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Introduction: Musculoskeletal injuries are prevalent among active individuals, such as military
personnel, which may lead to high health costs. The injuries, specifically in lower extremity
joints, are mostly taking place during movements such as jumping. This study investigates the
correlation between trunk muscle endurance and three-dimensional knee kinematics during
jump-landing among military personnel.
Materials and Methods: Thirty commandoes (Mean±SD age: 29.45±4.76) participated in the
study. The researchers performed McGill standardized testing battery (core muscle endurance
tests). Our subjects underwent jump-landing maneuver and 3D motion analysis of knee joint
kinematics. Then the investigators analyzed the obtained data using the Pearson correlation test
(P<0.05). The main outcome measures were trunk muscles’ endurance and knee joint angles of
flexion-extension, abduction-adduction, and internal rotation-external rotation estimated using
MATLAB scripts for three trials during peak angle of knee flexion just before the rebound. We
also calculated the average value for the aforementioned motions from initial contact to the
take-off phase.
Results: The Pearson correlation test indicated a statistically significant correlation between
the peak and average value of knee flexion angle and right (rpeak=0.511, raverage=0.505/
Ppeak=0.021, Paverage=0.023) and left (rpeak=0.486, raverage=0.445/ Ppeak=0.030, Paverage=0.049) side
bridge tests. Moreover, we observed a significant negative correlation between average knee
internal rotation and trunk flexors’ endurance test value (r=-0.496, P=0.026).

Keywords:
Core muscle endurance, Jumplanding, McGill protocol, Knee
joint alignment

Discussion: The trunk muscles provide knee stability in dynamic tasks. Particularly,
strengthening abdominal and lateral muscles of the trunk high shown to decrease knee rotation
and flexion, respectively, during landing from a jump. Consequently, the authorities should
emphasize this fact while designing conditioning or rehabilitation programs.
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1. Introduction

espite its unclear nature, core stability is
quite popular; in other words, its definition
depends on subjective viewpoint: ranging from hip and trunk muscle strength,
trunk muscle endurance, maintenance of a
particular pelvic inclination or vertebral alignment, and
ligamentous laxity of the vertebral column [1]. The activation of core muscles is essential to stabilize the spine,
allow endurance loads, and produce gross movement of
the entire core structure. Therefore, several areas of core
stability should be considered in this regard. Researchers indicate that abdominal muscle should activate before the prime mover to provide a foundation for limb
movement [2]. They also note that the deepest abdominal muscle, the transversus abdominis, was invariably
the first muscle automatically activated to prepare body
movement, followed by the multifidus [1]. Further, Bouisset (1991) suggested that motor activity in the form of
postural support must occur before the initiation of extremity movements [3].
Core stability prevents injury and increases performance enhancement. Researchers suggest-although
based on limited studies-that adding core stabilization
exercise to injury prevention programs, especially for
lower extremities, can decrease injury rate [4]. Concerning dynamic stability, the endurance of the core musculature has often been thought of as a possible predictor
for injury. It shows that core stability and proprioception
has been an indicator of lower extremity injury. Among
these, non-contact Anterior Cruciate Ligament (ACL)
injuries are prevalent in sports and usually occur during
dynamic activities of deceleration, such as jumping or
changing direction [5].
During such events, because of the internal rotation of
the hip, adduction of the femur, and external rotation of
the tibia, the knee is often subjected to excessive frontal
plane motion [6]. Mechanics of the trunk, hip, and knee

are critical factors in noncontact ACL injury etiology.
They also provide a link between ACL injury and proximal lower extremity [5, 7]. Several works suggest that
muscles, such as the transversus abdominis, obliques,
and multifidi, are useful in spinal stabilization. Therefore, dysfunction of the muscles is associated with dangerous movement patterns [6].
As noted, landing and jumping are frequent in the military. Often military personnel performs ground movements, or they are required to jump and land in a position demanding quick responses. The landing strategy
has an inherent risk of a knee injury. Sell et al. reported
that ankle and knee injuries are prevalent in military personnel that account for 10.9% to 15.1% and 10.2% to
12.0%, respectively, of all musculoskeletal injuries in
this population [5].
Zazulak et al. demonstrated that proprioceptive deficits
in the body’s core might contribute to decreased active
neuromuscular control of the lower extremity, leading
to the valgus orientation of the knee [8]. For efficient
movement, segments must move in a proximal to the distal manner through the kinetic chain [9]. When muscles
perform synergistically from proximal to distal, the result is postural control that allows for coordinated movements [10]. The coordinated movements of the lumbopelvic and hip complex provide the ability to maintain
trunk positioning or postural awareness after static and
dynamic muscular contractions [11].
Unfortunately, the role of core muscles in lower extremity kinematics during a functional task is not fully understood [6]. Thus, this study examines the relationship between the core muscles of the trunk and knee kinematics
during two-legged jump-landing among army personnel.

2. Materials and Methods
Thirty active military personnel participated in this
correlational cross-sectional study with consent. The

Table 1. Subject demographics

Variables

Mean±SD

Range

Height (m)

178.5±7.37

160-188

Weight (kg)

79.20±11.08

60-97

BMI, kg/m2

24.77±2.40

20.8-30.6

Age, y

29.45±4.76

20-37

BMI: Body Mass Index.
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researchers determined the number of subjects using
G-Power sample size calculation software (with an effect size of 0.50, power of 0.80, and alpha of 0.05). The
subjects were older than 18 years and could perform
standard physical training with no conditions that may
affect jump-landing performance. The presence of low
back pain and the inability to perform the core stability
tests were the other criteria. Table 1 lists demographic
characteristics for all participants.
Core endurance
The researches assessed the core endurance by recording the time (using chronometer). Each participant can
maintain the positions of side bridge, prone plank, trunk
flexor, and extensor endurance tests considering McGill
and colleagues protocols. The reliability coefficients of
the tests were greater than 0.97 [12]. The side bridge test
was performed while the feet were placed one on top
of the other, the right upper arm was perpendicular to
the ground with the elbow resting on the mat, and the
left arm was placed over the chest, with the left hand on
the right shoulder. If any other part of the subject’s body
touched the floor, the examiner would stop the time
(Figure 1a). The side bridge test is ‘‘suggested to challenge optimally quadratus lumborum and the muscles of
the anterolateral (core) wall’’ [13].
For the prone plank, the subject lays prone off the floor.
The test starts when the subject lays in a horizontal position, with arms crossed over the chest. If the subject
drifted from the horizontal level, the examiner woud
A
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stop the time (Figure 1 b). The trunk extensor endurance
test provides a ‘‘global measure of back extension endurance capacity’’ [14] (Figure 1 c). The flexor endurance
test was performed while the feet were placed flat on the
table and fixed using two dumbbells, and the knees and
hips were at approximately 90˚ of flexion. The subject
started with his back against a wooden wedge 60˚ from
the horizontal. Time began when the wedge was moved
10 cm back from the subject and ended when the subject’s back touched the wedge [13] (Figure 1 d).
Jump-landing test
The jump-landing task consists of a jump from a 30cm box to a distance of 50% of the subject’s height away
from the box and immediately rebounded for a maximal
vertical jump on landing. Subjects were not provided
any instructions on their landing technique unless they
perform the task incorrectly. A successful jump has five
characteristics: jumping off of both feet from the box;
jumping forward, but not vertically, to reach the floor;
landing with the entire foot of the dominant lower extremity on the floor; landing with the whole foot of the
non-dominant lower extremity off the floor, and completing the task in a fluid motion [15]. If the test lacked
one of the features, the subjects would repeat the drill.
Biomechanical analysis
The researchers analyzed the kinematics by using the
3D motion analysis during the jump landing test. They
also followed a lower-body point cluster technique
B

Side bridge test
C

Prone plank test
D

Trunk extensor test
Figure 1. Mcgill protocol for measuring core muscle endurance

Trunk flexor test
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A

B

Sagittal view of the marker set

Frontal view of the marker set

Figure 2. Marker set in a static position (anatomical)

marker set [Qualysis Inc., Savebalden, Sweden] to estimate lower extremity kinematics (Figure 2, Figure 3)
[16, 17]. Marker localization was based on the Calibrated Anatomical Systems Technique (CAST). Tracking
markers consisted of left and right anterior superior iliac
spine, middle of the sacroiliac joint, two cluster markers
(eight markers) on the lateral side of the femur and lower
leg, posterior prominence of the calcaneus, distal end of
second and fifth metatarsal bones [16].

The researchers imported and processed all data using
MATLAB (The MathWorks, Inc., Natick, MA, USA). Each
subject’s data sequence was time normalized to 0%-100% of
the landing duration. They used motion data to create joint
angle data sequences. The knee joint angles of flexion-extension, abduction-adduction, and internal rotation-external
rotation were estimated and averaged over 3 trials. They also
calculated 3D knee joint angles and expressed it in the reference frame of the proximal segment. The local coordinate
system was placed at the proximal endpoint of the joint. The
frontal plane was defined by the orientation of the x-axis
(flexion and extension).

After recording motions with 6 calibrated digital JVC
camcorders (JVC Inc., Japan) (filming frequency of
200 frames per second), the researchers extracted threedimensional (3D) characteristics of markers by SIMI®
Motion Analysis workstation software (SIMI Reality
Motion Systems GmbH, Unterschleissheim, Germany).

A

The z-axis (internal and external rotation) passed through
each segment’s proximal and distal endpoints. They oriented
the y-axis (abduction and adduction) orthogonal to both the
x-axis and z-axis. For each trial, knee frontal and transverse
plane angles were obtained at the time of peak and average
B

Sagittal view

Frontal view

Figure 3. Marker set during jump-landing maneuver
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knee flexion angles. They normalized all variables to the participant’s weight (kg).
The researchers also created a database in Microsoft
Excel 2010 for each participant that contained the three
knee angles. Using these data, they analyzed movement
in sagittal, frontal, axial and transverse planes during
landing and their correlations with clinical data.
Data analysis
Researchers used SPSS V. 21 for statistical analysis of
the data. The Pearson correlation test was performed to
examine the correlation between core muscle endurance
and 3D knee angles during jump-landing (P≤0.05).

3. Results
The results are presented in Tables 2 and 3. The relationship between the kinematic variables of the knee during jump-landing and the clinical parameters of the core
muscles’ endurance is presented in Table 4. A statistically significant correlation was demonstrated between
the peak and average value of knee flexion angle and
right and left side bridge tests. Moreover, a significant
negative correlation was observed between knee internal
rotation and trunk flexors’ endurance test value. Other

findings for the kinematic of the knee showed no significant relationship with the clinical parameters of the core
muscles’ endurance.

4. Discussion
The best screening method for lower extremity injury risk in military personnel is still unknown, although
there is increasing evidence in an athletic population that
decreased knee flexion and increased abduction during
landing from a jump may contribute to increased ACL
injury risk [18]. Moreover, the factors associated with
dangerous knee kinematics among the military have not
been identified. The study investigated the correlation
between trunk muscle endurance and knee kinematics
during jump-landing in military personnel. The finding
suggests that the endurance of quadratus lumborum and
obliques muscles in both sides, which have been assessed through side bridge test, was positively correlated
with peak and mean knee flexion angles during landing.
This means that a better test result for the side bridge
test is associated with more flexion angle of the knee
during landing, which is a characteristic of a “soft” and
appropriate pattern. The pattern proved to correlate with
less injury risk. In contrast, the more “upright” and erect
landing shows one of the risk factors of ACL injury [19].

Table 2. Core endurance test (McGill protocol)

Test

Mean±SD

Range

Prone plank [s]

95.15±27.15

44-155

Right side bridge [s]

61.85±29.91

20-145

Left side bridge [s]

63.70±28.23

29-128

Extensor endurance [s]

100.60±31.69

54-178

Flexor endurance [s]

106.50±44.47

61-204

Table 3. Jump-landing kinematic

Joint Position

Peakb

Range

Averagec

Range

Knee-flexion angle [°]

72.05

40.98-88.45

31.54

10.74-48.89

Knee-abduction angle [°]

-7.72

-39.46-82.08

-0.35

-13.28-22.11

Knee-internal rotation angle [°]

-24.12

-83.23-89.04

-15.25

-53.28-12.58

A. Positive values indicate flexion, adduction, and external-rotation directions; B. Indicates the peak over the entire stance
phase (range: 0%–100%); C. Indicates an average over the entire stance phase (range: 0%–100%).
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Table 4. The Pearson correlation coefficients (r) between clinical measurements of core muscles’ endurance and kinematic data
of the knee joint during Jump-landing phase

Variables
Prone plank
Right side bridge
Left side bridge
Extensor endurance
Flexor endurance

r

Flexion [Average]

Flexion
[Peak]

Abduction
[Average]

Abduction
[Peak]

Rotation [Average]

Rotation
[Peak]

-0.093

0.217

-0.011

0.162

0.187

0.069

P

0.696

0.357

0.963

0.495

0.429

0.774

r

0.511*

0.505*

0.192

0.089

-0.324

-0.364

P

0.021

0.023

0.416

0.710

0.164

0.114

r

0.486*

0.445*

0.211

0.087

-0.279

-0.374

P

0.030

0.049

0.371

0.715

0.233

0.104

r

-0.019

0.190

-0.008

-0.075

0.024

-0.023

P

0.936

0.422

0.973

0.752

0.922

0.924

r

0.326

0.109

-0.135

-0.326

-0.496*

-0.325

P

0.161

0.648

0.570

0.161

0.026

0.162

*Indicates statistical significance P≤0.05.

This finding is compatible with Leetun et al. and Hodges et al., who confirmed the role of abdominal muscles
in lower extremity kinematics and injury risk [20, 21].
Leetun and colleagues used a combination of core endurance/strength measures in males and females in a
prospective study. They tried to correlate these measures
and athletes at risk for injuries in the lower extremities. The authors found that stronger hip abduction and
mainly external rotation were related to a decreased risk
of lower extremity injury [20]. Moreover, Hodges and
coworkers in an electromyography study examined the
roles of trunk muscles and the prime movers for hip flexion, abduction, and extension during hip movements in
each direction. The researchers indicated that the transversus abdominis and oblique abdominal muscles were
associated with the function regardless of the direction
of the forces [21].
The transverse and internal oblique abdominal muscles and the sacrotuberous ligament have connections
to the deep layer of the thoracolumbar fascia [22]. In
weakness, there is a tendency for the local stabilizing
muscles of the pelvis to fatigue. Fatigue of these stabilizing muscles creates inefficiencies in movements and
consequently increases the workload of the lower limb
musculature. The increased workload will predispose
to early muscle fatigue and subsequent injury [23]. The
quadratus lumborum is also reported to be an essential
stabilizer of the lumbar spine, because of its structural
characteristics and location [12, 24]. It is active for
most tasks that require lumbar flexion and extension
moment production [20].
The hip musculature acts synergistically with quadratus lumborum to stabilize the trunk over the lower
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extremities and transfer force from the lower limbs to
the pelvis and spine [25]. In a single leg weight-bearing
position, the ground reaction force vector is shown to
be located medial to the hip joint creating an external
abduction moment at the hip joint. Activation of the
lateral core muscles creates an opposing internal moment, neutralizing excessive adduction of the femur
[26]. Studies of associated kinematic changes occurring with poor core stability support a biomechanical
model of femoral adduction and internal rotation with
valgus knee positioning [27-29].
Moreover, the abdominal muscles’ endurance (flexor
endurance test) had a negative correlation with mean
knee internal rotation during landing. Thus, any decrease in abdominals’ endurance may probably increase
the internal rotation of the knee dynamically. Chuter et
al. reported that decreased knee flexion in conjunction
with tibial internal rotation was correlated with direct
impingement of the ACL on the intercondylar notch, increasing the risk of injury [30]. Yet, the authors found no
study considering the relationship between abdominal
muscle endurance and dynamic knee rotation in jumplanding. The abdominals have also been reported to stabilize the spine through co-contraction with the lumbar
extensors [31].
Researchers further suggest that the abdominals also
control excessive anterior pelvic tilt, which is believed
to be coupled with femoral internal rotation and adduction [32]. In his review, Devlin suggested that abdominal weakness and fatigue may be a contributing factor to
hamstring injuries [23]. Zazulak et al, in their prospective study, showed that greater trunk displacement after
sudden force release was correlated with knee, ligament,
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and ACL injuries in injured athletes, especially in females [11].
Contrary to other studies, the researchers could not find
a significant correlation between knee abduction (valgus) and trunk muscle endurance. The authors conducted
McGill test with subjects in supine, prone, and sitting positions and the assessment technique may be different in
inferring core stabilizing ability in the standing position
used during the double-leg jump-landing task. Likewise,
one of the reasons making the present results different
from other studies may lay in the fact that the majority of researchers focus on female subjects due to their
greater risk of ACL injury rather than their male counterparts. Furthermore, it is essential to consider that movement control is multifactorial and influenced by many
components such as muscle elasticity, nervous system,
anatomical structure, besides endurance, and they may
affect these injurious movements [33].
This investigation had some limitations. The participation of male Iranian military personnel with the age
range of 20-37 years may influence the generalizability of the results to the general population. Further, the
male militaries that took part in this research had been
recruited from the general population, but they were assessed before basic military training. Thus, the results of
the study should be considered regarding the specificity
of our sample. Moreover, core muscle strength measure
was not evaluated in the article with a dynamometer,
and the trunk endurance time test (McGill protocol) was
used for assessing the ability to recruit core musculature.
Therefore, the differences between task methodologies
may result in different outcomes.
The study indicated a positive correlation between side
bridge test result and peak/mean knee flexion angles
during landing. Moreover, a significant negative correlation was found between abdominal muscles’ endurance
(flexor endurance test) and mean knee internal rotation.
The trunk muscles are important stabilizers of the knee
joint during activity [34]. A growing body of evidence
indicates a correlation between lower limbs injury with
neuromuscular dysfunction of the trunk [35, 36]. Timed
tests of trunk muscle endurance such as McGill protocol
are more accessible, but it is unclear whether endurance
is merely enough for improving knee stability and decreasing the risk of injury. The results suggest that increasing trunk muscle endurance might help control the
knee during landing from a jump.
The results have significant implications for males who
may be at risk for lower extremity injury during dynamic
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activities. Prospective studies, however, are needed to clarify the relationship between trunk muscle endurance and
lower limb injury rate. The researchers also recommend future research with more variables (trunk muscle EMG, etc.)
and test protocols that are more dynamic and sport-specific.
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