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Abstract: Assessing physical fitness throughout the entire season can provide valuable
insights for designing effective training programs to enhance handball performance. There-
fore, the aim of this study was to investigate seasonal changes in body composition, jump,
sprint, and agility performance among elite female handball players. This study involved
fourteen elite female handball players (age 21.98 + 1.22) who participated in the Serbian
Handball Super League and the European Handball Federation (EHF) European Cup dur-
ing the 2022 /23 season. Within the framework of seasonal changes, five measurements were
made. Players were tested for height, weight, BMI, body fat and muscle mass percentage,
jump performance (CMJ, CMJA, SJ, CM] right, CM] left), linear sprint (5 m, 10 m, 20 m), and
agility performance (zig-zag and slalom). Repeated measures ANOVA revealed no changes
in body composition parameters during the season. Among the five jump performance
tests, a significant change was observed only in the CM] left test, where better values were
achieved in the fourth and fifth measurements compared to the initial measurement. In
sprints over 5 and 10 m, significant changes were noted between specific measurement
points, while no differences were observed in the 30-m sprint. For agility, differences were
recorded in four out of five tests, with the best performances in the Zig-Zag tests observed
in the third measurement, while in other tests, the best results were most often recorded in
the second and fifth measurements. These results indicate that body composition remained
stable, while performance improvements were specific to certain physical capacities and
time points during the season. These findings can help coaches design targeted strength
and agility training aligned with key performance periods, emphasizing short sprints and
agility with/without the ball, rather than focusing on body composition changes. However,
this study is limited by its small sample size and single-season scope, which may affect the
generalizability of the results.

Keywords: seasonal variation; body fat; muscle mass; physical fitness; women’s
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1. Introduction

Over the past few years, handball has developed into a contemporary, rapid game
attracting more fans, with women'’s handball gaining popularity [1,2]. However, female
athletes still face disparities, such as lower salaries, less media attention, and a predom-
inance of male coaches in elite teams, while research primarily focuses on male athletes,
leaving a gap in knowledge about female team handball [3]. Notably, only 20% of sport
and exercise science research centers on female athletes, complicating conclusions about
their training [4].

The intermittent sport of female handball is regarded as intricate, multifaceted, and
extremely demanding, requiring a great degree of specialized abilities [5]. Handball, like
other team sports, relies on a combination of talent and technical skills, as well as physical,
tactical, and psychological abilities [6]. The mentioned sport is a game that involves
movements with and without a ball, changes in direction of movement with fast and abrupt
sprints, various hops, groundings, and crashing into opposing team members when in
direct contact. In addition, coordination skills and situation-related motor abilities, among
other things, play a role in properly executing these motions [7,8]. In order to develop
effective training methods for female team handball, coaches, condition coaches, team
staff, and sport physicians should effectively use the pertinent information to evolve more
beneficial programs [9].

Physical fitness is essential for elite handball players to avoid injuries and enhance
performance [10]. Physical fitness testing during the entire season could be very useful
in designing effective training programs to improve handball performance [11,12]. When
designing a training program for team sports athletes, it’s crucial to consider their totally
different movement patterns [13]. Previous research has revealed that a special motoric
component based on specific agility and explosiveness is significantly responsible for
handball performance. This supported the idea that, in addition to maintaining all physical
characteristics at a high standard during the playing season, they should also take into
account the unique skills of handball players [14,15].

Assessing seasonal changes is especially essential in sports science and practice [16].
Previous research found a variety of physical fitness among female handball players. Boji¢
et al. [17] found significant changes and improved outcomes in the following parameters at
the end of the season based on explosive strength measurements: CM]J right = 0.002 and
CM]J left 0.018, but no significant changes were observed in the other two-leg jumps. On
the contrary, the study’s results with two measurements revealed statistically significant
changes and weaker results in nearly all evaluated variables [18]. Only the maximum speed
in a 30 m sprint and agility without a ball showed improvements (new envelope test and
slalom run). A different research investigation found equivalent results. Moreover, most
anthropometric measurements do not change much throughout the competitive season,
with the exception of slight fat redistribution. This study found that female handball players
have comparable body mass and BMI both before and after the season [19]. However, no
study has been discovered that investigates changes in elite female handball players in five
distinct assessments during a season.

Despite a few studies examining elite handball players” physiological aspects, little
is known about elite female handball players’ physical and body composition. There is
limited information regarding the adaptation of physical fitness during one competitive
season in elite female athletes [4], especially in handball. Sprint and agility are particularly
important for handball players due to the frequent need for rapid changes in direction,
quick acceleration, and deceleration, which are key components of success in both attacking
and defending situations [20,21]. These tests provide valuable insights into the athletes’
ability to perform game-specific movements, which is critical for optimal performance
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during competition. Therefore, the aim of this study was to investigate seasonal changes
in body composition, jump, sprint, and agility performance among elite female handball
players. The hypothesis of this study is that significant seasonal changes will occur in body
composition, jump, sprint, and agility performance among elite female handball players.
Since this is the first study that closely tracks seasonal changes in physical fitness among
elite female handball players, analyzing these parameters across five measurement points
throughout the season, it is clear that the research will make a significant contribution to
this field and fill existing gaps in the literature.

2. Materials and Methods
2.1. Participants

In this study, fourteen elite female handball players from ZRK Naisa (Nis, Serbia)
participated, who competed in the Serbian Handball Super League and took part in the
European Handball Federation (EHF) European Cup during the 2022 /23 season. These
athletes had a mean age of 21.98 £ 1.22 years, a height of 173.18 £ 7.17 cm, and a body mass
of 66.69 £ 8.90 kg (Table 1). The study’s eligibility standards were senior handball players
aged >18 years, with a training age of >5 years, without a recent injury (>12 months) or
any illness at that moment. Initially, 18 participants participated in this study; however,
after withdrawals (two players changed clubs during the season, and two players could not
undergo testing during certain periods due to injuries), complete data for all five measure-
ments were ultimately obtained from 14 players. All participants took part voluntarily and
were informed about the purpose of this research. The study was conducted in compliance
with the Declaration of Helsinki, and the University of Ni$§ (Republic of Serbia) approved
this study (decision No. 04-1769/2). In line with the Declaration of Helsinki, written
consent was also obtained from the participants before the study began.

Table 1. Characteristics of the female handball player sample at baseline.

Variables Handball Players
Age 21.98 £1.22
Body Height 17318 +7.17
Body Mass 66.69 £ 8.90

BMI 2215+ 1.66

Legend: The values are presented in mean and standard deviation (M + SD); BMI—body mass index.

2.2. Procedures

All testing sessions were conducted in the morning hours, between 9:00 and 12:00.
Tests were always performed on Mondays to ensure that the athletes were well rested and
had sufficient recovery time after their previous training. The testing protocol was identical
across all sessions during the season, and the same assessors conducted all measurements.
All testing was conducted on dry ground, with temperature variations that could not be
controlled. Participants initially were analyzed for anthropometric characteristics and
body composition utilizing five parameters: height, mass, BMI, body fat, and muscle mass
percentage. After that, they began with a structured warm-up consisting of 8 min of light
jogging, 5 min of static exercise, and 2 min of high-intensity sprinting. All participants were
assessed and tested on 12 fitness components following a warm-up. These tests comprised
linear sprints of 5 m, 10 m, and 20 m, and agility performance with and without a ball
(zig-zag and slalom). The participants performed squat jumps (SJ), countermovement
jumps (CM]J), countermovement jump single leg (CM] right and CM]J left), and arm-driven
countermovement jumps (CMJA).
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Within the framework of seasonal changes, five measurements were made. The first
measurement (I) was conducted just before the season 2022/23 (after the preparation
period; beginning of September 2022), and the second measurement (II) was conducted
in the season (end of October 2022). The third measurement (III) was conducted after
the first half of the season, in the transitional period (end of December 2022), and the
fourth measurement (IV) was conducted after the preparation period before the season
(beginning of February 2023). In contrast, the fifth measurement (V) was conducted after
the second half of the season (April 2023). Time-based cutoff points were determined based
on previous studies that assessed seasonal variations in athletes [22,23]. All tests were
conducted in the same order at all five measurement points.

During the season, the players followed their regular training program. For the
purposes of this study, Table 2 presents a typical in-season weekly training schedule. In the

2022 /23 season, the players participated in 25 competitive matches.

Table 2. Typical in-season weekly training.

Day Morning Session Evening Session

Aerobic conditioning (60-70% HRmax); Emphasis Technical-tactical drills in motion (ball
Monday . ) o

on recovery and endurance volume handling, passing, coordination under load)

ngh—mtenszl’Fy training (explosive power, agility, Submaximal execution of technical-tactical
Tuesday speed, specific endurance) . . .

.. . drills (with and without the ball)

or Strength training (gym session)

Position-specific S }.100t1.ng. drills High-intensity technical-tactical session
Wednesday Goalkeeper-specific training (small-sided games, transition play)

Individual skill development & ’ play

Rest or optional recovery (e.g., mobility, stretching,  Tactical systems rehearsal (offensive and
Thursday : o

or hydrotherapy) defensive schemes, situational play)

. Group tactical shooting (finishing under pressure, = Review of tactical strategies and set plays

Friday o .

7-m throws, positional play) (match preparation)
Saturday Game day -
Sunday Day off -

2.3. Measurements
2.3.1. Body Composition

Body height (BH), body mass (BM), body fat percentage (BF%), and muscle mass were
measured using an anthropometer (SECA 214, Hamburg, Germany) and the Tanita body fat
scale (model BC-418MA), respectively. Additionally, body mass index (BMI) was evaluated
using the equation: body mass (kg)/body height (m)?.

2.3.2. Jump Performance (CMJ, CMJA, SJ)

Three different types of vertical jumps were utilized to determine jump height (cm):
countermovement jump (CM]J), CM] with arm swing (CMJA), and squat jump (SJ). Two
photoelectric devices (Optojump, Microgate, Bolzano, Italy) were applied to quantify the
flight time between takeoff and landing in cm. Before the assessment, the participants
received instructions to jump as high as they possibly. During the CM]J test, participants
were required to place their hands on their hips and flex their knees (about 90°) in order
to jump upward with no moving their hands away from their hips. The CMJA test was
completed in the same manner as the CM]J test, with the exception that the hands were
free throughout all phases of the greatest jump. The SJ test was conducted with knees
flexed at 90° and hands on the waist as the beginning position (3 s), jumping upward
without moving the hands away from the hips. In addition, for the jump to be performed
successfully, the participants were required to prevent any knee or trunk countermovement.
Each leap was accomplished after three tries, with one minute of passive rest and three
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minutes of passive rest between tests. For every assessment, the highest scoring result (cm)
was considered. All of the previously presented tests have been validated and shown to be
reliable elsewhere [24,25].

2.3.3. Linear Sprint (Running 0-30 m)

The linear sprinting tests performed in this study were 10 m, 20 m, and 30 m long.
The running speed was measured with three sets of photocell infrared gate timing devices
(Microgate, Polifemo Radio Light, Bolzano, Italy). The approaches were reviewed with the
players prior to testing. The starting point was set at 30 cm before the first pair of photocells.
Participants were instructed to run as fast as possible over a 30-m length from a standing
start. The timing device started automatically as participants crossed the first gate at the
starting point, with 10 and 20 m split times. The time it took to finish the first 10 m of the
30-m test was used to assess acceleration. The participants completed three sessions with at
least three minutes of rest between each [24]. The best performance from the three attempts
was utilized for further study. It should be noted that the linear sprint tests from 10 to 30 m
were all reliable [26].

2.3.4. Agility Test

Agility test (Figure 1) involves movements specific to handball, including forward and
backward running, as well as diagonal sliding steps [27]. The setup is illustrated in Figure 1.
The player starts from the initial position and runs straight forward to a cone placed 2.5 m
away. Then, they move diagonally backward to cone 3, which is positioned 3.5 m to the
right of the starting point. Next, the player slides diagonally forward to cone 4, followed by
straight backward running to cone 5, located 5 m behind cone 4. Finally, the player moves
diagonally forward again to cone 3 and then diagonally backward to return to cone 1.
Timing is recorded using the same equipment applied in the sprint tests. Two attempts are
allowed, with a three-minute rest period between them, and the faster result is used for
analysis. Test-retest reliability is confirmed with an intraclass correlation coefficient of 0.92,
while the typical measurement error is 2.3% [27].

5m

£\

Forward-F
Backward - B

5m

Start/Finish

Figure 1. Presentation of the Agility Forward-Backward Test.
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Zig-Zag Test

The Zig-zag test (Figure 2) evaluated running agility through direction changes. The
path was divided into four 5 m segments (20 m in total) with cones at a 100° angle and
two sets of photocells (Witty, Microgate, Bolzano, Italy), and participants needed to slowed
down and accelerate through each cone as rapidly as they could from separate starting
and ending places. The methods were reviewed with the players prior to testing. Players
were asked to finish the test as soon as possible, starting from standing with their front foot
30 cm above the first pair of timed gates and crossing the second pair of photo cells. Players
had a maximum of three tries with a 3-min gap. The Zig-zag test was also performed with
the ball within the same conditions described earlier. The test’s validity and reliability have
been verified elsewhere [24,28].

Figure 2. Presentation of the Zig-zag test.

Slalom Test

All participants began at point A with both feet (Figure 3). Six cones were placed 2 m
apart, with the first cone 1 m from the starting point. Every player remained still, facing the
starting line, his feet apart, the cone between his legs. He began following the signal and
sprinted from point A to point B. The player at point B needed to be passed on his right
side. The player proceeded to sprint as fast as possible, frequently changing directions
from right to left, until he reached the player standing at the last point. After that point,
the player made a 180-degree turn and continued running the slalom to the start line. The
Slalom test was also performed with the ball under the earlier conditions. The test’s validity
and reliability have been verified elsewhere [29,30].

2m
< 1m {
2 . -
o =
o Y . . H . H . )
= 3 I ———
s Ilm
/5] [  J

Figure 3. Presentation of the Slalom test.
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2.4. Data Analysis

The descriptive statistics were expressed as each variable’s mean and standard de-
viation. Differences in body composition, jump, sprint, and agility performance at five
measurement points during the season were determined using a discriminatory parametric
procedure with repeated measures ANOVA and Bonferroni post-hoc test, with a level of
statistical significance set at p < 0.05. The data obtained in the research were processed
using SPSS 26 software (Statistical Package for Social Sciences, v26.0, SPSS Inc., Chicago,
IL, USA).

3. Results
3.1. Body Composition

Based on repeated measures ANOVA, no significant differences in body composition
parameters were found at five measurement points during the season.

3.2. Jump Performance

Based on ANOVA testing, a significant difference was found only in CM]J left between
measurements (p = 0.011, ES = 0.703). According to Bonferroni post-hoc test, it was
determined that players achieved significantly higher values in the fourth measurement
compared to the first, as well as in the final (fifth) measurement compared to the first in
CM] left.

3.3. Linear Sprint Ability

Significant differences were found in measurement points during a season at 5 and
10 m (p = 0.000, ES = 0.904 and p = 0.000, ES = 0.872, respectively). It should be noted
that the best time was achieved in the second measurement at 5 m (1.20 s), which was
significantly better than the first and third measurements. Additionally, players achieved a
better time in the fourth measurement compared to the third measurement point. There
were no differences among the other measurements. For the 10-m split, the best time
was also recorded in the second measurement, significantly better than the first and third
measurements. The third measurement was inferior to both the first and fourth. There
were no other differences in the 10-m split times. In the overall 30-m result, there were no
significant differences among groups.

3.4. Agility Performance

Table 3 presents the results of agility tests at five measurement points during the
season, with three agility tests performed without a ball and two with a ball. In the
Slalom test without a ball, a significant difference was observed at the multivariate level
(p = 0.000, ES = 0.939). Significantly better results were achieved in the second measurement
compared to the first, third, and fourth measurements, as well as in the fifth measurement
compared to the third and fourth measurements. In the Zig-Zag test without a ball,
significant differences were also found at the multivariate level (p = 0.000, ES = 0.964). This
difference was attributed to better results in the third measurement compared to all other
measurements. In the third Agility test without a ball, there were no significant differences
among groups.

Regarding agility tests with a ball, significant differences were observed in both tests
among different measurement points, namely in the Slalom Ball (p = 0.000, ES = 0.936)
and Zig-Zag Ball (p = 0.000, ES = 0.940) tests. In the Slalom Ball test, the differences were
due to better results in the second measurement compared to the first, third, and fourth
measurements, as well as better results in the fifth measurement compared to the first
and fourth measurements, and in the fourth compared to the third measurement. In the



Appl. Sci. 2025, 15, 5846

8 of 13

Zig-Zag Ball test, it was found that the players’ results in the third measurement were
significantly better than all other measurement points. There were no differences among
other measurement points during the season.

Table 3. Parameters of body composition, jump, sprint, and agility among female handball players at
five measurement points during the season; Descriptive statistics and ANOVA test.

Variables I II IT1 v A\ P ES Post-hoc
BH 17318 £7.17 17318 +717 17318 £7.17 173.18 +£717 17318 £7.17 - - -
BM 66.69 £890  66.66 £842  66.70 + 8.51 66.89 +8.72  68.39 +9.58 0.103 0.507 /
BMI 2215+ 1.66 21.96 +1.38 22.38 £ 1.36 22.01 £1.52 22.69 = 1.79 0.180 0.437 /
%BEF 28.16 +4.30 28.29 +5.78 28.24 +3.79 28.49 +3.72 29.41 +4.19 0.254 0.387 /
%MM 31.16 £2.28 31.79 + 4.44 31.11 £ 217 30.94 &+ 2.07 30.66 £ 2.23 0.351 0.333 /
SJ 24.56 + 3.26 25.09 +2.74 24.79 + 3.30 2549 +2.62 25.42 + 3.45 0.733 0.168 /
CMJ 2693 +£337  2734+359  2641+3.02 2727 +3.18  26.82+3.87 0.407 0.306 /
CMJA 31.76 + 3.65 32.34 £ 3.67 31.11 £ 3.13 30.90 + 3.42 31.27 £ 4.68 0.096 0.515 /
CM]J right 12.54 +1.96 14.00 £ 2.58 13.39 £1.54 14.25 +£1.78 14.59 £ 2.35 0.084 0.530 /
CM] left 12.76 £ 1.64 13.79 £2.47 13.44 £1.32 14.11 £ 1.56 1515 £2.37 0.011 * 0.703 IV>I,V>I
5m 1.26 £ 0.06 1.20 £ 0.07 1.32 £ 0.06 1.21 £ 0.07 1.24 £ 0.07 0.000 * 0.904 I>I¥I,E}\? I,
I>IL I >,
10m 2.09 £0.07 2.01 £0.08 2.18 £0.10 2.06 = 0.10 2.08 £0.10 0.000 * 0.872
I > I 111 > IV
30 m 493 +0.17 4.79 £ 0.16 497 +£0.22 492 +0.21 4.83 +0.22 0.110 0.499 /
Agility 7.90 £+ 0.49 7.60 £ 0.44 7.54 +0.40 7.69 +0.48 7.55 4+ 0.54 0.162 0.451 /
I>11 O > 10,
Slalom 8.03 £ 0.33 7.25+£047 8.32 £0.43 8.32 £0.38 7.62 £ 0.54 0.000 * 0.939 >V, IV>1l,
V>V
I>I,1>V,
SlalomBall 8.99 + 0.64 8.15 + 0.64 8.93 + 0.45 8.96 = 0.56 8.41 + 0.65 0.000 * 0.936 I > 11, I > 1V,
IV>ILIV>V
Zig-Zag 572 £0.32 5.64 +£0.39 476 £0.18 5.45+0.27 5.70 £ 0.35 0.000 * 0.964 I> L 11> 11T,
IV>T1I, V>1I
. I>1I1, 1T > I1I,
Zig-ZagBall 5.98 +0.31 5.85 4+ 0.34 5.10 + 0.38 5.86 + 0.35 5.93 +0.31 0.000 * 0.940

IV>TII, V>1II

Legend: BH—body height; BM—body mass; BMI—body mass index; %BF—percentage of body fat; %MM—
percentage of muscle mass; S]—squat jump; CMJ—countermovement jump; CMJA: countermovement jump with
arm swing; CMJright: countermovement jump on right leg; CM]Jleft: countermovement jump on left leg; 5 m—5-m
sprint; 10 m—10-m sprint; 30 m—30-m sprint; Agility—Agility test; Slalom—Slalom agility test without a ball;
SlalomBall—Slalom agility test with a ball; Zig-Zag—Zig-Zag agility test without a ball; Zig-ZagBall—Zig-Zag
agility test with a ball; I—initial measurement point; II——second measurement point; IIl—third measurement
point; IV—fourth measurement point; V—fifth measurement point (final); p—statistical significance; ES—partial
effect size; *—denotes statistical significance.

4. Discussion

The aim of the research was to determine differences in body composition, jump, sprint,
and agility at five measurement points during the season among elite female handball
players. Based on repeated measures ANOVA and Bonferroni post-hoc test, the key findings
were as follows: (i) there were no differences in body composition parameters among the
players during the season; (ii) a significant difference was found only in one (CM] left) of
the five jump performance tests; it was found that players achieved significantly higher
values in the fourth and fifth measurements compared to the initial measurement in CM]J
left; (iii) significant differences were found in measurement points during the season at
5 and 10 m, while there was no difference at 30 m; in the 5-m sprint, players achieved
significantly better times in the second measurement compared to the first and third, as
well as in the fourth measurement compared to the third; in the 10-m sprint, significantly
better times were also achieved in the second measurement compared to the first and
third, while weaker results were achieved in the third measurement compared to the first
and fourth; (iv) in four out of five agility tests, there were differences in measurements
during the season; in two agility tests (Zig-Zag agility tests), significantly better results
were achieved in the third measurement compared to other measurement points, while in
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the other two agility tests, generally better results were achieved in the second and fifth
measurements compared to other measurement points.

The present study assessed seasonal changes in body composition, jump, sprint, and
agility performance in elite female handball players across five competitive season mea-
surements. Findings show seasonally adapted adaptations for specific performance metrics
and demonstrate elite handball’s physical and technical demands while underscoring the
need for tailored, seasonally adjusted training regimes to optimize player performance.

The results showed that body composition parameters—such as body mass, body
mass index (BMI), body fat percentage, and muscle mass—remained stable across the
season, with no significant changes detected at any measurement point. This stability
in body composition might indicate that the training regimen, coupled with nutritional
guidance [31,32], effectively sustains physical attributes necessary for high-level handball
performance throughout the season [19,33,34]. These findings align with previous research
that noted minimal seasonal variation in body composition among female team sport
athletes, likely because handball emphasizes agility, coordination, and endurance over
substantial hypertrophy or fat loss [35,36]. This consistency could emphasize maintaining
an optimal physique that supports agility, speed, and endurance, which are vital in handball
to perform rapid directional changes and maintain competitive intensity [37,38]. The
results suggest that for elite female athletes, body composition goals may not need to vary
extensively throughout the season, allowing for a more targeted focus on performance-
specific conditioning, especially strength, speed, and agility.

In jump performance, a significant improvement was noted only in the left leg counter-
movement jump (CM] left), particularly in the fourth and fifth measurements compared to
the initial measurement. This isolated increase may highlight an adaptation related to the
asymmetric demands placed on the lower limbs in handballs, where unilateral jumps and
pivots often occur, especially during offensive or defensive maneuvers [39,40]. Unilateral
improvements in the CM] left could suggest that the players’ training regimen, or possibly
gameplay patterns, encouraged the development of explosive strength and stability on the
non-dominant leg, supporting previous studies that emphasize the importance of unilateral
training for enhancing functional strength and balance in handball [41,42]. This finding
may indicate the benefit of incorporating plyometric and unilateral strength training exer-
cises focusing on both legs to enhance overall jump performance and minimize strength
imbalances. However, the observed improvement in jump performance of the left leg
during the last two measurements of the season compared to baseline may actually be a
result of specific activities performed throughout the season. Since most of the players are
right-handed and execute a large number of jumps off the left take-off leg during shots on
goal in both training and matches, this repetitive use could explain the enhancement in
left-leg jump performance.

Significant improvements were observed in sprint performance over the 5- and 10-m
distances, with optimal sprint times recorded in the second and fourth measurements.
These findings indicate a potential effect of targeted speed training integrated within the
team’s conditioning program during these periods. Unlike the 5- and 10-m sprints, no
significant change was observed in the 30-m sprint, implying that short-burst sprints may
be more relevant for handball athletes than extended sprints, as the sport typically involves
brief, rapid accelerations during gameplay [43,44]. These findings reinforce the role of
short-distance sprint training in the conditioning of handball players, aligning with studies
indicating that acceleration over the first few meters is critical for in-game activities such as
breakaways, defensive pressure, and quick directional transitions [13]. Therefore, short-
distance sprints and plyometric exercises focused on acceleration may be beneficial in
achieving performance improvements in female handball players.
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Agility performance demonstrated significant variation across the season, with marked
improvements in tests performed with and without the ball. Specifically, the Zig-Zag and
Zig-zag agility tests without the ball yielded better results in the third and fifth measure-
ments. In contrast, tests performed with the ball significantly improved the second and fifth
measurements. This seasonal agility pattern may reflect the technical and physiological
demands associated with handball [37,45], which requires frequent changes in direction,
rapid accelerations, and coordinated hand-eye movements with the ball. The improve-
ments observed in agility without the ball, in particular, may underscore the efficacy of
periodized training phases that emphasize unweighted agility exercises, especially during
the off-season or preseason periods when gameplay constraints less encumber maximal
agility [5,29,46]. Agility with the ball, however, may benefit from increased in-season prac-
tice, where handling skills and ball coordination are critical for gameplay effectiveness [5].
These results suggest that coaches should consider the need for sport-specific agility exer-
cises and, based on these results, maximize player performance by alternating agility and
skill-based drills during the season to maintain high levels of agility with and without ball
handling. This was in line with previous research recommendations for implementing drills
similar to competitive scenarios to maximize agility and situational adaptability [47,48].

4.1. Practical Implications

The study’s findings provide valuable insights into structuring training programs for
elite female handball players. Given the stability in body composition, training emphasis
might be reallocated toward skill-specific conditioning, such as short-burst sprinting and
agility drills, which align with the functional movement patterns demanded by handballs.
Coaches may focus on training components that address unilateral strength and plyomet-
ric drills for jump enhancement and short-distance sprint training to boost acceleration.
Additionally, agility training can be optimized by balancing agility-with-ball and agility-
without-ball exercises at different points in the season, enabling players to maintain agility
and ball-handling performance when needed.

This highlights the importance of well-planned training periodization throughout the
competitive season. Periodized training enables coaches to adjust the load, intensity, and
focus areas according to the athlete’s physiological readiness and the competition schedule.
This tailored approach can help maintain high performance levels among handball players
throughout the season and ensure peak readiness during key competitions.

4.2. Study Limits

This study, while insightful, is limited by its sample size and single-season scope,
which may restrict the generalizability of the results. We encourage future research to
explore further how multi-seasonal changes combine to affect performance parameters. A
complete performance model over a season might be provided by considering hormonal
cycles or fatigue management strategies. Such an analysis across other genders or com-
petitive levels may also help in elucidating any specific training needs of female handball
players. Such research would enhance our knowledge of the physical requirements and
performance adaptations in elite female handballers and provide input for developing
more accurate and efficient training programs for this gender and this subset of the athlete
population. Also, future studies should investigate and isolate specific training protocols
in more detail, in order to clearly determine which type of training and to what extent it
influences variations in body composition and motor abilities. Finally, future research could
explore the impact of other factors—such as overall training volume, number of games
played, and the timing of matches (as recorded by GPS data or coaching statistics)—on the
physical fitness of female athletes.
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5. Conclusions

This study highlights the unique seasonal adaptations in physical performance among
elite female handball players, with distinct improvements in short-distance sprinting,
unilateral jump performance, and agility. The stability observed in body composition
parameters underscores the effectiveness of existing training and nutritional strategies in
maintaining an optimal physique for the handball’s demands. However, improvement in
special features like agility, with and without the ball, and short burst sprinting implies
that specific training to these features via integrated programs might provide added value
to maximizing players’ in-game performance. These results can guide in-season training
adjustments by emphasizing skill-specific and periodized approaches to conditioning.
Coaches should incorporate more targeted drills for agility and sprinting to optimize
performance during the season.

These results show that a periodized, skill-specific training program based on hand-
ball’s physiological and technical demands is an essential component of high levels of
athleticism throughout a competitive handball season, and coaches should be able to tailor
their conditioning programs to sustain high levels of athleticism by these physiological and
technical demands. Future research should focus on multi-season studies or intervention-
based designs to further explore long-term adaptations and examine other critical factors,
such as hormonal cycles and injury prevention, to provide a more comprehensive frame-
work for supporting elite female handball athletes.
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