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ABSTRACT

This study focusses on the angular kinematics analysis, namely an-
gular displacement, angular velocity, and angular acceleration among
professional and amateur paratroopers of Malaysian military using video
processing technique. They are three professional and eighteen amateur
parachutists who are Malaysian army participated in this study. The
video data was captured based on the event "before their foot touched
the ground" using three GoPro cameras at 60 fps (frame per second). The
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angular kinematics data has been analysed using the Quintic Biomechan-
ics Software v26. The study of angular kinematics can help to find the
optimum flexion angle and the angular displacement for the hip, knee
and ankle joint during landing. The results showed that professional
parachutists bent their hip and knee and flexed the balls of their feet more
during landing. This produced change in angular displacement, angular
velocity and angular acceleration.The optimum angular displacement are
1.31 rad (hip flexion), 0.79 rad (knee flexion) and 0.94 rad (ankle flexion).
The optimum angular velocity are 0.03 rads−1 (hip flexion), 0.27 rads−1

(knee flexion) and -4.19 rads−1 (ankle flexion). The optimum angular ac-
celeration are -35.17 rads−2 (hip flexion), 55.26 rads−2 (knee flexion) and
-22.33 rads−2 (ankle flexion). The optimum angular kinematics parame-
ters can be served as guidelines and reference for the amateur parachutists
to perform the optimum landing and minimise the injury.

Keywords: Angular kinematics data, PLF technique, injury.

1. Introduction

The sovereignty of a nation depends on the security and strength of the
armed forces of each state. The selection of soldiers must adhere to the perfect
physical specifications and good health conditions as they must withstand all
the necessary military training. Military physical exercises such as war exercise,
abseiling and rappelling are among the risky activities that may cause injury
to the army. This is followed by the failure to control the parachute and
negligence in the use of weapons and explosives (Chervak et al., 2010). In
Malaysia, the paratroopers are known as the 10 Brigade Paratroopers and
started operations in 1970. The 10 Para Brigades are elite parachute teams
standing with parachutes abroad, such as the United States Delta Force. In
addition, the speed and the efficiency of the elite unit of 10 Para Brigades have
been a major advantage to the Malaysian Armed Forces (ATM) in carrying out
its mission to ensure that the country’s security is maintained.

Parachute landing fall (PLF) is a technique used by the Malaysian armed
forces for parachuting landing activities, even the US military used the same
technique. Besides, there is another technique used by the troops in Russia
and China for the parachute landing activity and it is known as Half-Squat
Parachute Landing (Niu et al., 2010). The difference between the PLF tech-
nique and the HSPL is that the PLF has two phases, namely the elbow and
knee flexion as the foot touched to the ground and rolls. While HSPL is just
involving knee, ankle and forefeet being put together with the plantar is par-
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allel to the ground. Based on this study, the PLF technique is more effective
because during the rolling phase it can lessen the high impulse force to the
ankle.

In biomechanical explanation, the ankle is the highest probability of getting
injury during landing activity (Bricknell and Craig, 1998, Knapik et al., 2010,
Neves et al., 2009, Whitting et al., 2009). The ankle is the first joint that
contact with the ground and receive the impact force from full-body (Whitting
et al., 2009). Anterior Cruciate Ligament is the common injury to the ankle if
the landing technique of the parachutist is not optimum. The optimum landing
technique that can reduce injury is the ankle flexion must be less than 45◦ and
landing using the balls of their feet. In addition, Knapik et al. (2010) the ankle
injuries, ankle sprains, and ankle fractures can be avoided by using ankle brace
during the military parachuting. The knee is also the joint that has a higher
chance of getting an injury during landing. Several studies showed that the low
knee flexion (less than 30◦) or higher knee flexion (exceed 130◦) during landing
can cause the ACL strain injury (Bern et al., 1992, Boden et al., 2000, Kiapour
et al., 2013, Kim et al., 2015, Wu et al., 2018, 2010). In addition, the knee
joint compressive force by ground impact can lead to anterior tibial translation
when the knee is in full extension. The increase of knee flexion during landing
can reduce the ground reaction force. A study in Wu et al. (2018) showed that
the use of knee brace during HSPL activity can avoid injury and can protect
knees from the extortion. In addition, hip flexion also plays an important
role when performing the optimum landing. The extended and decreased hip
flexion during landing activity increased the risk of antagonistic forces on the
knee (Hashemi et al., 2011, Kipp et al., 2011, Pollard et al., 2010, Shultz et al.,
2009, Yu et al., 2006). The hip flexion will cause the musculature surrounding
the knee produces a posterior tibial force, but it was overextended or decreased
and it will strain the ACL (Boden et al., 2000).

There are several researchers who studied on kinematics data during landing
on the lower limb (Chappell et al., 2005, Chappell and Limpisvasti, 2008, Decker
et al., 2003, Huston et al., 2001, Kwok et al., 2003, Shultz et al., 2009), as
lower extremity has the highest record of injury for landing activity According
to Ball et al. (2014) who have done a research about the record of injury
during parachute landing, it is shown that out of 110 patients 65% have lower
extremity injury followed by 22% neck or back injuries, 22% head injuries,
and 19% have upper extremity injuries. Some researchers also studied about
kinematics data on the upper limb but most of them focused more on the
daily routine movement and for the stroke patients (Abidin et al., 2018, Ariffin
and Rambely, 2016, Ponvel et al., 2019, Ramlee and Gan, 2017). Previous
study, as reported in Aziz et al. (2019) was the comparison of kinematics data
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between professional and amateur parachutists on the whole body segments
(wrist joint, elbow joint, shoulder joint, hip joint, knee joint and ankle joint).
The kinematic parameters that have been studied were the linear velocity,
acceleration and angle. Based on the result, it showed that the kinematic data
from upper extremity has no significant difference between professionals and
amateurs before foot touched the ground. As such, it is suggested that the
angular kinematics of lower extremity which starts from the hip, knee and
ankle joint may contribute to the parachute landing activity.

The main purpose of this study is to analyse and identify the angular kine-
matics parameters that contribute to the parachute landing activity among
professional and amateur parachutists using video processing techniques. The
data was collected based on the event "before feet touched the ground" as this
study is aimed to recognize the optimum position of each body segment (lower
extremity) during landing activity. In addition, these kinematics data from the
professionals can be served as the reference for the amateurs to perform the
optimum landing and avoid the injury.

2. Methodology

Three professional parachutists (age, 28 ± 1.73 yr; height, 1.67 ± 0.02 m;
weight, 65.3 ± 7.6 kg) and eighteen amateur paratroopers (age, 23.8 ± 2.1 yr;
height,1.69±0.05m; weight, 62.9±5.9 kg)who are military army participated in
this study. According to the parachute trainer, Mejar Ahmad Muadz a 1000-
feet professional static parachute must make the jump more than 50 times.
After that, the professional parachutist can proceed to free-fall parachute train-
ing with the height of 10,000 feet. In this experiment, the professional subjects
had achieved 53 jumps meanwhile the amateurs were chosen from the military
was following static parachute training and have never made any jump before.
All the subjects have signed written consent before conducting this experiment.
The ethical committee approval was obtained from the university in accordance
with the Hospital Canselor Tuanku Muhriz (HCTM) guidelines.

During the 4 weeks training, all the participants followed the protocol as
they have to wear the camouflage military uniform, boot and helmet that are
specially designed for the paratroopers. In addition, during the experiment, all
the subjects have to carry 10kg weight bag that placed in front of the body as
the preparation as during the real jump, they have to carry more than 40kg
load. The experiment begins when the subject clings into the iron swing, then
another subject will push until they swing like a pendulum. After about 3
times swing the subject will release the iron swing and land by applying the
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PLF technique. All subjects will make this behaviour for three times to perform
the better result of kinematics data.

The parachute landing activities motion were recorded using three GO-Pro
Hero 4 cameras with 60 frames per second (fps) and 1080 pixels of resolution.
Figure 1 (left) shows the position of each camera during the experiment. Cam-
era 1 is on the right of the subject to capture the sagittal plane. The position of
camera 2 was on the back of the subject and the position of camera 3 has been
adjusted 60◦ with the camera 1. All the cameras have been synchronized and
connected with the Bluetooth so that all cameras can be started and stopped at
the same timing. Figure 1 (right) shows the sagittal plane of the subject during
parachute landing and angular kinematics parameters extraction is based on
this plane. Meanwhile, Figure 2 represents the digitized process using Quintic
Biomechanics Sofware v26 to produce the angular kinematics data. This study
only focused on angular kinematics analysis on the sagittal plane in lower ex-
tremity. The calibration process has been done using a one-meter ruler as a
benchmark to calculate the speed of video which was 59.4 per second. Subse-
quently, the video data were smoothened using Butterworth digital filter with
a cut-off frequency of 3 Hz. As both groups have different numbers of data size.
T−welch t−test has been chosen to be analyse the angular kinematics param-
eters with p ≤ 0.05 and the 95% confidence interval. Figure 3 represented the
flow chart of the methodology to produce angular kinematics data.

Figure 1: Left: Position of cameras and subject from the top view; Right: Position of the subject
on the sagittal plane.
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Figure 2: Digitize process using Quintic Biomechanics Software.

Figure 3: Flow chart of the methodology to produce angular kinematics data.
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3. Result

The statistics test showed that there is a significant difference of hip, knee
and ankle angular velocity between professional and amateur parachutists with
(p ≤ 0.05). Based on Table 1, the maximum value of the angular velocity
at hip, knee and ankle joint from professionals data was lesser compared to
the amateurs. The angular acceleration at the hip, knee and ankle joint has
shown a significant difference (p ≤ 0.05), between professionals and amateurs
data. The maximum value for angular acceleration at hip, knee and ankle also
showed that the amateurs accelerated in the angular motion more compared to
the professionals. The difference is obvious at the angular acceleration of ankle
joint that reached 15.85 rad/s2 for professionals but recorded at 67.51 rad/s2

for amateurs. In addition, the angular displacement at hip, knee and ankle
joint also showed a significant difference between professionals and amateurs
(p ≤ 0.05). The value of maximum and minimum for angular displacement
form amateurs was larger than professionals, thus showed that amateurs had
less bending at their hip and knee during landing.

Figures 4, 5 and 6 represented the graph of value angular velocity, angular
acceleration and angular displacement at hip, knee and ankle joint between
the professional and amateur parachutists movement start from hanging into
iron bar until foot touched the ground. Based on Figure 4 illustrate that the
reading of angular velocity from amateurs data was higher than professionals
especially at ankle joint. In addition, according to Figure 5 showed the angular
acceleration for the professionals at knee and ankle joint was negative value
after frame 21 (feet touched the ground). It can be concluded that the move-
ment at knee and ankle joint for professionals was slowing down. Furthermore,
Figure 6 was also showed that the angular displacement at the hip, knee, and
ankle joint for the professionals was lesser than amateur parachutists.

Malaysian Journal of Mathematical Sciences 37



Aziz, S. et al.

Table 1: The mean, maximum and minimum value of event during subject before feet touch ground
between professional and amateur parachutist.

Professional Amateur
Variable Mean Max Min Mean Max Min
Angular Velocity
(rad/s)
Hip flexion 0.03 2.00 -2.25 -1.24 3.48 -6.75
Knee flexion 0.27 3.24 -1.92 1.05 7.70 -5.54
Ankle flexion -4.19 -0.01 -9.29 -5.02 2.72 -14.63
Angular Acceleration
(rad/s2)
Hip flexion -35.17 37.5 -118.63 -38.55 5.093 -126.88
Knee flexion 55.26 142.33 -9.05 63.06 180.41 -28.08
Ankle flexion -22.33 15.85 -80.48 -18.57 67.51 -167.19
Angular Displacement
(rad)
Hip flexion 1.31 2.01 1.93 2.26 2.57 1.92
Knee flexion 0.79 1.81 0.75 2.03 2.35 1.55
Ankle flexion 0.94 1.19 0.62 1.42 1.91 0.84

(a) (b)

(c)

Figure 4: Angular Velocity between professionals and amateurs (a) hip (b) knee (c) ankle
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(a) (b)

(c)

Figure 5: Angular Acceleration between professionals and amateurs (a) hip (b) knee (c) ankle
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(a) (b)

(c)

Figure 6: Angular Displacement between professionals and amateurs (a) hip (b) knee (c) ankle

4. Discussion

The optimum landing during parachute activity is the important thing to
know for all the parachutists to perform better landing without any injury.
This study focused specifically on the event "before feet touched the ground"
to see whether or not the amateurs apply the correct PLF technique during
landing. The value of angular velocity was taken to observe the change of
angular position or orientation for the hip, knee and ankle joint with time.
Meanwhile, the angular acceleration was recorded to define the rate of changes
of angular velocity. The value of angular velocity was taken to observed changed
of the angular position or orientation for the hip, knee and ankle joint with
time. Meanwhile, the angular acceleration was recorded to define the rate of
changes of angular velocity. The value of angular velocity and acceleration have
positive and negative value because it follows the movement of the joint and
the increasing or decreasing of angular displacement. Based on Table 1, it can
be seen that the maximum value for angular velocity, angular acceleration and
angular displacement for the professional parachutists are much lesser compared
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to the amateur parachutists.

The analysis showed that the flexion of the hip joint plays an important role
to perform a better landing. According to Kiapour et al. (2013) the ACL injury
will occur if the hip flexion was exceeding more than 130◦ (2.26 rad) or less than
30◦ (0.524 rad). Based on Table 1, it shows that the mean and the maximum
angular displacement of the hip flexion for the professional parachutists were
1.89 rad and 2.01 rad, meanwhile for the amateur were 2.26 rad and 2.57 rad.
Based on the amateurs result, it will cause injury because they landed with
erected posture. Hip was the location of the body’s center of mass during the
landing phase, therefore the flexion of the hip and the orientation of the trunk
are the important factors that contribute to ACL injury risk. According to
Shultz et al. (2009) the erect posture at the trunk may be dangerous to the
knee but it can be avoided by flexing the trunk as it will allow the increase
protective hamstring muscle activation. Moreover, the hip flexion also gave
influence to the ground impact force whereas it allows for muscle associated
with the knee joint to better absorb landing impact force and other rotational
torque (Kipp et al., 2011).

The knee joint has a high risk for injury during parachute landing activity.
According to Wu et al. (2018) the most common injury is a fracture of the
knee joint followed by injuries of the cruciate ligaments, collateral ligaments,
and meniscus. In biomechanics study, some researchers (Bern et al., 1992,
Boden et al., 2000, Hashemi et al., 2011, Kim et al., 2015, Wu et al., 2018,
2010) found that a low knee flexion angle which is less than 30◦ or exceed
130◦ for the landing activity will cause the ACL and injury. Based on Table
1, it shows that the knee flexion of angular displacement for the professionals
was only 1.81 rad (103.7◦) meanwhile the amateurs reached 2.35 rad (134.7◦).
According to the result, it shows that the position of knee flexion from amateur
parachutists will cause the ACL injury. The low knee flexion will also cause
limitation to the protective effects of hamstring co-contraction (Boden et al.,
2000). Moreover, other biomechanics study found that the knee injury occurs
especially during the impact force and will cause injury at the meniscus and
articular cartilage (Kiapour et al., 2013). The anterior cruciate and collateral
ligaments were at a higher risk of tear during the peak knee flexion angle.
Therefore Wu et al. (2018) has suggested that wearing the knee braces for all
the military paratroopers is needed to avoid knee injury.

In biomechanics study, it is found that the ankle is the joint that has the
highest percentage of injury for the landing activity. Based on the research
done by Ellitsgaard (1987) the collection of injury data from 110,000 sports
jumps found that injury at lower extremity was 59.7% whereas 25% was the
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ankle fracture. The ankle was easily injured because it is the first joint to
suffer impact from the ground and receives force from the full-body (Neves
et al., 2009). The ankle flexion of angular displacement, angular velocity and
angular acceleration could reduce the dangerous joint compressive force at the
knee (Hashemi et al., 2011) and also affect the reading ground reaction forces.
Some researchers found that landing with the flat-footed has a potential risk to
ACL rupture since it generated a higher value of ground reaction forces (Boden
et al., 2000). Landing with the toe first will be extending the knee and plantar
flexed the feet more at the initial ground contact and may lead to a reduction in
quadriceps activation (Shimokochi et al., 2009). Based on Figure 6 and Table
1 the ankle flexion from professionals is much lesser compared to the amateur
parachutists.

This research analysed the difference of angular kinematics data from pro-
fessional and amateur parachutists based on the event "before feet touched
the ground" at the sagittal plane. The angular kinematics data from profes-
sional parachutists can be served as a reference for the amateurs to produce
the optimum landing and avoid injury.

5. Conclusion

This study showed the comparison of angular kinematic data between pro-
fessional and amateur parachutists during before the feet touched the ground.
The result from the professionals data can be used as a reference for an ama-
teurs parachutist who has never experienced a parachute landing to perform the
better landing and avoid injury. This study also showed that the professional
parachutists produced lesser angular velocity, angular acceleration and angular
displacement at hip, knee and ankles. From the results, it can be concluded
that professional parachutists bent their hip, produced more knee and ankle
flexion. The limitation of this study is that all the subjects wore camouflage
military uniform and boot during the training and the experiment need to be
conducted using markerless motion video recording. However, this study design
can produce data similar to the real training of parachute landing since all the
subjects wore the same outfit. In addition, the limitation speed of the camera
produced a small number of frames for each movement. Further research will
discuss the kinetics data, which is torque by applying the mathematical model
using Kane’s method. Since it demonstrates high knee valgus and value of
torque during landing jumping activity will cause the ACL injury.
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