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Sports Biomechanics







Snatch Analysis

Kinematics data
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Assessing the
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Introducing

Preventative
Measures
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Lateral trunk flexion
Age Hip adduction
Sex Knee valgus
Anatomy Weather Ankle eversion
Hormoneichanges Types and condition of surface Decrease trunk, hip and
Biomechanical differences Eootaar knee flexion
Neuromuscular deficits COF Hip internal rotation
ACL mechanical properties - Tibia internal rotation

V

>

Intrinsic
risks

Predisposed Extrinsic Susceptible

Inciting
athlete risks athlete

event

Load tolerance
of tissue

Load Load
characteristics characteristics

A

Risk factors for injury > < Mechanism of infjury —
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Figure 5 -A hypothetical force-elongation curve for a human ACL-bone complex is illustrated
along with daily activities that correspond to specific loading levels. During routine daily
activities such as walking and standing, ligaments are loaded to less than one fourth their
ultimate tensile load. During strenuous activities such as fast cutting during intense running,
loading levels may enter into region 3 where 1solated fiber damage takes place. (Meodified from
Noyes, F.R., Butler, D.L., Grood, E.S., Zernicke, R.F., and Hefzy, M.S., Biomechanical analysis
of human ligament grafts used in knee ligament repair and reconstruction. Journal of Bone and
Joint Surgery. 006A(3), 344-352, 1984.)

The failure load and
stiffness values of the
ACL are 2,160 =+ 157 N
and 242 + 28 N/mm,
respectively. These
values decrease with
age [1,4].







Screening (]

v A movement screening task is often introduced with the
aim to 1dentify the high risk athletes.

v'Risk factors can be modifiable and non-modifiable, and
screening tests typically measure modifiable factors since
these can be targeted for change
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Screening as a strategy used 1n an
l athletic population to identity who

will get 1njured.

Screening as a strategy used 1n an

athletic population to identity who 1s 2

more likely to get iﬂjurﬁd.




Why screening tests to predict injury do not work—
and probably never will...: a critical review

Roald Bahr'*?  Br J Sports Med 2016:50:776-780. doi:10.1136/Mhjsports-2016-096256
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Response to: ‘Why screening tests to predict injury do not work—and
probably never will...: a critical review’

Timothy E Hewett

Screening has many additional positive ‘side effects’:
1. Medical/research team engagement with athletes;

2. Athlete education and team awareness;
3. Potential placebo and hawthorne effects;
4. Objective testing to identify deficits;

5. Target evidence-based interventions;

6. Enhancement of athlete performance.
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Screening biomechanical test

for ACL injury prevention

v’ Landing Error Scoring system (LESS)
v’ Tuck jump

v’ Drop Jump Test (DJT)

v NOMOGRAM

v’ Video Drop-Jump Screening Test

v" Single-Leg Hop Functional Tests (single, triple & Crossover Hop)
v’ Single-Leg Squat Test

v’ Star Excursion Balance Test

v' Overhead Squat test

v' H:Q Strength ratio

v Core Strength tests



Landing & Cutting Mechanics

Fig. 8.4 Frontal plane view of varus knee position




Biomechanical screening

for
Injury prevention
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Drop Jump Test

Frank R. Noyes et al 2005

v' A valgus lower limb alignment has been noted during noncontact anterior cruciate
ligament injuries. A video drop jump test can indicate an athlete’s ability to control
lower limb axial alignment in the coronal plane.

v" Purpose: The DJT is a clinical test developed to identify valgus dynamic in landing and
jumping



v Normalized knee separation
distance was calculated as knee
separation distance/hip separation
distance, and normalized ankle
separation distance was calculated
as ankle separation distance/hip
separation distance

v’ Less than 60% normalized knee
joint separation 1s representative
of abnormal frontal plan knee
valgus alignment.

Pre-landing
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Knee Surgery, Sports Traumatology, Arthroscopy
- February 2018, Volume 26, Issue 2, pp 442-447]| Cite as

Knee Surgery
Sports Traumatology
Arthroscopy

Two-dimensional motion analysis of dynamic knee valgus
1dentifies female high school athletes at risk of non-
contact anterior cruciate ligament injury
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Fig. 2 Frontal 2D images. a at contact of the hallux with the ground
and b at maximum knee valgus
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Dynamic knee valgus distance Control group P value
(=11}

At contact of the hallux with the ground 04+21 0006

At maximum kneg valgus )24 0,007

Data are shown as mean + standard deviation
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Tuck jump test




Tuck jump

Myer et al 2008

Purpose: The TJA is a clinical test developed to identify lower extremity
landing technique flaws during a plyometric activity during 10 sec




39

Ligament Dominance

e Lower extremity valgus at landing
e Foot placement not should width apart

Quadriceps Dominance

e Excessive Landing contact noise

Leg Dominance or Residual Injury Deficits

e Thighs not equal side to side during flight

* Foot placement not parallel (front-to-back)
e Foot contact timing not equal

Trunk Dominance ("Core" Dysfunction

e Thighs do not reach parallel (peak of jump)
* Pause between jumps

e Does not land in the same footprint

Technique Perfection

e Perfect Technique declines prior to 10 seconds




Tuck Jump Assessment Pre Mid Post Comments

Knee and Thigh Motion
@ Lower extremity valgus at landing
@ Thighs do not reach parallel (peak of jump)
@ Thighs not equal side-to-side (during flight)

Foot Position During Landing
@ Foot placement not shoulder width apart
@ Foot placement not parallel (front to back)
@ Foot contact timing not equal

7. Excessive landing contact noise
Plyometric Technique
8. Pause between jumps

9. Technique declines prior to 10 seconds

10. Does not land in same footprint
(excessive in-flight motion)

o000 CO00 000
o000 0000 00O
BED BEEEE BUHE




FEEDFORWARD (PRE-ACTIVATION)
MECHANISMS DEFICITS

(7) Excessive Landing contact noise
(8) Pause between jumps

LIGAMENT

‘— QUADRICEPS DOMINANCE
DOMINANCE

(7] Excessive landing contact noise

(1) Knee valgus at landing
(4) Foot placement not shouider

width apart
LEG DOMINANCE TRUNK DOMINANCE
(3) Thighs not equal side to side (2) Thighs do not reach parallel (peak of
during flight jump)
(5) Foot placement not parallel (front (8) Pause between jumps
to back) (10) Does not land in the same footprnt
(6) Foot contact iming not equal

NEUROMUSCULAR

FATIGUE
(9) Technique declmes prior 10 seconds




I Femoral | Y
# Adduction/ 7 QY J

LB

Myer et al 2010

Dynamic
Valgus

Ankle
Eversion

v' Purpose: to identify Knee Abduction Moment by measures of body mass, tibia length,
quadriceps to- hamstrings ratio (QuadHam), knee valgus motion and knee flexion
range of motion (ROM) for use of the ACL injury prediction algorithm in drop vertical
jump.




v' Tibia length and body mass: standard measuring tape was used to
measure the distance between the lateral knee joint line and the lateral
malleolus.

v QuadHam ratio: Isokinetic knee extension/flexion (concentric/ concentric
muscle action) strength was measured on a standard isokinetic testing
device for each leg at 300°/s. If even greater simplicity is desired, the
mean value of 1.53 can be substituted into the prediction algorithm for the
QuadHam ratio

Figure 2 Tibia length is measured as the distance between knee
joint centre and ankle joint centre (Z,-Z,).

v Knee valgus motion: The calibrated displacement
measure between the two digitized knee coordinates

(X2—-X1) 1s representative of knee valgus motion
during the DVd.

v Knee flexion ROM: The sagittal plane video
camcorder 1s used to capture knee flexion angles
that are calculated from the video frame just
prior to initial contact and the video frame at
maximum knee flexion.
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* Novel nomogram for predicting the progression of osteoarthritis
based on 3D-MRI bone shape: data from the FNIH OA biomarkers
consortium BVC Musculoskeletal Disorders volume 22, Article number: 782 (2021)

4) Nomogram 0 gim
1 (X-m)

{4 12 1 -08 08 04 02 © 02 04 o086 08 1

3
[ . .
Sex 1 2
n .
1
Age /WW'W\,\
45 % 85 ;5
KL grade 2 1
. - 1]
3
Total score
1,38
-3 -25 -2 -15 -1 -0.5 0 05 1
0.466

Pr{ JSPRG) 015 02 025 0.35 045 055 0.65 075 08 085


https://bmcmusculoskeletdisord.biomedcentral.com/




