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The effect of static and dynamic core exercises
on serve and spike speed in young volleyball
players: a randomized controlled trial

Bilal Gok'" and Gorkem Acar'”

Abstract

Background Volleyball is a high-intensity team sport demanding explosive upper-body skills whose performance
depends on effective kinetic chain transfer through the core musculature. Although core training is widely
incorporated into athletic conditioning, the differential effects of static versus dynamic core protocols on sport-
specific ball-velocity outcomes remain insufficiently examined, particularly in adolescent athletes. This study
investigated the effects of a six-week supplementary static or dynamic core exercise program on serve speed and
spike speed in elite young male volleyball players.

Methods Thirty-one male volleyball players (aged 11-14 years) were randomly assigned to a dynamic core exercise
group (DCEG, n=15) or a static core exercise group (SCEG, n=16). Both groups continued regular volleyball training
and additionally performed a six-week, three-days-per-week core program applied before each training session. Serve
and spike speeds were measured with a Bushnell Velocity Gun radar device at pre-test and post-test. Normality was
confirmed by the Shapiro-Wilk test. Within-group comparisons used paired t-tests; between-group comparisons used
analysis of covariance (ANCOVA) with pre-test values as the covariate.

Results Within-group analyses showed a significant improvement in spike speed for SCEG (t(15)=-5.115, p < .001)
and a significant improvement in serve speed for DCEG (t(14)=—7.299, p < .001). ANCOVA revealed a significant
between-group difference in serve speed (F(1,28)=31.001, p < .001, partial n* = 0.525) favouring DCEG, while no
significant between-group difference was found for spike speed (F(1, 28)=0.250, p = 621, partial n? = 0.009).

Conclusions Six weeks of supplementary core training was accompanied by improvements in serve and spike
performance in elite young male volleyball players. Dynamic core exercises were more effective for serve speed,
whereas static core exercises produced significant gains in spike speed. Because the trial did not include a
no-treatment control group and the sample was small, these findings are preliminary and describe a comparison
between two active core-training modalities rather than an absolute effect of core training; coaches may consider
tailoring core training modality to the specific performance goal, pending confirmation in larger, adequately powered
controlled trials.
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Trial registration ClinicalTrials.gov, NCT07641439. Registered 05 May 2026. Retrospectively registered (recruitment

began 23 March 2026; see Methods for justification).
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Introduction

Volleyball is a high-intensity, multidirectional team sport
with complex physical demands encompassing explosive
power, speed, agility, and neuromuscular coordination
[1]. The sport requires rapid transitions between offen-
sive and defensive actions, imposing high metabolic and
neuromuscular loads on athletes across all playing posi-
tions [2].

Among the technical skills that determine match out-
comes, spiking and serving are considered the most criti-
cal offensive actions [3, 4]. Spike speed directly reflects
the attacker’s capacity to overcome defensive readiness,
while serve speed creates immediate pressure at the start
of each rally [5]. As competitive level increases, the ability
to generate higher ball velocities becomes a decisive per-
formance differentiator; biomechanical analyses confirm
that elite attackers consistently achieve greater racket-
free arm angular velocities and more effective proximal-
to-distal sequencing compared with sub-elite players [3,
6].

From a biomechanical perspective, spike and serve
execution are not isolated upper-limb movements; they
rely on an integrated kinetic chain in which ground reac-
tion forces are transmitted sequentially from the lower
extremities through the pelvis and trunk to the distal seg-
ments of the upper limb [7]. This sequential proximal-to-
distal energy transfer is governed by the structural and
functional integrity of the core musculature [8]. The core
refers to the lumbopelvic-hip complex, encompassing the
abdominal muscles, back extensors, gluteal musculature,
and deep stabilizers such as the transversus abdominis
and multifidus [9]. Any deficit in core strength or stabil-
ity attenuates the transfer of kinetic energy, reduces ball
velocity, and increases the risk of musculoskeletal injury
[10].

Core training interventions can broadly be classified
into two categories: static (isometric) and dynamic [11].
Static core exercises—such as the front plank, side plank,
and posterior plank—primarily target muscular endur-
ance and spinal stabilization through sustained isometric
contractions [11, 12]. Dynamic core exercises—including
spiderman planks, bicycle crunches, and push-up varia-
tions—challenge the core musculature under conditions
of controlled movement, requiring co-contraction of
multiple muscle groups and greater neuromuscular coor-
dination [13]. The relative contribution of each modal-
ity to sport-specific performance outcomes is an area of
ongoing investigation [14].

Several studies have demonstrated positive effects of
core training on athletic performance indicators. Reed
et al. [15] reported that both isolated and integrated
core stability programs improved performance measures
across a range of sports. Hibbs et al. [16] documented
that core stability and core strength training opti-
mized overall athletic performance and reduced injury
risk. Weston et al. [17] demonstrated that isolated core
training significantly improved sprint performance in
national-level junior swimmers, highlighting the transfer-
ability of core strength to sport-specific speed. In team
sports, Prieske et al. [8] found that core strength train-
ing enhanced neuromuscular and athletic performance in
elite youth soccer players. Manchado et al. [18] demon-
strated that an eight-week core training program signifi-
cantly increased ball-throwing velocity in male handball
players, emphasizing the role of trunk power in overhead
sports [18].

In volleyball specifically, the generation of spike and
serve speed involves shoulder internal rotation, elbow
extension, and wrist flexion, all preceded by lower-limb
drive and trunk rotation. Forthomme et al. [3] identi-
fied trunk rotation strength and shoulder isokinetic peak
torque as significant correlates of spike velocity, under-
scoring the importance of core-trunk force production.
Ziv and Lidor [5] further emphasized that vertical jump
height and upper-body power, both of which are influ-
enced by core stability, are primary determinants of spike
efficiency. Coleman et al. [6] provided three-dimensional
kinematic evidence that trunk lean angle and shoulder-
to-wrist sequencing are biomechanical prerequisites for
maximal spike velocity.

Despite these findings, relatively few studies have spe-
cifically compared the differential effects of static and
dynamic core training protocols on serve and spike speed
in adolescent volleyball players. This gap is particularly
important because the neuromuscular demands of static
and dynamic exercises differ substantially, and their spe-
cific contributions to ball-velocity outcomes may vary
depending on the nature of the skill performed [13].
Evidence on appropriate core training design for youth
athletes remains limited [19], and early adoption of core
stability exercises is considered beneficial for long-term
athletic development [20]. The present study aimed to
address this gap by examining the effects of a six-week
static and dynamic core exercise program on serve and
spike speed in elite young male volleyball players.
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Methods

Study design

A randomized, controlled, pre-test/post-test experimen-
tal design was used. Participants were randomly allocated
to either the dynamic core exercise group (DCEG) or the
static core exercise group (SCEQ). Prior to the interven-
tion, the study objectives, testing procedures, and exer-
cise protocols were explained to all athletes, club officials,
and parents/guardians. The study protocol was approved
by the Istanbul Gelisim University Scientific Research
Ethics Committee (Approval No. 2026-04-40; March 18,
2026). All procedures involving human participants were
conducted in accordance with the ethical standards of
the institutional research committee and with the prin-
ciples of the Declaration of Helsinki and its subsequent
amendments. Written informed consent was obtained
from the parents or legal guardians of all participants,
and written assent was obtained from each participant
prior to data collection [21]. This randomized controlled
trial was designed and reported in accordance with the
CONSORT (Consolidated Standards of Reporting Tri-
als) guidelines, and a completed CONSORT checklist is
provided as an additional file. Participant recruitment
and baseline (pre-test) measurements commenced in
late March 2026, immediately following ethical approval
(18 March 2026), and the six-week intervention, includ-
ing post-test measurement, was completed in early May
2026. The trial was subsequently registered on Clinical-
Trials.gov (NCT07641439) on 5 May 2026; registration
was therefore retrospective. Prospective registration
was not completed because the study was planned and
approved as a single-centre, non-pharmacological sport-
science intervention conducted within an institutional
research programme, and the expectation of prospec-
tive registration for trials reported under CONSORT
was recognised only during manuscript preparation; the
trial was registered as soon as this omission was identi-
fied. No changes were made to the eligibility criteria,
allocation procedure, intervention protocol, or outcome

Table 1 Descriptive statistics of participants by group
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measures after the trial commenced, and both pre-speci-
fied primary outcomes (serve speed and spike speed) are
reported in full, so no outcome switching occurred. The
authors nonetheless acknowledge that prospective regis-
tration is the expected standard and record this as a limi-
tation of the present trial.

Participants

Thirty-one well-trained young male volleyball play-
ers (age range: 11-14 years) volunteered to participate.
Random group allocation was performed by having each
athlete draw a folded paper from a container; odd-num-
bered papers assigned participants to DCEG and even-
numbered papers to SCEG. SCEG (n=16) had mean
height 159.23 £5.19 cm and body weight 51.80 +8.18 kg;
DCEG (n=15) had mean height 166.26 +6.72 cm and
body weight 58.48+9.31 kg. Descriptive characteristics
are presented in Table 1. Participant flow through enroll-
ment, allocation, follow-up, and analysis is presented in
Fig. 1.

Inclusion criteria required a minimum of two years of
continuous volleyball training at >3 sessions/week, each
approximately 2 h. Athletes were excluded if they had
sustained a shoulder, neck, or upper-limb injury in the
preceding six months, or if they reported any cardiovas-
cular or musculoskeletal condition precluding safe partic-
ipation. All participants had joined organized volleyball
training at 10.5 years of age and reported no history of
injury prior to the study. Training age (years since joining
organized volleyball) is reported alongside chronological
age in Table 1. Independent-samples t-tests indicated that
DCEG and SCEG did not differ significantly in age, t(29)
=-1.09, p = .284, or BMI, t(29) =0.70, p = .489, at baseline
(Table 1). However, DCEG participants were significantly
taller, t(29)=3.27, p = .003, and heavier, t(29)=2.13, p =
.042, than SCEG. DCEG also demonstrated significantly
higher pre-test serve speed, t(29) =4.00, p < .001, and pre-
test spike speed, t(29) =3.59, p = .001, than SCEG. Given
these baseline imbalances, ANCOVA with pre-test scores

Variable Group Min Max Mean SD t df p

Age (years) Dynamic (n=15) 11.80 13.30 12.55 0.526 -1.091 29 0.284
Static (n=16) 11.90 13.60 12.75 0.495

Training Age (years) Dynamic (n=15) 1.30 2.80 2.05 0.526 -1.091 29 0.284
Static (n=16) 1.40 3.10 225 0.495

Height (cm) Dynamic (n=15) 154.20 176.30 166.26 6.725 3273 29 0.003*
Static (n=16) 143.50 167.80 159.23 5.191

Weight (kg) Dynamic (n=15) 43.50 75.70 5848 9317 2127 29 0.042*
Static (n=16) 41.00 72.80 51.80 8.182

BMI (kg/m?) Dynamic (n=15) 17.70 2530 20.77 2466 0.702 29 0489
Static (h=16) 16.50 25.90 20.14 2529

*p < .05 (independent-samples t-test, df =29). DCEG participants were significantly taller and heavier than SCEG at baseline; age and BMI did not differ significantly
between groups. These anthropometric imbalances, together with baseline differences in pre-test serve and spike speed (see Participants section), support the use
of ANCOVA with pre-test values as covariates for the primary between-group comparisons
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Fig. 1 CONSORT participant flow diagram. All volunteers who met eligibility criteria were randomized; no participants were lost to follow-up or excluded
from the analysis during the six-week intervention. Received allocated intervention: n=15 (DCEG) and n=16 (SCEG). No participant discontinued the
intervention or was lost to follow-up (n=0in both groups), and all randomised participants were analysed for the primary outcomes

Table 2 Static core exercise training program (SCEG)

Static Exercises Weeks Sets Duration Rest
Front Plank Weeks 1-2 3 30s 60 s
Static Side Plank Weeks 3-4 3 45 60s
Lower Abdominal Plank Weeks 5-6 3 60 s 60's

Posterior Plank

as covariates was selected as the primary between-group
analysis to statistically account for these differences.

Core training protocol

Both groups maintained their regular volleyball training
schedule (3 sessions/week) and additionally performed
four core exercises over six weeks, applied before each
regular training session, at progressively increasing dif-
ficulty. Exercise techniques were taught by a qualified
conditioning specialist during a familiarization session
prior to the intervention [22]. Exercises were performed
in three sets with a controlled, slow tempo. Inter-exercise
rest was 30 s; inter-set rest was 60 s.

The SCEG performed: Front Plank, Static Side Plank,
Lower Abdominal Plank, and Posterior Plank (time-
based loading). The DCEG performed: Dynamic Side
Plank, Spiderman Plank, Bicycle Plank, and Push-Up
(repetition-based loading). Progressive overload was

implemented by increasing hold duration (SCEG) or
repetitions (DCEG) every two weeks [22]. The progres-
sive overload principle ensures continued neuromuscu-
lar adaptation and prevents training plateaus, consistent
with established resistance training guidelines for youth
athletes [19]. Training programs are detailed in Tables 2
and 3.

Data collection

Anthropometric measurements

Body height was recorded using a SECA-213 stadiometer
prior to the pre-test session. Body mass and body com-
position were assessed using an InBody 270 professional
body composition analyzer. Body mass index (BMI) was
calculated as mass (kg) divided by height squared (m?).
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Table 3 Dynamic core exercise training program (DCEG)

Dynamic Exercises Weeks Sets Repetitions Rest
Dynamic Side Plank Weeks 1-2 3 8R/8L 60 s
Spiderman Plank Weeks 3-4 3 10R/10L 60
Bicycle Plank Weeks 5-6 3 12 60's
Push-Up

Fig. 2 Schematic representation of the volleyball serve and spike speed assessment protocol. Serve speed was measured from position-specific serving
zones, and spike speed was assessed from position-specific attack zones under standardized testing conditions (without net contact). Ball velocity was
recorded using a Bushnell Velocity Gun radar device, and the highest value obtained from three trials was retained for statistical analysis

Spike and serve speed measurement

Ball speed was measured using a Bushnell Velocity Gun
radar device (BUS-101911, Bushnell®, California, USA).
The radar device was positioned directly behind the tar-
get area in accordance with the manufacturer’s recom-
mendations to ensure accurate velocity measurements.
Three trials were recorded per test; the maximum value
was retained for analysis. Adequate rest was provided
between trials. Measurements were conducted before
training sessions, at the beginning (pre-test) and end
(post-test) of the six-week period. The Bushnell radar
gun has demonstrated excellent concurrent validity and
inter-unit reliability when compared with a criterion
radar system (Stalker ATS II). Previous investigations
have reported very high intraclass correlation coeffi-
cients (ICC=0.98), strong correlations with the reference
device, and low measurement error, supporting its suit-
ability for assessing ball velocity in sport-specific per-
formance tests [23]. To minimise inter-rater variability
and ensure measurement consistency, all radar assess-
ments were conducted by the same experienced investi-
gator under standardized testing conditions throughout
the study. This investigator operated the radar device
and recorded all serve and spike velocities at both pre-
test and post-test and was not blinded to group alloca-
tion, since the single-centre design and the investigator’s
involvement in supervising the training sessions pre-
cluded blinded outcome assessment. Ball velocity was,
however, captured instrumentally rather than by sub-
jective rating, and identical device positioning, trial

numbers, rest intervals, and testing conditions were
applied to both groups. Participants and coaching staff
could likewise not be blinded to the assigned exercise
modality, given the nature of the intervention.

For serve speed, participants served from their posi-
tional zones: setters and opposite hitters from zone 1 to
zone 5, middle blockers from zone 5 to zone 5, and wing
spikers from zone 6 to zone 6 (Fig. 2). For spike speed,
with the condition that the ball must not contact the net,
wing spikers attacked from zone 4, middle blockers from
zone 3, and opposite hitters from zone 2 (Fig. 3). Liberos
and setters were exempt from spike and serve speed mea-
surements in accordance with official volleyball rules.

Statistical analysis

All statistical analyses were performed using SPSS soft-
ware (version 24.0; IBM Corp., Armonk, NY, USA). The
study was not powered a priori. A post-hoc power esti-
mate was deliberately not computed, because observed
(post-hoc) power derived from the study’s own effect size
and p value is a monotonic transformation of that p value
and therefore conveys no information beyond it. The pre-
cision of the estimates is instead expressed through effect
sizes accompanied by 95% confidence intervals, and the
implications of the small sample size (total N=31) are
addressed explicitly in the Limitations. Categorical vari-
ables were expressed as frequency (n) and percentage
(%). Continuous variables were expressed as mean * stan-
dard deviation (SD).
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Fig. 3 Schematic representation of the attack (spike) zones. Wing spik-
ers attacked from Zone 4, middle blockers from Zone 3, and opposite
hitters from Zone 2, in accordance with standard volleyball court zone
numbering

Distribution normality was examined via the Shapiro-
Wilk test; skewness and kurtosis coefficients within +3
were interpreted as acceptable normality [24]. Shapiro-
Wilk tests confirmed normality for all outcome variables
in both groups (all p > .05): pre-test spike speed (DCEG:
W = 0.987, p = .996; SCEG: W = 0.966, p = .763), post-
test spike speed (DCEG: W = 0.938, p = .352; SCEG: W =
0.921, p = .177), pre-test serve speed (DCEG: W = 0.933,
p =.305; SCEG: W = 0.948, p = .459), and post-test serve
speed (DCEG: W = 0.891, p = .069; SCEG: W = 0.892,
p = .060). Homogeneity of variance was assessed using
Levene’s test. For the ANCOVA models, Levene’s test
confirmed homogeneity of error variances for both serve
speed (F(1, 29)=2.654, p = .114) and spike speed (F(1,
29)=2.595, p = .118). Meeting normality assumptions,
within-group pre-test to post-test comparisons were
conducted using paired-samples t-tests. Between-group
post-test differences were evaluated using ANCOVA
with corresponding pre-test values as covariates. The
assumption of homogeneity of regression slopes (covari-
ate x group interaction) was tested for each ANCOVA
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Serve Speed: Pre- to Post-test Change by Group
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Fig. 4 Serve speed at pre-test and post-test for the Dynamic Core Exer-
cise Group (DCEG) and Static Core Exercise Group (SCEG). Error bars rep-
resent+1SD

model. Statistical significance was set at p < .05. Because
statistically significant baseline differences were observed
between the groups for both serve speed and spike speed,
analysis of covariance (ANCOVA) was selected as the
primary between-group analytical approach to adjust
for these pre-existing differences. A 2x2 mixed-design
ANOVA was subsequently performed as a complemen-
tary sensitivity analysis to evaluate the robustness and
consistency of the primary findings.

Results
Within-group analyses are presented in Table 4. Serve
and spike speeds at pre-test and post-test for both groups
are illustrated in Figs. 4 and 5, respectively. SCEG dem-
onstrated a statistically significant increase in spike
speed between pre-test and post-test (43.75+8.35 km/h
vs. 48.50+6.99 km/h; t(15)=-5.115, p < .001), while
no significant change was observed in serve speed for
this group (t(15)=-0.815, p = .428). DCEG achieved
a statistically significant improvement in serve speed
(61.60+5.26 km/h vs. 67.20+3.91 km/h; t(14)=-"7.299,
p < .001), while the change in spike speed was not sta-
tistically significant (t(14)=-1.468, p = .164). The corre-
sponding pre-test to post-test changes in serve and spike
speed, with 95% confidence intervals, are presented in
Figs. 6 and 7, respectively.

Between-group ANCOVA  results are  pre-
sented in Table 5. ANCOVA revealed a statistically

Table 4 Within-group pre-test/post-test comparisons for spike speed and serve speed

Variable Group Pre-test (Mean +SD) Post-test (Mean +SD) t df p Cohen’s dz 95% Cl (diff)

Spike Speed (km/h) Dynamic ~ 56.53+11.33 58.53+899 -1.468 14 0.164 -0.38 [-4.92,0.92]
Static 43.75+£835 48.50+6.99 -5115 15 <0.001*  -1.28 [-6.73,-2.77]

Serve Speed (km/h) Dynamic  61.60+5.26 67.20+391 -7299 14 <0.001*  -1.89 [-7.25,-3.95]
Static 5400+532 54.81+4.98 -0.815 15 0428 -0.20 [-1.31,2.94]

*p <.05. Cohen’s dz=t/vn. CI=95% confidence interval for the mean pre-test to post-test difference
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Table 6 Results of the 2x2 mixed-design ANOVA (Group x Time) for spike and serve speed
Outcome Effect F df p Partial n*
Spike Speed Group 13.258 1,29 0.001 0314
Time 17.607 1,29 <0.001 0378
Group X Time 2.844 1,29 0.102 0.089
Serve Speed Group 36.838 1,29 <0.001 0.560
Time 24312 1,29 <0.001 0.456
Group X Time 14.214 1,29 0.001 0329

significant difference in serve speed (F(1, 28)=31.001,
p < .001, partial n* = 0.525) favouring DCEG (post-
test: 67.20+£391 km/h) over SCEG (post-test:
54.81+4.98 km/h). No significant between-group differ-
ence was observed for spike speed (F(1, 28)=0.250, p =
.621, partial n* = 0.009).

To assess the robustness of the ANCOVA findings, a
2 x2 mixed-design ANOVA (Group x Time) was con-
ducted for spike and serve speed as a complementary
analysis (Table 6). For spike speed, the main effects of
Group, F(1, 29)=13.258, p = .001, partial n* = 0.314, and
Time, F(1, 29)=17.607, p < .001, partial n* = 0.378, were
significant, but the Group x Time interaction was not,
F(1, 29) =2.844, p = .102, partial n* = 0.089 — consistent
with the non-significant ANCOVA result for spike speed
reported above. For serve speed, the main effects of
Group, F(1, 29) =36.838, p < .001, partial n* = 0.560, and
Time, F(1, 29)=24.312, p < .001, partial n* = 0.456, were
significant, and the Group x Time interaction was also
significant, F(1, 29) =14.214, p = .001, partial n* = 0.329
— consistent with the significant ANCOVA result favor-
ing DCEG. The convergence of the ANCOVA and mixed
ANOVA approaches across both outcomes supports the
robustness of the between-group effects reported in this
study.

A possible interpretation of the dissociation between
outcomes in Table 6 is outlined below. Because the
underlying mechanisms were not directly tested in the
present study, this explanation should be regarded as a
post hoc hypothesis requiring empirical confirmation
rather than as an established mechanism. Serve speed is a
closed, self-paced skill in which force generation depends
primarily on trunk rotation and shoulder—arm sequenc-
ing initiated from a stable base — a mechanical pattern
that may be more closely approximated by the dynamic
core exercises applied here (e.g., rotational and anti-
rotational loading). This correspondence could plausibly
contribute to the significant Group x Time interaction
favouring DCEG, although no kinematic or electromyo-
graphic data were collected to verify it. Spike speed, by
contrast, is an open skill constrained by approach timing,
set quality and jump mechanics; the additional degrees of
freedom involved may have diluted between-group dif-
ferentiation in training response, which would be con-
sistent with the non-significant interaction despite both

groups improving over time. This pattern therefore sug-
gests — but does not demonstrate — that the two core-
training modalities may differ less in overall effectiveness
than in the specific motor skill to which each best trans-
fers. Direct testing of this hypothesis with biomechanical
and neuromuscular measures is required before it can be
accepted.

Discussion

This study examined the effects of six-week static and
dynamic core exercise programs supplementary to regu-
lar volleyball training on serve and spike speed in elite
young male volleyball players. The main findings were:
(1) SCEG achieved a significant within-group improve-
ment in spike speed; (2) DCEG achieved a significant
within-group improvement in serve speed; and (3)
between-group analysis confirmed a significant advan-
tage for DCEG in serve speed, while spike speed did not
differ significantly between groups.

Beyond statistical significance, the magnitude of these
changes carries direct practical relevance for train-
ing prescription. DCEG’s improvement in serve speed
corresponded to a very large within-group effect (dz =
-1.89), and SCEG’s improvement in spike speed likewise
reflected a large effect (dz = -1.28), indicating that both
changes are unlikely to be artifacts of measurement noise
and are large enough to be meaningful in a competitive
context, where serve and spike velocity differences of
even a few km/h can affect an opponent’s reaction time.
By contrast, the non-significant changes — DCEG’s spike
speed (dz = -0.38) and SCEG’s serve speed (dz = -0.20) —
corresponded to small effects, suggesting these outcomes
were not merely underpowered but genuinely modest in
magnitude. This pattern reinforces the interpretation that
each training modality produced a targeted rather than
a generalized improvement: statistical significance and
effect size converged on the same conclusion for all four
within-group comparisons, strengthening confidence
that the modality-specific pattern of adaptation reflects
a genuine training effect rather than a statistical artifact.

The significant improvement in serve speed observed
in DCEG is consistent with the biomechanical require-
ments of the volleyball serve. Serve execution—particu-
larly the jump serve—requires coordinated hip extension,
trunk rotation, and shoulder acceleration, movement
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patterns that closely mirror those targeted by dynamic
core exercises [7, 13]. Dynamic exercises such as the spi-
derman plank and dynamic side plank challenge the core
in conditions of controlled movement, developing rota-
tional power generation and stabilization under dynamic
load [13]. The capacity to generate and transfer rotational
force is a fundamental determinant of serve velocity [3,
7]. Zhang et al. [25] reported in a systematic review that
core training produces beneficial effects on athletic skill
performance and ball velocity across multiple sports,
directly supporting the present result. Manchado et al.
[18] further demonstrated significant increases in throw-
ing velocity following core training in handball, cor-
roborating the transferability of dynamic trunk power
to overhead velocity tasks. From a practical perspective,
the observed improvement of approximately 5-6 km-h™
in serve velocity may represent a meaningful competitive
advantage by reducing the opponent’s available reaction
time and increasing the effectiveness of offensive play
during match situations.

The significant gain in spike speed within SCEG is
mechanistically explained by the role of static exercises
in enhancing lumbopelvic stability, postural control, and
force-transmission efficiency. Spiking involves a three-
step approach run, a maximum-effort vertical jump, and
mid-air stabilization followed by high-velocity upper-
limb contact [6]. Static exercises such as the front plank
and side plank develop the isometric endurance and stift-
ness of the trunk musculature, providing the stable plat-
form from which distal power is effectively transferred
[11, 16]. This is consistent with McGill [14]’s evidence-
based framework, which posits that trunk stiffness—
developed through isometric training—is a prerequisite
for safe and efficient power transmission to the extremi-
ties. Yildirim et al. [26] previously reported significant
improvements in spike speed following a six-week core
stabilization program in adolescent volleyball players,
and Tse et al. [20] demonstrated that core endurance
training improved performance in athletic tasks requir-
ing stable force transmission, both consistent with the
present findings.

The absence of a significant between-group difference
in spike speed may be partially explained by the multi-
factorial nature of spiking. Unlike the serve—a closed
skill executed under controlled conditions—spiking is
an open skill dependent on set quality, approach timing,
jump mechanics, and positional variability [27]. Attribut-
ing spike speed changes exclusively to a single training
variable is therefore methodologically challenging. The
high baseline technical proficiency of elite youth ath-
letes may additionally have constrained the ceiling for
measurable core-specific improvements in spike velocity
within this brief intervention period. In addition, serve
and spike velocities were recorded from position-specific
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court zones, and setters, middle blockers, wing spikers
and opposite hitters differ systematically in approach
run, contact height, and typical serving and attacking
trajectories. Because playing position was neither used
as a stratification variable at randomisation nor entered
as a covariate, position-specific technical differences may
have contributed to the variability in measured velocities
— particularly for spike speed — and should be borne in
mind when interpreting the between-group comparison.

The six-week intervention, while sufficient to elicit
neuromuscular adaptations, may limit observation of
maximal structural changes. Research indicates that
longer interventions (8-12 weeks) tend to produce
more pronounced adaptations in muscle strength and
power output [20]. Cakir and Ergin [28] reported that an
eight-week core training program produced significant
improvements in agility, explosive strength, and balance
in young female volleyball players, supporting the prem-
ise that extended duration may yield broader benefits.
Ozmen and Aydogmus [29] similarly found that twelve
weeks of core strength training improved dynamic bal-
ance and agility in adolescent badminton players, further
emphasizing the dose—response relationship between
intervention length and adaptations.

Several limitations should be acknowledged when
interpreting these findings. First, the trial did not include
a true (no-treatment) control group that continued regu-
lar volleyball training without any supplementary core
protocol. Consequently, the improvements observed in
both groups cannot be unambiguously attributed to core
training per se, since they may also reflect continued
sport-specific practice, familiarisation with the velocity-
testing protocol, or normal motor development over
the six-week period. The design supports a comparison
between two active core-training modalities, and the
findings should be interpreted in that light rather than
as evidence of an absolute training effect. Second, play-
ing position, dominant arm characteristics, and external
training loads were not controlled for. In addition, bio-
logical maturation status (e.g., maturity offset or Tan-
ner stage) was not assessed. Given the age range of the
participants (11-14 years), individual differences in bio-
logical maturation may have influenced neuromuscular
development and training responsiveness, thereby con-
tributing to the variability observed in performance out-
comes. Neither maturity-offset estimates (e.g., derived
from the Mirwald equation) nor Tanner staging were
collected, so maturation could not be entered as a covari-
ate or used as a stratification variable. This is particularly
relevant because the two groups already differed signifi-
cantly in height and weight at baseline — differences that
may themselves partly reflect divergent maturational
status — and differential maturation trajectories during
the six-week intervention therefore remain a plausible



Gok and Acar BMC Sports Science, Medicine and Rehabilitation

uncontrolled confounder. A further limitation is that out-
come assessment was not blinded: the investigator who
operated the radar device was aware of group alloca-
tion. Although ball velocity was recorded instrumentally,
which restricts the scope for subjective bias, the absence
of blinded assessment remains a methodological limita-
tion. Measurement was also confined to ball velocity,
excluding other relevant outcomes such as serve accu-
racy, spike success rate, jump height, balance, and EMG-
based muscle activation [25]. The study was, moreover,
not powered a priori, and the achieved sample size was
small (total N=31), which limits the precision of the esti-
mates and the sensitivity to detect small-to-moderate
between-group differences; for the reasons set out in the
Statistical Analysis section, a post-hoc power estimate
was not computed. Interpretation should therefore rest
on the effect sizes and 95% confidence intervals reported
in Table 4 rather than on binary significance testing
alone. Groups also differed significantly at pre-test in
serve speed, spike speed, height, and weight; ANCOVA
with pre-test values as covariates was therefore used to
statistically account for this baseline imbalance, and the
reported between-group effects should be interpreted
with this in mind. Finally, the trial was registered retro-
spectively, as detailed and justified in the Methods.

Notwithstanding these limitations, this study provides
novel comparative data on the differential effects of static
and dynamic core training on serve and spike speed in
well-trained young male volleyball players. The findings
align with the broader literature supporting the specific-
ity principle in core training: the exercise modality that
most closely replicates the neuromuscular demands of
the target skill produces the greatest performance trans-
fer [11, 13].

Future randomized controlled trials incorporating elec-
tromyographic assessments, three-dimensional biome-
chanical analyses, and biological maturation indicators
are warranted to further elucidate the neuromuscular
mechanisms underlying the differential effects of static
and dynamic core training on volleyball-specific perfor-
mance. Such trials should additionally include a non-
training control group, be powered a priori to detect
between-group differences of practical relevance, and be
prospectively registered.

Conclusions

A six-week supplementary core training intervention
improved volleyball-specific ball velocity performance
in elite young male volleyball players, with dynamic core
exercises producing greater improvements in serve speed
and static core exercises eliciting greater gains in spike
speed. Between-group ANCOVA confirmed a signifi-
cant advantage for dynamic core training in serve perfor-
mance. These findings should nonetheless be regarded as
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preliminary and hypothesis-generating. In the absence
of a no-treatment control group they describe the rela-
tive performance of two active core-training modalities
rather than an absolute effect of core training, and the
small sample (N=31), the limited precision of the result-
ing estimates, and the significant baseline imbalance
between groups all constrain the strength of the infer-
ences that can be drawn. Accordingly, the results are
best used to inform the design of adequately powered,
prospectively registered trials. Coaches may consider —
rather than be advised to adopt — a modality-specific
emphasis in which dynamic core exercises are prioritised
when serve velocity is the primary objective and static
core exercises when spike velocity is targeted, pending
confirmation in larger controlled trials that incorporate a
control group and biological maturation indicators.
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