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 Changes in Lower-Limb Biomechanics, Soft Tissue Vibrations, 
and Muscle Activation During Unanticipated Bipedal Landings 

by 
Shen Zhang1, Weijie Fu1, Yu Liu1 

We aimed to explore the biomechanical differences between the anticipated drop jump and unanticipated drop 
landing. Twelve male collegiate basketball players completed an anticipated drop jump and unanticipated drop landing 
with double legs from a height of 30 cm. Kinematics, impact force, soft tissue vibrations, and electromyographic (EMG) 
amplitudes of the dominant leg were collected simultaneously. The anticipated drop jump showed more flexed lower 
limbs during landing and increased range of motion compared to the unanticipated drop landing. The anticipated drop 
jump also had lower impact force, lesser soft tissue vibration, and a greater damp coefficient at the thigh muscles 
compared with the unanticipated drop landing. Significant increases in the EMG amplitudes of the tibialis anterior, 
lateral gastrocnemius, rectus femoris, and biceps femoris were observed in the anticipated drop jump during the 
pre/post-activation and downward phases. The anticipated drop jump presented more optimized landing posture control 
with more joint flexion, lower impact force, less soft tissue vibrations, and full preparation of muscle activations 
compared with the unanticipated drop landing. 

Key words: anticipated drop jump, unanticipated drop landing, impact forces, soft tissue vibrations, muscle activation. 
 
Introduction 

During bipedal landings, the peak magnitude 
of the impact force ranges from three to seven 
times the body weight (BW) (Yeow et al., 2011a). 
Numerous studies have reported a close 
relationship between high impact forces and 
lower extremity injuries during intensive 
landings, indicating that the excessive repetitive 
loading can induce acute injuries such as sprains, 
muscle-tendon strains or even fractures (Beynnon 
et al., 2005; Del Coso et al., 2018) and overuse 
damage such as stress fractures and 
patellofemoral pain syndrome (Borowski et al., 
2008; Dick et al., 2007). To date, the major factors 
known to affect impact forces have been drop 
heights / touchdown velocities (Brüggemann et 
al., 2011; Zhang et al., 2000), landing surfaces / 
footwear (Dixon et al., 2000; Fu et al., 2013), joint 
geometry (Shultz et al., 2011), and muscle 
activation (Santello, 2005; Gołaś et al., 2017).  
 

 
Among them, studies on the effects of different 
posture control such as anticipated or 
unanticipated, on impact forces and 
corresponding landing biomechanics, are rare, yet 
important. 

Currently, anticipated self-initiated landings, 
including a landing after stepping off a box 
(Decker et al., 2003) or unhanding a bar (Self and 
Paine, 2001), have been widely used to explore the 
posture control mechanism. A safety or successful 
landing after a drop, such as a drop jump or a 
drop landing, requires the body to actively control 
the segments to attenuate the impact forces when 
initially contacting the ground and to dissipate 
the kinetic energy (Moran and Wallace, 2007). 
This procedure is achieved mostly through 
changes in lower extremity mechanics (Tamura et 
al., 2016) such as increased knee flexion to reduce 
the potential damage to the anterior cruciate 
ligament (ACL) (Delahunt et al., 2006;  
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Mandelbaum et al., 2005), or an ideal range of leg 
stiffness to attenuate the shock to avoid bony 
injuries such as knee osteoarthritis and stress 
fractures (Butler et al., 2003). Overall, these 
biomechanical changes in jumping or landing 
tasks are all controlled by anticipated movement 
control patterns (Santello, 2005). However, lower 
extremity injuries such as ankle sprains and ACL 
tears, may largely occur in certain unexpected 
circumstances where the human body does not 
have adequate time to prepare for a landing 
impact (Almonroeder et al., 2015; Jones and Watt, 
1971; Stephenson et al., 2018). Logically, self-
initiated falls and unexpected falls are 
characterized by different patterns of movement 
control strategies that may induce various 
musculoskeletal injuries (Teh et al., 2003). 
Therefore, further evidence (anticipated vs. 
unanticipated) needs to be revealed and 
documented to comprehensively understand the 
landing posture control mechanism. 

Predictably, in unexpected landing tasks, 
which may be partly due to poor technique, 
fatigue or unanticipated events, landing control 
may not be pre-planned adequately, placing the 
lower extremity in danger. To our knowledge, 
limited data are available regarding unexpected 
landing biomechanics. For instance, without 
vision, landings showed a 10% increase in ground 
reaction force and a 10% decrease in knee joint 
flexion compared to those under visual conditions 
(Santello et al., 2001). In an unexpected landing, 
the soft-tissue vibrations increase when a muscle 
reaction has less occurred, and the input 
frequency of the impact force is closer to the 
resonance frequency of the relevant soft-tissue 
compartments (Boyer and Nigg, 2006). Numerous 
studies have shown changed characteristics of soft 
tissue packages in response to muscle pre- and 
post-activation of the lower extremities (Boyer 
and Nigg, 2004, 2006; Nigg and Wakeling, 2001). 
A representative study indicated that the lower 
body adapted to different impact or input signals, 
mainly through muscle tuning, to minimize soft 
tissue vibrations during self-initiated ground 
contact (Boyer and Nigg, 2004). It has been found 
that when the available time to react is shorter 
than an individual’s reaction time, the human 
movement strategy cannot be prepared 
sufficiently before landing (Stephenson et al., 
2018). However, understanding how the soft  
 

 
tissue vibration changes in response to the impact 
force when a muscle reaction has not or less 
occurred is essential. Unfortunately, this 
mechanism has not been tested in an unexpected 
landing situation. 

Therefore, this study aimed to determine the 
biomechanical changes in impact forces, lower 
extremity mechanics, soft tissue vibrations, and 
muscle activation during bipedal landings from 
self-initiated and unanticipated drops. We 
hypothesized that (1) the lower extremity would 
endure greater impact forces in an unanticipated 
drop landing (UDL) with an insufficient 
adjustment of landing posture shortly before and 
after ground contact, and (2) a greater soft tissue 
vibration would occur in response to less 
prepared muscle activation in unanticipated 
landings. 

Methods 
Participants 

Twelve male collegiate basketball players 
(age: 23.7 ± 2.7 years; body height: 178.3 ± 2.5 cm; 
body mass: 70.1 ± 4.6 kg) with no musculoskeletal 
injuries in the lower extremities during the past 6 
months participated in the study. A two-tailed t-
test was executed via G*Power 3.1 software to 
determine whether a sample size of 12 
participants was sufficient to minimize the 
probability of type II error for all the variables (P = 
80% at α = 0.05; ES = 0.4) (Faul et al., 2007). Each 
participant signed an informed consent form prior 
to experimental testing. 
Landing protocol 

Before the formal tests, participants were 
required to complete a warm-up protocol 
consisting of 5 minutes of treadmill running at a 
self-selected speed followed by a set of static 
stretching exercises. Landing tasks included 
landing from a height of 30 cm in an anticipated 
drop jump (ADJ) and UDL (Figure 1). For ADJ, 
participants were asked to drop down on the 
force plates with the two feet separated, and then 
immediately jump as high as possible with the 
shortest contact time. For UDL, participants were 
instructed to stand on the landing platform, and 
the base of the platform was dropped manually 
by pulling a metal bolt from its slot to initiate the 
sudden drop landing movement. The time of 
removing the metal bolt was random to prevent 
the participants from guessing. During both  
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landing movements, the participants were 
required to complete tasks with hands on the hips 
to reduce the influence of swinging. The 
participant was usually given 3-5 practice trials to 
become familiar with two landing conditions. 
Three successful trials for each condition were 
used for further analysis (Fu et al., 2013). 
Meanwhile, one experimenter was standing by 
the side of the participant to prevent him from 
getting injured or falling down. 

In addition, uniform shoes (Shanghong Shoes 
Co. Ltd. ClassyVast. China) were provided to 
eliminate the cushioning influence from the shoes. 
They were equipped with a rubber outsole and a 
thin foam insole, but no midsole. Meanwhile, all 
the participants wore regular shorts and T-shirts 
with no tight fitting. 
Data collection 
Ground reaction forces 

Vertical ground reaction forces were captured 
by two 90 × 60 cm force plates (9287B, Kistler 
Corporation, Switzerland) at a sampling rate of 
1200 Hz. The ground reaction force (GRF) and 3D 
kinematic data were sampled simultaneously 
using the Vicon system. 
Kinematics 

Sagittal kinematic data of the dominant lower 
extremity, which was the preferred leg for kicking 
a ball (Yeow et al., 2011b), were collected via a 3D 
motion capture system (MX13, Oxford Metrics, 
UK) at a sampling rate of 120 Hz. Twenty-eight 
reflective markers with a diameter of 14.0 mm 
comprising the plug-in gait marker set were 
attached to the pelvis and the lower limb to define 
the hip, knee, and ankle joints (Fu et al., 2013). 
Accelerometry 

Two biaxial accelerometers (Biovision Corp., 
Wehrheim, Germany; ± 20 g) were placed on the 
rectus femoris (RF) and biceps femoris (BF), and 
the corresponding vibrations of the quadriceps 
femoris (Quad) and hamstrings (Hams) were 
collected via the data acquisition system and 
DASYLab software (8.0, DATALOG GmbH, 
Mönchengladbach, Germany). One accelerometer 
(Biovision Corp., Wehrheim, Germany), with ± 50 
g measurement range, was attached to the heel 
cup of the shoe to determine the input signal 
(Boyer and Nigg, 2004). The accelerometers were 
placed onto the skin of the Quad and Hams using 
glue and secured with adhesive tape. The 
accelerometers were aligned with the first axis to  
 

 
be tangential to the skin and parallel to the 
longitudinal axis of the muscle, and the second 
axis was aligned normally to the skin (Boyer and 
Nigg, 2006). Detailed description of placement 
was presented previously by Fu et al. (2013). 
Surface electromyography (EMG) 

A Biovision EMG system (Biovision, 
Wehrheim, Germany) was used to record the 
EMG signals from the tibialis anterior (TA), lateral 
gastrocnemius (LG), RF, and BF of the dominant 
leg. Surface electrodes (Ag / AgCl) were placed on 
the muscle bellies after the skin was carefully 
prepared (shaved and cleaned with alcohol) to 
reduce skin impedance. The EMG and 
acceleration signals were recorded simultaneously 
at a sampling rate of 1200 Hz using the data 
acquisition system and DASYLab software (8.0, 
DATALOG GmbH, Moenchengladbach, 
Germany). The data acquisition system and the 
Vicon system were synchronized by an external 
trigger generated by a customized signal 
generator. 
Data analysis 
Impact forces 

The impact phase was defined as the time 
interval from the initial foot contact to the 
maximum of the vertical GRF. The vertical GRF 
was normalized by body weight (BW). The 
characteristics of the input signal during the 
impact phase included the peak vertical GRF 
(Fzmax), the occurrence time of Fzmax (tF), the peak 
loading rate (Gz), the occurrence time of Gz (tG), 
and GRF frequency (fGRF). The fGRF was 
determined by Equations (A. 1) and (A. 2) (Fu et 
al., 2013): 

 G , = lim∆ → ∆∆                           (A. 1) 

f = ,⁄                          (A. 2) 

where Fzmax is the peak value of the vertical 
GRF, Gz,ave is the average loading rate between 20 
to 80% of the impact phase. 
Kinematics 

The sagittal plane kinematic data were 
filtered at 7 Hz using a fourth-order, zero-lag 
lower-pass Butterworth filter (Fu et al., 2013). The 
joint angles of the hip, knee, and ankle (θ0) of the 
touchdown (the definition of the joint angle was 
shown in Figure 2 and change in the joint angle 
(∆θ) in degrees from the touchdown to maximum  
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knee flexion for the three joints was determined 
via Visual 3D software). The maximum vertical 
displacement of the center of mass (∆y) and 
vertical stiffness (kvert) were used to describe 
changes in kinematics. The vertical stiffness (kvert) 
is often used to describe linear movements that 
occur in the vertical direction such as hopping 
and jumping (considering the lower extremity as 
a simple mass-spring model) (Butler et al., 2003; 
Jordan et al., 2018). kvert was calculated with the 
following Equation (B) (Mcmahon and Cheng, 
1990): 

 𝑘 = ∆                           (B) 

where Fzmax = maximal vertical impact force, 
∆y = change in vertical displacement of the center 
of mass. 
Soft tissue vibrations 

The main variables included peak soft tissue 
acceleration (apeak), occurrence time of apeak (ta), 
domain frequency (fv), and damp coefficient (c) in 
ADJ and UDL (Wakeling and Nigg, 2001). The 
vibration frequency and damping coefficients are 
natural vibration characteristics of soft tissues 
packages that depend on muscle activations, 
muscle length, shortening velocity, etc. (Nigg and 
Wakeling, 2001; Wakeling and Nigg, 2001). The 
vibration damping characteristics were 
determined by the following model (C): 

 s = 𝑎𝑒 sin 2𝜋𝑓 𝑡 + 𝜑                      (C) 

where s is the measured acceleration signal, a 
is the amplitude of acceleration, c is the damping 
coefficient, fv is the domain vibration frequency of 
soft tissue (damped), and φ is the phase 
coefficient. 
Muscle activation 

The EMG data were analyzed using 
DASYLab software (8.0, DATALOG GmbH, 
Mönchengladbach, Germany), and band-pass 
filtered from 10 to 400 Hz using a fourth order, 
zero-lag Butterworth filter. The EMG amplitudes 
(root mean square, EMGRMS) were normalized as a 
percentage of the highest value recorded during 
the entire contact phase of all ADJ trials (Ruan 
and Li, 2010) using the following Equation (D): EMG =  𝐸𝑀𝐺 𝑡 𝑑𝑡                   (D) 

 

 
where t is the onset of the signal and T is the 

time interval of each phase. In this study, the 
phases were defined as pre-activation (- 50 to 0 ms 
before the touchdown), post-activation (0 to 50 ms 
after the touchdown), and downward 
(touchdown to the occurrence of maximum knee 
flexion). 
Statistics 

Paired t-tests were used to examine the 
effects of landing tasks on landing kinematics, 
impact forces, soft tissue vibrations, and muscle 
activation (13.0, SPSS Inc., Chicago, IL, U.S.A.). 
The significance level α was set at 0.05. 

Results 
Impact forces 

UDL showed significantly larger Fzmax, 
shorter tF, and also larger Gz than ADJ. fGRF also 
significantly increased in UDL (Figure 3). 
Joint angle and vertical stiffness 

Compared with UDL, the θ0 of the knee and 
hip joints significantly decreased in ADJ. During 
the downward phase, ADJ exhibited significantly 
increased ∆L (100%) and decreased kvert (70.2%) 
(Table 1). 
Soft tissue vibrations 

The Quad and Hams had significantly lower 
apeak in ADJ compared to UDL, whereas c was 
significantly greater in ADJ than in UDL. 
However, no significant differences were found in 
ta of Quad and Hams, and fv between the two 
landing conditions (Table 2). 
EMG 

During pre-activation, EMGRMS of LG, RF, 
and BF were significantly greater in ADJ than in 
UDL. During post-activation and downward 
phases, ADJ also showed significant increases in 
activation levels in all muscle groups (p < .05, 
Figure 4). 

Discussion 
The present study investigated the effects of 

movement control on impact forces, kinematics, 
soft tissue vibrations, and EMG between ADJ and 
UDL. The Fzmax, Gz, and fGRF were all lower in ADJ 
than in UDL. ADJ also showed more joint flexion, 
increased c of soft-tissue vibrations, and a higher 
level of muscles activation than UDL. These 
findings supported our hypothesis that the lower 
extremity would demonstrate greater shock 
magnitude of impact forces with less muscle  
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activation before and after foot ground contacting 
in UDL which also caused greater soft tissue 
vibrations. 
Impact forces  

In ADJ, more time was required to obtain 
significantly lower peak vertical GRF, which 
caused a decrease in the loading rate.  

Falling from a distance above the floor, the 
magnitude of the collision and the amount of 
negative muscular work performed depended on 
the landing strategy (Gambelli et al., 2016). The 
self-selected landing strategy lies in between stiff 
and soft landing, which may reflect how the 
participants value the trade-offs between 
economy and discomfort or pain caused by a 
large impact force 

 
(Zelik and Kuo, 2012). If magnitude of the ground 
reaction force encountered during a landing is too 
great, and the musculoskeletal system is unable to 
disperse the forces effectively, then the probability 
of injury occurrences increases dramatically 
(Standing and Maulder, 2015), frequently leading 
to acute injuries (Beynnon et al., 2005) and 
overuse damage (Borowski et al., 2008; Dick et al., 
2007) caused by landing. 

 
 

 
 
 
 

 
Figure 1 

Anticipated drop landing (left) and unanticipated drop landing (right). 
 
 
 

 
Figure 2 

The definition of the hip (θh), knee (θk), and ankle joint (θa) angles in the sagittal plane. 
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Figure 3 

The peak vertical GRF (Fzmax) & occurrence time of Fzmax (tF), the peak loading rate (Gz)  
& occurrence time of Gz (tG), and GRF frequency (fGRF) in ADJ & UDL. 

* Significant difference between ADJ and UDL with p < 0.05.  
** Significant difference between ADJ and UDL with p < 0.01. 

 
 
 
 

 
Figure 4 
Normalized EMGRMS amplitude of tibialis anterior (TA), lateral gastrocnemius (LG),  

rectus femoris (RF) and biceps femoris (BF) of pre-activation, post-activation  
and the downward phase in ADJ & UDL. 

* Significant difference between ADJ and UDL with p < 0.05. 
** Significant difference between ADJ and UDL with p < 0.01. 
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Table 1 
Joint kinematics in ADJ & UDL. 

Variables Joint ADJ UDL 

θ0 (º) 

Hip 136.2 ± 11.9* 156.9 ± 12.7 

Knee 155.3 ± 6.8* 164.9 ± 3.8 

Ankle 137.9 ± 5.0 136.0 ± 6.0 

∆θ (º) 

Hip 29.9 ± 13.1* 10.4 ± 4.0 

Knee 55.3 ± 12.1* 35.2 ± 5.8 

Ankle 41.3 ± 6.4* 32.2 ± 5.2 

∆L (m) 0.26 ± 0.05* 0.13 ± 0.02 

kvert (BW / m) 9.0 ± 3.7** 30.2 ± 5.0 

θ0, joint angles of touchdown; ∆θ, change in joint angle in degrees;  
∆L, the vertical changes in maximum length; kvert, vertical stiffness.  

* Significant difference between ADJ and UDL with p < 0.05.  
** Significant difference between ADJ and UDL with p < 0.01. 

 
 
 
 

Table 2 
Characteristics of soft tissue vibration in ADJ & UDL. 

Variables Muscle ADJ UDL 

apeak (g) 
Quad 7.82 ± 3.2** 15.66 ± 4.3 

Hams 4.42 ± 1.9* 7.41 ± 3.2 

ta (ms) 
Quad 62.3 ± 28.7 53.9 ± 20.1 

Hams 56.6 ± 26.6 49.1 ± 23.1 

fv (Hz) 
Quad 13.83 ± 1.6 14.24 ± 2.0 

Hams 16.17 ± 3.1 19.75 ± 3.2 

c (s-1) 
Quad 13.86 ± 3.5* 10.67 ± 1.3 

Hams 11.68 ± 5.7* 9.37 ± 4.2 

apeak, peak soft-tissue acceleration; ta, the occurrence time of apeak; fv, the domain frequency;  
c, damp coefficient; quad, quadriceps femoris; hams, hamstrings.  

* Significant difference between ADJ and UDL with p < 0.05.  
** Significant difference between ADJ and UDL with p < 0.01. 
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The characteristics of the impact force are 

influenced by drop heights, kinematics of lower 
extremity, and the landing surface. In the present 
study, the landing strategy was the main factor 
affecting the ground reaction force without 
considering the test environments. Thus, stiff 
landings caused a greater ground reaction force 
than soft landings (Kim and Jeon, 2016). 
Moreover, soft and stiff landings had relatively 
large and small amounts of knee flexion, 
respectively, during the floor contact phase. Our 
results demonstrated that the lower vertical 
impact force with higher hip and knee flexion 
angles in ADJ suggested that soft landing reduced 
the impact stress on the body tissues with hip and 
knee muscles absorbing more energy compared 
with the stiff landing (Devita and Skelly, 1992). 
Furthermore, EMG activity, which is related to the 
landing from a step or a jump to the ground, 
began before the movement of the landing. This 
observation reflects a strategy to prepare the 
muscles-tendon complex for a rapid, forceful 
stretch occurring after foot contact and the 
subsequent joint flexion (Jones and Watt, 1971). 
Given that the amplitude and frequency of impact 
force could be altered by changes in leg 
kinematics and joint stiffness at ground contact 
(Wakeling and Nigg, 2001), landing from an 
unexpected fall may cause any reflex muscular 
activity to occur too late to decelerate the body 
mass (Jones and Watt, 1972). The present results 
confirmed that UDL induced a stiff posture, 
which increased the risk of injury. 
Kinematics 

In this study, hip and knee joints showed 
significantly lower joint angles at contact, more 
changes in vertical leg length, and less leg 
stiffness in ADJ compared with UDL. 

In a landing task, the shock experienced by 
the body during ground contact must be 
attenuated and dispersed mostly by the lower 
extremities structure or kinematics (Tamura et al., 
2016). In humans, the effective movement 
reflection of external impact force depends on 
motor learning at early growth processes, with 
proficiency at 10 - 12 years of age, experiences 
with an activity, and task familiarity (Magalhaes 
and Goroso, 2009). Different magnitude of 
impacts needs varying amplitudes of muscle force 
to control joint flexion. 

Muscle pre-activation during the flight phase  
 

of landing was used to indicate a continuous 
build-up of muscle force occurring before the 
touchdown to (1) form initial stiffness of the 
contractile component, which enables the use of 
elastic energy from muscle-tendon structures in 
conjunction with the muscle contractile property, 
and (2) provide adequate deceleration of joint 
flexion during dynamic activities, which may be a 
mechanism acting to protect the musculoskeletal 
system from injury (Vladimir et al., 2008). As 
expected, our findings showed that the 
significantly decreased pre-activation EMG in 
UDL led to a stiff landing, with the hip and knee 
joints showing significantly lower flexion at the 
touchdown phase, lower changes in the joint 
angle, and relatively higher leg stiffness, which 
caused greater impact of ground reaction force 
compared with ADJ (Kim and Jeon, 2016). 

Therefore, landings from an unexpected fall 
would make any reflex muscular activity resulting 
from the landing event occur too late to be of use 
in decelerating the body mass (Jones and Watt, 
1971). Low post-activation EMG indicated that the 
body controlled joint flexion during the 
downward phase less actively to cushion the 
impact compress on the body and influenced the 
ability of the lower extremities to contribute to 
energy dissipation (Zhang et al., 2000). 
Soft tissue vibration and muscle activation 

Our results showed that ADJ had 
significantly decreased apeak and increased c in 
Quad and Ham compared with UDL without any 
differences in ta and fv. ADJ showed certain effects 
on attenuating the soft tissue vibration of the 
quadriceps femoris and hamstrings.  

As a result of the rapid deceleration of the leg 
during landing, vibrations of the soft tissue 
compartment muscles, fascia, surrounding tissue 
and skin of the leg were initiated. The initial 
magnitude of these vibrations was large, but they 
were heavily damped (Boyer and Nigg, 2004). 
Wakeling and Nigg (2001) revealed that 
characteristics of natural frequencies and 
damping properties of soft tissues vibration 
depended on muscle activity, which is called 
muscle tuning. In this process, soft tissue 
vibrations are minimized by shifting the free 
vibration frequencies away from those of the 
impact forces (Wakeling and Nigg, 2001). The 
frequency and damping coefficients of vibrations 
in soft tissues of the lower extremities increased  
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by increasing in muscle force production and 
muscle shortening velocity (Wakeling and Nigg, 
2001). 

Muscle activation occurs during the flight 
phase in preparation for the impact before the 
touchdown. The build-up of muscle force in the 
pre-contact phase forms initial stiffness of the 
contractile component from the muscle-tendon 
structure and provides sufficient deceleration of 
joint flexion after the touchdown (Vladimir et al., 
2008). Our EMG results suggested that 
inappropriate levels of muscle stiffness occurred 
more frequently in unanticipated falling, in which 
time was insufficient to build-up “preparatory” 
muscle activity before the touchdown (Santello, 
2005). The Quad and Hams had lower damping 
coefficients, so the maximal amplitude of 
vibration was greater in UDL than in ADJ. 
However, the domain frequencies of Quad and 
Hams were not significant between ADJ and 
UDL, which was in contrast to findings of 
previous studies. The muscles possibly attenuated 
the amplitude of vibration by increasing the 
damping coefficient without natural frequency 
changes. The internal mechanisms underlying  
 

 
how the soft tissue damping coefficient affects the 
amplitude of vibration and domain frequency 
during landing need to be further explored.  

The main limitation of this study was the 
inclusion of only male athletes and the use of only 
one height. Although the current short time 
window was a design to elicit unanticipated 
landings, future work is still needed to determine 
whether professional athletes respond differently 
under unexpected landing condition with 
different heights (e.g., 40 cm, 50 cm, and 60 cm), 
and to understand the gender effects. 

Conclusion 
Humans can modulate landing strategies by 

increasing joint flexion, decreasing kvert, Fzmax, and 
Gz, as well as attenuating apeak with greater c, and 
enhancing muscle activation to achieve a safe and 
smooth landing, as in ADJ. By contrast, when one 
is unable to make a timely prediction, like in UDL, 
low muscle activation occurs such that the 
musculoskeletal system endures increased impact 
forces and soft tissue vibrations, which may lead 
to landing-related injuries. 
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