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Abstract

Volleyball footwear may restrict ankle motion, altering knee mechanics during landing. Many players exhibit different
landing strategies when performing offensive and defensive maneuvers. We sought to determine the effects of footwear
and volleyball task on lower extremity landing mechanics. It was hypothesized that posterior and vertical ground reaction
forces, and ankle and knee joint landing kinematics and kinetics would be different between shoes and tasks. Seventeen vo-
lleyball players landed from a spiking and blocking task in a mid-cut and a low-top volleyball shoe. The peak anterior ground
reaction force was greater in the mid-cut shoe in the spiking task (p =.003) and the low-top shoe in the blocking task (p =
.006) compared to the low-top shoe in the spiking task. The peak lateral (p =.002) and the peak posterior (p =.005) ground
reaction forces were greater in the spiking task. Sagittal plane ankle initial contact angles (p = .018) and peak dorsiflexion
angles (p =.026) were smaller in the mid-cut. Smaller sagittal plane ankle initial contact angles (p =.015) and peak eversion
angles (p =.008), and greater peak dorsiflexion angles (p =.031) and peak inversion angles (p = .027) were observed in the
blocking task. Peak internal plantarflexion moment was greater in the low-top. Changes in ground reaction forces and ankle
mechanics did not translate proximally to impact knee landing mechanics.

Keywords: Footwear, landing, knee, volleyball, kinematics.

Resumen

El calzado de voleibol puede limitar el movimiento del tobillo, alterando la mecanica de la rodilla durante el aterrizaje.
Muchos jugadores muestran diferentes estrategias de aterrizaje al realizar maniobras ofensivas y defensivas. Investigamos
los efectos del calzado y la tarea de voleibol en la mecanica del aterrizaje de las extremidades inferiores. Se plante6 la hip6-
tesis de que las fuerzas de reaccion del suelo posteriores y verticales, asi como la cinematica y cinética del aterrizaje de las
articulaciones del tobillo y la rodilla, serian diferentes entre los distintos tipos de calzado y tareas. Diecisiete jugadores de
voleibol aterrizaron realizando una tarea de remate y bloqueo con un calzado de voleibol de cafia alta y uno de cafia baja.
La fuerza maxima de reaccion del suelo en direccion anterior fue mayor con el calzado de media cafia durante la tarea de
remate (p =.003) y con el calzado de cafia baja durante la tarea de bloqueo (p = .006), en comparacion con el calzado de
cafa baja en la tarea de remate. Las fuerzas maximas de reaccion del suelo en direcciones lateral (p = .002) y posterior (p
=.005) fueron mayores en la tarea de remate. Los angulos iniciales de contacto del tobillo en el plano sagital (p =.018) y
los angulos maximos de dorsiflexién (p = .026) fueron menores con el calzado de media cafia. En la tarea de bloqueo, se
observaron menores angulos iniciales de contacto del tobillo en el plano sagital (p =.015) y menores angulos maximos de
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eversion (p =.008), asi como mayores angulos maximos de dorsiflexién (p =.031) e inversién (p = .027). El pico de momento
de flexion plantar interna fue mayor en el calzado de cafia baja. Los cambios en las fuerzas de reaccion del suelo y la meca-
nica del tobillo no se tradujeron proximalmente en cambios en la mecanica del aterrizaje de la rodilla.

Palabras clave: Calzado, aterrizaje, rodilla, voleibol, cinematica.

This work is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License.
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Introduction

An effort has been made by the National Collegiate Athletic Association (NCAA) to monitor injuries in NCAA sports by
implementing a sports injury surveillance system (ISP) (Kerr et al., 2014). Volleyball, one of the women'’s sports monitored by
the NCAA's ISP, experiences an injury rate of 6.73 injuries per 1,000 athletic-exposures, with knee and ankle injuries accou-
nting for the largest proportion of injuries (Chandran et al., 2021). By the nature of the sport, volleyball demands frequent
jumping and landing when performing offensive and defensive tasks such as spiking and blocking. The majority of injuries
in volleyball occur during these offensive and defense tasks with the lower extremities sustaining 58% of all reported inju-
ries (Chandran et al., 2021; Tillman et al., 2004). Proper landing mechanics is pivotal to reduce injury risk in these athletes,
as volleyball players can experience ground reaction forces (GRF) over four times their body weight (Zahradnik et al., 2015).
Thus, it is essential that the ankle and the knee work in conjunction to dissipate these GRFs and absorb energy translating
up the lower extremity. “Stiff” landings, characterized by greater vertical and posterior GRF, and smaller sagittal plane ankle
and knee displacement, have been shown to increase the joint work of the ankle and knee joints to dissipate the body's
kinetic energy while landing (Devita & Skelly, 1992). With the greater joint ankle and knee joint contribution, stiff landings
have been associated to lower extremity injury risk, making smaller GRF and greater sagittal plane motion warranted while
landing (Fong et al., 2011; Norcross et al., 2013a, 2013b).

With a majority of volleyball injuries occurring in the lower extremity, the knee joint is particularly vulnerable. A high pre-
valence of anterior cruciate ligament (ACL) injuries occur in volleyball players (Ferretti et al., 1992; Kilic et al., 2017; Migliorini
et al., 2019). In addition to characteristics of stiff landings, greater knee abduction angles and internal knee adduction
moments have been associated to risk factors for ACL injuries (Boden et al., 2010; Leppanen et al., 2017). It has also been
well established that foot placement and the motion at the ankle impacts the motion of the knee during landing (Fong et
al., 2011; Kovacs et al., 1999). An increase in energy absorption by the ankle and knee and decrease in vertical impact forces
have been found when landing with a forefoot strategy, characterized by greater plantarflexion angles and landing on the
ball of the feet, in contrast to a heel-toe strategy (Kovacs et al., 1999), and a decrease in ankle dorsiflexion motion has been
associated to changes in landing knee kinematics and kinetics (Fong et al., 2011; Hoch et al., 2015).

Different types of footwear have been show to influence lower extremity landing strategies as changes in dynamic
stability, GRF, ankle kinematics, and muscular activity have been demonstrated across footwear conditions (Bowser et
al., 2017; Braunstein et al., 2010; Harry et al., 2015). Recently, the footwear worn by volleyball players has evolved from
a low-top volleyball shoe (LT) to a mid-cut volleyball shoe (MC). The MC is a type of high collar shoe that has a collar
rising just superior to the talocrural joint and malleoli. The MC have been implemented into the sport to restrict frontal
plane ankle motion (Kaminski et al., 2019) to prevent injuries such as lateral ankle sprains (Chandran et al., 2021; Ferretti
et al., 1992). However, high collar shoes also limit sagittal plane ankle motion, as reductions in dorsiflexion range of
motion have been reported in high-top football cleats and high-top basketball shoes (Daack & Senchina, 2014; Lam et
al., 2015; Li et al., 2013; Tang et al., 2020). Similar restrictions have been observed in MC volleyball shoes (Cronin, 2001).
Constraints in sagittal plane ankle motion have been associated with ACL injury mechanisms, namely increased vertical
and posterior GRF, reduced knee flexion angle, greater frontal plane knee excursion, knee abduction angle, internal
knee adduction moment, and knee anterior shear force (Fong et al., 2011; Hoch et al., 2015; Schroeder et al., 2021). It is
possible the influence of MC limiting dorsiflexion motion may increase ACL injury risk in volleyball. However, very few
studies have investigated the influence of footwear on ankle and knee joint mechanics. One study that investigated the
impact of high collar footwear on the knee reported an increase in peak tibial internal rotation moment while wearing
a high-top basketball shoe compared to a low-top netball shoe (Vanwanseele et al., 2014). This highlights the potential
influence of MC on both ankle and ACL injury risk in volleyball players and warrants more research on lower extremity
landing mechanics in these shoes.

In volleyball, there are unilateral movements that result in players taking-off and landing on one leg more than the
other (Kalata et al., 2020). As a result, volleyball players have been shown to develop asymmetries in muscular strength
and landing movement strategies (Markou & Vagenas, 2006; Sinsurin et al., 2017). These asymmetries between limbs

Cultura, Cienciay Deporte | ANO2025 | voL.20 | NuUM.63 | 2082 | Espaia | IssN 1696-5043




LEAD LIMB LANDING MECHANICS BETWEEN VOLLEYBALL TASKS AND SHOE COLLAR HEIGHTS

Lindsey Legg et al.
13

typically result in leg dominance, characterized by one limb having greater dynamic control to more effectively absorb
the high impact forces during landing (Edwards et al., 2012; Ford et al., 2003; Hewett et al., 2010). Leg dominance is
a risk factor for ACL injuries as previous research has demonstrated that females exhibit asymmetries with internal
knee adduction moments and with knee abduction angles between limbs (Ford et al., 2003; Hewett et al., 2005). Leg
dominance has been identified in volleyball players but the limb at risk in these athletes remains unclear. In a unilateral
landing task, Avedesian et al. (2019) observed that volleyball players landed on their non-dominant limb with greater
internal knee adduction moments whereas Sinsurin et al. (2017) observed greater knee abduction angles and internal
knee adduction moments when volleyball players landed on the dominant limb. The limb with increased knee abduc-
tion angles and internal knee adduction moments associated to ACL injury risk were contradictory throughout these
studies, demonstrating that the incertitude in the current literature of identifying the limb exhibiting greater risk of
injury when landing.

Adding ambiguity to the definition of the ‘at-risk limb,’ it has been suggested that the role of the limb during a volleyball
task influences injury risk. During the spiking task, the direction of the three-step approach sequence is always in the
forward direction with the same foot approach sequence. Right-handed players use a left-right-left footwork sequence and
left-handed players use a right-left-right footwork sequence (Mercado-Palomino et al., 2021; Zahalka et al., 2017). Unlike
the spiking task, players move in their dominant or non-dominant horizontal direction when performing a blocking task
that alters the three-step approach sequence. The dominant direction of movement has previously been defined as the
horizontal direction in which a volleyball player uses the same three-step approach sequence as their spiking sequence
(Mercado-Palomino et al., 2021). A right-handed volleyball player, for example, moving in their dominant direction, utilizes
the same left-right-left approach sequence as during the spiking task. However, in their non-dominant direction, a right-
handed player may use a right-left-right approach sequence. Changing the direction of the approach sequence alters the
roles of the limbs during the task. In the example of a right-handed player moving in their dominant direction, the left leg
is the lead limb, and the right leg is the trail limb. In the non-dominant direction, the left leg is the trail limb while the right
leg is the lead limb. Regardless of right or left leg, Mercado-Palomino et al. (2021) found the lead limb of the volleyball task
exhibited greater ankle supination moment, internal knee adduction moments and knee internal rotation angles are ob-
served, making the lead limb at greater risk of injury. In addition, volleyball players tend to land on the leg contralateral to
their hitting arm when spiking a volleyball (Lobietti et al., 2010). A right-handed volleyball player, for example, lands more
frequently on their left leg from a spike jump. Acknowledging that the contralateral leg of a volleyball player is both the lead
limb and limb landed on more frequently, it is probable that the lead limb is at greater risk of injury (Avedesian et al., 2019;
Mercado-Palomino et al., 2021). Instead of using a subjective or strength measure to identify a dominant or non-dominant
limb, identifying the limb more frequently landed on in volleyball tasks may be better indicator of the at risk limb in volle-
yball players.

In match play, Division | collegiate volleyball players land 44.5% of the time from a spiking maneuver and 55.5% from
a blocking maneuver (Tillman et al., 2004). A spike is primarily a forward three step then jump-land movement pattern
whereas a block is a lateral three step jump-land movement pattern (Lobietti et al., 2009). Landing mechanics may differ
between landing from a spike or a block task, which may impact injury risk. Salci et al. (2004) noted a difference in knee
flexion angles between a spike and blocking task after visual inspection, and Garcia et al. (2022) observed an ankle attenua-
tion strategy during landing from a spiking task but a knee attenuation strategy when landing from the blocking task in ex-
perience volleyball players. Their results present potential differences in landing strategies volleyball players use between
tasks that should be further explored further. The analysis of landing kinematics and kinetics from a spiking volleyball task
has been conducted in volleyball-specific studies focused on identifying the biomechanical variables associated to injury
risk (Bisseling et al., 2008; Oliveira et al., 2020; Sinsurin et al., 2013). However, less research has investigated the mechanics
underlying the blocking task of volleyball or compared these skills between blocking and spiking. During the spiking task,
volleyball players reach greater jump heights and as a result, may invoke greater vertical GRF (Lobietti et al., 2009). With
greater vertical GRF being associated to ACL injuries, analyzing landing mechanics from a spike has often been utilized
to assess sport-specific injury risk (Ueno et al., 2020). However, male volleyball players landing from diagonal and lateral
directions compared to a forward landing exhibited greater knee abduction angles, which have been associated with ACL
injuries (Sinsurin et al., 2013). Thus, the blocking volleyball task that incorporates lateral movement may increase the risk
for injury in these athletes (Sinsurin et al., 2013).

The lead limb of a volleyball task is more susceptible to kinematics and kinetics associated to lower extremity injuries
(Mercado-Palomino et al., 2021). As such, the purpose of this study was to compare the biomechanics of the lead limb
when landing from an offensive and defensive volleyball task in two shoe conditions. This study aimed to determine
which landing pattern and shoe may decrease sagittal plane motion and increase frontal plane motion which are com-
mon risk factors of lower extremity injuries (De Bleecker et al., 2020). It was hypothesized that an interaction would
be present between shoe and task. It was hypothesized that participants would exhibit greater vertical and posterior
directed GRF, smaller sagittal plane and frontal plane ankle joint angles and moments, smaller sagittal plane knee joint
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angles and moments, and greater frontal plane knee joint angles and moments, while wearing the MC compared to LT.
Further, it was hypothesized that there would be greater vertical GRF, greater sagittal plane ankle and knee joint angles
and moments, and during landing in the spiking task yet, greater frontal plane ankle and knee joint angles and moments
in the blocking task.

Materials and Methods

Participants

Eighteen NCAA Division-1 college volleyball players were recruited to attend one laboratory session. An a priori power
analysis for a two-way repeated measures analysis of variance (ANOVA) indicated a sample size of 17 to achieve an alpha of
.05 and beta of .80 (Faul et al., 2007). Any participants that self-reported any current or past lower extremity musculoskele-
tal injury in the past six months, any cardiovascular, metabolic, or neurological disease, were pregnant, or had a history of
ACL injury or chronic ankle injuries were excluded from the study. All participants provided informed consent approved by
the University's Institutional Review Board prior to participating in the study.

Instruments

A six-camera motion capture system (Qualisys, Gotenburg Sweden) collected lower extremity three-dimensional (3D)
marker coordinate data at 240 Hz. GRF data were synchronously recorded using two in-ground force plates (1200 Hz, AMTI
Inc., Watertown, MA). Single anatomic reflective anatomic markers were placed bilaterally on the acromion process, iliac
crest, greater trochanter, medial and lateral femoral epicondyles, medial and lateral malleoli, distal end of the second toe,
and the first and fifth metatarsal heads and used to define segments. Rigid thermoplastic segmental tracking clusters were
placed on the trunk and pelvis, and bilaterally on the thighs, shanks, and heel and used to track segmental motion. Once
a static trial of three seconds was recorded, all anatomic markers were removed and only the tracking clusters remained
for the landing trials. Participants completed testing in a tank-top, compression shorts, and with their hair in a ponytail to
avoid covering any tracking markers.

Procedure

Figure 1
The Adidas Crazyflight Volleyball Shoes Used in the Current Study

Note. Mid-Cut (left) and Low-Top (right) with the difference in collar height indicated by dashed lines.

First, participants completed a warm-up comprised of a 5-minute jog, stretching, and a familiarization period with the
volleyball tasks. Participants then completed block jumps and spike jumps in both a MC and LT in a randomized order. In
a standard US women'’s size 9 Adidas Crazyflight volleyball shoe, the MC collar height was 11 centimeters (cm), and the LT
collar height was nine cm (figure 1). Three successful trials were completed with 30 seconds of rest given between trials
and 3 minutes of rest given between shoe conditions. Each task utilized a three-step approach followed by a two-legged
take-off in the participants’ dominant direction. The dominant direction was identified as the direction in which the
participants performed their normal three-step sequence while playing (Mercado-Palomino et al., 2021). To best reflect
the spike approach observed while playing, participants started behind the force plates and moved horizontally into the
plates (Garcia et al., 2022) (figure 2), while for the block approach, the participants started their approach on the right or
left side of the force plates (dictated by the participant’'s dominant direction) and moved laterally into the plates (Lobietti,
2009; Sheppard et al., 2009). To simulate a game-like scenario, a target volleyball was suspended from the ceiling above
the force plates. Participants were to use their arms as they normally would during the three-step approach and while
in the air, reach for the ball as normally practiced in a game like environment (Garcia et al., 2022). Participants were ins-
tructed to take-off and land on both feet with one foot on each force plate. Additional trials were collected if participants
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did not take-off or land on different force plates and if the participant did not maintain balance for five seconds after
landing (Garcia et al., 2022).

Figure 2
Example Footwork of the Spiking (A) and Blocking (B) Tasks Used in This Study

A B

[ | a—
| N 1.

3.9 2.9

1

O Land
O

' ! Three Step-Approach
| |.

Note. The starting point of the spiking task was behind the force plates (A) while for the blocking task, participants started
on either the right or left side of the force plate (B). Participants took a three-step approach, the first step being prior to
contact with the force plate (1.), with the last two steps planting on each force plate (2. and 3.) to then maximally jump and
land with each foot on one force plate. The participants during the spiking task moved horizontally while during the block-
ing task, participants moved laterally prior to maximally jumping.

All variables were identified during the landing phase of the task on the participant’s lead limb. The lead limb was defined
as the limb contralateral to the participants hitting arm. For instance, a right-handed volleyball player doing their volleyball
movements in the dominant direction, the left-limb would correspond to the lead limb while the right-limb would corres-
pond to the trail limb (Mercado-Palomino et al., 2020). The landing phase was defined as initial foot contact with the force
platform to peak knee flexion (Garcia et al., 2022; Schroeder et al., 2021; Xu et al., 2020). Initial contact was defined as the
first time point vertical GRF reached the threshold of 10 N. The variables of interest include initial contact knee and ankle
joint angles, peak knee and ankle joint angles, internal peak knee and ankle joint moments, and peak ground reaction for-
ces. Peak plantarflexion angles and peak knee extension angles were indicated by sagittal plane initial contact angles at the
ankle and knee, respectively.

GRF data and three-dimensional marker coordinate data and were low-pass filtered using a fourth-order, zero lag, re-
cursive Butterworth filter with a cutoff frequency of 10 Hz (Movahed et al., 2019; Xu et al., 2020). From the static trial, a
musculoskeletal model was created. The hip joint center was placed 25% of the distance from the ipsilateral to contrala-
teral greater trochanter markers (Weinhandl & O’Connor, 2010) and the knee joint centers were defined as the midpoint
between the medial and lateral femoral epicondyle markers (Grood & Suntay, 1983). The ankle joint center was the mid-
point between the medial and lateral malleoli markers (Wu et al., 2002). Lower extremity kinematics were computed in the
joint coordinate system and internal joint moments were computed with a Newton-Euler inverse dynamics approach and
resolved in the joint coordinate system (Grood & Suntay, 1983). Ankle dorsiflexion and inversion, and knee extension and
adduction were defined as positive rotations.

Cultura, Ciencia y Deporte | ANO 2025 | VOL.20 NUM. 63 I 2082 I Espafia ISSN 1696-5043

LEAD LIMB LANDING MECHANICS BETWEEN VOLLEYBALL TASKS AND SHOE COLLAR HEIGHTS




LEAD LIMB LANDING MECHANICS BETWEEN VOLLEYBALL TASKS AND SHOE COLLAR HEIGHTS

LEAD LIMB LANDING MECHANICS BETWEEN VOLLEYBALL TASKS AND SHOE COLLAR HEIGHTS

Lindsey Legg et al.
16

Statistical Analysis

Descriptive statistics were calculated for all dependent variables. A two-way [Shoe (MC vs LT) x Task (Spike vs Block)]
repeated-measures ANOVA was performed to evaluate the impact of the shoe conditions and task on the GRF, knee,
and ankle biomechanical variables. Partial eta squared (np 2) was calculated as the effect size of the repeated measures
ANOVA. Small, medium, and large effect sizes corresponded to the values of .0099, .0588, and .1379, respectively (No-
rouzian & Plonsky, 2018; Richardson, 2011). If a significant interaction was found, post-hoc paired sample t-tests with
a Bonferroni correction were performed with Cohen’s d calculated as the effect size. Cohen'’s d effect sizes between
.00-.19 were classified as trivial, .20-.49 as small, .50-.79 as medium, and greater than .79 as large (Hopkins et al., 2009).
Statistical significance was set at a = .05. All statistical analyses were performed using SPSS software (version 27, SPSS,
Chicago, IL).

Results

Seventeen Division | female collegiate volleyball players were included in our analysis (age: 20.12 + 1.32 years; mass:
72.29 £ 9.52 kg; height: 174.53 + 6.37 cm; shoe size: 10.18 + 1.26 US). One participant was excluded from the study due to
a previous ACL rupture. Fourteen of the participants hit a volleyball with their right-hand with their left leg as the lead limb.
Thirteen of the participants preferred to play in the MC compared to the LT.

A two-way repeated measures ANOVA revealed a significant interaction between shoe and task for peak anterior GRF
(F(1,17)=6.338, p =.023) (table 1). Post-hoc analysis revealed a greater anterior directed GRF in the blocking task in the LT
compared to the spiking task in the LT (p = .006, d = .68) and a greater anterior directed GRF in the spiking task wearing the
MC compared to the spiking task in the LT (p =.003, d = .75). There was a significant main effect of task for peak lateral GRF
(p =.002) and peak posterior GRF (p = .005).

Table 1
Ground Reaction Forces During Landing
LTS LTB MC S MCB Shoe Task Interaction
Mediolateral
PeakLateral  0.0039£001 -0.0045£001 00024001 -0.0042+001 .708(009) 4%%2) 592 (.018)

Peak Medial ~ -0.2155+ 0.044 -0.2375+0.05 -0.2246+0.05 -0.2389+0.06 .447(.037) .096(.163) .530(.025)

Anteroposterior

Peak Anterior 0.0781 +£0.063 0.1059+0.06* 0.1147 £0.07« 0.1011+0.05 .052(.217) .441(.038) .023(.284)

Peak Posterior -0.1851 +0.04 -0.1581+0.04 -0.1727+0.05 -0.1489+0.03 .051(.217) .005(.394) .798(.004)

Vertical

Peak Vertical ~ 1.8923+0.28 1.7470+0.27 1.7991+0.35 1.7704+0.30 .369(.051) .118(.145) .262(.078)

Note. Ground reaction forces are presented as mean + sd in % body weight (BW) for the low-top shoe spiking task (LT S),
low-top shoe blocking task (LT B), mid-cut shoe spiking task (MC S), and mid-cut shoe blocking task (MC B). Interaction and
main effect results are presented as p-value (72). Bold represent statistical significance.

x Statistically significant difference from the LT S.

A main effect of shoe was found for peak dorsiflexion angle (p = .026) (table 2) and initial contact plantarflexion angle (p
=.018). A main effect of task was found for initial contact plantarflexion angle (p =.015), peak dorsiflexion angle (p =.031),
peak eversion angle (p = .008), and peak inversion angle (p = .027). For ankle joint moments, a significant interaction bet-
ween shoe and task for peak plantarflexion moment (F(1, 17) = 5.989, p = .026). A post-hoc analysis revealed a significantly
larger peak plantarflexion momentin the spiking task wearing the LT compared to the spiking task wearing the MC (p =.008,
d = .65). Additionally, a main effect of shoe was found for peak plantarflexion moment (p = .046).
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Table 2
Ankle Joint Kinematics and Kinetics
LTS LTB MCS MCB Shoe Task Interaction
Ankle Angle
Peak Dorsiflexion Angle 25.1£5.85 26.2+5.00 23.9+5.10 24.6+4.90 .026(.273) .031(.260) .560 (.022)
Peak Eversion Angle -42+318 -26+3.22 -3.5+3.21 -25+3.00 .332(.059) .008(.366) .264(.077)
Peak Inversion Angle 33+4.64 49+359 42+407 51+£3.71 .231(088) .027(.270) .377(.049)
Initial Contact Plantarflexion Angle -30.9 + 6.61 -29.0 + 6.81 -29.1 +6.61 -27.7 +6.34 .018(.305) .015(.315) .661(.012)
Initial Contact Inversion Angle 0.8+587 1.6+4.70 1.3+562 20+4.79 .537(.024) .226(.090) .985(.000)
Ankle Moment
Peak Plantarflexion Moment  -1.6 £+0.32 -1.47+£0.33 -1.4+0.28 -1.4+0.31 .046(.225) .818(.003) .026(.272)
Peak Dorsiflexion Moment -0.0£0.01 -0.0+0.02 -0.0+0.02 -0.0+£0.02 .772(.005) .298(.067) .142(.130)
Peak Eversion Moment -0.1+0.06 -0.1+0.05 -0.1+0.05 -0.1+0.05 .766(.006) .261(.078) .264(.077)
Peak Inversion Moment 0.1+0.04 0.1+0.05 0.2+0.05 0.1+0.05 .374(.050) .074(.186) .257(.080)

Note. Initial contact and peak joint angles are presented as mean + sd (°) and internal peak joint moments are presented
as mean * sd in % body mass (BM) for the low-top shoe spiking task (LT S), low-top shoe blocking task (LT B), mid-cut shoe
spiking task (MC S), and mid-cut shoe blocking task (MC B). Interaction and main effect results are presented as p-value (n2).

Bold represent statistical significance.

x Statistically significant difference from the LT S.

Figure 3

Knee Joint Kinematics and Kinetics During Landing Between Shoe and Task
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Note. Sagittal plane knee joint angles (A) and internal knee joint moments (B). Frontal plane knee joint angles (C) and in-
ternal knee joint moments (D). The low-top shoe spiking task is indicated by the solid black line. The low-top shoe blocking
task is indicated by the solid grey line. The mid-cut shoe spiking task is indicated by the dashed back line. The mid-cut shoe
blocking task is indicated by the dashed grey line.
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A significant interaction between shoe and task was observed for peak knee abduction angles (F(1, 17) = 6.092, p = .025)
(figure 3). The peak knee abduction angle was -4.6 + 3.77° for the LT in the spiking task, -4.5 + 3.55° for the LT in the blocking
task, -5.7 + 2.89° for the MC in the spiking task, and -4.3 + 2.75° for the MC in the blocking task. However, post-hoc analysis
did not reveal any statistically significant pairwise comparisons (figure 3). The variability between shoe and task conditions
was not large enough to remain significant with an adjusted alpha level. No other interactions or main effects were found
between shoe and task conditions at the knee.

Discussion

With differing types of footwear worn and different offensive and defensive tasks inherent in volleyball, the purpose of
this study was to determine the effects of both footwear and task on the lead limb landing mechanics in female collegiate
volleyball players. We hypothesized that in the MC, participants would land with greater vertical and posterior GRF, smaller
sagittal and frontal plane ankle joint mechanics, smaller sagittal plane knee joint mechanics, and greater frontal plane knee
joint mechanics. We also hypothesized that in the spiking task, participants would exhibit greater vertical GRF and greater
sagittal plane ankle and knee joint angles and moments but in the blocking task, greater frontal plane ankle and knee joint
angles and moments.

Shoe Collar Height

As anticipated, changes occurred in GRF, lower extremity kinematics, and kinetics during landing between the MC and
LT. However, kinematic, and kinetic changes attributable to footwear were only observed at the ankle. Contrary to our hy-
potheses, when performing the spiking task, participants in the MC landed with greater peak anteriorly directed GRF com-
pared to both the LT in the spiking task, and during the blocking task. Participants also landed with reduced plantarflexion
angles at initial contact and exhibited smaller peak dorsiflexion angles in the MC compared to landing in the LT, partially
supporting our hypotheses, yet with no changes between shoes were observed in the frontal plane. Common mechanisms
of lateral ankle sprains, to be further discussed later, occur in the frontal plane (Morrison et al., 2010). In the present stu-
dy, the MC did not restrict greater frontal plane motion or alter mediolateral GRF compared to the LT. This suggests that
different volleyball shoes with greater collar heights than the MC are warranted if players are attempting to reduce frontal
plane ankle motion and their risk of lateral ankle sprains while playing. When landing in the LT, a greater peak internal
plantarflexion moment was observed. The greater peak dorsiflexion angles while wearing the LT may have contributed
to this increased plantarflexion moment. Previous research has associated smaller peak dorsiflexion angles to increased
vertical and posterior GRF (Fong et al., 2011; Hoch et al., 2015). In the MC, there was a reduction in peak dorsiflexion angle
however, contrary to our hypotheses, there were not any changes in peak vertical and posterior GRF. The lack of changes in
the vertical and posterior GRF may have been contributed by the hip and knee playing a larger role than the ankle in dissipa-
ting energy during a double-leg landing (Steeves, 2008), or volleyball players adaptation to exhibit better force attenuation
strategies when landing as a result of frequently wearing shoes that limit their sagittal plane ankle motion. However, more
research is warranted to corroborate these posed theories. Instead, a greater peak anterior GRF was observed in the MC
during the spiking task but the same change in peak anterior GRF was not observed during the blocking task. The unseen
change in frontal plane ankle kinematics and kinetics, peak posterior GRF, and unsystematic changes in peak anterior GRF
resulting from wearing the MC suggests that the shoe collar height was not large enough from the LT to invoke any changes
in landing mechanics associated to lateral ankle sprains or ACL injuries.

With the changes in GRF, and ankle kinematics and kinetics, it was anticipated that these would translate up the kinematic
chain and impact the knee landing kinematics and kinetics. However, the knee landing mechanics in the sagittal and frontal
planes between the MC and LT were not significantly different. The changes in GRF and ankle mechanics may not have been
large enough to induce alteration in knee landing kinematics and kinetics. Another potential reason for similarities in knee
kinematics and kinetics during landing may be contributed to the ankle’s role to dissipate GRF and promote better landing
strategies. For static dorsiflexion range of motion, Hoch et al. (2015) found moderate correlations to maximum ankle dor-
siflexion during landing (r = .49), to maximum knee flexion (r = .69) and vertical GRF (r = -.47). The participants assessed by
Hoch et al. (2015) landed with a sagittal plane initial contact ankle angle of -26.24 + 7.70° and exhibited total ankle sagittal
plane range of motion of 44.73 + 8.77°. Malloy et al. (2015) demonstrated a significant negative correlation between a mean
15.0 + 3.9° static ankle dorsiflexion flexibility and peak internal knee adduction moment (r = .442) and a significant positive
correlation to peak knee flexion angle (r =.385) and peak knee abduction angle (r =.355). Hoch et al. (2015) and Malloy et al.
(2015) demonstrated that decreasing sagittal plane motion at the ankle altered sagittal plane and frontal plane kinematics
and kinetics at the knee associated to ACL injury risk, yet in the present study, the smaller sagittal plane motion in the MC
did not yield these same results. Overall, the MC in this study had larger initial contact angles at the ankle and knee, and lar-
ger peak dorsiflexion and peak knee flexion angles than Hoch et al. (2015). This suggests that even in the MC, the volleyball
players still landed in the MC with large enough plantarflexion angles for a forefoot landing strategy that aided in using the
ankle more effectively to attenuate GRF and reduce risk of ACL injury (Boden et al., 2009).
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Volleyball Task

Significant differences in GRF and ankle kinematics occurred between the spiking task and the blocking tasks. No changes
occurred in ankle kinetics or knee kinematics and kinetics between tasks. In the spiking task, participants exhibited greater
peak posterior GRF, peak medial GRF, and greater peak eversion angles during landing. Contrarily, participants landed with
greater peak anterior GRF, smaller initial contact angles, greater peak dorsiflexion angles, and greater inversion angles
during the blocking task.

Our hypothesis that there would be an increase in vertical GRF landing from the spiking task was not supported, as the
vertical GRF between tasks were not significantly different. In the blocking task, the ankle initial contact angles were smaller
but with greater peak dorsiflexion angles than in the spiking task. Greater sagittal plane ankle range of motion allows for
the ability to attenuate GRF (Fong et al., 2011; Hoch et al., 2015). The compensation of greater peak dorsiflexion angles
during the blocking task may have been great enough to attenuate the GRF and been a potential reason the vertical GRF
remained similar between the two volleyball tasks.

Participants in the spiking task exhibited greater posterior and lateral GRF during landing compared to the blocking task.
The nature of the spiking task has participants move with forward momentum towards the force plate and then with this
momentum translated into vertical momentum as best as possible as the participant jumps and lands (Wagner et al., 2009).
Ali et al. (2014) demonstrated that increasing horizontal landing distance led to larger peak posterior GRF. Although the
horizontal distance was not accounted for in the present study, it is plausible the horizontal momentum generated from
the spiking task itself may have accounted for the greater magnitude of posterior GRF.

Additionally, in the spiking task, participants landed with greater lateral GRF while in the blocking task, the mediolateral
GRF was directed medial the entirety of the landing phase. Accompanied with the greater magnitude of lateral GRF, the par-
ticipants exhibited greater initial contact and peak plantarflexion angles and greater peak eversion angles during landing
from the spiking task. In the blocking task, participants exhibited greater peak dorsiflexion angles and greater peak inversion
angles. Another prevalent injury in volleyball, lateral ankle sprains, are caused by mechanisms of excessive ankle inversion
angles and medial GRF (Morrison et al., 2010). Greater peak inversion angles and medial GRF were exhibited during landing
from the blocking task, potentially making landing from a block more susceptible to lateral ankle sprains than landing from
a spike. With these aforementioned changes in both mediolateral GRF and ankle kinematics between the two volleyball
tasks, changes in ankle kinetics were anticipated, yet there were no changes in ankle kinetics between tasks. The changes
in GRF and ankle kinematics may not have been large enough to impact ankle kinetics or the proximal joint at the knee.

Contrary to our hypotheses, there were no significant differences in knee landing kinematics and kinetics between vo-
lleyball tasks. This is a novel finding, as minimal research has directly compared the spiking and blocking tasks in female
volleyball players and their risk of injury when landing. Salci et al. (2004) noted anecdotally that between spike and block
landings, the knee flexion angles across landing visually differed, thus, leading them to believe there may be different lan-
ding strategies across tasks. In support of different landing strategies between volleyball tasks, Garcia et al. (2022) found
that experienced male volleyball players landed with different strategies between the spike and block. In the spiking task,
Garcia et al. (2022) found participants landed with an ankle attenuation landing strategy of larger initial contact plantar-
flexion angles and larger dorsiflexion range of motion. In the blocking task, Garcia et al. (2022) noted participants landed
with a knee attenuation strategy of larger knee flexion range of motion. Comparing the initial contact angles at both joints
to Garcia et al. (2022), the participants in the current study participants landed with greater initial contact plantarflexion
angles and greater initial contact knee flexion angles. The lack of statistically significant changes in the knee frontal plane
angles and moments in the current study is in support of knee frontal plane mechanics reported by Garcia et al. (2022)
between tasks. The blocking task utilized by Garcia et al. (2022) was only vertical in nature whereas in the current study, the
blocking task may have incorporated mediolateral displacement in the air from the participants momentum moving into
the force plates from the right or left sides. With volleyball players previously demonstrating greater knee abduction angles
as a result from landing from lateral directions (Sinsurin et al., 2013), we anticipated greater frontal plane knee kinematics
and kinetics. The participants in the current study seemed to have adapted better landing strategies with greater sagittal
plane initial contact angles at the ankle and knee without changes in the frontal plane knee joint angles and moments that
would be associated to lower extremity injuries.

Limitations

The results of this study should be considered within the context of several limitations. First, the jump height prior to lan-
ding was not standardized. A volleyball was suspended from the ceiling above the height of the net to provide the players
with a realistic visual and the players were instructed to maximally jump as they would in a game. However, the maximal
effort and jump height was subjective to the players themselves. Another limitation of this study was the type of shoes
worn. The shoes worn were the athlete’s own personal shoes given to them by the university's athletic department to com-
pete in. The shoes were the same age, make, and model, but the wear and degradation of the shoes were not quantified
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which may have altered the results. Additionally, a limitation of this study was that the participants only represent a small
portion of experienced Division | NCAA volleyball players, and the participants were not classified by their position. Com-
paring novice to experienced volleyball players during landing from volleyball movements, Garcia et al. (2022) suggested
that experienced volleyball players landed with better strategies in lower extremity kinematics and kinetics compared to
novices. This suggests that further research comparing landing GRF, kinematics, and kinetics between a spike and blocking
task in a novice population is warranted.

Conclusions

The type of shoe and type of volleyball task influenced GRF and ankle mechanics during landing. The changes in GRF and
ankle mechanics were not of great enough magnitude to impact knee landing mechanics between shoe conditions and
between volleyball tasks. The MC and LT could be worn interchangeably without increasing knee kinematics and kinetics
(i.e. greater GRF, reduced knee flexion angle, knee abduction angle, internal knee adduction moment) associated to ACL
injuries. The greater peak medial GRF and greater peak inversion angles observed while landing from the blocking task
suggests that volleyball players may be more susceptible to mechanisms of lateral ankle sprains during the blocking task.
Training to improve ankle mechanics during landing may likely be effective in reducing ankle injury risk while playing.

Novice volleyball players may have different landing strategies than experienced players condoning the expansion of
the scope of this study into novice populations to potentially identify injury risk between tasks in volleyball players with
less experience. Additionally, as the collar height of the MC rose just superior to the talocrural joint and malleoli, assessing
the impact of footwear transversing further up the tibia on the ankle and knee biomechanics and potential injury risk is
warranted.

Ethics Committee Statement

This study was performed in accordance with the Declaration of Helsinki and was approved by the local Institutional Re-
view Board - approval: 22-923. All adult participants provided written informed consent to participate in this study.

Conflict of Interest Statement

The authors declare no conflicts of interest.

Funding

This research received no external funding.

Authors’ Contribution

Conceptualization LL, TT &; Methodology LL,TT; Software LL; Formal Analysis LL; Investigation LL; Writing - Original Draft
LL, TT; Writing - Review & Editing LL, SP, PD, SP, TT. All authors have read and agreed to the published version of the
manuscript.

Data Availability Statement

Dataset available on request from the authors.

References

Ali, N., Robertson, D. G. E., & Rouhi, G. (2014). Sagittal plane body kinematics and kinetics during single-leg landing from
increasing vertical heights and horizontal distances: implications for risk of non-contact ACL injury. The Knee, 21(1), 38-
46. https://doi.org/10.1016/j.knee.2012.12.003

Avedesian, J. M., Judge, L. W., Wang, H., & Dickin, D. C. (2019). Kinetic analysis of unilateral landings in female volleyball
players after a dynamic and combined dynamic-static warm-up. Journal of Strength and Conditioning Research, 33(6),
1524-1533. https://doi.org/10.1519/)SC.0000000000002736

Bisseling, R. W., Hof, A. L., Bredeweg, S. W., Zwerver, J., & Mulder, T. (2008). Are the take-off and landing phase dynamics of
the volleyball spike jump related to patellar tendinopathy? British Journal of Sports Medicine, 42(6), 483-489. https://doi.
org/10.1136/bjsm.2007.044057

Boden, B. P., Sheehan, F. T, Torg, J. S., & Hewett, T. E. (2010). Noncontact anterior cruciate ligament injuries:
Mechanisms and risk factors. The Journal of the American Academy of Orthopaedic Surgeons, 18(9), 520-527. https://doi.
org/10.5435/00124635-201009000-00003

Cultura, Cienciay Deporte | ANO2025 | voL.20 | NuUM.63 | 2082 | Espaia | IssN 1696-5043



https://doi.org/10.1016/j.knee.2012.12.003
https://doi.org/10.1519/JSC.0000000000002736
https://doi.org/10.1136/bjsm.2007.044057
https://doi.org/10.1136/bjsm.2007.044057
https://doi.org/10.5435/00124635-201009000-00003
https://doi.org/10.5435/00124635-201009000-00003

LEAD LIMB LANDING MECHANICS BETWEEN VOLLEYBALL TASKS AND SHOE COLLAR HEIGHTS

Lindsey Legg et al.
21

Boden, B. P, Torg,J.S., Knowles, S. B., & Hewett, T. E. (2009). Video analysis of anterior cruciate ligamentinjury: abnormalities
in hip and ankle kinematics: Abnormalities in hip and ankle kinematics. The American Journal of Sports Medicine, 37(2),
252-259. https://doi.org/10.1177/0363546508328107

Bowser, B. )., Rose, W. C., McGrath, R., Salerno, J., Wallace, J., & Davis, I. S. (2017). Effect of footwear on dynamic stability during
single-leg jump landings. International Journal of Sports Medicine, 38(6), 481-486. https://doi.org/10.1055/s-0043-103090

Braunstein, B., Arampatzis, A., Eysel, P., & Briggemann, G.-P. (2010). Footwear affects the gearing at the ankle and knee
joints during running. Journal of Biomechanics, 43(11), 2120-2125. https://doi.org/10.1016/j.jbiomech.2010.04.001

Chandran, A., Morris, S. N., Lempke, L. B., Boltz, A. J., Robison, H.J., & Collins, C. L. (2021). Epidemiology of injuries in National
Collegiate Athletic Association women'’s volleyball: 2014-2015 through 2018-2019. Journal of Athletic Training, 56(7), 666-
673. https://doi.org/10.4085/1062-6050-679-20

Cronin, A. (2001). Effect of selected ankle supports on resistance to inversion force and range of motion. Université d'Ottawa /
University of Ottawa. https://doi.org/10.20381/ruor-16154

Daack, C., & Senchina, D. (2014). Afield study of low-top vs. Mid-top vs. High-top American football cleats. Sports, 2(4), 85-98.
https://doi.org/10.3390/sports2040085

De Bleecker, C., Vermeulen, S., De Blaiser, C., Willems, T., De Ridder, R., & Roosen, P. (2020). Relationship between jump-
landing kinematics and lower extremity overuse injuries in physically active populations: A systematic review and meta-
analysis. Sports Medicine, 50(8), 1515-1532. https://doi.org/10.1007/s40279-020-01296-7

Devita, P., & Skelly, W. A. (1992). Effect of landing stiffness on joint kinetics and energetics in the lower extremity. Medicine
and Science in Sports and Exercise, 24(1), 108-115. https://doi.org/10.1249/00005768-199201000-00018

Edwards, S., Steele, J. R,, Cook, J. L., Purdam, C. R., & McGhee, D. E. (2012). Lower limb movement symmetry cannot be
assumed when investigating the stop-jump landing. Medicine and Science in Sports and Exercise, 44(6), 1123-1130. https://
doi.org/10.1249/MSS.0b013e31824299c3

Faul, F., Erdfelder, E., Lang, A.-G., & Buchner, A. (2007). G*Power 3: a flexible statistical power analysis program for the social,
behavioral, and biomedical sciences. Behavior Research Methods, 39(2), 175-191. https://doi.org/10.3758/bf03193146

Ferretti, A., Papandrea, P., Conteduca, F., & Mariani, P. P. (1992). Knee ligament injuries in volleyball players. The American
Journal of Sports Medicine, 20(2), 203-207. https://doi.org/10.1177/036354659202000219

Fong, C.-M., Blackburn, J. T., Norcross, M. F., McGrath, M., & Padua, D. A. (2011). Ankle-dorsiflexion range of motion and
landing biomechanics. Journal of Athletic Training, 46(1), 5-10. https://doi.org/10.4085/1062-6050-46.1.5

Ford, K. R,, Myer, G. D., & Hewett, T. E. (2003). Valgus knee motion during landing in high school female and male basketball
players. Medicine and Science in Sports and Exercise, 35(10), 1745-1750. https://doi.org/10.1249/01.MSS.0000089346.85744.D9

Garcia, S., Delattre, N., Berton, E., Divrechy, G., & Rao, G. (2022). Comparison of landing kinematics and kinetics
between experienced and novice volleyball players during block and spike jumps. BMC Sports Science, Medicine and
Rehabilitation, 14(1), 105. https://doi.org/10.1186/s13102-022-00496-0

Grood, E. S., & Suntay, W. J. (1983). A joint coordinate system for the clinical description of three-dimensional motions:
application to the knee. Journal of Biomechanical Engineering, 105(2), 136-144. https://doi.org/10.1115/1.3138397

Harry, J. R., Paquette, M. R., Caia, J., Townsend, R. J., Weiss, L. W., & Schilling, B. K. (2015). Effects of footwear condition on
maximal jJumping performance. Journal of Strength and Conditioning Research, 29(6), 1657-1665. https://doi.org/10.1519/
JSC.0000000000000813

Hewett, T. E., Ford, K. R., Hoogenboom, B. J., & Myer, G. D. (2010). Understanding and preventing acl injuries: current
biomechanical and epidemiologic considerations - update 2010. North American Journal of Sports Physical Therapy :
NAJSPT, 5(4), 234-251. https://pubmed.ncbi.nlm.nih.gov/21655382/

Hewett, Timothy E., Myer, G. D., Ford, K. R., Heidt, R. S., Jr, Colosimo, A. J., McLean, S. G., van den Bogert, A. ., Paterno, M. V.,
& Succop, P. (2005). Biomechanical measures of neuromuscular control and valgus loading of the knee predict anterior
cruciate ligament injury risk in female athletes: a prospective study. The American Journal of Sports Medicine, 33(4), 492-
501. https://doi.org/10.1177/0363546504269591

Hoch, M. C., Farwell, K. E., Gaven, S. L., & Weinhandl, J. T. (2015). Weight-bearing dorsiflexion range of motion and landing
biomechanics in individuals with chronic ankle instability. Journal of Athletic Training, 50(8), 833-839. https://doi.
org/10.4085/1062-6050-50.5.07

Hopkins, W. G., Marshall, S. W., Batterham, A. M., & Hanin, J. (2009). Progressive statistics for studies in sports medicine and
exercise science. Medicine and Science in Sports and Exercise, 41(1), 3-13. https://doi.org/10.1249/MSS.0b013e31818cb278

Kalata, M., Maly, T., Hank, M., Michalek, J., Bujnovsky, D., Kunzmann, E., & Zahalka, F. (2020). Unilateral and bilateral
strength asymmetry among young elite athletes of various sports. Medicina, 56(12), 683. https://doi.org/10.3390/
medicina56120683

Cultura, Cienciay Deporte | ANO2025 | voL.20 | NuM.63 | 2082 | Espafia | IssN 1696-5043

LEAD LIMB LANDING MECHANICS BETWEEN VOLLEYBALL TASKS AND SHOE COLLAR HEIGHTS



https://doi.org/10.1177/0363546508328107
https://doi.org/10.1055/s-0043-103090
https://doi.org/10.1016/j.jbiomech.2010.04.001
https://doi.org/10.4085/1062-6050-679-20
https://doi.org/10.20381/ruor-16154
https://doi.org/10.3390/sports2040085
https://doi.org/10.1007/s40279-020-01296-7
https://doi.org/10.1249/00005768-199201000-00018
https://doi.org/10.1249/MSS.0b013e31824299c3
https://doi.org/10.1249/MSS.0b013e31824299c3
https://doi.org/10.3758/bf03193146
https://doi.org/10.1177/036354659202000219
https://doi.org/10.4085/1062-6050-46.1.5
https://doi.org/10.1249/01.MSS.0000089346.85744.D9
https://doi.org/10.1186/s13102-022-00496-0
https://doi.org/10.1115/1.3138397
https://doi.org/10.1519/JSC.0000000000000813
https://doi.org/10.1519/JSC.0000000000000813
https://pubmed.ncbi.nlm.nih.gov/21655382/
https://doi.org/10.1177/0363546504269591
https://doi.org/10.4085/1062-6050-50.5.07
https://doi.org/10.4085/1062-6050-50.5.07
https://doi.org/10.1249/MSS.0b013e31818cb278
https://doi.org/10.3390/medicina56120683
https://doi.org/10.3390/medicina56120683

LEAD LIMB LANDING MECHANICS BETWEEN VOLLEYBALL TASKS AND SHOE COLLAR HEIGHTS

LEAD LIMB LANDING MECHANICS BETWEEN VOLLEYBALL TASKS AND SHOE COLLAR HEIGHTS

Lindsey Legg et al.
22

Kaminski, T. W., Needle, A. R., & Delahunt, E. (2019). Prevention of lateral ankle sprains. Journal of Athletic Training, 54(6),
650-661. https://doi.org/10.4085/1062-6050-487-17

Kerr,Z.Y.,Dompier, T.P.,Snook, E. M., Marshall, S. W., Klossner, D., Hainline, B., & Corlette, J. (2014). National collegiate athletic
association injury surveillance system: review of methods for 2004-2005 through 2013-2014 data collection. Journal of
Athletic Training, 49(4), 552-560. https://doi.org/10.4085/1062-6050-49.3.58

Kilic, 0., Maas, M., Verhagen, E., Zwerver, ., & Gouttebarge, V. (2017). Incidence, aetiology and prevention of musculoskeletal
injuries in volleyball: A systematic review of the literature. European Journal of Sport Science: EJSS: Official Journal of the
European College of Sport Science, 17(6), 765-793. https://doi.org/10.1080/17461391.2017.1306114

Kovdcs, 1., Tihanyi, J., Devita, P., Racz, L., Barrier, J.,, & Hortobagyi, T. (1999). Foot placement modifies kinematics and
kinetics during drop jumping. Medicine & Science in Sports & Exercise, 31(5), 708-716. https://doi.org/10.1097/00005768-
199905000-00014

Lam, G. W. K,, Park, E. J., Lee, K-K., & Cheung, J. T.-M. (2015). Shoe collar height effect on athletic performance, ankle joint
kinematics and kinetics during unanticipated maximume-effort side-cutting performance. Journal of Sports Sciences, 33(16),
1738-1749. https://doi.org/10.1080/02640414.2015.1011206

Leppénen, M., Pasanen, K., Kujala, U. M., Vasankari, T., Kannus, P., Ayramé, S., Krosshaug, T., Bahr, R., Avela, J., Perttunen, J.,
& Parkkari, J. (2017). Stiff landings are associated with increased ACL injury risk in young female basketball and floorball
players. The American Journal of Sports Medicine, 45(2), 386-393. https://doi.org/10.1177/0363546516665810

Yang, Y., Fang, Y., Zhang, X., He, J., & Fu, W. (2017). Does Shoe Collar Height Influence Ankle Joint Kinematics and Kinetics
in Sagittal Plane Maneuvers?. journal of Sports Science & Medicine, 16(4), 543-550. https://pubmed.ncbi.nim.nih.
gov/29238255/

Lobietti, R., Fantozzi, S., Stagni, R., & Coleman, S. (2009). A biomechanical comparison of jumping techniques in the volleyball
block and spike. 27 International Conference on Biomechanics in Sports, Limerick, Ireland. https://ojs.ub.uni-konstanz.de/
cpa/article/view/3163

Lobietti, R. (2009). A review of blocking in volleyball: from the notational analysis to biomechanics. Journal of Human Sport
and Exercise, 4(2), 93-99. https://doi.org/10.4100/jhse.2009.42.03

Lobietti, R., Coleman, S., Pizzichillo, E., & Merni, F. (2010). Landing techniques in volleyball. Journal of Sports Sciences, 28(13),
1469-1476. https://doi.org/10.1080/02640414.2010.514278

Malloy, P., Morgan, A., Meinerz, C., Geiser, C., & Kipp, K. (2015). The association of dorsiflexion flexibility on knee kinematics
and kinetics during a drop vertical jump in healthy female athletes. Knee Surgery, Sports Traumatology, Arthroscopy: Official
Journal of the ESSKA, 23(12), 3550-3555. https://doi.org/10.1007/s00167-014-3222-z7

Markou, S., & Vagenas, G. (2006). Multivariate isokinetic asymmetry of the knee and shoulder in elite volleyball
players. European Journal of Sport Science: EJSS: Official Journal of the European College of Sport Science, 6(1), 71-80. https://
doi.org/10.1080/17461390500533147

Mercado-Palomino, E., Aragén-Royén, F., Richards, J., Benitez, J. M., & Urefia Espa, A. (2021). The influence of limb role,
direction of movement and limb dominance on movement strategies during block jump-landings in volleyball. Scientific
Reports, 11(1), 23668. https://doi.org/10.1038/541598-021-03106-0

Mercado-Palomino, E., Richards, J., Molina-Molina, A., Benitez, J. M., & Urefia Espa, A. (2020). Can kinematic and kinetic
differences between planned and unplanned volleyball block jump-landings be associated with injury risk factors? Gait
& Posture, 79, 71-79. https://doi.org/10.1016/j.gaitpost.2020.04.005

Migliorini, F., Rath, B., Tingart, M., Niewiera, M., Colarossi, G., Baroncini, A., & Eschweiler, J. (2019). Injuries among volleyball
players: a comprehensive survey of the literature. Sport Sciences for Health, 15(2), 281-293. https://doi.org/10.1007/
511332-019-00549-x

Morrison, K. E., Hudson, D. J., Davis, I. S., Richards, J. G., Royer, T. D., Dierks, T. A., & Kaminski, T. W. (2010). Plantar pressure
during running in subjects with chronic ankle instability. Foot & Ankle International, 31(11), 994-1000. https://doi.
org/10.3113/FAL.2010.0994

Movahed, M., Salavati, M., Sheikhhoseini, R., Arab, A. M., & O'Sullivan, K. (2019). Single leg landing kinematics in volleyball
athletes: A comparison between athletes with and without active extension low back pain. Journal of Bodywork and
Movement Therapies, 23(4), 924-929. https://doi.org/10.1016/j.jbmt.2019.01.012

Norcross, M. F., Lewek, M. D., Padua, D. A, Shultz, S. J., Weinhold, P. S., & Blackburn, J. T. (2013a). Lower extremity energy
absorption and biomechanics during landing, part I: sagittal-plane energy absorption analyses. Journal of Athletic
Training, 48(6), 748-756. https://doi.org/10.4085/1062-6050-48.4.09

Norcross, M. F., Lewek, M. D., Padua, D. A, Shultz, S. J., Weinhold, P. S., & Blackburn, J. T. (2013b). Lower extremity energy
absorption and biomechanics during landing, part Il: frontal-plane energy analyses and interplanar relationships. Journal
of Athletic Training, 48(6), 757-763. https://doi.org/10.4085/1062-6050-48.4.10

Cultura, Cienciay Deporte | ANO2025 | voL.20 | NuUM.63 | 2082 | Espaia | IssN 1696-5043



https://doi.org/10.4085/1062-6050-487-17
https://doi.org/10.4085/1062-6050-49.3.58
https://doi.org/10.1080/17461391.2017.1306114
https://doi.org/10.1097/00005768-199905000-00014
https://doi.org/10.1097/00005768-199905000-00014
https://doi.org/10.1080/02640414.2015.1011206
https://doi.org/10.1177/0363546516665810
https://pubmed.ncbi.nlm.nih.gov/29238255/
https://pubmed.ncbi.nlm.nih.gov/29238255/
https://ojs.ub.uni-konstanz.de/cpa/article/view/3163
https://ojs.ub.uni-konstanz.de/cpa/article/view/3163
https://doi.org/10.4100/jhse.2009.42.03
https://doi.org/10.1080/02640414.2010.514278
https://doi.org/10.1007/s00167-014-3222-z
https://doi.org/10.1080/17461390500533147
https://doi.org/10.1080/17461390500533147
https://doi.org/10.1038/s41598-021-03106-0
https://doi.org/10.1016/j.gaitpost.2020.04.005
https://doi.org/10.1007/s11332-019-00549-x
https://doi.org/10.1007/s11332-019-00549-x
https://doi.org/10.3113/FAI.2010.0994
https://doi.org/10.3113/FAI.2010.0994
https://doi.org/10.1016/j.jbmt.2019.01.012
https://doi.org/10.4085/1062-6050-48.4.09
https://doi.org/10.4085/1062-6050-48.4.10

LEAD LIMB LANDING MECHANICS BETWEEN VOLLEYBALL TASKS AND SHOE COLLAR HEIGHTS

Lindsey Legg et al.
23

Norouzian, R., & Plonsky, L. (2018). Eta- and partial eta-squared in L2 research: A cautionary review and guide to more
appropriate usage. Second Language Research, 34(2), 257-271. https://doi.org/10.1177/0267658316684904

Oliveira, L. dos S., Moura, T. B. M. A,, Rodacki, A. L. F., Tilp, M., & Okazaki, V. H. A. (2020). A systematic review of volleyball
spike kinematics: Implications for practice and research. International Journal of Sports Science & Coaching, 15(2), 239-255.
https://doi.org/10.1177/1747954119899881

Richardson, . T. E.(2011). Eta squared and partial eta squared as measures of effect size in educational research. Educational
Research Review, 6(2), 135-147. https://doi.org/10.1016/j.edurev.2010.12.001

Salci, Y., Kentel, B. B, Heycan, C., Akin, S., & Korkusuz, F. (2004). Comparison of landing maneuvers between male and
female college volleyball players. Clinical Biomechanics (Bristol, Avon), 19(6), 622-628. https://doi.org/10.1016/j.
clinbiomech.2004.03.006

Schroeder, L. E., Tatarski, R. L., & Weinhandl, J. T. (2021). Increased ankle range of motion reduces knee loads during landing
in healthy adults. Journal of Applied Biomechanics, 37(4), 333-342. https://doi.org/10.1123/jab.2020-0281

Sheppard, J. M., Gabbett, T. J., & Stanganelli, L.-C. R. (2009). An analysis of playing positions in elite men'’s volleyball:
considerations for competition demands and physiologic characteristics. Journal of Strength and Conditioning
Research, 23(6), 1858-1866. https://doi.org/10.1519/)SC.0b013e3181b45c6a

Sinsurin, K., Srisangboriboon, S., & Vachalathiti, R. (2017). Side-to-side differences in lower extremity biomechanics during
multi-directional jump landing in volleyball athletes. European Journal of Sport Science: EJSS: Official Journal of the European
College of Sport Science, 17(6), 699-709. https://doi.org/10.1080/17461391.2017.1308560

Sinsurin, K., Vachalathiti, R., Jalayondeja, W., & Limroongreungrat, W. (2013). Altered peak knee Valgus during jump-landing
among various directions in basketball and volleyball athletes. Asian Journal of Sports Medicine, 4(3), 195-200. https://doi.
org/10.5812/asjsm.34258

Steeves, J. A. (2008). An investigation of the relationship between impact force attenuation in landing and isokinetic strength
of knee muscles in individuals with different training backgrounds [University of Tennessee]. https://trace.tennessee.edu/
utk_gradthes/495

Tang,Y.,Wang, Z., Zhang, Y., Zhang, S., Wei, S., Pan, ., & Liu, Y. (2020). Effect of football shoe collar type on ankle biomechanics
and dynamic stability during anterior and lateral single-leg jump landings. Applied Sciences, 10(10), 3362. https://doi.
org/10.3390/app10103362

Tillman, M. D., Hass, C.J., Brunt, D., & Bennett, G. R. (2004). Jumping and landing techniques in elite women's volleyball. Journal
of Sports Science & Medicine, 3(1), 30-36. https://pubmed.ncbi.nim.nih.gov/24497818/

Ueno, R., Navacchia, A., DiCesare, C. A, Ford, K. R., Myer, G. D., Ishida, T., Tohyama, H., & Hewett, T. E. (2020). Knee
abduction moment is predicted by lower gluteus medius force and larger vertical and lateral ground reaction forces
during drop vertical jump in female athletes. journal of Biomechanics, 103(109669), 109669. https://doi.org/10.1016/j.
jbiomech.2020.109669

Vanwanseele, B., Stuelcken, M., Greene, A., & Smith, R. (2014). The effect of external ankle support on knee and ankle
joint movement and loading in netball players. journal of Science and Medicine in Sport, 17(5), 511-515. https://doi.
org/10.1016/j.jsams.2013.07.009

Wagner, H., Tilp, M., von Duvillard, S. P., & Mueller, E. (2009). Kinematic analysis of volleyball spike jump. International Journal
of Sports Medicine, 30(10), 760-765. https://doi.org/10.1055/s-0029-1224177

Weinhandl, J. T., & O'Connor, K. M. (2010). Assessment of a greater trochanter-based method of locating the hip joint
center. Journal of Biomechanics, 43(13), 2633-2636. https://doi.org/10.1016/j.jbiomech.2010.05.023

Wu, G., Siegler, S., Allard, P., Kirtley, C., Leardini, A., Rosenbaum, D., Whittle, M., D’Lima, D. D., Cristofolini, L., Witte, H.,
Schmid, O., & Stokes, I. (2002). ISB recommendation on definitions of joint coordinate system of various joints for the
reporting of human joint motion—part I: ankle, hip, and spine. Journal of Biomechanics, 35(4), 543-548. https://doi.
org/10.1016/s0021-9290(01)00222-6

Xu, D., Jiang, X., Cen, X., Baker, J. S., & Gu, Y. (2020). Single-leg landings following a volleyball spike may increase the risk of
anterior cruciate ligament injury more than landing on both-legs. Applied Sciences, 11(1), 130. https://doi.org/10.3390/
app11010130

Zahélka, F., Maly, T., Mal4, L., Ejem, M., & Zawartka, M. (2017). Kinematic analysis of volleyball attack in the net center with
various types of take-off. Journal of Human Kinetics, 58(1), 261-271. https://doi.org/10.1515/hukin-2017-0115

Zahradnik, D., Jandacka, D., Uchvtil, J., Farana, R., & Hamill, J. (2015). Lower extremity mechanics during landing after a
volleyball block as a risk factor for anterior cruciate ligament injury. Physical Therapy in Sport: Official Journal of the
Association of Chartered Physiotherapists in Sports Medicine, 16(1), 53-58. https://doi.org/10.1016/j.ptsp.2014.04.003

Cultura, Cienciay Deporte | ANO2025 | voL.20 | NuM.63 | 2082 | Espafia | IssN 1696-5043

LEAD LIMB LANDING MECHANICS BETWEEN VOLLEYBALL TASKS AND SHOE COLLAR HEIGHTS



https://doi.org/10.1177/0267658316684904
https://doi.org/10.1177/1747954119899881
https://doi.org/10.1016/j.edurev.2010.12.001
https://doi.org/10.1016/j.clinbiomech.2004.03.006
https://doi.org/10.1016/j.clinbiomech.2004.03.006
https://doi.org/10.1123/jab.2020-0281
https://doi.org/10.1519/JSC.0b013e3181b45c6a
https://doi.org/10.1080/17461391.2017.1308560
https://doi.org/10.5812/asjsm.34258
https://doi.org/10.5812/asjsm.34258
https://trace.tennessee.edu/utk_gradthes/495
https://trace.tennessee.edu/utk_gradthes/495
https://doi.org/10.3390/app10103362
https://doi.org/10.3390/app10103362
https://pubmed.ncbi.nlm.nih.gov/24497818/
https://doi.org/10.1016/j.jbiomech.2020.109669
https://doi.org/10.1016/j.jbiomech.2020.109669
https://doi.org/10.1016/j.jsams.2013.07.009
https://doi.org/10.1016/j.jsams.2013.07.009
https://doi.org/10.1055/s-0029-1224177
https://doi.org/10.1016/j.jbiomech.2010.05.023
https://doi.org/10.1016/s0021-9290(01)00222-6
https://doi.org/10.1016/s0021-9290(01)00222-6
https://doi.org/10.3390/app11010130
https://doi.org/10.3390/app11010130
https://doi.org/10.1515/hukin-2017-0115
https://doi.org/10.1016/j.ptsp.2014.04.003

	CULTURA, CIENCIA Y DEPORTE
	LEAD LIMB LANDING MECHANICS BETWEEN VOLLEYBALL TASKS AND SHOE COLLAR HEIGHTS
	MECÁNICA DE ATERRIZAJE DE LA PIERNA DOMINANTE ENTRE LAS TAREAS DE VOLEIBOL Y LAS ALTURAS DE LA CAÑA DEL CALZADO
	Abstract
	Resumen
	Introduction
	Materials and Methods
	Participants
	Instruments
	Procedure
	Statistical Analysis

	Results
	Discussion
	Shoe Collar Height
	Volleyball Task
	Limitations

	Conclusions
	Ethics Committee Statement
	Conﬂict of Interest Statement
	Funding
	Authors’ Contribution
	Data Availability Statement
	References



