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Abstract

The elastic properties and behavior of human body structure are potentially effective
on perturbation control and force transmission and so could theoretically be
considered as the determinant factors of musculoskeletal injury prevention. The
purpose of this study was to determine the relationship between human body elastic
behavior and musculoskeletal risk factors during unilateral landing. 30 young healthy
men performed hopping and unilateral landing tests on a force plate and in front of a
high-speed camera to quantify the elastic behavior and injury risk factors. Leg
stiffness as one of the most important parameters of human body elastic behavior and
time to stability, knee flexion and knee valgus as some injury risk factors were
calculated and their relationships were determined by Pearson correlation test. There
were some positive significant correlation coefficients between leg stiffness and initial
and final knee flexion angle but there wasn't any relationship between leg stiffness
and knee valgus parameters. Another important finding of this study was the positive
significant correlation of leg stiffness and time to stability along with anteroposterior
axis. According to the results, it seems although high values of leg stiffness is
considered as an important factor to success in some movement performances like
sprinting, actually it can disturb to adopt a correct landing technique and it can delay
the anterior-posterior stabilization. Specific training method modifying the landing
technique, regulating the leg stiffness, and optimizing the body elastic behavior, can
be effective on the prevention of lower body musculoskeletal injuries like ACL injury.
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Extended Abstract

Background and Purpose

The elastic properties and behavior of human body structure are potentially
effective on perturbation control and force transmission and so could
theoretically be considered as the determinant factors of musculoskeletal
injury prevention (1). Many researchers believe that too stiff
musculotendinous structures are inappropriate to shock absorption required
after imposing huge impulses. This may result to bone injuries or avulsion
fractures (2). In contrast, too compliant tissue may cause an impaired system
to damp the external perturbation and then to decrease the joint stability (3).
Landing is one of the most popular human movements that integrate both
impulse shock and stability problem (4). In order to test the above-mentioned
theories, the purpose of this study was to determine the relationship between
human body elastic behavior and musculoskeletal risk factors during
unilateral landing.

Materials and Methods

30 young healthy men (age 22.28 + 2.88 years, height 1.77 + 0.06 m, weight
67.67 = 8.20 kg) participated voluntarily in this study with the ethical code of
IR.SSRC.REC.1399.112.

Leg stiffness as one of the most important parameters of human body elastic
behavior was measured through performing the vertical hopping tests in three
movement strategies (preferred, controlled, and maximal) and three styles
(bilateral, on dominant leg, and on non-dominant leg) on a force plate and in
front of a high-speed camera. Sampling frequency was 300 Hz for video
recording and 500 Hz for force acquisition. In contact time of the hopping
task, the leg behavior is similar to a linear spring. Then, leg stiffness (K) can
be calculated by dividing the maximum ground reaction force (Fmax) tO
maximum compression of the leg during eccentric phase of the contact time
(AL). A self-written MATLAB code helped us to calculate the leg stiffness in
9 (3 styles x 3 strategy) conditions. Ky, Kg and K, are representing the leg
stiffness in three styles: bilateral, on dominant leg, and on non-dominant leg
respectively.

To measure the injury risk factors, all participants performed a unilateral
landing task from a 30 cm platform to a force plate. They were encouraged to
maintain their stability and stand upright as soon as possible and stay on that
posture to 20 seconds. In addition to the force plate, two digital high-speed
cameras recorded the movement from sagittal and frontal views. Having the
ground reaction force and the trajectory of markers located on subject’s
landing leg, 9 injury risk related variables were calculated. Time to stability
along with three axes of vertical (TTSy), anteroposterior (TTSs) and
mediolateral (TTSm), initial and final knee angles in sagittal and frontal planes
(Fles, Flez, Valy, Valy) and finally the knee flexion and valgus (Fle and Val)
during the absorption phase of landing were the calculated variables.
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Mean and standard deviation of the variables were reported as descriptive
statistics section and intraclass correlation coefficients (ICC) were presented
as reliability criteria. Pearson correlation coefficients were reported to
determine the relationship between elastic behavior and injury risk factors, as
the main purpose of this study, and to determine the relationships of the risk
factor variables, as an optional one. The level of statistical significance was
set at p <0.05.

Findings

Descriptive statistics revealed that the mean and standard deviation of leg
stiffness for all hopping tests, in different conditions, was 17004+4608 N/m.
Initial and final knee angles were 167.7£4.6 and 124.6+7.6 in sagittal plane
and were 176.4+3.4 and 168.846.6 in frontal plane. Therefore, the knee
flexion and valgus during absorption phase of landing were 42.9+6.9 and
7.6+6.4 respectively. Mean and standard deviation of time to stability along
with vertical, anteroposterior and mediolateral axis were 1.64+0.27,
1.30+0.39 and 1.54+0.72. Intraclass correlation coefficients for nine leg
stiffness variables were between 0.75 and 0.91. The ICC for Fles, Fle,, Fle,
Valy, Val,, Val, TTSy, TTSs, TTSmw were respectively 0.80. 0.72, 0.61, 0.91,
0.81, 0.80, 0.25, 0.50 and 0.56.

There were significant positive correlation coefficients between initial and
final knee angles. Further, there were significant negative correlation
coefficients between knee angle changes and final knee angles both in sagittal
and in frontal planes. Additionally, a positive relationship of knee flexion and
knee valgus was founded. Minimal positive correlation coefficients were
shown between time to stability variables; however, none of them was
statistically significant. The negative relationship of knee flexion and TTSy
was the only statistically significant correlation coefficient between kinematic
and stability related injury risk factors.

The relationship between leg stiffness and injury risk factor variables were
presented by the correlation coefficients in table 1. For a comprehensive
interpretation of results, the coefficients less than 0.2 were identified by dark
background color and the stronger correlations were identified by white
background color. The statistically significant correlations were signed by
Based on the results reported in table 1, there were some positive significant
correlation coefficients between leg stiffness and initial and final knee flexion
angle but there wasn't any relationship between leg stiffness and knee valgus
parameters. Another important finding of this study was the positive
significant correlation of leg stiffness and time to stability along with
anteroposterior axis.
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Table 1- Pearson correlation coefficients of the variables related to human body
elastic behavior and the musculoskeletal injury risk factors during landing
(n=30).

Landing

event
Hopping  Variable
strategy symbol

Knee Flexion Knee Valgus Time To Stability

Flex Flez Fle Vali Valz Val TTSmi TTSsp TTSy

Kb 038 031 1. o1 o009 008 014 022 019
Preferred Kad 036 032 1, 018 008 001 -003 027 010
Kn 053* 053 o, 005 006 .o, -002 006 -009
Kb 034 024 o 018 oo 016 -004 014 -017
Controlled Kq 030 013 006 016 oo 019 011 012 -012
Kn 029 007 014 006 ,;, 014 -009 -001 -026
* * B B
Kb 037* 053 .. e 006 011 006 035 028
Maximal - -
Ka 031 044 o 005 004 o, 014 046% 031
Kn 023 036 o, 016 000 009 -004 033 018

* Significance at 0.05 level

Conclusion

The results of descriptive statistics section and reliability test are
approximately similar to previous studies. There was no relationship between
leg stiffness and knee valgus but there was some evidence supporting that the
stiffer leg spring, the more extended knee at initial and final moment of
absorption phase and the less knee flexion in this phase. The only statistically
significant relationship between leg stiffness and time to stability was found
along with anteroposterior axis.

It seems although high value of leg stiffness is considered as an important
factor to success in some movement performances like sprinting, actually it
can disturb to adopt a correct landing technique and it can delay the
anteroposterior stabilization. Specific training method modifying the landing
technique, regulating the leg stiffness, and optimizing the body elastic
behavior, can be effective on the prevention of lower body musculoskeletal
injuries like ACL injury.

Keywords: Elastic Behavior, Leg Stiffness, Hopping, Risk Factors, Landing
Injury, Stability
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