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Abstract

The kinematics involved in different landing strategies may be related to the occurrence of trauma. 
Several sources suggest that the angle of knee extension on touchdown and impact with the ground 
determines the magnitude of the impact force and, indirectly, knee loading. This study compared the 
initial knee angle and maximum knee flexion angle at the instant of impact on drop-landings between 
healthy men and women. In this study, 60 participants (30 males, 30 females) dropped from a height 
of 43 ㎝. A digital camera and video motion analysis software were used to analyze the kinematic 
data. When landing, there was significant difference between the two groups (15.67±6.05° in male, 
24.10±6.34° in female) in the mean knee flexion angle. The range of knee flexion on landing 
(44.06±10.97° in male, 36.96±9.99° in female) also differed significantly (p<.05). The greater knee 
flexion that was observed in the male subjects would be expected to decrease their risk of injury. 
Women land with smaller range of  knee flexion than men and this might increase the likelihood of 
a knee injury.1)
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Introduction

Injury to the anterior cruciate ligament (ACL) 
is common, costly, and debilitating. Although 
both male and female athletes are susceptible to 
ACL injury, epidemiologic research has demon-
strated that female athletes are two to four times 
more likely to sustain injury to the ACL than 
male athletes (Arendt and Dick, 1995; Messina 
et al, 1999). There are many reports that the in-

cidence of anterior cruciate ligament and pa-
tello-femoral injuries is greater in female athletes 
than in their male counterparts in comparable 
sports, such as basketball, volleyball, and soccer 
(Baker, 1998; Beim and Stone, 1995; DeHaven 
and Lintner, 1986; Engstrom et al, 1991; Feretti 
et al, 1992; Kaiser, 1998; Woodland and Francis, 
1992). Epidemiologic research has indicated that 
ACL injuries frequently occur during noncontact 
situations such as landing from a jump on one 
or both legs (Boden et al, 2000).
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Variable Male  Female

Age (yrs)  22.4±2.2a   22.3±3.1

Height (㎝) 174.0±5.5  161.2±3.7

Weight (㎏)  68.7±8.3   55.4±6.1
 aMean±SD

Table 1. Age, height, and weight of the subjects (N=60)

Huston et al (2001) studied 20 young 
height-matched subjects, 10 males and 10 fe-
males, who performed three jumps from three 
vertical heights. The largest gender difference in 
knee angle occurred at the highest jump height 
of 60 ㎝. Women were found to land with a 
significantly straighter knee angle than men from 
heights of 40 and 60 ㎝, thereby exposing their 
knee joint to greater forces per unit body weight 
when landing from a jump than men do. 
Lafortune (1985) compared healthy basketball 
players with those previously injured while catch-
ing rebounds. The non-injured athletes had great-
er flexion at the hip and knee joints during 
landing. Interestingly, previously injured athletes 
had less hip and knee flexion (Lafortune, 1985). 
Huston et al (2001) theorized that the smaller 
knee flexion angle utilized by women during the 
impact phase of landing would also increase 
their vertical ground reaction forces and knee 
joint loads. Given these findings, a review of the 
incidence and causes of knee injuries among fe-
male athletes is in order, particularly in basket-
ball, soccer, and volleyball. Such a review might 
suggest areas for further study that could help to 
prevent more effectively anterior cruciate liga-
ment injuries in females. Several lines of evi-
dence suggest that the angle of knee extension 
on touchdown and impact with the ground de-
termines the magnitude of the ground impact 

force, and therefore, indirectly, knee loading. 
Although drop-landings have been studied ex-
tensively, few studies have examined gender dif-
ferences (Huston et al, 2001; McNitt-Gray, 
1993). Therefore, this study compared the initial 
knee angle and maximum knee flexion angle at 
the instant of impact for vertical drop-landings 
by healthy men and women.

Methods

Subjects

Thirty healthy male (age, 22.4±2.2 yrs; height, 
174.0±5.5 ㎝; weight, 68.7±8.3 ㎏) and 30 healthy 
female (age, 22.3±3.1 yrs; height, 161.2±3.74 ㎝; 
weight, 55.4±6.1 ㎏) volunteers participated in the 
study. They were free of injury and neurologic 
deficits in the lower extremity at the time of 
testing. Only the dominant leg was tested in this 
study. The dominant leg was determined by ask-
ing the subject which leg they would be more 
likely to use when kicking a ball. The age, 
height, and weight of the subjects are summar-
ized in Table 1.

Test Protocol

The participants were instructed to perform three 
unconstrained jumps from a height of 43 ㎝. A 
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Figure 1. Experimental setting

Males  Females t p

Knee flexion angle on landing (degrees) 15.67±6.05a  24.10±6.34 5.08 .00

Maximum knee flexion angle (degrees) 60.04±11.20  61.07±9.54 0.38 .41

Knee flexion angle (degrees) 44.06±10.97  36.96±9.99 2.62 .01
aMean±SD

Table 2. The kinematic data on landing (N=60)

digital camera and video motion analysis soft-
ware Pro-Trainer1) was used to analyze the kine-
matic data.2) 

The subjects were instructed to drop directly 
down off the box and immediately perform a 
vertical jump (Figure 1). Each participant was al-
so instructed to drop, not jump, from the raised 
platform to the ground, attempting to land with 
their toes as close as possible to a mark on the 
floor 30 ㎝ from the platform, in an attempt to 
standardize the horizontal jumping distance of the 
participants. The arms were not constrained dur-
ing the landings and were generally at the sub-
jects' sides. Each subject practiced the maneuver 
before data collection, to allow the subjects time 
to become comfortable with the data collection 
conditions. Three successful trials were recorded 
for each subject.

Statistical Analysis

The knee joint angular position was calculated 
from the kinematic data. Independent t-tests were 
used to determine whether there was a difference 
between males and females in the initial knee 
flexion angle at the moment of impact and max-
imum knee flexion angle during vertical drop 
landing. The level of significance was set at 
p<.05.

Results

After a drop from 43 ㎝, the mean knee flex-
ion angle on landing was 15.67±6.05° for male, 
24.10±6.34° for female and respectively, the differ-
ence was significant (p<.05) (Table 2). The mean 
maximum knee flexion angle was 60.04±11.20° in 
males and 61.07±9.54° in females. The difference 
was not significant (p>.05) (Table 2).

With respect to the knee flexion range during 
landing, the mean angle change was 44.06±10.97° 
in male, 36.96±9.99° in female, and the differ-
ence was significant (p<.05) (Table 2). 

1) Sports Motion Inc. Cardiff, CA. USA.  
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Discussion

The purpose of this study was to determine 
gender-related differences in knee flexion motion 
in college students. Identification of these differ-
ences may help determine why female display a 
higher incidence of noncontact ACL injuries 
compared with males. 

There are many theories on the etiology of the 
greater incidence of anterior cruciate ligament 
and patello-femoral injuries in females who play 
the same sports as males. Both extrinsic and in-
trinsic factors are involved. Extrinsic factors in-
clude contact vs. non-contact mechanisms, muscle 
strength, conditioning, prior athletic experience, 
and shoe-surface interface. Intrinsic factors include 
joint laxity, anatomic limb variation, Q-angle, and 
the dimensions of the intercondylar notch (Arendt 
et al, 1999; Feretti et al, 1992). ACL injuries re-
sult from either contact or noncontact 
mechanisms. Noncontact ACL injuries account 
for more than two thirds of ACL injuries (Boden 
et al, 2000; Griffin et al, 2000).  The noncontact 
mechanism usually involves a deceleration before 
a change of direction or landing with the knee 
between 20° and full extension (Boden et al, 
2000). 

The potential mechanisms underlying the injury 
rate differences between genders can be catego-
rized into three basic theories; anatomical, hor-
monal, and biomechanical (Ford et al, 2003). 
The risk of an ACL injury is likely multi-
factorial with no single causative factor being 
solely responsible for the increased rate. 
Anatomical risk factors that have been proposed 
include increased Q-angle, narrower femoral 
notch, and increased hypermobility or laxity in 
female athletes. Few, if any, anatomical varia-
bles, however, have been directly correlated with 

an increased risk of noncontact ACL injury 
(Griffin et al, 2000). A decrease or alternation in 
ligament strength, muscle strength, or muscle re-
cruitment due to cyclic changes in female hor-
mones may be possible contributors to the in-
creased injury rates in female athletes (Hewett, 
2000).  The experimental findings regarding the 
influence of hormones on injury risk are limited 
and remain controversial (Ford et al, 2003). So 
far, no one factor has been proven to be the 
leading cause of the difference.

We examined the sex differences in kinematics 
in response to a single leg jump in non-athletic 
individuals. Past studies have quantified the max-
imum knee flexion angle on impact, which is 
known to determine the maximum ground re-
action force (Nigg, 1994). The maximum knee 
angle that we recorded is similar to the result of 
Dufek and Bates (1991), who reported a max-
imum knee flexion angle of 77° in a drop from 
a height of 59 ㎝, whereas we measured an 
average maximum knee flexion angle of 45.56°. 
However, Dufek and Bates (1991) examined only 
three male participants. Hewett et al (1996) re-
ported that the maximum knee flexion angles of 
high school volleyball players ranged from 69° 
to 72°.

Amoroso et al (1997) proposed that there is a 
gender difference in body configuration at the 
time of landing from a free-fall jump. However, 
body configuration is unlikely to affect the initial 
ground reaction force impulse, which lasts for 
only 30 ㎳, because in this short time, the pel-
vis and super-incumbent body have not started to 
decelerate.

DeVita and Skelly (1992) demonstrated a 
change in the relative contribution of the hip, 
knee, and ankle joints to energy absorption be-
tween soft and stiff landing styles, and de-



한국전문물리치료학회지 제11권 제4호

KAUTPT Vol. 11 No. 4 2004.

- 5 -

termined that the hip, knee, and ankle absorbed 
25%, 37%, and 37% of the total energy during 
soft landings. When the subjects consciously re-
duced the range of joint motion to land stiffly, 
the relative contribution of the lower extremity 
joints to the total energy absorption changed to 
20%, 31%, and 50%, respectively.

This study provides evidence that the ground 
reaction force is likely greater in women per 
unit body weight than in men, because women 
land with a straighter knee, since the anterior 
cruciate strain is greatest when the lower ex-
tremity is loaded in full knee extension, and de-
creases with knee flexion. Consequently, since 
women land with straighter knees than men, the 
likelihood of knee injury increases. However, 
support for this interpretation requires the appli-
cation of an inverse dynamics analysis to meas-
ure the energy absorption during landings with 
the knee extended and flexed.

Factors other than those evaluated in this study 
need to be considered when attempting to de-
termine the reasons underlying the increased in-
cidence of anterior cruciate ligament injuries con-
sistently observed in female athletes.

Conclusion

We concluded that gender differences in knee 
flexion motion in college students during vertical 
drop landing. The greater knee flexion we ob-
served in the male subjects would be expected 
to decrease their risk of injury. Women land 
with small range of  knee flexion than men and 
this might increase the likelihood of a knee 
injury. This difference may be related to the in-
creased incidence of noncontact ACL injuries in 
female college students.
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