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Purpose: Frequent and powerful jumps and landings in volleyball exert significant stresses on
lower extremities which can be determinant of injury prevalence. This study aimed to investigate
the possible correlation between Maximum Jump (MJ) performance and force-time variables of
volleyball block landing.
Methods: Thirty elite junior volleyball players (Mean±SD of age: 18.140±1.125 y, sports
background: 4.390±0.957 y, and height: 197.100±3.161 cm) performed three block jumps, and
best of trials was considered for further analysis. The study data were collected by the KISTLER
force platform (1000 Hz). Force-time, velocity-time, and displacement-time were obtained using
the Excel program. The Kolmogorov-Smirnov and Pearson correlation coefficient were used for
assessing data normality and possible correlations between variables using SPSS v. 21 (P<0.05).
Results: Peak vertical impact forces were reported in a range of 1.8-3.5 BW (F1, F2) during 27 to
83 ms of peak times (T1, T2). Significant positive correlations were obtained between temporal
variables of time of peaks (T1, T2), the time elapsed between peaks (TP), and end of landing time
(Tf). A significant negative correlation was found between F2 and T2 and a significant positive
correlation between MJ performance with peak vertical forces (F1, F2).
Conclusion: According to the findings, T1 has little impact on shock absorption. Coaches and
volleyball players should consider the importance of soft landing through increasing T2, which
decreases F2, not only for performance improvement but also for reducing injuries.
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Highlights
● Importance of appropriate technique in landing;
● Optimum shock absorption through optimum timing of landing;
● Concerning the kinetics as an outstanding parameters in biomechanics of landing.

Plain Language Summary
Volleyball is considered as a sport with high frequency of jumping and landing. Volleyball players are susceptible to
lower limbs injuries such as ankle sprain due to the nature of this sport. According to the previous researches biomechanics of landing play an outstanding role in injury prevention. Correlation between kinetic and temporal variables of
landing has attracted experts of biomechancis. In this viewpoint it has been proposed that increasing the time between
peaks of landing forces may lead to shock absorption. On the other hand, the aim of the players in volleyball is to reach
the maximum height over the net. Here the question arises that whether correlation correlation exists between jumping
height and kinetic- temporal variables of the jumping and landing performance in volleyball players. Results of the
study revealed that significant correlations are obvious between maximum jumping height and peak forces as well as
time between the peaks. Significant correlations between MJ height and temporal and kinetics variables of landing suggest that optimum timing in landing would lead to optimum shock absorption. As volleyball players are good jumpers,
great stress would be placed on their lower extremities when landing. Increasing the time of the second peak (T2) will
decrease impact force (F2), although it is not appropriate for volleyball goals.

A

1. Introduction

lthough volleyball is a non-contact
game, forceful and repetitive movements make it a serious competitive
sport with a relatively high musculoskeletal injury rate [1, 2]. About 63%
of total injuries are reported at jumping-landing maneuver, as a fundamental part of blocking and spiking skills [3]. Although some researchers
believe in positive effects of jump and landing, such
as optimal skeletal health [4, 5], large ground reaction force (GRF) during landing will make the lower
extremity susceptible to injuries at the knee and ankle
joints [1, 6-8]. In volleyball, jumping and landing are
often performed, so volleyball players are at significant risk of high GRF [9]. Approximately 60 maximal
jumping and landing per hour is reported for a volleyball match [10]. The resultant GRF is an order between
1 to 5 times of body weight (BW). It is more noticeable
for front row players who perform many block jumps
following landing during the game and practice [11].
The combination of high GRF, rapid loading times, and
frequent jumping and landing during practice sessions
and games are thought to be significant determinants of
injury prevalence in volleyball players [12].
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Researchers have investigated various landing techniques [11, 13]. Common landing techniques which
volleyball players use after block technique is called
“non-flat foot” or “toe-heel pattern” [14], first with
forefoot following by rearfoot contact to the ground.
The main advantage of this landing is the remarkable
smaller vertical GRF compared to the other techniques
[12, 13, 15]. Biomechanically, this common type
of landing is characterized by the first peak (F1) and
second peak (F2) in the vertical ground reaction force
(VGRF) curve with respect to time. F1 is the result of
forefoot impact and is estimated to produce 1 to 2 BW
at the moment of touchdown, while F2 is the impact of
heel contact, producing 1 to 7 BW for male volleyball
players performing block skill [11]. However, sometimes a third smaller peak is evident in this curve that
results from ankle flexion [15]. It is reported that F2 is
mainly responsible for landing-related injuries, but the
underlying mechanism is still unknown [14, 15]. The
landing quality is explained by concentrating on the relationship between the amplitude and timing of these
two peaks. Two high peak forces characterize a hard
landing in a short period, and a soft landing is described
by smaller peak forces during a more extended period.
Performing frequent jumping and landing would produce significant loads on the lower extremity’s joints
and a predictor of injury incidence [12, 16-18].
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Some researchers have described biomechanical factors that can minimize the adverse effects of landing,
such as kinematic parameters [9, 12, 19-21]. They suggest that impact forces and joints loading are reduced
by increasing the landing time between two peaks
through flexing lower extremity joints in an appropriate sequence. However, it might not be beneficial
for volleyball goals. As in volleyball, many repetitive
movements will occur very fast, and increasing the
landing time will decrease the efficiency of the players
in the game. Thus, biomechanical analysis of landing
techniques has received significant attention to determine solutions for decreasing injuries and promoting
performance simultaneously [14, 22]. Biomechanical
analysis of landing will prepare bases for modifications
and alternations of risk factors that have the greatest
potential for reducing injury prevalence, and many research studies have been conducted to investigate joint
kinematics and GRF [18, 23, 24].
As mentioned earlier, landing is a technique with
a high risk of injuries. In volleyball, most points are
achieved through jumping-landing skills, so attention
should be paid to appropriate execution and accurate
biomechanical analysis of this technique. Indeed, jumping technique quality undeniably affects landing characteristics, and higher jumps have more kinetic effects
on landing quality. Previous studies have mainly reported the importance of considering landing as a highrisk technique with respect to injury occurrence, but no
scientific evidence is available concerning the kinetic
and temporal analysis of landing techniques to monitor potential relationships among them. There is little
knowledge about the biomechanical analysis of landing
and its relationships among jump height performance,

force, and temporal variables in block jumping and
landing technique in volleyball. This study investigates
the possible correlation between Maximum Jump (MJ)
height and VGRF-time curve variables in the landing
phase of block jump (Figure 1). The findings of this
study can be helpful for volleyball players and coaches
modify landing from a block jump concerning performance optimization and injury prevention.

2. Materials and Methods
Study subjects
The study was conducted at the Biomechanics Laboratory of the National Olympic Committee of Iran.
Thirty healthy junior volleyball players of the national
team participated in the study (Table 1). All players
performed two training sessions for 4 hours every day.
Subjects were excluded from the study if they had any
musculoskeletal or neurological deficits or injury histories such as leg discrepancy, anterior cruciate ligament
rupture, bone fracture, patellar dislocation, and meniscus tear that could influence landing biomechanics. The
procedure was described for each subject clearly, and
all participants signed the consent forms according to
Helsinki Deceleration before data collection. The testing procedure was approved by the Ethics Committee
of Islamic Azad University. All players were right-footed and right-handed.
Study design
The athletic task tested in this study was block landing. Block technique is a vertical jump performed with
the contribution of the stretch-shortening cycle. The

Figure 1. Force-time graph obtained from force plate during the landing phase of the block jump
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Table 1. Mean±SD variables of junior elite volleyball players (n=30)
Variables

Mean±SD

Age (y)

18.140±1.125

Height (cm)

197.100±3.161

Sports background (y)

4.390±0.957

Weight (N)

771.200±59.835

subject starts from the ready position with the hands in
front of his chest and fingers extended. Block jump begins with a preliminary downward movement by flexing at the knees and hips (eccentric phase), and then
the knees and hips immediately extended again to jump
vertically (concentric phase) while the hands moving
upward and extended above the head. It is well accepted to have a minimum stop between the eccentric and
the concentric phases to take advantage of the energy
stored by the elastic elements of the muscles.
In the beginning, a warm-up protocol was performed
individually for 15 minutes according to the official
condition of the game. Each subject was allowed to
practice three to five times to be more familiar with the
appropriate procedure of the test. For minimizing the
coach role, no verbal instructions were described for
players.
Data collection
Data collection started with the calibration of the
force platform system (Kistler® force platform with a
sampling rate of 1000 Hz). The participants were asked
to perform three maximal block jumps, and between
each trial, have three minutes of rest. The vertical GRF
was obtained directly from force plate system output.
The vertical force acting on the Center of Mass (COM)
was obtained by VGRF minus the participant’s weight.
Vertical force of COM divided by mass presents vertical acceleration, and by integrating acceleration with
respect to time, the velocity is obtained. Double integrating acceleration concerning time showed displacement of COM, and maximum displacement of COM is
obtained. All integration was performed by Microsoft
Excel® 2010 by the Trapezoid rule. The Excel program
calculates force-time, velocity-time, and displacementtime. Through these curves, peak vertical forces (F1,
F2) normalized to BW, time of peaks (T1, T2), the time
elapsed between peaks (Tp), MJ as the differences between maximal COM position and standing upright
position (MJ), and end of landing when the velocity
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of COM is zero (Tf) are calculated. The ratios between
peaks (F2/F1) and between the peaks (T1/Tf and T2/Tf)
are also calculated.
Statistical analysis
Statistical analysis was undertaken using SPSS v.
21. The indices of Mean±SD were used for descriptive analysis. The Kolmogorov-Smirnov (KS) test was
used to examine the normality of data. If the data were
found normally distributed, the Pearson correlation
coefficient was performed to understand any possible
relationship between the variables. All analyses were
considered significant at P<0.05.

3. Results
Table 2 presents the variables derived from analysis
of block landing, including temporal and kinetic ones.
Mean±SD values of F1, F2, T1, and T2 were 1.801±0.49
(BW), 3.439±0.835 (BW), 0.027±0.016 (s) and
0.083±0.034 (s), respectively. Table 3 presents the Pearson correlation coefficient between variables. There
are significant positive correlations between T1 and
T2 (r=0.793, P<0.01), T1 and Tp (r=0.453, P<0.05), T2
and Tp (r=0.902, P<0.01), T2 and Tf (r=0.583, P<0.05),
Tp and Tf (r=0.540, P<0.05), T1/Tf and T2/Tf (r=0.833,
P<0.01) as well as negative correlation between Tf and
T2/Tf (r=-0.464, P<0.05). There are positive and negative correlations between F1 and F2 (r=0.532, P<0.05)
and between F1 and F2/F1 (r=-0.645, P<0.01), respectively. There are significant negative correlations
between T2 and F2 (r=-0.629, P<0.01), Tp and F2 (r=0.612, P<0.01), T1 and F2/F1 (r=-0.577, P<0.01), F2 and
T2/Tf (r=-0.472, P<0.05) and F2/F1 and T1/Tf (r=-0.492,
P<0.05). We also investigated the Pearson correlation
coefficient between MJ and other temporal and kinetics variables and significant positive correlations were
found between MJ and F1 (r=0.752, P<0.01), MJ and F2
(r=0.565, P<0.01) as well as significant negative correlation between MJ and Tp (r=-0.459, P<0.01).
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4. Discussion
This study aimed to investigate the possible relationship between jump height and selected kinetic and temporal variables of block landing. Values of impact forces (F1 and F2) in our study were 1.8 to 3.5 BW, while F2
was two times greater than F1 (F2/F1). This result agrees
with some studies on volleyball spike and blocking
jump [6, 7, 9, 11, 18, 25-31]. Hughes et al. reported 2 to
3 BW impact forces for volleyball players with respect
to gender [27]. Controversially, some other investigations reported higher values for F1 and F2 [15, 32-34].
Ortega et al. showed that landing impact forces would
be between 2.5 and 10 BW [15]. Abian et al. reported
even more values up to 7.5 BW [34].
Our subjects were elite junior volleyball players,
while subjects in other studies were chosen from other populations such as football or even recreational
sports. Because of the jumping and landing nature of
volleyball, our study participants were familiar with
the protocol of landing and block as critical skills in
volleyball. So compared to the participants of the other
studies, they can perform this technique more comfortably, including the landing phase. Besides, we should
consider the kinematics of the lower extremity during
landing. Knee and ankle flexion angles are considered
a vital element in shock absorption. Landing with the
knee flexed between 0˚ and 25˚ causes the greatest
value of ground reaction, and increasing knee flexion
leads to decreasing impact forces. Professional volleyball players know that this effect decreases landing

force and possible injuries [7, 35]. Some studies have
dropped subjects from a fixed height to determine GRF,
but in our study, the players were supposed to land from
their blocking height, which is various for them.
The total time of landing, from the initial contact up to
when the COM velocity would be zero, lasted 277 ms
(±96). This period is longer than the results presented
by some other authors [15, 36]. Ortega et al. concluded
that this time lasted only 144 ms [15], and Lee reported
values between 150-200 ms [36]. The Mean±SD time
of the first peak (T1) and the second peak (T2) are obtained 27±16 ms and 83±34 ms, respectively. T1 appears at 10% and T2 at 31% of total landing time, approximately. These times are higher than reported by
Abian et al. (2008), which were 10 and 45 ms [34].
The appearance of T1 and T2 have a significant role in
impact absorption and is known as a vital factor for
injury prediction. Temporal variables of landing are
dependent on the foot length and eccentric contraction
of plantar flexor muscles [34]. The COM path during
landing is also another critical parameter. Perhaps, differences between foot length and activation pattern of
mentioned muscle groups and displacement of COM in
stabilizing and controlling the body are the reasons for
disagreements.
Significant correlations were observed between temporal variables. There are noticeable controversies between our results and Ortega et al. (2010) in which no
significant correlations were obtained among temporal
variables with T1. According to our findings, increasing

Table 2. Descriptive statistics of the variables (N=30)
Variables

Mean±SD

T1 (s)

0.027±0.016

T2 (s)

0.083±0.034

F1 (BW)

1.801±0.49

F2 (BW)

3.439±0.835

Tf (s)

0.277±0.096

Tp (s)

0.055±0.023

MJ (cm)

45.533±4.684

F2/F1

1.999±0.534

T1/Tf

0.108±0.067

T2/Tf

0.315±0.107
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Table 3. The Pearson coefficient sig(2-tailed) between selected kinetics and temporal variables of landing from a block jump in
junior elite volleyball players (N=30)
Pearson Coefficient

T1

Pearson
Coefficient

T2

Pearson
Coefficient

F1

Pearson
Coefficient

F2

Pearson
Coefficient

Tp

Pearson
Coefficient

Tf

Pearson
Coefficient

F2/F1

Pearson
Coefficient

T1/Tf

Pearson
Coefficient

T2/Tf

Pearson
Coefficient

MJ

Pearson
Coefficient

T1

T2

F1

F2

Tp

Tf

F2/F1

T1/Tf

T2/Tf

MJ

1

0.793*

0.138

-0.435

0.453†

0.443

-0.577*

0.558†

0.403

-0.080

0.000

0.561

0.056

0.045

0.050

0.008

0.011

0.078

0.736

1

-0.171

-0.629*

0.902*

0.583*

-0.275

0.192

0.362

-0.352

0.472

0.003

0.000

0.007

0.240

0.418

0.116

0.128

1

0.532†

-0.347

-0.213

-0.645*

0.164

-0.041

0.752*

0.016

0.134

0.366

.002

0.490

0.862

0.00

1

-0.612*

-0.316

0.241

-0.294

-0.472†

0.565*

0.004

0.175

0.306

0.208

0.036

0.009

1

0.540†

0.005

-0.114

0.246

-0.459†

0.014

0.983

0.633

0.297

0.042

1

-0.061

-0.384

-0.464†

-0.227

0.799

0.094

0.039

0.336

1

-0.492†

-0.287

-0.389

0.028

0.220

0.090

1

0.833*

0.008

0.000

0.972

1

-0.207

0.793*
0.00
0.138

-0.171

0.561

0.472

-0.435

-0.629*

0.532†

0.056

0.003

0.016

0.453†

0.902*

-0.347

-0.612*

0.045

0.000

0.134

0.004

0.443

0.583*

-0.213

-0.316

0.540†

0.050

0.007

0.366

0.175

0.014

-0.577*

-0.275

-0.645*

0.241

0.005

-0.061

0.008

0.240

0.002

0.306

0.983

0.799

0.558†

0.192

0.164

-0.294

-0.114

-0.384

-0.492†

0.011

0.418

0.490

0.208

0.633

0.094

0.028

0.403

0.362

-0.041

-0.472†

0.246

-0.464†

-0.287

0.833*

0.078

0.116

0.862

0.036

0.297

0.039

0.220

0.000

-0.080

-0.352

0.752*

0.565*

-0.459*

-0.227

-0.389

0.008

-0.207

0.736

0.128

0.000

0.009

0.042

0.336

0.090

0.972

0.382

0.382
1

† Correlation is significant at the 0.05 level (2-tailed); * Correlation is significant at the 0.01 level (2-tailed).

T1 leads to an increase in T2, Tp, and Tf. It is evident
that a soft landing needs a longer period, and temporal
variables will be higher than a hard landing. Abian et al.
suggest that T1 is not as important as T2 or Tp in shock
absorption [34].
As an essential factor that is a determinant of injury,
increasing T2 increases Tf and Tp and thus better shock
absorption. Inconsistent with other studies that implied
a negative relationship between T2 and T1, our positive
relationship is not suitable for volleyball players as they
ought to be ready for the next skill, so minimizing the
landing time is of great importance. Increasing landing
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time concerning an increase in T2 could be counterproductive according to the volleyball goals.
Table 3 indicates significant correlations between the
first and second peaks. No other study reported contrary to our finding. Low values of F1 and F2 indicate
that subjects were all adopted to soft landing style.
Moreover, it must be considered that impact forces are
dependent on each other.
Negative significant correlations between T2 and Tp
with F2 are consistent with Abien et al. and Ortega et
al. results [15, 34]. It suggests that F2 was delayed as its
value decreased. As mentioned earlier, to decrease F2,
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total landing time should be increased, and the COM
must be further displaced.
Significant correlations between MJ and peak forces
(F1, F2) seem logical. As the jump height increase, the
impact forces will increase. Thus to decrease forces,
the landing technique must be noticed. A significant
negative correlation between MJ and Tp is perhaps due
to controlling and achieving the balance of the body,
especially for volleyball players that balance is considered a vital component not only for performance enhancement but also for decreasing injuries.
Results show lower values for F1 and F2, which state
that volleyball players are well known and skilled in
the landing technique. Volleyball players are adopted
to landing style. Decreasing excessive forces caused by
landing from a blocking technique in volleyball will be
applicable by altering kinetic and temporal variables.
Investigating the relationship between kinetic and
temporal variables, especially two peak forces of the
force-time curve, is of great importance and logically
a relevant solution for injury prevention. It should be
noticed that volleyball is a dynamic sport, and isolating a technique is not very realistic. So we recommend
that further investigations consider series of jumping or
combined techniques such as consecutive block jumping. Moreover, the role of the upper extremity should
be mentioned in shock absorption and reducing injuries
causing by landing from a block jump.

5. Conclusion
Because of the high rate of lower extremity injuries
causing by landing from a block in volleyball, players
should be aware of appropriate techniques and important parameters affecting harmful forces. It is suggested
that the second peak of landing is responsible for the
majority of volleyball injuries. Significant correlations
between MJ height and temporal and kinetics variables
of landing suggest that optimum timing in landing
would lead to optimum shock absorption. As volleyball
players are good jumpers, great stress would be placed
on their lower extremities when landing. Increasing the
time of the second peak (T2) will decrease impact force
(F2), although it is not appropriate for volleyball goals.
The results of our study are applicable for coaches and
volleyball players in instructing suitable landing techniques, especially for beginners, and promoting performance regarding injury prevention.
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