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ABSTRACT

Purpose of the study: Jump landings after spike and block jumps in volleyball are among the primary contributors to lower limb injuries, particu-
larly involving the anterior cruciate ligament (ACL). Understanding kinematic differences between these two common landing scenarios can enhance
injury prevention strategies. The purpose of this study is to investigate the differences in lower limb landing kinematics between spike and block jumps,
as well as between the dominant and non-dominant legs, in professional volleyball players.

Methods: Twenty-seven elite male volleyball players performed spike and block jumps over a standard net (2.43 m). Three-dimensional lower limb
joint angles at initial contact (IC) were recorded using a motion capture system (200 Hz) synchronized with force plates (1000 Hz). Jump height was also
measured. Paired t-tests compared joint angles between spike and block landings and between dominant and non-dominant legs (p < 0.05).

Results: Spike jumps resulted in significantly higher jump heights compared to block jumps (p = 0.002). At initial contact, spike landings dem-
onstrated significantly less knee and hip flexion, greater ankle plantarflexion, and a higher degree of non-dominant knee valgus compared to block
landings. No significant inter-limb differences were found during block landings; however, spike landings showed significant asymmetries, with the
non-dominant leg exhibiting riskier knee alignment and reduced flexion compared to the dominant leg.

Conclusion: Spike landings involve biomechanically riskier patterns than block landings, particularly in the non-dominant leg, potentially elevating
ACL injury risk. Coaches should emphasize balanced lower-limb strength, enhanced knee and hip flexion during landing, and targeted neuromuscular
training to mitigate these landing asymmetries.
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KuHemaTtnyeckas oLeHka AOMUHUPYIOLLEN U HEAOMUHUPYHOLLIEN HOTU

B MOMEHT NepBOro KOHTaKTa: NoCcneacTBUA ANS pUcka TPaBM HMKHUX
KOHEYHOCTEMN Npu NpU3eMrIeHUsIX Nnocre aTakyrLmX U 61I0KMpPyoLLUX
NPbLDKKOB Y NpoheccuoHanbHbIX BONen6onmcToB

Maoncnecu Maxou', Inaxex Asaduan, Page 3. Moxammao

Ucnamckul yHusepcumem Azad, XamedaH, MpaH

AHHOTAD VA

Iens uccnepopanus: [IpuseMaeHns NOCIe aTaKyOIMX (CIAKOBBIX) U 6IOKMPYOLINX IPbDKKOB B BOMEN00/IE AB/IAIOTCA OFHON U3 OCHOBHBIX
IIPUYMH TPABM HIDKHUX KOHEYHOCTeN, 0CO6eHHO mepenHert kpectoobpasuoit cBsasku ([TKC). I[Tonnmanme pasmndmit B KMHEMATHKe ITPU3eMIEHIIT
MEX/Y STUMM JBYMsA TUIIAMM TIPBDKKOB MOXKET CIIOCOOCTBOBATH YIyUIIEHMIO CTpaTeruii mpoduaakTuky TpasM. Ilenb JaHHOTO MCCIefOBaHMA —
U3YYUTD P3Ny B KMHEMATVKe IPM3eMICHIUIT HIDKHMX KOHEYHOCTell MKy IIPbDKKaMU IIPM aTaKe U O/I0Ke, a TakoKe MKy JOMIHUPYIOLIel! 11 He-
IOMMHUPYIOLIEiT HOTOl Y TpOodeCcCHOHATbHBIX BOIETOOMNCTOB.

Mertoppr: [IBajilaTh CeMb SNUTHBIX BONMEIOOMMCTOB-MY)KUYMH BBIIOMHANN aTaKyloliue ¥ OGIOKMPYIOIe IPbDKKY Yepe3 CTaHJApPTHYI0 CEeTKY
(2,43 m). TpéxMepHBIe YIIIBI CYCTaBOB HIDKHMX KOHEYHOCTEII B MOMEHT IIePBOTO KOHTAaKTa C MOBEPXHOCTBIO (PUKCUPOBAIICH C HOMOIIBIO CHCTEMBI
3axBara aByoKeHnus (200 1), cMHXpOHM3MPOBaHHOII ¢ cutoBbIMY ITaTdopmamu (1000 Iix). Takyke M3Mepsiach BBICOTA IPbDKKA. [TapHble (-KpuTepumn
CTbIOI[eHTa MCNO/Ib30BAINCH /1A CPABHEHUA YITIOB CYCTAaBOB MEXAY TUIIAMU IIPBDKKOB M MEXIY 'E[OMI/IH]/IPYIOH_LCIZ n He,[[OMI/[HI/[pyIOIlIei[ HOTO
(p<0,05).

Pe3ynmpraThl: ATakylolye IPbDKKI COMPOBOXAAMICH 3HAUNTEBHO GOIbILelT BEICOTOM MPBDKKA II0 CpaBHeHNMIO ¢ Gmoknpyomumu (p = 0,002).
B MOMEHT TTepBOr0 KOHTAaKTa IPM3eMIeHN TI0CTIe CIajiKa XapaKTepi30BaMiCh 3HaUMTeTbHO MEHbIINM CTOaHNeM B KOJTIeHe U Ta300e[peHHOM CyCTa-
Be, O0JIbIIElT TONOLIBEHHO (p/IeKCHell TOMEHOCTOITHOTO CYCTaBa U BHIPOKEHHBIM BaJIbTyCOM KOJIeHa HelOMUHUPYIOIEll HOTY 110 CPaBHEHMIO ¢ 6710-
KOM. 3HAYNMMBbIX Pas/nNauil MeXXIy HOTaMy Ipy OIOKVPYIOIMX IPM3eMIeHIAX He HaOMI0AaI0Ch, OGHAKO IIPY [IPM3EeMIEHNMSX [OC/Ie CIaiKa BbIsABIIA-
JIICH BBIPaXKEHHbIE aCMMeTPII: HeOMMHMPYIOIIIas HOTa IeMOHCTPMpOBaa 6oJee OIacHOe BbIpaBHIBaHME KOJIGHHOTO CyCTaBa 1 MeHblllee CrubaHmne
10 CPABHEHUIO C JIOMUHMPYIOLLEit HOTOJt.

3axmrouenne: [IpuseMieHNs MOC/Ie aTaKYOMNX IIPBDKKOB COMPOBOXKAAIOTCS G0/Iee PYCKOBAHHON OMOMEXaHITIeCKOil CXeMOit, 0COOEHHO IS He-
TOMMHUPYIOLIE! HOTM, YTO IOTEHIMAaAbHO yBenuduBaeT puck nospexpenus [IKC. Tpenepam peKoMeHfIyeTcs yfieNATb BHUMAHME PasBUTHUIO CUM-
MeTPUYHOII CUJIBI HIDKHUX KOHEYHOCTEN!, YIy4IIeHNIo criubaHys B KOJIEHHOM M Ta300eIPeHHOM CYCTaBaxX Ipy NIPU3eMIEHNN, a TaK)Ke IPOBEeHII0
1le/IeHaIIPaB/IEHHBIX HElfPOMBILIEYHBIX TPEHMPOBOK /I YMEHbIIEHNUs aCMMEeTPUY TPV IPU3eMIeHUAX.

Kniouesvie cnosa: Boneit6on, 61oMexaHnKa npyu3eMIeHNs, JOMUHUPYOLIAs M HeOMMHMPYIoLas Hora, puck TpaMbl ITKC, kuHemaTuka mpu-
3eMJIEHUIT IV IIPBIKKAX

BrarogapHOCTH: aBTOPBI BBIPAXXAIOT 671aTOJapPHOCTD YYAaCTHIKOM MCCTIeOBAHNA 32 NX yYacTHe.
KoHnuKT nHTEpeCcOB: aBTOPHI 3asAB/A0T 06 OTCYTCTBUY KOH(INKTA MHTEPECOB.

Insa mutuposanusa: Mamxnecu M., Asaguan 9., Moxamman 3axepu P. Kunemarnyeckas olleHKa JJOMMHUPYIOLLel 1 HEJOMUHMPYIOIEl HOTM
B MOMEHT [IEPBOT0 KOHTAKTa: [IOCTIEACTBI /IS PUCKa TPaBM HIDKHMX KOHEYHOCTEN! IIPY IIPU3eM/IEHISIX [IOC/Ie ATaKYIOLIVX 11 OIIOKMPYIOLINX IPHIKKOB
y mpodeccroHaNbHBIX BONe60mIcTOB. CnopmusHas meouyuHa: Hayka u npakmuka. 2025;15(2):67-75. https://doi.org/10.47529/2223-2524.2025.2.2
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1. Introduction [5]. Understanding the biomechanics of landings is therefore

Vertical jumps and landings are fundamental to volley- critical for injury prevention and performance optimization.
ball performance, with players averaging around 83 jumps Successful landings require effective dissipation of ground
per training session and 71 per match [1, 2]. These frequent reaction forces, maintenance of balance, and joint stability.
jumps, especially the explosive spike (attack) and block at Insuflicient lower-limb flexion (“stiff” landings) and poor
the net, impose substantial loads on the lower extremities. neuromuscular control can increase impact forces and injury
Epidemiological reports indicate that a large proportion of risk [6-8]. Prior research has identified key kinematic risk
volleyball injuries occur during the landing phase of spikes factors in jump landings. In particular, dynamic knee valgus,
and blocks [3]. Notably, Garcia et al. (2022), citing Takahashi a multi-planar collapse involving excessive hip internal rota-
et al. (2019), reported that up to 75 % of anterior cruciate lig- tion and adduction, knee abduction (valgus), and ankle ever-
ament (ACL) injuries in volleyball are associated with jump- sion, is strongly linked to ACL injury risk [9]. Biomechanical
landing tasks, mostly in non-contact situations [2, 4]. ACL analyses show that greater knee valgus angles and moments
injuries are among the most severe knee injuries for volley- during landing correspond with higher ACL loading [10].
ball athletes, often requiring surgery and long rehabilitation Conversely, reduced hip and knee flexion angles and limited
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ankle dorsiflexion range (i.e. landing more flat-footed) are
also associated with elevated ACL injury risk, due to a “brak-
ing” effect that increases strain on passive structures [10].
For example, landing with less hip flexion range of motion
was prospectively associated with higher ACL injury rates
in young athletes [7, 11]. At the ankle, a more plantarflexed
(toe-first) foot position at initial contact has been suggested
to protect the knee by reducing valgus loading [12]. Thus,
the optimal landing technique likely involves a coordinated
strategy: adequate hip-knee flexion to absorb shock, while
also utilizing ankle plantarflexion to modulate impact distri-
bution.

In volleyball, players must often perform landings under
varying conditions - a spike jump usually involves forward
momentum and an asymmetrical one-foot-dominant take-
off, whereas a block jump is typically straight upward with a
more symmetrical two-foot take-off. These differences in ap-
proach and task may lead to distinct landing mechanics and
potentially different injury risks. Additionally, athletes have a
preferred dominant leg (often defined as the leg they would
choose for a single-leg jump or that they feel more stable on)
and a non-dominant leg. Imbalances between the legs can
be problematic: side-to-side asymmetries in strength or tech-
nique might predispose the weaker or less coordinated limb
to injury. Some studies have found limb dominance effects
on landing biomechanics. For instance, during single-leg
drop landings, the dominant limb can exhibit different kine-
matics or coordination patterns compared to the non-dom-
inant limb [13, 14]. In multi-directional volleyball landings,
limbs may use different joint moment strategies to handle
similar loads [15]. However, the literature is not entirely con-
sistent—certain analyses reported no significant kinematic
differences between dominant and non-dominant limbs in
jump landings, whereas others noted that the dominant leg
could be at higher risk due to less optimal control in some
scenarios [14]. These discrepancies highlight a knowledge
gap regarding how limb dominance interacts with specific
volleyball tasks (spike vs. block landings).

To date, there has been limited research focusing on in-
game volleyball jumps (as opposed to standardized drop
jumps) comparing the landing mechanics of the dominant
and non-dominant legs. A more ecologically valid under-
standing of spike and block landings could reveal important
asymmetries or technique differences that contribute to com-
mon injuries like ACL tears or ankle sprains. Therefore, the
purpose of this study was to examine the three-dimensional
kinematics at initial contact of the dominant and non-dom-
inant lower limbs during spike and block landings in profes-
sional volleyball players. We aimed to determine how each
leg’s joint angles (hip, knee, ankle in sagittal, frontal, trans-
verse planes) differ between the two jump types, and to in-
terpret whether those differences indicate altered injury risk
profiles. We hypothesized that spike landings, due to their
forward momentum and typically one-foot lead, would in-
volve greater hip and knee flexion (to absorb impact) but
potentially more asymmetry between legs, whereas block
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landings might show more symmetric but stiffer (less flexed)
lower-limb positions. We also expected the non-dominant
leg to possibly exhibit riskier kinematics (such as more val-
gus or rotation) given it may have less neuromuscular con-
trol compared to the dominant leg. The findings of this study
can help identify biomechanical factors associated with each
landing technique and foot, informing targeted training and
injury prevention strategies for volleyball players.

2. Methods

2.1. Participants

Twenty-seven elite male volleyball players from Iran’s
top professional league volunteered for this study. All were
actively training and competing > 5 days per week. Mean
(= SD) age, height, weight, and BMI were 25.1 * 2.1 years,
1.83 £0.07 m, 75.9 *+ 9.1 kg, and 22.6 + 2.7 kg/m?, respec-
tively. Sample size was determined using G*Power (a = 0.05,
power = 0.80) to ensure sufficient sensitivity for within-sub-
ject comparisons. Inclusion criteria required no lower/upper
limb injuries in the past year. Athletes with a history of ACL
injury or lower-limb surgery were excluded. All reported
right-leg dominance. Informed consent was obtained from
all participants. The study was approved by the institutional
ethics committee and followed the Declaration of Helsinki.

2.2. Instrumentation and procedure

All testing was performed in a biomechanics laboratory
with a regulation volleyball net set at men’s official compe-
tition height (2.43 m). A three-dimensional motion cap-
ture system (Vicon Motion Systems, Oxford, UK) with six
T20 cameras (200 Hz) was used to record kinematics of the
lower extremities. Prior to data collection, a technician placed
14 reflective markers (14 mm diameter) on anatomical land-
marks of each subject’s lower body according to the Plug-In
Gait Marker Set model (Vicon Peak, Oxford, UK) [16]. This
model allowed calculation of segment and joint angles for the
hip, knee, and ankle in three planes. Kinetic data were simul-
taneously captured using two Kistler force plates (9281CA,
Kistler Instrumente AG, Switzerland) embedded in the floor
(1000 Hz sampling). The force plates were positioned so
that each foot would contact a separate plate upon landing,
enabling detection of initial ground contact (defined as the
moment vertical force first exceeded 10 N) [17]. Kinematic
and force data were time-synchronized through the Nexus
1.8.5 software (Vicon Motion Systems, Oxford, UK).

Before the jump trials, each athlete completed a standard-
ized 15-minute warm-up of dynamic exercises for the upper
and lower body, consistent with typical volleyball pre-match
warm-ups (light jogging, dynamic stretches, jumping drills).
To familiarize participants with the lab setup, they performed
a few practice jumps (both spike and block movements).
Jump height capabilities were then assessed to standard-
ize effort: each player performed two maximal spike jumps
(with a three-step approach) and two maximal block jumps,
and the highest reach was recorded for each. For the spike
jump, an approach run (typically 2-3 steps) was used and
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the player jumped as if spiking a ball overhead. For the block
jump, players started near the net with both feet and jumped
straight up with arms simulating a block. We set a target such
that during actual test trials, players aimed to jump ~90 % of
their maximal jump height for consistency and safety. Each
participant performed six randomized trials of spike and
block landings (Figs. 1 and 2). For spike trials, players mim-
icked an attack after an approach and landed bilaterally on
force plates following a simulated set. For block trials, they
reacted to a simulated set with a vertical jump and landed
with arms raised. All landings were performed naturally with
instructions to prepare for immediate movement. A 1-min-
ute rest was provided between jumps. The three best-quality
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trials per condition (clean foot contact and marker visibility)
were selected.

Marker trajectories were filtered using a 4th-order
Butterworth low-pass filter (6 Hz) [18]. Joint angles of the
hip, knee, and ankle were calculated using the Plug-In Gait
model at the instant of initial contact (IC), defined as the
first frame with vertical GRF >10 N. Angles were assessed in
sagittal (flexion/extension), frontal (adduction/abduction),
and transverse (internal/external rotation) planes. Positive
values represented flexion, adduction, and external rotation.
Jump height was calculated as the vertical displacement of
the ASIS marker between standing and jump peak. Each sub-
ject’s three trials were averaged for analysis.

Fig. 1. Execution technique of the spike landing in professional volleyball players
Puc. 1. TexHuka BbINOMHEHWS NMPU3eMIIEHMS NOCne HanagaLwero yaapa y npodeCccruoHanbHbIX BONenbonmcTos

Fig. 2. Execution technique of the block landing in professional volleyball players
Puc. 2. TexHuka BbINOMHEHNS Npu3eMrieHns nocrne 6nokmpoBaHus y npodecCcroHanbHbIX BONenbonmcTos
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2.3. Statistical analysis

All statistical analyses were conducted in SPSS v26.0 (IBM
Corp., Armonk, NY, USA). The Shapiro-Wilk test con-
firmed that kinematic variables were normally distributed.
Descriptive statistics (mean + standard deviation) were
computed for all measures. A paired (dependent) samples
t-test was used to compare spike vs. block landing outcomes.
Specifically, for each leg (dominant and non-dominant),
spike and block joint angle values were compared to identify
task-related differences. This approach tested within-subject
differences in landing kinematics for the same leg under two
conditions. In addition, effect sizes (Cohen’s d) were calcu-
lated for each comparison to assess the magnitude of differ-
ences, interpreted as small (d = 0.20), moderate (d = 0.50),
and large (d = 0.80). Statistical significance was set at p <
0.05 for all comparisons.

3. Results

The average jump height during spike and block tasks
in professional volleyball players was 57.17 + 9.05 cm
and 51.62 + 6.69 cm, respectively, showing a statistically

significant difference (p = 0.002), with athletes demonstrat-
ing approximately 10% higher jump heights during spike
jumps compared to block jumps.

The results of comparisons between tasks are presented
in Table 1. Block landings were characterized by significantly
greater hip flexion angles compared to spike landings for
both non-dominant (p = 0.001) and dominant (p = 0.001)
legs, demonstrating approximately 50 % greater hip flexion.
Additionally, block landings showed significantly greater
knee flexion angles for both non-dominant (p = 0.001) and
dominant (p = 0.001) legs, nearly doubling the knee flexion
angles compared to spike landings. Conversely, spike land-
ings exhibited significantly increased ankle plantarflexion for
both non-dominant (p = 0.001) and dominant (p = 0.001)
legs, with angles approximately 91% higher compared to
block landings, reflecting a more pointed toe position during
initial contact.

In the frontal plane, hip abduction angles were signifi-
cantly greater in block landings compared to spike landings
for both non-dominant (p = 0.001) and dominant (p = 0.001)
legs, indicating a wider stance during block landings. Knee

Table 1

Comparison of lower limb joint angles in three planes for the dominant and non-dominant legs at the moment of landing after
a spike and block in professional volleyball players (angles in degrees [°], mean + SD)

Tab6bnuuna 1

CpaBHeHMe YITIOB CYCTABOB HIDKHIX KOHEYHOCTEI B TPEX INIOCKOCTAX [I/I FOMIHMPYIOLIeil 1 HeFOMIHMPYIOIIeil HOTM B MOMEHT
Hpyu3eMIeHNA NOCIe ATAKYIOIero 1 GIOKMPYIolero MpbDKKOB Y MpodeccuoHanbHBIX BoneiibomicTos (sl B rpagycax [°],
cpeHee * CTAaHapTHOE OTKIOHEHMe)

Variables Foot Assignment . Sig. (¥) Cohen’s d
Block Spike
. . Non-dominant leg 36.70 +£9.23 24.02 +3.76 0.001(6.954) 1.34
Hip sagittal angle at IC -
Dominant leg 35.80 £ 9.56 23.74 +4.17 0.001(6.681) 1.28
. Non-dominant leg -11.58 £ 3.92 -3.20 £ 1.49 0.001(-5.398) 1.04
Hip frontal angle at IC -
Dominant leg -9.94 + 4.56 -3.95+2.76 0.001(-5.949) 1.14
. . Non-dominant leg 3.46 +1.42 11.01 +3.70 0.075(-1.856) 0.36
Hip horizontal angle at IC -
Dominant leg 3.60 +1.81 17.04 + 3.90 0.110(-1.652) 0.32
. Non-dominant leg 31.64 + 4.40 14.41 + 3.33 0.001(6.867) 1.32
Knee sagittal angle at IC -
Dominant leg 30.18 + 4.07 16.69 + 3.82 0.001(7.338) 1.41
Non-dominant leg 3.36 £ 1.89 7.55+2.72 0.049(-2.061) 0.40
Knee frontal angle at IC -
Dominant leg 3.06 = 1.34 4.86 +2.23 0.416(-0.826) 0.16
. Non-dominant leg 3.13+1.15 -2.41 £0.67 0.008(2.879) 0.55
Knee horizontal angle at IC -
Dominant leg 3.08 £1.92 1.02 £0.16 0.437(0.789) 0.15
Non-dominant | -12.29 + 4.36 -23.38 +7.33 0.001(5.613 1.08
Ankle sagittal angle at IC — - OTmant o8 ( )
Dominant leg -12.30 +£5.29 -23.15+5.63 0.001(7.424) 1.43
Non-dominant | 0.10 +0.03 0.35+0.03 0.300(-1.057 0.20
Ankle frontal angle at IC on - ormmant g ( )
Dominant leg 0.42 + 0.06 0.56 + 0.05 0.589(-0.546) 0.10
Non-dominant | -4.19 + 1.47 -7.27 +2.88 0.365(0.922 0.18
Ankle horizontal angle at IC b - ST 28 ( )
Dominant leg -3.72+1.74 -7.33£2.10 0.405(0.846) 0.16

Note: (+) indicates flexion and (-) indicates extension in the sagittal plane, (+) indicates adduction and (-) indicates abduction in the frontal
plane, and (+) indicates external rotation and (-) indicates internal rotation in the horizontal plane.
IIpumeuanue: (+) o603Havaet crubanue 1 (-) 0603HavaeT pasrubaHue B CAarnTTaNbHOM IVIOCKOCTH, (+) 0603HavaeT affyKuuio 1 (-) o6o3HagaeT
abaykuuio Bo GpOHTAIBHOI IIOCKOCTH, (+) 0603HaYaeT HAPY>KHYIO poTauuio i (-) 0603HauaeT BHYTPEHHIO POTALINIO B TOPM3OHTAIBHOI

IIJIOCKOCTMU.
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Fig. 3. Radar chart of lower limb joint angles (°) at initial contact across spike and block landings for dominant and non-dominant legs
Puc. 3. Ouarpamma B BMAe pagmanbHoro rpaduka, otobpaxatowas yribl CyCTaBOB HUXHUX KOHEYHOCTEN B MOMEHT MEpBOro KOHTakTa npu
npusemeHnn Nocne atakyLero 1 6rnokvMpyoLLEero NPbRKKOB ANst AOMUHMPYIOLLEN Y HeOOMUHUPYIOLLEN HOMM

frontal angle showed a significant difference only in the non-
dominant leg (p = 0.049), being greater during spike land-
ings. In the horizontal plane, a significant difference was
found only for the non-dominant knee joint (p = 0.008), in-
dicating greater external rotation during block landings com-
pared to spike landings. No other significant transverse plane
differences were observed for hip or ankle joints between
tasks. Radar chart visualization (Fig. 3) effectively illustrates

254
mDominant leg

20 4 mNon-dominant leg

° =

-5

Sagittal angle Frontal angle Horizontal angle

Fig. 4. Comparison of knee joint kinematics (sagittal, frontal, and
transverse planes) between dominant and non-dominant legs during
spike landings in professional volleyball players

Puc. 4. CpaBHeHMe KMHEMATVKN KONIEHHOIO CycTaBa (carutranbHasi,
poHTanbHas U ropu3oHTarnbHas NO0CKOCTU) MeXAy AOMUHMPYIOLLEN
N HEeJOMUHUPYIOLLEN HOTOW NpU Npu3emreHun nocre atakyLero
npbbKKa y NpogeccrMoHarnbHbIX Bonenbonmctos
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these overall kinematic differences between spike and block
landings, highlighting complementary sagittal adjustments
(greater hip and knee flexion in blocks, greater ankle plan-
tarflexion in spikes) and the subtle frontal and transverse
plane differences in joint alignment. Effect size analysis
(Cohenss d) indicated large eftects for hip sagittal angles (d =
1.34 and 1.28), knee sagittal angles (d = 1.32 and 1.41), and
ankle sagittal angles (d = 1.08 and 1.43) between spike and
block landings for both non-dominant and dominant legs.
Moderate effects were observed for hip frontal angles, while
other comparisons showed small or negligible effects.

The comparison between dominant and non-dominant
legs within each task revealed additional meaningful insights.
While no significant differences were detected between legs
during block landings across any joint or plane, spike land-
ings exhibited significant bilateral asymmetries specifically at
the knee joint. The dominant leg showed significantly greater
knee flexion in the sagittal plane (p = 0.028), more knee ad-
duction in the frontal plane (p = 0.006), and greater external
rotation in the transverse plane (p = 0.021) compared to the
non-dominant leg in spike. These significant inter-leg differ-
ences during spike landings are visually summarized in the
bar chart presented in Fig. 4.

4. Discussion

The present study compared the landing biomechan-
ics of spike jumps and block jumps, revealing distinct ki-
nematic strategies and leg asymmetries between these two



volleyball-related tasks. As expected, the dynamic spike jump
produced a ~10 % greater jump height than the block jump,
consistent with the extra approach momentum and counter-
movement involved. However, this higher jump height was
accompanied by markedly different landing mechanics.

Block jump landings were characterized by significantly
deeper hip and knee flexion (approximately 50 % and 100 %
greater, respectively) in both limbs, whereas spike jump land-
ings were notably stiffer, with much less flexion at the hip
and knee. Spike landings also featured about 91 % more ankle
plantarflexion at contact, indicating a more toe-first landing
[19]. From a biomechanical perspective, greater knee and hip
flexion during landing, allows effective energy absorption
through increased eccentric muscle activity, reducing peak
impact forces transmitted through the lower limbs [6, 20].
Previous literature suggests that greater knee and hip flex-
ion during landing is associated with reduced ACL loading
and may potentially contribute to lower injury risk, although
these studies did not directly compare injured and non-in-
jured athletes [13, 21]. Conversely, the relatively stiff landing
posture characteristic of spike jumps, involving less knee and
hip flexion, may increase lower limb joint stress and poten-
tial injury risk, particularly for ACL and knee joint structures
[22, 23]. These findings align with previous research high-
lighting limited knee flexion as a significant injury risk fac-
tor in dynamic landing tasks [24]. Block landings, done very
close to the net with mostly vertical flight, use a softer, more
controlled strategy with greater hip/knee flexion. In contrast,
spike landings follow an approach with forward momentum
and longer take-off, yielding a relatively stiffer, less-flexed
posture; match data also show attack jumps are typically
higher than blocks, increasing deceleration demands [2, 25,
26]. Deeper hip/knee flexion increases eccentric energy ab-
sorption and attenuates impact, whereas limited knee flexion
is linked to greater frontal-plane knee loads and higher ACL
loading/strain [27]. Therefore, coaching cues that preserve or
increase hip/knee flexion in spike landings—and that man-
age approach speed—are biomechanically justified [28].

In the frontal plane, block and spike landings revealed
distinct strategies for maintaining stability. Block landings
showed greater hip abduction, indicating a wider stance that
may enhance lateral stability and promote more neutral knee
alignment [29]. In contrast, spike landings involved reduced
hip abduction and increased knee valgus, particularly in the
non-dominant leg. This medial knee displacement, combined
with decreased external rotation, creates a risky biomechani-
cal profile. Dynamic valgus coupled with internal tibial rota-
tion is known to elevate ACL strain [13, 30]. These findings
suggest that spike landings, especially on the non-dominant
side, may pose greater risk, while block landings offer a more
protective alignment for the knee.

The presence or absence of inter-limb asymmetry in these
tasks further underscores how task demands shape biome-
chanics. In block jump landings, we found no significant
differences between the dominant and non-dominant legs
in any plane, indicating a symmetric contribution of both
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limbs. This symmetry may be expected in block jumps, a
mostly vertical, two-foot landing task, and aligns with studies
reporting that healthy and uninjured athletes generally show
nearly symmetric kinetics and kinematics during controlled
double-leg landings, with only small asymmetries at the hip
and ankle in the frontal and transverse planes [22, 31].

In contrast, spike jump landings elicited pronounced
asymmetrical behavior between the legs. The dominant limb
landed with greater knee flexion and a more externally ro-
tated, varus (adducted) knee alignment, while the non-dom-
inant limb exhibited a more extended knee, greater valgus
collapse, and more internal rotation. Biomechanically, this
suggests the athlete relied more on the dominant leg to eccen-
trically absorb the landing (hence bending it more), whereas
the non-dominant leg, which often serves as the lead foot in
a spike jump landing, may not have flexed as much and in-
stead collapsed medially. This asymmetry is consistent with
the concept of leg dominance influencing landing strategy.
Volleyball spike approaches are typically executed such that a
right-handed hitter’s final step is with the left (non-dominant)
foot forward, leading to a landing that loads the left leg more
heavily [13]. As a result, the non-dominant limb often bears
greater landing forces due to a unilateral loading bias. Our
findings are consistent with previous reports on single-leg
landings and cutting maneuvers, where the non-dominant
limb showed poorer postural stability, less optimal align-
ment, and a stiffer landing posture with greater medio-lateral
center-of-pressure excursion, largely attributed to lower mus-
cular strength, particularly weaker hamstrings [19].

Our spike landing data concur: the non-dominant leg’s
reduced flexion and increased valgus could stem from defi-
cits in strength or neuromuscular control, making it the weak
link during the high-impact landing. This notion is further
supported by studies showing the non-dominant limb can
experience significantly larger impact forces [23] and that it
generally has to compensate for the dominant limb’s prefer-
ential use in lead-up movements [13]. Conversely, the domi-
nant leg’s more favorable mechanics (greater flexion, less
valgus) during spike landings might be due to it being the
stronger limb, capable of better shock absorption. Taken to-
gether, these results highlight a clear interplay between jump
type and leg dominance: a symmetric task like a block jump
encourages both limbs to share the load evenly, whereas the
asymmetric nature of a spike jump (due to approach steps
and hitting strategy) leads to the non-dominant limb being
placed in a mechanically disadvantageous position.

Our findings show that spike landings, especially on the
non-dominant limb, involve stiffer sagittal mechanics and
less favorable frontal/transverse alignment than block land-
ings, consistent with ACL-loading mechanisms [13, 19, 31].
These markers highlight practical applications for screening
and coaching (e.g., monitoring flexion, controlling valgus/
transverse motions, strengthening the non-dominant side).
Although interventions were not tested here, RCT-level evi-
dence supports neuromuscular training to improve landing
mechanics and reduce ACL risk surrogates [32-35].
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5. Conclusion

This study identified task- and limb-specific kinematic
differences during volleyball landings. Compared to block
jumps, spike jumps were characterized by reduced hip and
knee flexion, greater ankle plantarflexion, and a less favorable
frontal/transverse knee profile, particularly on the non-dom-
inant side. These patterns are consistent with mechanisms
linked to higher ACL-relevant loading and may indicate a
potentially elevated biomechanical risk, especially for the
non-dominant limb. Because this study involved a healthy
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