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Landing differences between men
and women in a maximal vertical jump aptitude test
J. ABIÁN, L. M. ALEGRE, A. J. LARA, J. A. RUBIO, X. AGUADO

Aim. The aim of this study was to analyze the gender differences
in the vertical ground reaction forces and the position of the center of gravity during the landing phase of a maximal vertical
jump aptitude test.
Methods. The push-off, flight and landing phases of the jumps
of 291 males (age=19.6±2.8 years) and 92 females (age=19.2±2.6
years), applicants to a Spanish faculty of sports sciences, were
analyzed with a force platform.
Results. The greatest differences between men and women were
found in the jump performance (women=25.6±3.5 cm;
men=35.5±4.5 cm) and second peak vertical force value of the
landing phase (women=5.89±2.06 times body weight; men=7.51
±2.38 times body weight), the values being greater in the men’s
group (P<0.001). Correlation coefficients showed that the women
utilized a different landing pattern than the one utilized by the men.
Conclusion. Contrary to the authors’expectations, women showed
lower second peak vertical force values during the landing. Taking
into account only a kinetic point of view, they would have a lower risk of injury during the landing movement of maximal jumps.
The lower values in the peak force, the delay of the impact of
the calcaneus and the longer path of the center of gravity during
the landing phase found in the women’s group were related to a
landing technique that is different from that of men.
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ump tests are frequently used as a method for evaluating explosive force in the lower extremities of
applicants to fire departments, police, and most of the
faculties of Sports Sciences in Spain.1, 2 These tests
are also utilized by coaches and physical education
teachers in their daily work in the field and schools. The
subjects, researchers and coaches tend to focus on the
push-off and the flight phases, because the purpose
of the test is to reach the greatest jump height, usually neglecting the performance of a proper landing.
The same situation occurs when an athlete is trying
to reach maximal performance during a context, and
does not pay attention to the landing movement. The
landing phase of a jump has been reported to be a
cause of injury in some sports,3-9 and the test analyzed
in this study has been taken as an example of a jump
where the subject does not consciously perform a soft
landing. Thus the authors believe that this results would
be of interest in contexts where jumps are performed
without paying attention to the landing phase, like
sports training of competitions, games, etc.
The vertical ground reaction forces during a twofooted landing show a constant pattern with two peak
vertical force values. The first (F1) appears at 10 ms
after contact and is produced by the impact of the
metatarsal heads. The second peak force value (F2)
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Hewett 36 found that F2 values during landings were
20% greater and appeared 16% before in women who
injured their ACL afterward. As explained above,8, 28,
29, 31-33, 35 women have a greater risk of injury in the
anterior cruciate ligament than men. Therefore, it was
hypothesized that the sample of women analyzed
would show a different landing pattern and greater F2
values, compared to their male counterparts.
The purpose of this study was to analyze the gender
differences in the vertical ground reaction forces and
the position of the center of gravity during the landing
phase of a maximal vertical jump aptitude test.
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Figure 1.— Representative ground reaction force curve for a landing. F1:
first peak vertical force value; F2: second peak vertical force value; VGRF:
vertical ground reaction forces; BW: times body weight.

is caused by the calcaneus contact, 30 to 70 ms after
the first contact, depending on the foot length and the
activation of the plantarflexor muscles,10, 11 can be as
high as 10 BW (times body weight), and has been utilized to estimate the risk of injury in several sports
(Figure 1).12-14 Pflum et al.15 matched F2 with the
moment when the anterior cruciate ligament resists
the largest strain during the landing.
Some studies have related the landing strategy, that
is, how the subjects dissipate energy, with the risk of
injury during this task.10, 16-22 Therefore, it makes sense
to think that a decrease in the F2 values would decrease
the stress transmitted through the kinetic chain, and that
it would reduce the risk of injury during the landing
movement.13, 23 This observation is important because
it highlights the subjects’ ability to protect themselves
from the inherent risk of injury during landing, by
using proper landing techniques. Some researchers,
therefore, have studied how much the technique training can reduce the risk of injury in school-aged children.24-26
The gender differences in the risk of lower limb
injury during landings have been widely studied in
recent years. Based on kinematics, kinetics and muscle activation, most of these works found a greater
risk of injury in women, usually associated with the
anterior cruciate ligament.8, 27-35 Hewett et al.27 reported a relationship between a greater degree of knee
extension and the risk of injury. In the present study,
the authors estimated indirectly the degree of knee
extension using the vertical position of the center of
gravity assessed from kinetic data.
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Materials and methods

Subjects

The jumps of 383 applicants to a Spanish faculty
of sports sciences were recorded and analyzed. The
trials were carried out in two consecutive years (20042005) but analyzed together, because comparing the
differences between years was not within the intended scope of study. In the sample studied, there were 291
men (age=19.6±2.8 years, body mass=71.0±8.6 kg,
height=174.9±5.9 cm) and 92 women (age=19.2±2.6
years, body mass=57.2±7.1 kg, height=164.3±5.9 cm).

Equipment

The jump tests were performed on a Quattro Jump
piezoelectric force platform (Kistler, Switzerland; 0.92
m long and 0.92 m wide), connected to a computer
where the force-time data were recorded at a sample
rate of 500 Hz. The equipment used was similar to
that utilized by Ozguven and Berme 7 and Hopper et
al.37 to analyze ground reaction forces during jump
tests and their landing phases.

Protocols

Written informed consent was obtained from all the
subjects, and the study protocol was approved by the
institutional research ethics board. The participants
were free to warm up at least 10 minutes before the test.
Then, their height and weight were measured, and
thereafter they performed the counter-movement jump
test (CMJ) on the force platform. Their hands had to
be placed on the hips during the whole jumping movement (push-off, flight and landing). The knee angle
was not controlled, but they were instructed to keep the
trunk vertical. If any of these instructions was not
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TABLE I.—Mean (±SD) Variables of the push-off and flight phases, and
from the position of the center of gravity during the landing phase.
PP (W/kg)

h (cm)

Hl (%)

Lr (%)

47.74±7.02
50.23±5.64
39.85±4.78
20.66
***

33.09±5.99
35.46±4.47
25.61±3.53
27.78
***

3.81±1.92
3.78±1.99
3.88±1.69
2.57
ns

10.58±2.51
10.43±2.43
11.06±2.72
5.78
*

M
C IN
O E
P R
Y V
R A
IG M
H E
T ® DI
C
A

accomplished, the trial was invalided. All the subjects
had been explained previously of the test protocols, and
the researcher carried out a demonstration before the
test. The subjects had to land in the same position as
the one in which they took off, but they received no
instruction on the landing phase. All of them had to
reach the minimum jump height (29 cm in men and 21
cm in women) to pass the test; if they failed in the first
trial, they performed the second jump after 1-minute
rest. When two jumps were performed, only the one
with the higher jump height was analyzed. It was
assumed that the jumps were maximal, as the participants had no references from their jump height on the
force platform before the first trial. All the subjects
utilized their own indoor sports shoes.

ABIÁN

All
Males
Females
% Differences
Sig (M/F)

PP: peak power during the push-off phase; h: maximum height of the center of
gravity during the flight phase; hl: height difference of the center of gravity between
the instants of takeoff and landing; Lr: vertical path of the center of gravity from the
feet contact to the lowest point of the landing; NS: not significant; F: females; M:
males. *P<0.05; ***P<0.001.

70

Variables

***
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Statistical analysis

The data were analyzed using the software package Statistica for Windows (v. 7.0, StatSoft, USA).
Descriptive statistics included mean and standard deviations, and relationships between variables were examined using Pearson correlations. A one-way analysis of
variance (ANOVA) was utilized to test group differences. The P<0.05 criterion was used for establishing
statistical significance.
Results

The values of the variables from the push-off phase,
flight and the position of the center of gravity during
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The maximal height of the center of gravity (h) was
assessed from the flight height. Peak power (PP) was
assessed from the integration of the force-time record
during the push-off phase,37 and normalized by the
subjects’ body mass. During the landing phase were
analyzed the second peak vertical force value (F2),
the time elapsed from the contact to F2 (T2). F2 was
normalized by the subjects’ body weight. The height
difference of the center of gravity between the instants
of take off and landing (hl) and the vertical path of
the center of gravity from the feet contact to the lowest point of the landing (Lr) were also analyzed. The
values of hl and Lr were normalized to the subjects’
height. The position of the center of gravity was
assessed by the Quattro Jump software (v. 1.0.9.1),
with the double integration method.1, 38
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Figure 2.—Differences between males and females in the jump height
and in the peak power during the push-off phase. ***P<0.001.

the landing are shown in Table I. The greatest differences between men and women were found in the
jump height and PP, the values being greater in the
men’s group (P<0.001) (Figure 2). The women’s group
showed larger Lr (P<0.05) (Figure 3).
Table II shows the results of the kinetic variables
during the landing phase. The greatest differences
between the groups have been found in F2, the values being higher in the men’s group (P<0.001) (Figure
3). There were significant differences between the
groups in T2 (P<0.05) the values being greater in the
women’s group.
There were significant correlations between F2 and
T2 (rall=-0.63, rwomen=-0.65 and rmen=-0.61, Figure 4),
between F2 and Lr (rall=-0.56, rwomen=-0.59 and rmen=-
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F2=11.73-79.70*T2
r=-0.61, P<0.001
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Figure 3.—Differences between males and females in the second peak
vertical force value during the landing (F2) and the vertical path of the center of gravity (Lr). *P<0.05; ***P<0.001.
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TABLE II.—Mean (±SD) Variables of the push-off and flight phases,
and from the position of the center of gravity during the landing
phase.
F2 (BW)

0.056±0.028
0.054±0.030
0.061±0.022
12.59
*

7.12±2.41
7.51±2.38
5.89±2.06
21.54
***
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Sig (M/F)
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F2: second peak vertical force value; T2: time elapsed from the contact to F2; F:
females; M: males. *P<0.05; ***P<0.001.

2

0

0.02

0.04

B

0.06
T2 (s)

0.08

0.1

0.12

0.55) and between F2 and hl (rall=-0.50, rwomen=-0.60
and rmen=-0.50), P<0.001).

Figure 4.—Relationships between the second peak vertical force value
(F2) and the time elapsed from the contact (T2) in the men’s group (A) and
in the women’s group (B). BW: times body weight.

Discussion

The gender differences in the F2 values (Table II)
match with those found by Hewett et al.,27 who reported greater peak vertical forces in men and associated this
with an increased risk of lower limb injury. But, it needs
to be stressed here that, as in the study of Hewett et
al.,27 the men’s group landed from a greater height than
did the women (P<0.001) (Table I, Figure 2). The results
contrast with the authors’ expectations with those
observed in other studies 31, 33 where the women were
reported to have had an increased risk of injury; hence,
it is believed that the present results could have been different if the landing height was the same in both the

The main finding of the present study was that, contrary to the authors’ expectations, the women showed
lower second peak vertical force values during the
landing movement. This would be related to a lower
risk of injury during the landings of maximal vertical
jumps, at least from a kinetic point of view. The
women’s group delayed the calcaneus impact and
showed a longer path of the center of gravity during the
landing. This suggests that they utilized a different
landing technique than their male counterparts.
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participants of present study were not issued any such
instructions. Furthermore, the subjects had to keep
their hands on hips during the whole jump, whereas the
other protocols 10, 16, 39, 40 allowed the use of the upper
limbs to facilitate the landing movement. Although in
the landings usually performed during actual competitions or aptitude tests the athletes can move their
arms, they cannot focus their attention on performing
a proper landing. The authors could not ask the applicants to repeat the trial with the double purpose of
reaching the greatest jump height and landing as softly as possible. Further studies should analyze whether
they can achieve similar jump heights with lower F2
values, so that if they achieve then the ability of performing soft landings with maximum jump heights
could be trained, although in the present study this
was not measured.
The negative correlations found between F2 and T2
(rall=-0.63, rmen=-0.61 and rwomen=-0.65; P<0.001) (Figure
4) showed that as F2 was delayed, its value decreased.
As explained above, another way to decrease F2 would
be to increase the duration of the landing movement by
a greater range of movement of the center of gravity. In
fact, the authors found slight but significant correlations between F2 and Lr (rall=-0.56, rmen=-0.55 and
rwomen=-0.59; P<0.001). The slight but different relationship between F2 and T2 could be another indicator
of differences in the landing technique. This issue should
be investigated in future studies.
The present study was carried out during actual aptitude tests that allowed to those who succeed to start a
Sports Sciences degree. There were obvious time constraints, thus anthropometry and high speed kinematics could not be measured, although they would have
been very useful for the analysis. On the other hand,
these data have been collected during an actual test
situation, where the results could show a different
trend than those found in a laboratory context.
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groups y más elevado. When the landing heights are
greater, this tendency has been reported to change. In the
study by Ford et al.31 both groups landed from 31 cm and
there were no differences in the ground reaction forces.
However, Kernozek et al.33 reported greater values of
ground reaction forces when both groups of men and
women landed from 60 cm. Unpublished data from our
laboratory have found greater values in women when
they landed from 75 cm (women= 8.10±1.42 BW;
men=6.14±1.62 BW, P<0.01). There-fore, it seems that
the landing height is essential when considering gender
differences in landing kinetic patterns.
In another study, Hewett et al.36 found a greater
extension of the lower limb at the beginning of the
landing movement in women, who afterwards injured
their anterior cruciate ligament, because this position
increased the stress on the ligament and therefore, the
risk of injury. In the present study, the extension of
the lower limb was estimated indirectly from the height
of the center of gravity at the beginning of the landing
movement. Contrary to the work by Hewett et al.,36 the
men’s group landed with a higher position of the center of gravity, (that is, more extended) although the
differences were not significant (hlwomen=3.88±1.69%;
hlmen=3.78±1.99%). On the other hand, the women’s
group showed a greater vertical range of movement of
the center of gravity during the landing (Lrwomen=
11.06±2.72%; Lrmen=10.43±2.43%; P<0.05). The last
parameter, together with the lower jump heights and the
greater T2, explained the smaller F2 values found in the
women’s group, who utilized an increased vertical
range of movement and a delay of the second peak
vertical force value to decrease the force values during
the landing.
The F2 values of the present study (F2all=7.12±2.41
BW; F2women=5.89±2.06 BW; F2men=7.51±2.38 BW)
are greater than those found by other authors who analyzed landings from similar heights (hall=33.1±6.0 cm;
hwomen=25.6±3.5 cm; hmen=35.5±4.5 cm). McNittGray,10, 16 Self and Paine 39 and Prapavessis and McNair
40 measured values from 4.16 to 4.51 BW in samples
of active young men, recreational athletes and a group
of men and women, respectively. Even in landings
from 0.72 m, McNitt-Gray 10, 16 found lower F2 values
than those measured in the present work (F2=6.38±1.70
BW). It is possible that the subjects of the studies
reported above could have performed softer landings
as they were instructed to land as softly as possible
with free movement of the upper limbs, whereas the

ABIÁN

Vol. 48 - No. 3

Conclusions

The peak vertical force values measured in the present work are higher than those found from greater
landing heights. This is probably because in other
studies the participants were asked to focus their attention on performing soft landings.
During the landing movement the women’s group
showed lower values in the second peak of the forcetime record, which were related to the lower jump
heights, the longer path of the center of gravity during
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the landing and the delay of the impact of the calcaneus.
These are the parameters that should be taken into
account if the aim is to improve the landing technique
or train to decrease reaction forces during the landings from jumps.
Further studies should analyze the results of jump
tests to find out whether it is possible to reduce the
second peak vertical force value and yet maintain the
maximum jump height. If possible, then it would also
be possible to train the landing technique during actual competitions and aptitude tests.
References

1. Lara A, Abián J, Alegre LM, Jiménez L, Aguado X. Assessment of
power output in jump tests for applicants to a sports sciences degree.
J Sports Med Phys Fitness 2006;46:419-24.
2. Lara A, Abián J, Alegre LM, Jimenez L, Aguado X. Jump tests on a
force platform for applicants to a sports science degree. J Hum
Movement Stud 2006;50:133-47.
3. Henry JH, Lareau B, Neigut D. The injury rate in professional basketball. Am J Sports Med 1982;10:16-8.
4. Zelisko JA, Noble HB, Porter MA. Comparison of men’s and women’s
professional basketball injuries. Am J Sports Med 1982;10:297-9.
5. Richie DH, Celso SF, Bellucci PA. Aerobic dance injuries: a retrospective study of instructors and participants. Physician Sportsmed
1985;13:130-40.
6. Gerberich SG, Luhmann S, Finke C, Priest JD, Beard BJ. Analysis of
severe injuries associated with volleyball activities. Physician
Sportsmed 1987;15:75-9.
7. Özgüven H, Berme N. An experimental and analytical study of impact
forces during human jumping. J Biomech 1988;21:1061-6.
8. Zazulak BT, Ponce PL, Straub SJ, Michael JM, Avedisian L, Hewett
TE. Gender comparison of hip muscle activity during single-leg landing. J Orthop Sports Phys Ther 2005;35:292-9.
9. Gray J, Taunton JE, Mckenzie DC, Clement DB, McConkey JP. A
survey of injuries to the anterior cruciate ligament of the knee in
female basketaball players international. J Sports Med 1985;6:314-6.
10. McNitt-Gray JL. Kinematics and impulse characteristics of drop landings from three heights. Int J Sport Biomech 1991;7:201-24.
11. Bauer JJ, Fuchs RK, Smith GA, Snow CM. Quantifying force magnitude and loading rate from drop landings that induce osteogenesis.
J Appl Biomech 2001;17:142-52.
12. Mizrahi J, Susak, Z. Analysis of parameters affecting impact force
attenuation during landing in human vertical free fall. Eng Med
1982;11:141-7.
13. Dufek JS, Bates BT. Biomechanical factors associated with injury
during landing in jump sports. Sports Med 1991;12:326-37.
14. McNair PJ, Marshall, RN. Landing characteristics in subjects with normal and anterior cruciate ligament deficient knee joints. Arch Phys Med
Rehabil 1994;75:584-9.
15. Pflum MA, Shelburne KB, Torry MR, Decker MJ, Pandy MG. Model
prediction of anterior cruciate ligament force during drop-landings.
Med Sci Sports Exerc 2004;36:1949-58.
16. McNitt-Gray JL. Kinetics of the lower extremities during drop landings from three heights. J Biomech 1993;26:1037-46.
17. McNair PJ, Prapavessis H, Callender K. Decreasing landing forces:
effect of instruction. Br J Sports Med 2000;34:293-6.
18. Onate JA, Guskiewicz EM, Sullivan RJ. Augmented feedback reduces
jump landing forces. J Orthop Sports Phys Ther 2001;31:511-7.

310

THE JOURNAL OF SPORTS MEDICINE AND PHYSICAL FITNESS

September 2008

