate and semi-
professional basketball players, football players, and handball
players), while the application of Dribbling Deficit in female
athletes is largely overlooked. The lack of information on the
contribution of dribbling and its relationships to sprint
performance are critical gaps that need to be addressed.
Notably, biological factors such as muscle mass, tendon and
ligament strength (Mendiguchia et al, 2011), and hormonal
fluctuations during the menstrual cycle (Emmonds et al., 2019;
Janse et al, 2019; Meignié et al, 2021) may influence skill
execution, including dribbling performance. Furthermore,
threshold,
sprinting performance, is lower in elite female handball players
compared to males (Michalsik et al, 2013), while dribbling
performances are similar. Therefore, there is a need to validate
the new Dribble Deficit method in female handball players. Thus,
to the best of our knowledge, no study using the Dribble Deficit

specific running sprint performance especially

approach has been conducted in women’s handball or other female
team sports, so the results considering gender-related differences
are also unexplored.
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Therefore, the purpose of this study was to determine the
relationship between linear and change-of-direction sprinting
performance with dribbling performance and Dribble Deficit in
professional female handball players. We hypothesized that there
would be a higher amount of shared variance between sprinting
performance and dribbling performance while sprinting
performance and Dribble Deficit would have a lower variance in
both linear and change-of-direction patterns.

Methods
Participants

Eleven professional female handball players (mean age:
21.12 + 4.34 years; body height: 171.59 + 4.52 cm; body mass:
66.29 + 5.73 kg) competing in the Women’s Handball Super
League participated in this study. To determine the required
sample size, an a priori power analysis using G*Power software
(G*Power, Version 3.1, Heinrich-Heine University Disseldorf,
Germany) was used. Relying on previous similar Dribbling
Deficit studies in basketball and handball (Scanlan et al,
2018a; Stamenkovi¢ et al.,, 2023), it was determined that a
sample size of 10 participants would be a sufficient number to
meet the criteria (alpha = 0.05; beta = 0.80; coefficient of
determination = 0.5). The inclusion criteria were as follows:
(1) female handball players playing the first National Division;
(2) had at least 3 years of structured handball training; (3)
frequency of structured handball training at least 3 times per
week; (4) any diseases, injuries
contraindications to participate in the study. Moreover, we did
not restrict the age range, considering it is widespread for first

without chronic and

National Division female handball players to be younger than
18 years old. Prior to their assessments, all players were screened
by team doctors and physiotherapists for injuries and medical
conditions to ensure no health contraindications prevented safe
participation. All participants were members of the same
handball team. Moreover, the study was conducted at the end
of the competitive season, during which the participants
completed 5 days of structured handball training (each lasting
90 min) without any competitive matches taking place during the
study. All participants were free from injuries and medical
conditions that could affect their ability to participate in the
study safely. The specific aims, benefits, risks, safety measures,
and procedures were explained both verbally and in writing to all
participants before all players or their guardians, if under 18 years
of age, gave their written consent to participate. The procedures
approved by an Human Research

were institutional

Ethics Committee.

Procedures

This study employed a within-subject, cross-sectional design
with all tests done in one session. Before testing, all participants
underwent a standardized 15-minute warm-up consisting of
moderate-intensity jogging (5 min) with dynamic stretching
exercises (5 min) progressive sprints, and specific handball
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FIGURE 1

Layout of the slalom test performed with and without dribbling.

drills, including ball handling maneuvers (5 min). Immediately,
following the warm-up, tests were conducted in the following
order: (1) 30 — m linear sprints; (2) slalom test; (3) zig-zag test; (4)
505 test. All tests were performed twice, first without the ball and
then while dribbling, with a 3-min passive rest between each
attempt. The fastest trial from each participant, recorded in
seconds, was used for further statistical analysis. Standardized
competition handballs (Molten brand, HX5001-BW model, size
2) were used for the tests where the ball was required. Performance
times on both linear sprint performance and change-of-direction
tests were assessed using the Witty photocell system (Witty
System, Microgate, Bolzano, Italy). According to previous
guidelines (Nimphius et al., 2016) timing gates were positioned
1.2 m above the ground with 1.5 m apart, and 0.3 m behind the
starting line to avoid participants prematurely breaking the signal
and/or their arms passing through the gate first. Participants were
familiar with all tests since these tests are part of the usual fitness
assessment battery. Additionally, when performing the tests,
participants were instructed to always have their dominant foot
on the starting line at the beginning of the test, while in change-of-
direction tests with the ball, participants always initiated
movement with the dominant hand but were required to switch
the ball from the dominant to non-dominant hand during the tests.
Testing took place on a hardwood indoor handball court in the
morning hours, from 9.00 to 11.00 A.M., coinciding with the
typical morning training schedule. Participants were advised to
refrain from alcohol, caffeine, or other stimulants 24 h prior to
testing and to avoid strenuous exercise.

Linear sprint performance

Linear sprint performance was evaluated by instructing
participants to perform maximum-effort sprints over a distance
of 30 m from a standing start, with split times recorded at 10 m,
20 m, and 30 m in order to measure both acceleration and maximal
linear sprint performance. The sprint performance was determined
using four pairs of photocell timing gates placed at the starting line
and at 10 m, 20 m, and 30 m. Participants were instructed to run at
maximum capacity through all gates without stopping. The timer
was automatically activated as participants crossed the first gate at
the starting line with split times at 10 m, 20 m, and 30 m. This test is
widely utilized to assess linear sprint performance in handball
players (Stamenkovi¢ et al., 2023).
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FIGURE 2

Layout of the zig-zag test performed with and without dribbling.

Change-of-direction testing

Slalom test

The slalom test setup consisted of 6 cones placed at a distance of
2 m between each other with the first cone positioned 1 m from the
starting line. Participants began from a standing position and
maneuvered around the cones in a semi-circular running pattern,
alternating sides with each cone. They were allowed to choose their
initial side (left or right) for the first cone. Subsequent cones required
them to change direction by passing on the opposite side used for the
previous cone. Around the last cone, participants executed a 180°
turn and returned to the starting line using the same slalom pattern
passing through timing gates (Figure 1). Participants were advised to
avoid wide turns during the test. The test was repeated if participants
did not perform the test correctly or lost control of the ball. The
Slalom test is widely used for assessing change-of-direction
performance in handball players (Matthys et al., 2013; Saavedra
et al., 2020; Stamenkovi¢ et al., 2023), and has been shown to be
reliable (ICC: 0.992; CV: 2.9) (Sporis et al., 2010).

Zig-Zag test

The zig-zag test was used to assess change-of-direction
performance according to the previously described procedure
(Pereira et al, 2018). Briefly, the test consisted of four cones
placed at 5-m apart, covering a total distance of 20-m. The cones
were positioned at 100° angles, allowing the participants to perform
rapid acceleration and deceleration movements around each cone
(Figure 2). Participants were instructed to perform the test as fast as
possible and not to slow down before the last set of timing gates. The
test was stopped and repeated if: 1) participants bypassed (cut) the
cone on the inside, 2) the ball fell out of their hands, or 3) there was
no hand change during dribbling. Moreover, the zig-zag test has
been already used in handball players (Pavlovi¢ et al, 2018)
demonstrating high reliability (ICC 0.89; CV: 0.05) (Sekulic
et al., 2013).

505 test

The 505 COD test was conducted following the established
(2016). Specifically,
participants initiated a maximal effort sprint from a standing

protocol outlined by Nimphius et al

start position, 0.3 m behind the starting line. Participants
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sprinted through a timing gate towards a designated turning line
marked on the hardwood floor. At the turning line, participants were
instructed to place either their left or right foot on or behind the line
before immediately sprinting back through the initial timing gate
(Figure 3). Additionally, one researcher was positioned at the
turning line to monitor the proper execution of the turns. Sprints
were stopped and repeated if participants failed to adhere to the
technical requirements, such as incorrect foot placement or
premature change-of-direction. The 505 test is also one of the
tests frequently used to assess change-of-direction ability in
handball players (Fernandez-Fernandez et al, 2020; Ruscello
et al,, 2021). 505 test proved to be reliable (ICC: 0.88; CV: 2.40)
(Stewart et al., 2014).

Dribbling deficit

Dribbling the ball adds additional difficulties while performing
tasks, and this difficulty manifests as the additional time needed to
complete linear or change-of-direction sprint tasks, which is referred
to as Dribble Deficit (Scanlan et al., 2018b). Dribble Deficit was
calculated as the difference between the best total time for the
dribbling trial and the best total time for the corresponding non-
dribbling trial in both linear sprint performance tests and change-of-
direction tests (Scanlan et al., 2018b; Conte et al., 2020).

Statistical analysis

The mean + standard deviation, 95% Confidence Intervals (95%
CI) and Kolmogorov-Smirnov test were calculated for each
outcome. Pearson’s two-tailed correlation was used to calculate
relationships between Dribble Deficit, linear sprint performance,
and change-of-direction with and without the ball. Correlation
strength was interpreted as: small (r = 0 to 0.3 or —0.3 to 0),
moderate (r = 0.31 to 0.49 or -0.31 to —0.49), large (r = 0.5 to
0.69 or —0.5 to —0.69), very large (r = 0.7 to 0.89 or —0.7 to —0.89),
and perfect correlation (r = 0.9 to 1 or -0.9 to —1). Statistical analysis
was performed using the IBM SPSS statistics program (version 26.0;
Inc., Chicago, IL, United States). Statistical significance was set
at p < 0.05.

Results

Significant large to very large correlations were observed
between linear sprinting performance and dribbling time in the
20m linear test (r = 0.782; R* = 0.61, p < 0.001), slalom (r = 0.756, p <
0.001), zig-zag (r = 0.878, p < 0.001), and 505 test with dribbling (r =
0.658 p < 0.05) (Table 1, Table 2).

The correlation results between the linear and COD dribble
deficits and test outcomes are presented in Tables 3, 4. Specifically, a
perfect positive correlation was identified between the 10m Dribble
Deficit and 10m dribbling time (r = 0.931, R*> = 0.87, p < 0.001).
Similarly, a very large positive correlation was found between the
20m Dribble Deficit and 20m dribbling time (r = 0.884, R* = 0.78, p <
0.001). In contrast, no significant correlations were observed
between the 10m dribble deficit and 10m sprint performance
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FIGURE 3
Layout of the 505 test performed with and without dribbling.

TABLE 1 Mean and standard deviation performance times with 95%
confidence intervals (Cl) for straight-line and change of direction (COD)
sprint performance tests with and without ball dribble and corresponding
dribble deficits (DD) in professional female handball players (n = 11).

95%Cl

[Lower; Upper]

10 m (s) 2.05 0.10 [1.99; 2.11]
20 m (s) 3.47 0.18 [3.365 3.58]
30 m (s) 4.84 0.20 [4.72; 4.96]
10 m with dribbling (s) 2.19 0.26 [2.04; 2.34]
20 m with dribbling (s) 3.73 0.33 [3.53; 3.93]
30 m with dribbling (s) 5.15 0.20 [5.03; 5.27]
Slalom (s) 6.79 0.42 [6.54; 7.04]
Slalom with dribbling (s) 7.32 0.50 [7.02; 7.62]
Zig-Zag (s) 5.87 027 [5.71; 6.03]
Zig-Zag with dribbling (s) 6.29 0.32 [6.10; 6.48]
505 test (s) 2.46 0.11 [2.39; 2.53]
505 test with dribbling (s) 2.62 0.10 [2.56; 2.68]
Dribble deficit 10m (s) 0.14 0.22 [0.01; 0.27]
Dribble deficit 20m (s) 0.25 0.22 [0.12; 0.38]
Dribble deficit 30m (s) 0.31 0.19 [0.20; 0.42]
Dribble deficit slalom (s) 0.53 0.33 [0.33; 0.73]
Dribble deficit Zig-Zag (s) 0.42 0.15 [0.33; 0.51]
Dribble deficit 505 test (s) 0.16 0.09 [0.11; 0.21]

SD, standard deviation; 95% CI, 95% confidence intervals.
time (r = 0.209, R* = 0.04, p = 0.537), or between the 10m dribbling

time and 10m sprint performance time (r = 0.551, R*> = 0.30, p =
0.079). Additionally, a moderate but no significant correlation was

Frontiers in Physiology

TABLE 2 Pearson correlations for the straight-line and change of direction
(COD) sprint performance tests with and without dribbling in professional
female handball players (n = 11).

Straight-line tests

With dribbling
10 m 20 m 30 m
Sprint 10 m 0.551
20 m 0.782**
30 m 0.530

Change of direction tests

With dribbling
Slalom Zig-Zag 505 test
Sprint Slalom 0.756**
Zig-Zag 0.878**
505 test 0.658*

** Significant at the p < 0.01; * Significant at the p < 0.05.

found between the 20m sprint time and 20m dribble deficit (r =
0.403, R* = 0.16, p = 0.219).

Further analyses revealed no significant correlations between
Dribble Deficits in the slalom test (r = 0.542; R = 0.29, p > 0.05) and
zig-zag test (r = 0.545; R = 0.30, p > 0.05) and their respective
dribbling times. Finally, large negative but no significant correlation
was found between Dribble Deficit 505 test and 505 test sprint time
(r = =0.552; R* = 0.31, p > 0.05).

Discussion

The study aimed to determine the relationship between linear
and change-of-direction sprinting performance with dribbling
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TABLE 3 Relationship between dribble deficit (DD) and straight-line sprint performance tests with and without dribbling in professional female handball

players (n = 11).

DD 10m

r (95%Cl)

r rating (R?)

r (95%Cl)

DD 20m DD 30m

r rating (R?) r (95%Cl) r rating (R?)

10 m 0.209 [-0.45, 0.72] Small (R°= 0.044)

20 m

30 m

0.403 [-0.26, 0.81]

Moderate (R’= 0.162)

-0.512 [-0.85, 0.13] Moderate (R°= 0.262)

10 m with dribbling 0.931** [0.75, 0.98]  Perfect (R>= 0.867)

20 m with dribbling

0.884** [0.60, 0.97]

Very large (R= 0.781)

30 m with dribbling

0.457 [-0.20, 0.83]  Moderate (R*= 0.209)

DD, Dribble deficit; ** Significant at the p < 0.01; * Significant at the p < 0.05.

TABLE 4 Relationship between dribble deficit (DD) and change of direction (COD) sprint performance tests with and without dribbling in professional

female handball players (n = 11).

DD slalom

r (95%Cl)

r rating (R?)

r (95%Cl)

DD zig-zag DD 505 test

r rating (R?) r (95%Cl) r rating (R?)

Slalom ~0.140 [-0.68, 0.50] Small (R= 0.02)

Zig-Zag

0.078 [-0.55, 0.65]

Small (R’= 0.006)

505 test

-0.552 [-0.87, 0.07] Large (R°= 0.305)

Slalom with dribbling 0.542 [-0.09, 0.86] Large (R°= 0.294)

Zig-Zag with dribbling

505 test with dribbling

0.545 [-0.082, 0.86]

Large (R°= 0.297)

0.264 [-0.40, 0.75] Small (R°= 0.07)

DD, Dribble deficit; ** Significant at the p < 0.01; * Significant at the p < 0.05.

performance and Dribble Deficit in professional female handball
players. A large to very large correlation was found between linear
sprinting performance and dribbling performance as well as between
and  dribbling
performance. In addition, the study showed a moderate to

change-of-direction  sprinting  performance
perfect correlation between linear dribbling performance and
Dribble Deficit, as well as a large relationship between change-of-
direction dribbling performance and Dribble Deficit. In contrast, a
small to moderate, non-significant relationship was observed
between linear sprinting performance and Dribble Deficit, while a
small, non-significant correlation was observed between change-of-
direction sprinting performance and Dribble Deficit.

Proper assessment of basic sprinting and dribbling performance
is a useful tool for practitioners to identify areas of improvement and
develop appropriate training programs or create long-term athlete
development plans. Our results showed a strong correlation between
linear sprinting performance and dribbling performance, suggesting
that faster female handball players also tend to be faster when
dribbling, which strongly limited the current approach of dribbling
proficiency assessment because of the very large influence of
sprinting performance on overall results. Most importantly, this
means that faster female handball players will be superior and
achieve better results in dribbling tests regardless of their
technical abilities, which clearly question dribbling quality and
efficiency assessment based on the traditional approach to
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measure the time required to complete the course while dribbling
the ball. In contrast to our results, Stamenkovic et al. (2023) did not
find a significant correlation (R* = 0.08, p = 0.303) between sprinting
and dribbling performance over a short 10 m distance in male
handball players, which may be related to the difficulty of
standardizing of the test procedure. For example, some players
may pass the ball 5 m and run, while others may take three
touches over the same distance, which strongly influences overall
results. On the other hand, our results are comparable with previous
basketball studies (Scanlan et al., 2018b; Conte et al., 2020; Ramirez-
Campillo et al, 2021a) who observed a large to very large
relationship between linear sprinting and dribbling performance
in senior semi-professional and collegiate male basketball players.
We are aware of the limitations of comparing results with different
genders and sports disciplines; however, to the best of our
knowledge, this is the first study addressing the relationship
between sprinting performance, dribbling performance, and
Dribble Deficit in female handball players, so comparisons with
similar female handball studies are limited.

When considering the relationships between sprinting and
dribbling performance during change-of-direction performance,
our results showed a large to very large relationship, indicating a
strong overlap in the physical capacities required for both tasks. Our
findings are congruent with previous male handball (Stamenkovi¢
et al., 2023) and basketball (Scanlan et al., 2018b; Conte et al., 2020;
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Ramirez-Campillo et al., 2021a) studies concluding that change-of-
direction dribbling performance is also strongly determined by a
This
underscores the importance of agility and the ability to change

player’s running and sprinting performance. finding
direction quickly as critical components of dribbling performance in
handball. The strong relationship between these variables also
suggests that improving change-of-direction performance could
have a direct and substantial impact on a player’s dribbling
capabilities.

To identify players’ strengths and weaknesses, assessment
methods that evaluate the physical and technical components of
performance independently should be used (Ramirez-Campillo
et al, 202la). The relationship between linear sprinting
performance (10, 20 and 30 m) and Dribble Deficit was found to
be small to moderate and non-significant in our study, which
confirmed previous findings that Dribble Deficit is able to negate
the impact of sprinting performance in the assessment of dribbling
performance and effectively isolate the technical contribution to
movement time (Conte et al., 2020; Ramirez-Campillo et al., 2021a).
Similar to our study, Stamenkovi¢ et al. (2023) also found a non-
significant correlation between linear sprinting performance over
20 and 30 m and Dribble Deficit, while acceleration distance (10 m
sprint) showed a significantly large correlation between linear
sprinting and Dribble Deficit. As previously described, one of the
reasons might be the challenge of standardizing testing methods
with a ball over such a short distance and ensuring that all
participants had the same number of contacts with the ball.
Compared with studies being conducted in basketball, where
dribbling also involves the use of the upper limbs, our findings
are very similar, and all strongly negate the impact of linear sprinting
performance on Dribble Deficit. This indicates that linear sprinting
performance alone is not a strong predictor of the additional time
required to dribble while sprinting. It suggests that factors other than
straight-line performance, such as ball control and coordination,
play a more crucial role in determining Dribble Deficit.

The
performance and Dribble Deficit was small and non-significant,

relationship between change-of-direction sprinting
suggesting that change-of-direction performance alone does not
have a significant effect on the additional time required to perform
dribbling tasks. This emphasizes the notion that dribbling requires
more complex skills than just the ability to change direction quickly.
These findings are completely in line with previous male handball
(Stamenkovic¢ et al., 2023), semi-professional (Scanlan et al., 2018b),
collegiate (Ramirez-Campillo et al., 2021a), and youth (Conte et al.,
2020) basketball studies. Overall, this highlights that players who are
faster at dribbling tend to have a lower Dribble Deficit, suggesting
that efficient dribblers are less affected by the presence of the ball
during sprinting.

Despite this study being the first to precisely show the impact of
linear and change of direction sprinting performance on dribbling
performance and Dribble Deficit in female handball players, there
are several limitations. First, the relatively small sample size (n = 11)
limits the generalizability of the findings to a wider population of
handball players. Consequently, it was not possible to evaluate
potential position-specific differences in Dribble Deficit. While all
handball players require proficient dribbling skills, the specific
demands of different positions (e.g., goalkeepers, wing players,
line players) may vary. Thus, to further validate Dribble Deficit
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as a performance predictor, future studies should utilize a larger
sample size to examine its relevance across various positions and its
potential to differentiate performance in specific roles. Second, the
study focused exclusively on senior, professional female handball
players with well-established technical skills. This limits our
understanding of Dribble Deficit in young handball players,
where it may have significant implications for talent
identification and training interventions. Third, the use of
handball non-specific field tests, while allowing for comparison
with previous research in team sports, may not fully capture the
nuances of handball-specific movement patterns. Fourth, the study
did not differentiate between dominant and non-dominant hand
dribbling performance. More precisely, examining these differences
could provide valuable insights into the underlying mechanisms of
Dribble Deficit and inform specific training strategies to improve
hand dominance and overall dribbling proficiency. Lastly, while our
study utilized standardized tests to assess pre-planned changes of
direction, we failed to examine the application of the Dribble Deficit
in more complex movements and real-game situations. Given that
reactive agility and cognitive abilities may influence Dribble Deficit,
future research should investigate this construct within the context

of these additional factors.

Practical application

This study’s findings have significant implications for coaches,
sports practitioners, and strength and conditioning specialists
working with female handball players. Although this is the first
study to investigate the dribbling deficit in professional female
handball players, the results strongly suggest the utility of Dribble
Deficit for assessing dribbling performance. Specifically, while
handball players, on average, execute fewer dribbles than players
in other team sports (Chelly et al., 2011; Stamenkovi¢ et al., 2023),
dribbling remains a crucial skill that significantly contributes to
handball performance. Therefore, it is essential to evaluate dribbling
separately, considering sprint performance and change-of-direction
(e.g., total dribbling
performance time) may not be the best option. Moreover, this

factors, since traditional approaches
study did not assess differences in Dribbling Deficit between
playing positions, but coaches and practitioners should consider
potential variations in performance when monitoring their players.
Players with a high Dribble Deficit should prioritize specific skill-
specific training to reduce this gap. Additionally, dribbling
performance is often used in handball to identify talent and
guide early development. Therefore, talent identification
programs may benefit from incorporating Dribble Deficit as a
key performance indicator, as it can help identify players with
exceptional dribbling abilities, even if they may not possess

superior sprinting performance.

Conslusion

In conclusion, our study shows a strong correlation between
different measures of performance (linear and change-of-direction)
and dribbling performance in female handball players. While linear
and change-of-direction performances are important, dribbling
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efficiency, particularly in change-of-direction scenarios, plays a
crucial role in minimizing Dribble Deficit. Future research should
further investigate these relationships, focusing particularly on the
technical and skill-based aspects of dribbling, to develop targeted
training interventions that can enhance overall performance in
female handball players. In addition, longitudinal studies
investigating how improvements in these variables affect match
performance would provide deeper insights into the practical
applications of our findings. Finally, future research should
explore the influence of cognitive factors like decision-making
and situational awareness on dribbling performance in real-game
scenarios to further refine training strategies and performance

enhancement.

Data availability statement

The raw data supporting the conclusion of this article will be
made available by corresponding author upon reasonable request.

Ethics statement

The studies involving humans were approved by Faculty of
Sport and Physical Education University of Nis, Serbia. The studies
were conducted in accordance with the local legislation and

institutional requirements. The participants provided their

written informed consent to participate in this study.

Author contributions

LP: Conceptualization, Data curation, Writing-original draft.
AL: Data curation, Methodology, Writing-review and editing. NC:
Data curation, Formal Analysis, Methodology, Writing-review and

editing. RP:  Conceptualization,  Resources,  Supervision,

References

Almeida, A. G., Merlin, M., Pinto, A., Torres, R. D. S., and Cunha, S. A. (2020).
Performance-level indicators of male elite handball teams. Int. J. Perform. Analysis Sport
20, 1-9. doi:10.1080/24748668.2019.1694305

Boji¢, L, Stojiljkovi¢, N., Valdevit, Z., Velickovié, M., and Nikoli¢, D. (2020). Changes
in speed, agility and body composition of top-ranked female handball players during the
playing season. Facta Univ. Ser. Phys. Educ. Sport 17, 515-522. d0i:10.22190/
fupes191205045b

Chelly, M. S., Hermassi, S., Aouadi, R, Khalifa, R., Van Den Tillaar, R., Chamari, K.,
et al. (2011). Match analysis of elite adolescent team handball players. J. Strength Cond.
Res. 25, 2410-2417. doi:10.1519/JSC.0b013e3182030e43

Conte, D., Scanlan, A. T., Dalbo, V., Gang, S., Smith, M., Bietkis, T., et al. (2020).
Dribble deficit quantifies dribbling speed independently of sprinting speed and
differentiates between age categories in pre-adolescent basketball players. Biol. sport
37, 261-267. doi:10.5114/biolsport.2020.95637

Emmonds, S., Heyward, O., and Jones, B. (2019). The challenge of applying and
undertaking research in female sport. Sports Med. Open 5, 51. doi:10.1186/s40798-019-
0224-x

Fernandez-Fernandez, J., Martinez-Martin, I, Garcia-Tormo, V., Garcia-Lopez, J.,
Centeno-Esteban, M., Pereira, L. A,, et al. (2020). Age differences in selected measures of
physical fitness in young handball players. PLoS One 15, €0242385. doi:10.1371/journal.
pone.0242385

Ingebrigtsen, J., Jeffreys, I, and Rodahl, S. (2013). Physical characteristics and abilities
of junior elite male and female handball players. J. Strength and Cond. Res. 27, 302-309.
doi:10.1519/JSC.0b013e318254899f

Frontiers in Physiology

10.3389/fphys.2024.1506893

Writing-review and editing. MP: Conceptualization, Supervision,
Validation, Writing-review and editing. ZM: Conceptualization,
Methodology, Writing-review and editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This research
was co-funded by Slovenian Research and Innovation Agency,
grants: ]7-4594 Machine Learning as a Promising Tool for
Bridging the Gap in Women Team Sports Injury Prevention and
P5-0381 Kinesiology for Quality of Life.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Janse, D. E. J. X, Thompson, B, and Han, A. (2019). Methodological
recommendations for menstrual cycle research in sports and exercise. Med. Sci.
Sports Exerc 51, 2610-2617. doi:10.1249/MSS.0000000000002073

Karcher, C., and Buchheit, M. (2014). On-court demands of elite handball, with
special reference to playing positions. Sports Med. 44, 797-814. doi:10.1007/s40279-
014-0164-z

Lidor, R, Falk, B., Arnon, M., Cohen, Y., Segal, G., and Lander, Y. (2005).
Measurement of talent in team handball: the questionable use of motor and
physical tests. J. Strength and Cond. Res. 19, 318-325. doi:10.1519/1533-4287(2005)
19[318:MOTITH]2.0.CO;2

Manchado, C., Tortosa-Martinez, J., Vila, H., Ferragut, C., and Platen, P. (2013).
Performance factors in women’s team handball: physical and physiological
aspects—a review. J. Strength and Cond. Res. 27, 1708-1719. doi:10.1519/]SC.
0b013e3182891535

Matthys, S. P, Vaeyens, R., Fransen, J., Deprez, D., Pion, J., Vandendriessche, J., et al.
(2013). A longitudinal study of multidimensional performance characteristics related to
physical capacities in youth handball. J. Sports Sci. 31, 325-334. doi:10.1080/02640414.
2012.733819

Meignié, A., Duclos, M., Carling, C., Orhant, E., Provost, P., Toussaint, J. F., et al.
(2021). The effects of menstrual cycle phase on elite athlete performance: a critical and
systematic review. Front. Physiol. 12, 654585. doi:10.3389/fphys.2021.654585

Mendiguchia, J., Ford, K. R,, Quatman, C. E., Alentorn-Geli, E., and Hewett, T. E.
(2011). Sex differences in proximal control of the knee joint. Sports Med. 41, 541-557.
doi:10.2165/11589140-000000000-00000

frontiersin.org


https://doi.org/10.1080/24748668.2019.1694305
https://doi.org/10.22190/fupes191205045b
https://doi.org/10.22190/fupes191205045b
https://doi.org/10.1519/JSC.0b013e3182030e43
https://doi.org/10.5114/biolsport.2020.95637
https://doi.org/10.1186/s40798-019-0224-x
https://doi.org/10.1186/s40798-019-0224-x
https://doi.org/10.1371/journal.pone.0242385
https://doi.org/10.1371/journal.pone.0242385
https://doi.org/10.1519/JSC.0b013e318254899f
https://doi.org/10.1249/MSS.0000000000002073
https://doi.org/10.1007/s40279-014-0164-z
https://doi.org/10.1007/s40279-014-0164-z
https://doi.org/10.1519/1533-4287(2005)19[318:MOTITH]2.0.CO;2
https://doi.org/10.1519/1533-4287(2005)19[318:MOTITH]2.0.CO;2
https://doi.org/10.1519/JSC.0b013e3182891535
https://doi.org/10.1519/JSC.0b013e3182891535
https://doi.org/10.1080/02640414.2012.733819
https://doi.org/10.1080/02640414.2012.733819
https://doi.org/10.3389/fphys.2021.654585
https://doi.org/10.2165/11589140-000000000-00000
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2024.1506893

Pavlovi¢ et al.

Michalsik, L., Aagaard, P., and Madsen, K. (2013). Locomotion characteristics and
match-induced impairments in physical performance in male elite team handball
players. Int. J. Sports Med. 34, 590-599. doi:10.1055/s-0032-1329989

Michalsik, L. B., Fuchs, P., and Wagner, H. (2021). The team handball game-based
performance test is better than the yo-yo intermittent recovery test to measure match-
related activities in female adult top-elite field team handball players. Appl. Sci. 11, 6551.
doi:10.3390/app11146551

Michalsik, L. B., Madsen, K., and Aagaard, P. (2014). Match performance and
physiological capacity of female elite team handball players. Int. J. sports Med. 35,
595-607. doi:10.1055/s-0033-1358713

Michalsik, L. B., Madsen, K., and Aagaard, P. (2015). Technical match characteristics
and influence of body anthropometry on playing performance in male elite team
handbeall. J. Strength and Cond. Res. 29, 416-428. doi:10.1519/JSC.0000000000000595

Nimphius, S., Callaghan, S.J., Spiteri, T., and Lockie, R. G. (2016). Change of direction
deficit: a more isolated measure of change of direction performance than total 505 time.
J. Strength Cond. Res. 30, 3024-3032. doi:10.1519/JSC.0000000000001421

Pavlovi¢, L, Stojiljkovi¢, N., Aksovi¢, N., Stojanovi¢, E., Valdevit, Z., Scanlan, A. T, et al.
(2018). Diurnal variations in physical performance: are there morning-to-evening differences
in elite male handball players? J. Hum. Kinet. 63, 117-126. doi:10.2478/hukin-2018-0012

Pereira, L. A., Nimphius, S., Kobal, R,, Kitamura, K., Turisco, L. a.L., Orsi, R. C,, et al.
(2018). Relationship between change of direction, speed, and power in male and female
national olympic team handball athletes. J. Strength Cond. Res. 32, 2987-2994. doi:10.
1519/JSC.0000000000002494

Ramirez-Campillo, R., Gentil, P., Moran, J., Dalbo, V. J., and Scanlan, A. T. (2021a).
Dribble deficit enables measurement of dribbling speed independent of sprinting speed
in collegiate, male, basketball players. J. Strength Cond. Res. 35, 2040-2045. doi:10.1519/
JSC.0000000000003030

Ramirez-Campillo, R., Gentil, P., Moran, J., Dalbo, V. J., and Scanlan, A. T. (2021b).
Dribble deficit enables measurement of dribbling speed independent of sprinting speed
in collegiate, male, basketball players. J. Strength and Cond. Res. 35, 2040-2045. doi:10.
1519/JSC.0000000000003030

Ruscello, B., Castagna, C., Carbonaro, R., Gabrielli, P. R, and D’ottavio, S. (2021).
Fitness profiles of elite male Italian teams handball players. J. Sports Med. Phys. Fit. 61,
656-665. doi:10.23736/S0022-4707.21.11850-X

Saavedra, J. M., Halldérsson, K., Porgeirsson, S., Einarsson, L., and Gudmundsdéttir,
M. L. (2020). Prediction of handball players’ performance on the basis of
kinanthropometric variables, conditioning abilities, and handball skills. Cond. Abil.
Handball Ski. ] Hum Kinet 73, 229-239. doi:10.2478/hukin-2019-0147

Scanlan, A., Wen, N,, Spiteri, T., Milanovi¢, Z., Conte, D., Guy, J. H., et al. (2018a).
Dribble Deficit: a novel method to measure dribbling speed independent of sprinting

Frontiers in Physiology

09

10.3389/fphys.2024.1506893

speed in basketball players. J. Sports Sci. 36, 2596-2602. doi:10.1080/02640414.2018.
1470217

Scanlan, A. T., Wen, N,, Spiteri, T., Milanovi¢, Z., Conte, D., Guy, J. H., et al. (2018b).
Dribble Deficit: a novel method to measure dribbling speed independent of sprinting
speed in basketball players. J. sports Sci. 36, 2596-2602. doi:10.1080/02640414.2018.
1470217

Schwesig, R., Koke, A., Fischer, D., Fieseler, G., Jungermann, P., Delank, K.-S., et al.
(2016). Validity and reliability of the new handball-specific complex test. J. Strength and
Cond. Res. 30, 476-486. doi:10.1519/JSC.0000000000001061

Sekulic, D., Spasic, M., Mirkov, D., Cavar, M., and Sattler, T. (2013). Gender-specific
influences of balance, speed, and power on agility performance. J. Strength Cond. Res.
27, 802-811. doi:10.1519/JSC.0b013e31825c2cb0

Serrien, B., and Baeyens, J.-P. (2018). Systematic review and meta-analysis on
proximal-to-distal sequencing in team handball: prospects for talent detection?
J. Hum. Kinet. 63, 9-21. doi:10.2478/hukin-2018-0002

Sporis, G., Jukic, I, Milanovic, L., and Vucetic, V. (2010). Reliability and factorial
validity of agility tests for soccer players. J. Strength Cond. Res. 24, 679-686. doi:10.1519/
JSC.0b013e3181c4d324

Stamenkovi¢, S., Ljubomir, P., Oliver, R., Ana, L., and Dusan, N. (2023). Correlation
between linear speed, change of direction speed and dribble deficit in male handball
players. J. Men’s Health 19, 112-118. doi:10.22514/jomh.2023.063

Stewart, P. F., Turner, A. N., and Miller, S. C. (2014). Reliability, factorial validity, and
interrelationships of five commonly used change of direction speed tests. Scand. J. Med.
Sci. Sports 24, 500-506. doi:10.1111/sms.12019

Trecroci, A., Bongiovanni, T., Cavaggioni, L., Pasta, G., Formenti, D., and Alberti, G.
(2020). Agreement between dribble and change of direction deficits to assess directional
asymmetry in young elite football players. Symmetry 12, 787. doi:10.3390/sym12050787

Wagner, H., and Hinz, M. (2023). The relationship between specific game-based and
general performance in young adult elite male team handball players. Appl. Sci. 13, 2756.
doi:10.3390/app13052756

Wagner, H., Hinz, M., Fuchs, P., Bell, J. W., and Von Duvillard, S. P. (2022). Specific
game-based performance in elite male adolescent team handball players. Int. J. Sports
Physiology Perform. 17, 901-907. doi:10.1123/ijspp.2021-0247

Wagner, H., Orwat, M., Hinz, M., Pfusterschmied, J., Bacharach, D. W., Von
Duvillard, S. P., et al. (2016). Testing game-based performance in team-handball.
J. Strength and Cond. Res. 30, 2794-2801. doi:10.1519/JSC.0000000000000580

Wilson, R. S., Smith, N. M. A, Melo De Souza, N., and Moura, F. A. (2020). Dribbling
speed predicts goal-scoring success in a soccer training game. Scand. J. Med. Sci. Sports
30, 2070-2077. doi:10.1111/sms.13782

frontiersin.org


https://doi.org/10.1055/s-0032-1329989
https://doi.org/10.3390/app11146551
https://doi.org/10.1055/s-0033-1358713
https://doi.org/10.1519/JSC.0000000000000595
https://doi.org/10.1519/JSC.0000000000001421
https://doi.org/10.2478/hukin-2018-0012
https://doi.org/10.1519/JSC.0000000000002494
https://doi.org/10.1519/JSC.0000000000002494
https://doi.org/10.1519/JSC.0000000000003030
https://doi.org/10.1519/JSC.0000000000003030
https://doi.org/10.1519/JSC.0000000000003030
https://doi.org/10.1519/JSC.0000000000003030
https://doi.org/10.23736/S0022-4707.21.11850-X
https://doi.org/10.2478/hukin-2019-0147
https://doi.org/10.1080/02640414.2018.1470217
https://doi.org/10.1080/02640414.2018.1470217
https://doi.org/10.1080/02640414.2018.1470217
https://doi.org/10.1080/02640414.2018.1470217
https://doi.org/10.1519/JSC.0000000000001061
https://doi.org/10.1519/JSC.0b013e31825c2cb0
https://doi.org/10.2478/hukin-2018-0002
https://doi.org/10.1519/JSC.0b013e3181c4d324
https://doi.org/10.1519/JSC.0b013e3181c4d324
https://doi.org/10.22514/jomh.2023.063
https://doi.org/10.1111/sms.12019
https://doi.org/10.3390/sym12050787
https://doi.org/10.3390/app13052756
https://doi.org/10.1123/ijspp.2021-0247
https://doi.org/10.1519/JSC.0000000000000580
https://doi.org/10.1111/sms.13782
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2024.1506893

	Dribble deficit as an effective measure of dribbling ability independent of sprinting performance in professional female ha ...
	Introduction
	Methods
	Participants
	Procedures
	Linear sprint performance
	Change-of-direction testing
	Slalom test
	Zig-Zag test
	505 test

	Dribbling deficit
	Statistical analysis

	Results
	Discussion
	Practical application
	Conslusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


