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Abstract

Background Volleyball performance relies heavily on agility, strength, and the ability to change direction, yet there
is limited research investigating these physical attributes across different age groups in youth volleyball players. The
change of direction (COD) deficit—a metric that isolates directional efficiency by comparing agility to linear speed—
may provide a more nuanced understanding of an athlete’s movement capabilities. The aim of this study was to
investigate: (i) the differences in anthropometrics, lower limb strength/power, dynamic balance, linear sprint speed,
and change of direction (COD) ability between young volleyball age groups; (i) the effect of age on COD deficit in
young volleyball players, and; (iii) the COD deficit predictors.

Methods A cross-sectional analysis of young volleyball athletes was conducted. Seventy-seven female volleyball
players from three age groups (U13:12.43+0.89; U16:14.38 +0.52; U18:16.78 + 0.93) participated in standardized tests
measuring their physical qualities.

Results The older age groups (U18) were significantly taller, heavier, and faster in linear sprints than their younger
counterparts. No significant differences between groups were observed in lower limb strength and power or dynamic
balance. The U16 group demonstrated the lowest COD deficit. The regression analysis identified drop jump height
(DJ) as the sole significant predictor of COD deficit, explaining 6.9% of the variance (R?=0.069, p=0.033), highlighting
its relevance as an indicator of reactive strength.

Conclusions These findings suggest that while anthropometric features have increased and sprint performance
improved with age, there is no corresponding improvement in lower limb strength, power, or dynamic balance. Drop
jump height was the sole predictor of COD deficit, emphasizing the importance of reactive strength in determining
agility. Coaches should focus on enhancing lower limb strength and reactive power to optimize COD performance
and prevent performance stagnation (training plateaus), particularly in older athletes.
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Background

Volleyball is a dynamic and fast-paced sport that
demands a variety of rapid, multidirectional movements,
including jumps, sprints, and quick changes of direction
(COD) [1]. These movements are essential in offensive
and defensive play, where athletes must respond quickly
to the ball or opposing players [2]. Played on a relatively
small court, volleyball requires explosive power, agility,
and reactive strength to meet the demands of frequent
transitions between attack and defense [3]. Success in
volleyball is highly dependent on physical, technical, and
tactical skills, with physical attributes like speed, power,
and agility playing a fundamental role in performance [4].
These physical traits are frequently used as benchmarks
for assessing talent potential and fitness in young volley-
ball athletes [5].

Volleyball players must sprint, decelerate, change direc-
tion, and jump with high frequency, all placing consider-
able stress on the lower limbs [2]. To better understand
these physical demands, a variety of field-based tests
have been developed to evaluate key physical abilities,
including strength, power, speed, and dynamic balance
[6]. These tests help profile an athlete’s physical condition
and identify areas for improvement [5, 6]. In volleyball,
COD performance is critical, as players frequently shift
direction to block, spike, or defend against opposing
attacks [7]. The T-agility test has been commonly used to
evaluate COD abilities in volleyball players, offering valu-
able insight into their ability to change direction rapidly
[8-10]. Additionally, tests like squat jumps (S]), counter-
movement jumps (CMJ), and drop jumps (D]) are widely
used to assess lower limb strength and power, which are
critical for executing explosive movements such as jump-
ing and sprinting [6].

Dynamic balance is another critical factor in youth
sports, particularly in injury prevention. The Y-balance
test is one of the most reliable tools for assessing dynamic
balance in young athletes, providing insights into their
postural control during sports-specific movements [11].
Research has shown that athletes with poor dynamic bal-
ance are at an increased risk of injury [12], particularly
in sports like volleyball, which involve frequent lateral
movements and jumps [13, 14]. Given the demands of
volleyball, maintaining dynamic balance is essential for
executing these movements safely and effectively.

During adolescence, athletes undergo significant physi-
cal changes, particularly during growth spurts, which are
associated with maturation and can lead to temporary
reductions in coordination, balance, and strength [15].
As growth spurts occur, there is often disproportionate
growth of the lower limbs compared to the upper body
and trunk, which can negatively impact balance and
motor coordination [16]. Research has suggested that
these physiological changes can affect dynamic balance
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and COD performance, making it crucial to consider age
and maturation when designing training programs for
young athletes [16].

In addition to maturation, strength and power develop-
ment play an essential role in the athletic performance
of volleyball players, particularly during adolescence
[17, 18]. Progressive overload, the systematic increase
in training demands, is well-established as necessary for
developing strength, power, and agility in young athletes
[19]. However, some studies suggested that youth athletes
may experience training plateaus if their programs do not
evolve to match their growing physical capabilities, par-
ticularly in sports like volleyball, where explosive lower
limb power is critical for performance [20—22]. Tests like
the drop jump and countermovement jump are often
used to assess an athlete’s ability to produce explosive
power through the stretch-shortening cycle (SSC), a key
factor in rapid movements such as jumping and sprinting
[23, 24].

Although COD performance has been extensively stud-
ied in team sports like soccer and basketball, research
in young volleyball players remains limited. In volley-
ball, athletes must execute frequent explosive move-
ments in various directions, making COD ability crucial
for both offensive and defensive actions [25]. Quick and
reactive directional shifts are essential, especially dur-
ing approach jumps, which are fundamental in execut-
ing offensive plays [9, 26]. To assess an athlete’s agility,
the COD deficit—a metric that calculates the additional
time needed to change direction compared to running a
linear sprint over the same distance—has emerged as a
valuable tool [27]. Recent approaches have proposed the
use of the Change of Direction Deficit (COD deficit) as
a more precise and isolated measure of an athlete’s abil-
ity to decelerate, reorient, and reaccelerate during multi-
directional movements, rather than relying solely on raw
COD performance times [28]. COD deficit is considered
particularly relevant in youth athletic populations, where
changes in physical attributes due to maturation may dis-
proportionately affect sprint and agility metrics, poten-
tially masking inefficiencies in change of direction ability
[29]. This issue may be even more relevant in female vol-
leyball, where match characteristics such as longer ral-
lies, more complex defensive rotations, and frequent
short-distance reorientations increase the importance of
directional change efficiency [10]. Therefore, assessing
COD deficit in this context may provide more meaning-
ful insights into performance readiness and movement
economy than conventional agility tests alone. Typically,
older athletes, who benefit from greater physical develop-
ment in terms of anthropometrics, strength, and power,
demonstrate lower COD deficits [15, 30]. This relation-
ship between physical maturation and COD deficit is
particularly relevant in youth volleyball, where players’
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physical abilities are still developing and evolving [30].
In Portugal, the Portuguese Volleyball Federation (FPV)
classifies youth volleyball players into standardized cat-
egories based on chronological age [31]. These divisions
are designed to structure competitive levels, ensuring
players compete within age-appropriate cohorts. How-
ever, at the club level, team selection is often influenced
by skill level, training needs, and competition demands,
meaning that younger athletes may sometimes compete
in older categories.

Given this variability in player placement, this study
adopted a strict chronological age classification (U13,
U16, U18) to ensure a consistent and homogeneous com-
parison of physical and performance attributes rather
than basing groups on club-level team assignments.
While previous studies have examined athletic per-
formance in volleyball players, mainly at the elite level
[25, 30, 32-35], a gap remains in understanding how
key physical attributes—such as lower limb strength,
dynamic balance, and COD ability—differ across younger
volleyball age groups, particularly at lower competitive
levels. Additionally, the influence of age on the COD
deficit during this developmental period remains under-
explored. Addressing these gaps is critical for develop-
ing age-appropriate training programs that can optimize
performance and reduce injury risk. In applied settings,
COD deficit may serve as a valuable tool for perfor-
mance profiling and talent identification. Coaches can
use this measure to detect athletes who, despite having
high linear sprint speed, show limitations in their ability
to efficiently execute directional changes—thus enabling
the design of targeted training programs that emphasize
deceleration control, directional technique, and asymme-
try correction [29, 36].

Therefore, the aims of this study were to: (i) assess and
compare a set of anthropometric, lower limbs’ strength
and power, dynamic balance, linear sprints, COD test and
COD deficit between young female volleyball age groups;
(ii) analyze the effect of age on the COD deficit, and; (iii)
identify the COD deficit predictors. It was hypothesized
that older players would present bigger anthropomet-
rics and better performances in all remaining variables,
the COD deficit would improve with age, and this would
be predicted by a mix of variables related to the players’
physical fitness.

Methods

Participants

The Portuguese Volleyball Federation (FPV) defines
competitive age groups at the national level [31], simi-
lar to other international federations such as FIVB [37],
CEV [38], and USA Volleyball [39], which also establish
standardized youth divisions. However, despite these
official classifications, club-level team placements often
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depend on age, skill level, training needs, and competi-
tion demands, leading to younger players competing in
higher divisions. To ensure a homogeneous and objec-
tive comparison, this study categorized players strictly by
chronological age (U13, U16, U18) rather than their club-
assigned competitive squads, thus allowing for a clearer
analysis of age-related performance differences.

The sample comprised 77 young female volleyball play-
ers recruited from one regional club. At the time of data
collection, the players’ decimal age ranged from 10.51
to 18.21 years old (Ul13: 12.43+0.89; Ul6: 14.38 £0.52;
U18: 16.78+0.93). They were divided into three groups
according to their respective age squad (U13: n=21, Ulé6:
n=33, Ul8: n=23). The players’ demographics are pre-
sented in Table 1. To ensure that the study had adequate
statistical power, an a priori power analysis was con-
ducted using G*Power [40]. The analysis indicated that
a minimum of 66 participants was required to detect a
large effect size (f* = 0.40) with 80% power (a=0.05) for
a one-way ANOVA (fixed effects, omnibus test). With a
total sample of 77 participants, the study meets the nec-
essary power requirements, ensuring reliable detection of
meaningful differences between groups.

All three age groups had two weekly training blocks,
each lasting between one and a half and two hours. They
were evaluated immediately before their major regional
competition and were considered Tier 2 athletes [41]. To
be included in the measurements, players had to be com-
pletely free of pain at the time of the study and training
regularly. If someone were receiving medical attention at
the time or indicated any pain during the Y-balance test
(please report to the methods section), they would be
excluded from the study. Parents or guardians and play-
ers themselves signed an informed consent form. All
procedures were by the Declaration of Helsinki regard-
ing human research, and the Polytechnic Ethics Board
approved the research (No. 127/2023).

Research design

This study characterized and compared a set of anthro-
pometric, lower limbs’ strength and power, dynamic bal-
ance, linear sprints, COD test and COD deficit between
young volleyball age groups. A cross-sectional analysis
of young female volleyball athletes was conducted. The
participants were split into three groups according to age
(U13, U16 and U18). Figure 1 presents a visual illustra-
tion of the applied tests. The data collection took place
on three separate days for each test, primarily due to
logistical constraints and the high number of partici-
pants, ensuring that each test could be conducted under
standardized conditions and with minimal fatigue. On
the first day, anthropometric measurements and matu-
rity offset calculations were performed. Lower limb
strength and power tests were conducted on the second
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Table 1 Descriptive statistics (mean and standard deviation — SD) of all variables by age-group. It is also presented the one-way
ANOVA to identify the differences between groups

u13 u1ée u18
n=21 n=33 n=23
Mean SD Mean SD Mean SD F-ratio (p-value) r|2
Demographics and Anthropometrics
Decimal age [years] 1243 0.89 14.38 052 16.78 0.93 179.70 (<0.001) 0.83
Body mass [kg] 49.18 10.09 56.88 8.81 5961 7.62 8.24 (<0.001) 0.18
Height [cm] 15841 6.98 163.69 4.90 167.10 548 11.98 (<0.001) 0.26
Sitting height [cm] 79.85 3.31 84.17 274 85.95 3.56 20.24 (<0.001) 037
Maturity offset [years] 0.74 0.89 223 0.51 3.80 0.85 86.149 (< 0.001) 0.72
PHV [years] 11.72 0.27 12.13 037 13.05 0.46 69.64 (<0.001) 0.68
Strength and Power
CMJ height [cm] 24.86 6.50 24.28 431 27.26 5.92 1.90 (0.157) 0.06
SJ height [cm] 24.16 6.03 23.05 4.10 25.06 528 0.98 (0.379) 0.03
DJ height [cm] 2246 5.67 22.07 441 2352 4.79 5.49(0.580) 0.02
Power [w/kg] 25.04 7.06 25.26 523 27.00 6.41 0.66 (0.520) 0.02
RSI [m/s] 0.76 031 0.77 0.23 0.84 0.29 0.61 (0.544) 0.02
Lower Quarter Dynamic Balance
CStht [%] 90.57 842 88.87 5.89 90.35 6.83 0.50 (0.610) 0.01
CSett [%] 9091 8.85 90.39 6.39 91.75 6.59 0.24 (0.785) 0.01
Anterior differences
Absolute [cm] 191 1.71 3.17 257 3.03 295 245 (0.094) 0.06
Relative [%)] 252 2.04 363 293 3.03 295 1.10 (0.339) 0.03
Posterolateral differences
Absolute [cm] 3.79 278 4.66 4.20 3.80 2.51 0.60 (0.550) 0.02
Relative [%] 485 392 539 502 452 296 0.304 (0.738) 0.01
Posteromedial differences
Absolute [cm] 4.95 2.96 433 346 3.76 197 0.90 (0.412) 0.02
Relative [%] 6.34 361 5.04 395 439 2.28 1.84(0.167) 0.05
Upper Quarter Dynamic Balance
CSyighe [%] 82.78 832 82.52 8.26 82.77 7.39 0.01(0.992) 0.00
CSyefi [%] 83.67 6.83 82.75 7.89 83.22 7.06 0.09 (0.915) 0.00
Medial differences
Absolute [cm] 4.29 458 320 344 342 225 0.55(0.578) 0.02
Relative [%] 5.69 6.13 410 222 478 3.50 0.68 (0.511) 0.02
Superolateral differences
Absolute [cm] 3.58 441 3.86 339 440 4.15 0.22 (0.803) 0.01
Relative [%] 4.73 548 483 423 548 491 0.15 (0.862) 0.00
Inferolateral differences
Absolute [cm] 3.94 340 446 416 448 3.00 0.14 (0.873) 0.00
Relative [%] 5.29 441 541 5.16 543 342 0.01 (0.995) 0.00
Linear sprint
Time 10 m [s] 2.10 0.17 2.10 0.17 2.05 0.16 0.64 (0.532) 0.02
Time 20 m [s] 3.71 0.30 372 0.29 362 0.24 0.79 (0.458) 0.02
Agility
MAT [s] 431 0.51 4.20 042 4.19 0.27 0.54 (0.585) 0.02
COD deficit [s] -2.20 047 -2.10 043 -2.14 040 0.37 (0.693) 0.01

PHV - peak height velocity; CMJ - countermovement jump; SJ - squat jump; DJ - drop jump; RSI - reactive strength index; CS - composite score; MAT — modified
version of the agility T-test; COD - change of direction; n? - eta square (effect size index)



Oliveira et al. BMC Sports Science, Medicine and Rehabilitation

(A)

(2025) 17:209

Page 5 of 13

10 m

iy

SJ DJ

CMJ

Fig. 1 Visual presentation of the applied tests. Panel (A): Y-balance test; Panel (B): 20 m linear sprint test; Panel (C): 10 m agility T-test; Panel (D): jump tests

(CMJ = countermovement jump; SJ - squat jump; DJ — drop jump)

day, followed by dynamic balance assessments. The third
day was dedicated to linear sprints and COD tests. Expe-
rienced sports scientists and coaches administered all
tests. Each testing session was scheduled during their
training sessions, and players were instructed to follow
their regular diet and avoid strenuous activities the day
before testing.

Data collection

Anthropometrics and maturity offset

Body mass (in kg) was measured on an electronic scale
(MC 780-P, Tanita, Tokyo, Japan) with minimal clothing.
Height and sitting height (in cm) were measured using
an electronic stadiometer (Seca 242, Seca, Hamburg,
Germany). The maturity offset (MO, in years) and peak
height velocity (PHYV, in years) were calculated as sug-
gested elsewhere [42]. The former represents the years
an athlete is away from peak height velocity. If the offset
is negative, the athlete has not yet reached peak height
velocity. A positive offset indicates that the peak height
velocity has already occurred.

Lower limbs’ strength and power

Before data collection, players performed a standardized
warm-up based on muscle activation monitored by their
coach. Afterward, they became familiar with the jump-
ing tests’ protocols by performing each test with mini-
mal effort to understand the biomechanics of each test
and ensure the correct technique. The squat jump (S],

in cm), countermovement jump (CM], in ¢cm), and reac-
tive strength index (RSI, in m/s) from the 45 cm drop
jump (D], in cm) were used as indicators of lower limb
strength and power [43]. A standardized 45 cm height
was selected for the drop jump test based on practical
feasibility given the large sample size and field-testing
conditions, and in accordance with prior literature rec-
ommending this height as suitable for assessing reactive
strength index in athletic populations [44]. Each player
executed each test three times with a rest period of 30 s
between the same jump and three minutes between dif-
ferent jump types to avoid any accumulated fatigue [45].
The best trial was used for further analysis [46]. All tests
were measured with an Optojump system (Microgate,
Bolzano, Italy) with the bars separated by 1 m. The valid-
ity and reliability of this equipment have already been
confirmed [47]. Detailed protocols for each test can be
found elsewhere [45, 46].

Dynamic balance of the lower trunk

The dynamic balance of the lower trunk was assessed
using the Y-balance test [11]. The composite score (CS, in
%) was generated by averaging and multiplying the sum
of the three normalized reach distances by 100. Addition-
ally, the absolute (in cm) and relative (in %) reach differ-
ences between lower limbs were calculated to evaluate
reach symmetry. Deeper insights about this test can be
consulted in other works [11, 48]. For qualitative analy-
sis, it has been reported that CS’s less than 89% and
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symmetries greater than 4 cm are more likely to promote
injuries [48]. Additional information regarding the Y-Bal-
ance protocol can be found elsewhere [46].

Linear sprint and change of direction tests

Before data collection, players performed a standardized
warm-up based on muscle activation monitored by their
coach. The linear sprint (partials taken at 5, 10 and 20-m)
[49] and a modified version of the agility T-test (MAT)
[50] were chosen as performance variables and collected
on the same indoor court where they perform their train-
ing sessions and games. The agility T-test is considered
a COD test based on the aspects of agility that need to
be performed [51]. However, the generic cues in this test
do not make the test well suited for sports such as vol-
leyball because the total sprinting distance covered is
approximately 40 m [50]. Therefore, we maintained the
exact nature of displacement but reduced the total dis-
tance covered to 10 m (Fig. 1), to better replicate the dis-
tances players usually run during matches and to allow
for calculations of the COD deficit using the 10 m sprint.
Two sets of gates were placed at the starting and finish
lines. This modified version of the T-Test has demon-
strated high relative and absolute reliability, making it a
consistent and sport-specific method for assessing agility
in short-distance, multidirectional movements typical of
court sports like volleyball [50]. Figure 1 shows the sche-
matics of the two tests.

Participants performed a 20 m linear sprint test, which
consisted of running this distance in a straight line in
the shortest time. The players were encouraged to run at
maximum speed for another 5 m after the 20-m mark to
ensure that the distance was covered in the shortest pos-
sible time. Four sets of gates were placed at the starting
line, 5-m, 10-m, and 20-m marks to retrieve informa-
tion about each section. Participants performed each test
three times at maximum speed, where players walked
back to the starting line, actively resting. In contrast, the
others performed the test, allowing for a rest period never
less than 1-2 min between trials [49]. Subsequently, the
fastest time was used for further analysis. All tests were
timed with Microgate Witty photocells (Microgate, Bol-
zano, Italy). They were activated when crossed. The play-
ers were given directions to initiate their attempts 0.3-m
before the first photocell and the timer started at their
very first movement after crossing the photocells. They
were advised to start whenever they felt ready to ensure
a quicker and more consistent start [52]. The COD deficit
was calculated as the time gap between the 10-m linear
sprint time and the MAT test time as suggested by others
[53, 54].
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Statistical analysis

All analyses were conducted using IBM SPSS software
(Version 29; SPSS Inc., USA). The normality assumption
was analyzed using the Shapiro—Wilk test, which revealed
a normal distribution. The mean plus one standard devia-
tion was calculated as descriptive statistics. The level of
significance was set at a=0.05. One-way ANOVA was
used to analyze the differences between age groups (U13
vs. U16 vs. U18). Total eta square (n?) was selected as the
effect size index, and interpreted as: (i) without effect if
0<n?<0.04; (ii) minimum if 0.04 <n?<0.25; (iii) moderate
if 0.25<n*<0.64 and; (iv) strong if n>>0.64 [55]. When-
ever appropriate, the Bonferroni correction was used
to verify the differences between age groups (p<0.017).
Cohen’s d was used to estimate the standardized effect
sizes, and interpreted as: (i) trivial if 0<d <0.20; (ii) small
if 0.20<d <0.60; (iii) moderate if 0.60<d <1.20; (iv) large
if 1.20<d <2.00; (v) very large if 2.00 <d <4.00; (vi) nearly
distinct if d>4.00 [56]. Curve fitting was used to under-
stand the relationship between COD deficit and age. The
coefficient of determination (R?) was used to understand
the magnitude of the relationship. Qualitatively, this was
defined as: very weak if R?<0.04, weak if 0.04<R*<0.16,
moderate if 0.16<R*<0.49, high if 0.49<R*<0.81, and
very high if 0.81 <R?<1.0. Simple linear regression (back-
ward method) was used to test the COD deficit pre-
dictors and the R? was used to understand the model
variance.

Results

Table 1 presents the descriptive statistics of players by
age group. The U18 group showed the biggest anthro-
pometric measures, followed by U16 and U13. However,
this trend did not hold for lower limb strength and power,
where U18 scored the highest, followed by U13 and U16.
Similar scores were observed across all age groups in the
upper and lower quarters regarding dynamic balance.
All groups had lower quarter CS scores above the 89%
cut-off, indicating a low risk of injury, except for the U16
group, which had a right limb CS score of 88.87%. In the
upper quarter test, all groups scored 82—83%. In the 10
and 20 m linear sprints, U13 and U16 had similar times,
while U18 was the fastest. In the T-agility test (COD),
U18 was again the fastest, followed by Ul6 and U13.
Notably, U16 showed the least COD deficit, followed by
U18 and U13 (see Table 1).

Table 1 also presents the differences between groups.
All anthropometric variables presented a significant
group effect with a moderate to very high effect size.
However, non-significant differences with very weak
effect sizes were observed in all tests, indicating a very
similar level of lower limbs strength and power, overall
dynamic balance and also sprinting and agility abilities
(Table 1). The same results were shown on the post-hoc
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corrections (Table 2), presenting the same trend. All
anthropometric variables showed significant differences
except for body mass, height and sitting height between
the two older groups. Regarding strength and power,
dynamic balance, linear sprints, and agility, non-signifi-
cant differences were noted between age groups.

Figure 2 shows the linear regression between COD
deficit and age (R* = 0.001, p=0.953), revealing no sig-
nificant correlation between age and COD deficit in this
population.

The regression analysis identified drop jump height
(DJ) as the sole significant predictor of COD deficit,
explaining 6.9% of the variance (R* = 0.069, =-0.021,
p=0.033). Thus, the prediction equation is as follows:

COD deficit = —1.644 — 0.021 e DJ

Where COD deficit is the change of direction deficit (in
s), and DJ is the height obtained in the drop jump test (in
cm).

Discussion

The aims of this study were to: (i) assess and compare
anthropometric measures, lower limb strength and
power, dynamic balance, linear sprints, COD perfor-
mance, and COD deficit across young female volleyball
age groups; (ii) analyze the effect of age on the COD
deficit; and (iii) identify the predictors of COD deficit in
this population. The main findings revealed significant
anthropometric differences between the age groups, with
the U18 group showing bigger dimensions (body mass,
height, and sitting height). However, lower limb strength
and power did not show significant differences between
groups, and dynamic balance remained consistent (no
differences) across all ages. The U18 group demonstrated
the fastest times in linear sprints and agility tests, while
the Ul6 exhibited the smallest COD deficit. Addition-
ally, body mass and posteromedial balance asymmetry
were identified as key predictors of COD deficit in this
population.

These findings partially support our initial hypothesis.
Specifically, the U18 group exhibited significantly big-
ger anthropometric features and faster sprint and agility
times than their counterparts but without significant dif-
ferences in strength or power measures. The anticipated
lower limb strength and dynamic balance improvements
across age groups were not observed. The lack of signifi-
cant differences in strength and balance between groups
suggests that physical maturation alone may not lead to
proportional improvements in these performance met-
rics. This contrasts with previous research on young
female volleyball players, demonstrating a positive rela-
tionship between chronological age, anthropometric
growth, lower limb power, and agility [35]. Differences
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in training exposure, competition level, and maturational
variability may partially explain these discrepancies. It
was noted that early-maturing players displayed signifi-
cantly higher strength and power measures, suggesting
that biological maturation influences performance out-
comes [35]. Similarly, a meta-analysis across multiple
sports emphasized that age-related gains in strength
and power are commonly observed [16]. However, the
absence of these improvements in our sample may indi-
cate variations in training stimulus and differences in
maturational timing within each age group.

Despite clear anthropometric progression, the absence
of significant differences in lower limb strength and
power raises meaningful considerations about the ath-
letes’ training environments. In high-performance sports
training, older athletes—particularly those nearing the
end of adolescence—are typically expected to demon-
strate better strength and power metrics due to natural
maturation and more advanced training programs [14,
30, 32, 57]. Previous studies in volleyball have shown that
structured strength and conditioning programs are criti-
cal for enhancing physical performance during periods of
growth [7, 18, 20, 24, 32, 34, 57, 58]. However, the lack
of differences in strength across these age groups sug-
gests that the current training stimulus provided to these
athletes may not adequately address the demands of vol-
leyball, particularly in developing explosive power. It is
important to note that this study did not assess the club’s
training program. Therefore, while training factors may
contribute to these results, they were not directly evalu-
ated in this study. Future research should assess train-
ing exposure, load progression, and exercise selection
to determine whether strength improvements are being
effectively stimulated in volleyball players across differ-
ent age groups. In contrast to other research where older
athletes outperformed younger ones in strength and
power due to progressive overload in training [35], our
findings suggest that these athletes may not receive suf-
ficient intensity or specificity in their conditioning pro-
grams. This highlights the need for coaches to reconsider
the volume, intensity, and design of training stimuli to
ensure that the strength adaptations align with the ath-
letes’ physical growth and the demands of the sport.

Dynamic balance, assessed via the Y-balance test,
showed consistent results across age groups. Still, the
slightly lower scores observed in the Ul6 group raise
concerns, particularly during periods of rapid growth.
Previous research underscores the importance of bal-
ance training for youth athletes experiencing significant
physical changes, as impaired dynamic balance has been
linked to increased injury risks [59, 60]. With its frequent
lateral movements and jumps, volleyball places high
demands on dynamic balance [61, 62]. Previous studies
have demonstrated that targeted neuromuscular control
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Fig. 2 Linear regression between the COD deficit and age. COD - change of direction

and balance training programs can improve these abili-
ties [63—65], especially in youth populations [66—68].
Research has shown that growth spurts may cause tem-
porary coordination deficits, as limb length changes can
alter neuromuscular control [15, 60]. To better under-
stand this, it is essential to consider how these growth-
related changes affect an athlete’s ability to adjust body
positioning and maintain stability during dynamic
movements.

In the lower quarter Y-balance test, all groups scored
above the 89% cut-off, indicating a low risk of injury in
the lower limbs. However, the upper quarter scores were
consistently below this threshold, signaling a higher risk
of injury in the upper body. This finding is particularly
significant given the demands of volleyball, which require
rapid lateral and vertical movements. It is expected that
dynamic balance may be influenced by maturational
growth spurts, which are common during adolescence.
These growth spurts often lead to temporary disruptions
in coordination and balance due to disproportionate
growth of the limbs relative to the trunk [15, 60]. Dur-
ing puberty, the lower limbs typically grow more rap-
idly, while the trunk and upper limbs lag slightly behind,
causing a mismatch in body proportions [15, 60, 69].
This change affects the athlete’s center of mass, possi-
bly explaining the weaker upper quarter balance scores
across all groups. Additionally, growth spurts impact
muscle strength, tendon stiffness, and neuromuscular
control, further hindering flexibility and the body’s ability
to adjust rapidly during dynamic movements [15, 16, 69].

Interestingly, the lower quarter balance scores
remained similar across the groups despite the

anticipated disruptions caused by growth [15, 16]. This
may suggest that the current volleyball training pro-
grams, which emphasize lower body strength and agility,
effectively address balance challenges. However, the con-
sistently lower upper quarter scores suggest that upper
body coordination may not receive enough attention in
training. Volleyball-specific movements such as serving,
spiking, and blocking, which rely on upper body control,
likely demand a higher focus on fine motor coordination.
This imbalance may increase the risk of injury and war-
rants attention in future training programs.

In addition to dynamic balance, COD abilities were a
key focus of this study. The results from the MAT test,
which was modified to reflect volleyball-specific move-
ment patterns better and to match the 10-meter sprint
distance necessary for COD deficit calculation, offered
valuable insights into the athletes’ agility. The test’s com-
bination of forward sprints, lateral shuffles, and backped-
aling closely mirrors the movement patterns required
during volleyball matches [50, 51]. This modification
ensured that the agility test accurately replicated the
athletes’ in-game actions, such as moving laterally to
receive balls or adjusting the position for a block [2—4].
The COD deficit results showed that the U16 group had
the lowest deficit, indicating superior COD abilities com-
pared to U13 and U18. Despite expectations of contin-
ued improvement with age, the U18 group did not show
a further reduction in COD deficit, which suggests a
potential training plateau. This may reflect the need for
more tailored and progressive training stimuli as ath-
letes mature. Notably, the U16 age group may have ben-
efited from a sensitive period of motor development and
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neuromuscular adaptation occurring around PHV, which
can temporarily enhance agility and coordination [70].
As players progress beyond this phase, training must be
adjusted to maintain improvements in agility and COD
efficiency.

The regression analysis identified drop jump height
(DJ) as the only significant predictor of COD deficit.
Young et al., (2002) [71] compared the drop jump (DJ])
test with eight different COD tests consisting of varying
distances, turns, and straight sprints and suggested that
the DJ test was significantly correlated with both straight
sprinting speed and COD speed due to a similarity in the
pushing-off actions [71]. This finding suggests that explo-
sive lower limb power, as captured by the DJ, plays a cru-
cial role in COD performance. The drop jump assesses an
athlete’s reactive strength, or the ability to generate force
upon landing rapidly and immediately re-accelerate [43,
72, 73]. This ability is essential for quick, forceful move-
ments like those required in COD tasks in volleyball [7,
25]. Athletes who performed better in the DJ likely pos-
sess superior stretch-shortening cycle (SSC) efficiency,
allowing them to minimize ground contact time during
direction changes and improve their agility. Although
both the DJ and CM]J assess SSC efficiency, D] places a
greater emphasis on reactive strength, making it more
suited to measure the explosive demands of volleyball
[2]. The CM]J, while useful in assessing lower limb power,
measures SSC under more controlled conditions, which
may not fully reflect the reactive, high-speed demands
of volleyball-specific COD tasks. The DJ’s focus on quick
transitions and minimal ground contact time may explain
why it emerged as the more significant predictor in this
study.

These findings reinforce the importance of incorporat-
ing plyometric training into volleyball-specific strength
and conditioning programs. Given that explosive force
application is critical for rapid changes of direction, vol-
leyball coaches should consider implementing structured
plyometric drills, such as depth jumps and bounding
exercises, to enhance reactive strength and minimize
COD deficits. The results of this study indicate a dis-
connect between the training stimulus and the physical
demands of volleyball in this sample of players. Despite
maturation, the lack of significant strength improve-
ments suggests that training loads in this specific set-
ting may not have progressed in a way that stimulates
continued neuromuscular adaptation. Coaches working
with athletes in comparable training environments may
consider revisiting their strength and conditioning pro-
tocols, mainly focusing on progressive overload to fur-
ther develop lower limb strength and power. By adjusting
the training program’s volume, intensity, and specificity,
it may be possible to optimize physical development for
volleyball players under similar conditions. Given that
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DJ’s height was the only significant predictor of COD def-
icit, this study’s results indicate that improving reactive
strength should be a key focus in volleyball training for
players in this specific population. However, the absence
of group differences in overall strength and power sug-
gests that a well-balanced approach is necessary, incor-
porating explosive power development and progressive
overload to optimize COD performance in young female
volleyball players within this specific training context.
Finally, the training plateau observed in the U18 group’s
COD performance suggests that more advanced agil-
ity drills may be necessary for this sample of athletes.
Coaches in similar competitive settings could consider
introducing drills incorporating multidirectional move-
ments, including diagonal and rotational actions, along-
side reaction-based drills that mimic real-game scenarios.
These adjustments may be beneficial in helping athletes
facing similar performance plateaus to continue improv-
ing COD ability and overall volleyball performance.

Limitations

As main limitations, it can be considered that: (i) this
study exclusively examined female adolescent volleyball
players from the same club. As a result, its applicability to
male athletes remains unexplored. Given potential differ-
ences in physical development, training adaptations, and
COD performance between male and female athletes,
future research should investigate whether similar trends
and predictors of COD deficit apply to male volleyball
players; (ii) since all participants were recruited from a
single club, the findings may not fully represent the vari-
ability present in volleyball players from different teams,
competitive levels, or training environments. Future
research should include athletes from multiple clubs
and leagues to enhance the generalization of the results.
Indeed, since all players were from the same club and fol-
lowed similar training programs, one can argue that the
younger athletes may evolve similarly to the older ones.
Therefore, longitudinal studies might provide deeper
insights to understand these trends better and provide a
more accurate overview of how training and maturation
influence young volleyball players’ performance; (iii) life-
style factors such as nutrition, sleep, and recovery strate-
gies were not controlled. Future research should consider
incorporating these variables to gain a more compre-
hensive understanding of the external factors influenc-
ing COD performance in young volleyball players. (iv)
the standardized use of a fixed 45 cm drop jump height
for all participants. Although this approach was selected
based on practical feasibility and supported by the rec-
ommendations, individualized drop heights might pro-
vide higher sensitivity in RSI assessment. Future studies
should explore individualized heights where possible.



Oliveira et al. BMC Sports Science, Medicine and Rehabilitation

Conclusions

Older volleyball players were taller, heavier, and faster
in linear sprints. However, no significant differences in
lower limb strength and power were observed across
age groups, suggesting that physical maturation did not
translate into the expected performance gains. Inter-
estingly, the upper quarter dynamic balance was con-
sistently weaker across all groups, possibly related to
coordination challenges during growth spurts. The COD
deficit was lowest in the U16 group but did not improve
further in the U18 group, potentially indicating a train-
ing plateau. In this population, DJ’s height was the sole
predictor of COD deficit, highlighting the importance of
reactive strength for agility. However, it is important to
note that this only explained 6.9% of the variance in COD
deficit, indicating limited predictive power. This suggests
that other unaccounted factors, such as neuromuscular
control, movement strategy, or sport-specific training
adaptations, may also play a role in COD performance.
Future research should explore additional predictive vari-
ables to provide a more comprehensive understanding
of the determinants of COD ability in volleyball players.
Coaches operating in similar training contexts should
prioritize progressive overload and incorporate advanced
agility drills to address training plateaus in older athletes.
Moreover, specific attention to upper body coordination
could help reduce injury risks and enhance overall per-
formance as athletes mature. While the current findings
offer practical insights for training optimization, the lim-
ited explanatory power of the model highlights the need
for individualized training approaches that consider mul-
tiple contributing factors beyond reactive strength alone.

Abbreviations

u13 Under 13

ui6 Under 16

u18 Under 18

COoD Change of direction

cmJ Countermovement jump

SJ Squat jump

DJ Drop jump

cS Composite score

PHV Peak height velocity

RSI Reactive strength index

NS Non-significant

cl Confidence intervals

FPV Portuguese volleyball federation

FIVB Fédération internationale de volleyball (international
volleyball federation)

CEV Confédération Européenne de volleyball (european

volleyball confederation)
USAVolleyball  United states volleyball federation
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