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Biomechanics

application of mechanical principles to the study
of living organisms

o

living organisms branch of physics
description and causes
of motion
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* Anatomy: the science of the structure of the
body

* Functional anatomy : is the study of the body
components needed to achieve or perform a
human movement or function
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Kinetics is the area of study that examines the S sl ada

forces acting on a system, such as the human _
body, or any object. Alaa IS Hi ola gy w0 e
A kinetic movement analysis examines the )i_m NVET N P IV IR

forces causing a movement.
A kinetic movement analysis is more difficult

than a kinematic analysis both to comprehend S8 () (e A (SIS )':d\.ﬂ ¢
and to evaluate because forces cannot be ) S ya 523K Al sl
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‘Whenever we jump or run we create forces that can be
measured. This is kinetics (study of the action of forces).




* kinematics, is concerned with the characteristics
of motion from a spatial and temporal
perspective without reference to the forces
causing the motion.

* A kinematic analysis involves the description of
movement to determine how fast an object is
moving, how high it goes, or how far it travels.
Thus, position, velocity, and acceleration are the
components of interest in a kinematic analysis
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1. Position (x, y, z) of segment center of mass

2. Linear velocity (x, y, 2) of segment center of mass

3. Linear acceleration (¥, y, 7) of segment center of mass
4. Angle of segment in two planes, 6,,, 6,

5. Angular velocity of segment in two planes, w,,, ,,

6. Angular acceleration of segment in two planes, a,,,a,,

Reference Frames
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Figure 1.3 A graph showing the two-dimensional position of an|athlete's center of
mass viewed in the sagittal plane during a standing long jump.
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:GRF(ground reaction force)
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(a)
Figure 1.6 (a) A GPS receiver usad to track player motion. (b) The receiver is housed
in a vest worn by the player.



Figure 1.10 (a) An opto-reflective camera with an LED array. (b) Reflective
markers placed on anatomical landmarks to allow the body segments to be
located within three-dimensional space. (c) The digital output obtained from a
three-dimensional opto-reflective motion analysis system.
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Table 14.4  Sample Qualitative Anatomical Analysis of a Sprinting Stride
Rapid
Muscle Active muscle  acceleration Extreme range
Joint Frames Joint motion contraction Sroup or impact of motion
Left hip 1-2 Flexion Concentric Flexors Yes Hyperextension
2-3 Flexion Concentric Flexors
34 Flexion Concentric Flexors
4-5 Flexion Eccentric Extensors Yes
3-6 Extension Concentric Extensors
6-7 Extension Concentric Extensors
78 Hyperiension Concentric, then Extensors, then  Yes Hyperextension
eccentric flexors
Left knez 1-2 Flexion Concentric Flexors Yes
2-3 Flexion Eccentric Extensors Yes
34 Extension Concentric Extensors Yes . .
45 Extension Concentric Extensors Yes A gl
56 Extension Eccentric Flexors Yes . T
67 Flexion Eccentric Extensors : Jén-"
T-8 Extension Concentric, then Extensors, then  Yes
eccentric flexors
Left 1-2 No motion Isometric Dorsiflexors Plantar flexion
ankle 23 Dorsiflexion  Concentric Dorsiflexors
34 Darsiflexion Concentric Dorsiflexors
4-5 Dorsiflexion Eccentric Plantar flexors
3-6 Plantarflexion  Concentric Plantar flexors
6-7 Dorsiflexion Eccentric Plantar flexors  Ground impact  Dorsiflexion
78 Plantar flexion Concentric, then Plantar flexors,  Yes Plantar flexion
eccentric then dorsiflexors
Left 1-2 Extension Concentric Extensors
shoulder 5 3 Hyperextension Concentric Extensors Yes
34 Hyperextension Concentric Extensors
4-5 Hyperextension Eccentric Flexors Yes Hyperextension
5-6 Flexion Concentric Flexors Yes
mﬁmnﬁ photos &7 Flexion Concentric Flexors
of a/3psialar avar. ona S8 strida. 18 Flexion Concentric, then Flexors, then

Eccentric EXIEnsors
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?E, o Percentage of Maximal Speed Achieved by an Elite Sprinter During 10-m
3; . Intervals of a 100-m Race
o Interval (m) Time (s) Speed (m/s)
2 1 0-10 1.89 5.26 43
. . : . : . : . : . : 10-20 0.99 10.20 83
1] 10 20 30 40 50 &0 70 80 90 100 20-30 (.90 10.87 /E
Figure 13.1 The running speeds attainel:::rnac: l::i:e athlete during a 100-m sprint. 30-40 0.86 12.05 98
40-50 0.83 11.90 96
50-60 0.82 12.19 99
60-70 0.81 12.19 99
70-80 0.82 12.34 100
80-90 0.83 12.05 98
90-100 0.83 12.05 08

Data from Krzysztof, M., & Mero, A. (2013). A kinematic analysis of three best 100 m performances
ever. Journal of Human Kinetics, 36, 149-161.



Average Kinematic Variables During the Strides Associated with
Acceleration, Maximum Velocity, and Maintenance Phase of a 100-m

Sprint by a Well-Trained Sprinter

Stride
Speed (mys) Stride Length (m) Frequency (Hz) Flight Time (s)

Acceleration Q.80 4.16 010 .12
Maximal speed 10,465 4.48 .04 13
Maintenance Qa5 4,50 0,1 13
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RSI (Reactive Strength Index)

= Jump
Reactive Height (m)
Strength = =
Index Ground

Contact
Time (s)

Formula for calculating the RSI.
Reactive strength index can
be increased by increasing
jump height, decreasing
ground contact time, or ...9 ®
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File Insert Page Layout Formulas Data

.—i RSI
2e 0.73852
0.25789
0.38233
0.3901
0.50626
0.58378
V| A 0.27942
i fligh frames cam freq. flight time 0.52054
28 22 frame 30 fps 0.733333333 0.29355
3 0.58217
L 1/GT8"2 RSI 0.38576
N 0.65945 0.89925 0.50153
5 | 0.5317
7 | 0.44723

8




TaeLe 2. Descriptive team data during the unloaded jumping condition.*

Performance variable (mean = SD)

Team RSImod (m-s~ ")+ JH (m)+ TTT (s)t

M baseball 0.41 = 0.08 0.37 = 0.05 0.92 = 0.08
M tennis 0.30 = 0.07 0.27 = 0.05 0.90 £ 0.10
M soccer 0.44 = 0.09 0.35 = 0.06 0.81 = 0.10
W tennis 0.23 = 0.05 0.20 = 0.04 091 £ 014
W soccer 0.28 = 0.06 0.24 = 0.03 0.88 = 0.09
W volleyball 0.38 = 0.07 0.33 = 0.04 0.90 £ 0.10

*RSImod = reactive strength index-modified; JH = jump height; TTT = time to takeoff, M=
men; W = women.

+Statistically significant difference between teams (p << 0.001).

iStatistically significant difference between teams (p < 0.01).
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