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Disclaimer

“This is what | know today. It is
subject to change tomorrow as
| continue to advance my
knowledge.”

Professor John Cronin,
AUT University
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The Great Debate:
What Limits Maximum Sprinting Speed?

Vertical Force Horizontal Force
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Why Does it Matter?

A better understanding of the
mechanisms leads to more
hypothesis to test and ultimately
more effective methods for
Improving speed development
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Before We Get Started...

e Sprinters are the only athletes
who accelerate for 60 meters

 Most athletes top out at
around 25 meters

 Ground sports are more
about acceleration

e Acceleration mechanics in

ground sports is more upright 3 .
in posture
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Evidence

Sprinters reach top speed at around 60m, yet they don’t
maximally accelerate (faster speeds are seen in 50 & 60m
sprints than same split times during 100m) %3

College American football players reach top speed at around
20m °

90% of all sprints in soccer ® and 68% in rugby are shorter than
20m 4

58% of sprints in rugby preceded by locomotion (24% by
standing start) 4
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Nevertheless, the Debate Rages On!

N AT I 0 N A L’ ‘I ‘4 everyone stronger

37TH ANNUAL NSCA NATIONAL CONFERENCE AND EXHIBITION NSCA.com




Definitions

* Force

* Power

e Impulse

* Relative B
e Absolute

* Net

* Horizontal

ERY | N

——— Braking phase i Push-off phase

_'_——-,_f,_.———'———'__:
<

—

e Ratio of Forces
* Index of Force Application
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Arguments in Favor of
Vertical Force
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Argument #1

Throughout a Sprint, Vertical Force Rises and
Net Horizontal Force Diminishes to Zero, so
Vertical Force is More Important
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Force Discrepancy Throughout a Sprint
Acceleration: Forces are Similar

= F T SMU Locomotor Performance Laboratory
u._ = 1 Vertical & Horizontal Ground Reaction Forces
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Sprint acceleration with vertical and horizontal force data.

LocomotorLabSMU - 25 videos

! 3 Subscribe EELS

1,192 views
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Force Discrepancy Throughout a Sprint
Max Speed: Forces are Dissimilar

SMU Locomotor Performance Laboratory

Vertical & Horizontal Ground Reaction Forces
1000 . . . '
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600+
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Force (Pounds)
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Time (Seconds)

Slow motion video of sprint trial with synchronized vertical and h. ..

LocomotorLabSMU - 25 videos 1.804 views
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Counterargument #1

The fact that horizontal force diminishes so
drastically might indicate that it’s the more
difficult of the two components to maintain as

speed rises, and therefore the more critical for
max speed
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Counterargument #2

Need to examine running forces at a range of
velocities to determine critical factors of
increasing speed

Bellj 36
Brughelli 1°
Kyrolainen 31,32
Kuitunen 3°
Munro 34
Nummela 3°
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Argument #2

Faster Runners Produce More Force

1.8-fold increase in max velocity, 1.26-

Morin et al. (2011) °

. . TABLE 2. Comelations between mechanical variables (rows) and 100-m performance variables (columns).

7 Maximal Speed (ms ') Mean 100-m Speed (ms ') 45 Dislance (m)

O I n C r e a S e I l I V Maximal value of RF (%) 0013 (09 —0.018 (0.96) ~0217 (0.96)
Mean 45 RF (%) 0695 (<0.01) 0.773 (<0.01) 0.689 (<0.05)
Index of force application technique (Dve) 0735 (<0.01) 0.779 (<0.01) 0.745 (<0.01)
Fu(BW) 0.775 (<0.01) 0.736 (<0.01) 0.621 (<0.05)

Fy (BW) 0501 (0.10) 0.390 (0.22) 0.466 (0.13)

Fro (BW) 0520 (0.08) 0411 (0.19) 0471 (0.13)

Fyat top speed (BW) 0.612 (<0.05) 0.507 (0.09) 0.498 (0.10)

Po(Wkg ') 0.891 (<0.001

) 0.862 (<0.001) 0.715 (<0.01)

Fu Fy, Fros, and Po ane mean values for the acceleration phase. Values are presented
Significant correlations are reported in bold.

as Pearson correlation coefficint (P values).

3 -
25 | Morin et al. (2012) 8
—
a 2
; - Table 3 Cormrelations between mechanical variables of sprint kinetics
S measured during treadmill sprints (rows) and 100-m performance
o I 5 variables (columns)
- Maximal _  Mem 100m  4-s distance
(' - speed (ms~ ') speed(ms ) (m)
1 . 0° Treadmill runners (male) A =039 N 0375 (00D 0779 (005 0653 (<005)
o - ex of force . B X X
_| 0° Treadmill runners (female) n=233 ik
0 5 . technique Dgp
) Horizontal GRF 0.773 (<0.0I) 0.834 (<0.0I) 0.773 (<0.05)
Vertical GRF 0.593 (<0.05) 0.385(0.18) 0.404 (0.16)
0 L 1 1 1 ) I 1 I 1 ) Resultant GRF 0.611 (<0.05) 0402 (0.16)  0.408 (0.16)
4 6 8 10 1 2 14 Significant correlations are reported in bold. Horizontal, vertical and
resultant GRF data are averaged values for the entire acceleration
TOp speed (ITI/S) phase. Values are presented as Pearson’s correlation coefficient

(P values in italics)
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Counterargument #1

Horizontal force more correlated than vertical
force or resultant (total) force — the Weyand
study only examined vertical

e Of studies that examine both, 13 show that horizontal is more correlated
to speed/acceleration, whereas only 1 shows that vertical is more
correlated (example below 19)

A0 %4 = =4 420 LTS
g =00 T T f 230 *12
Z 00 | 3 2
8 [] 5 320 1
£ 1800 - w ]
% f | L L 5 270
2 0 - £ 20 @
4 =
> 1200 20 ;i
120 T T T T
1m T L T L]
20 40 60 80 100 120 20 40 60 80 100 120
% :
% Max Velocity % Max Velocity
2. of running velocity i duction. *p < 0.05; *1 =signi from 40%;
Figure 1. Effects of running velocity on vertical force production. *p < 0.05; *1 = significantly diferent from 40%. et Loy k) 8 s R = 0 SRy e
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Counterargument #2

BIOLOGICAL LIMITS TO RUNNING SPEED 951

e \ertical force
production isn’t
maximized when
sprinting 11

2 | \ . : forwand running. Note that the durations of the con-
» J \ ; \ a top forward running speed.
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Counterargument

e Any excess vertical motion in sprinting will
slow the sprinter down 1% 13, 14

TOTAL BODY VERTICAL SPEED (TOTAL BODY RESULT)

Although the performer must pro ject
during the sprint, excessive vertical motion s not wanted.
Figure 3 shows good, average, and poor levels of vertical speed
for all of the male 100 meter elite athletes analyzed to date.
The better sprinters tend to produce just enough vertical speed
to allow time to complete leg recovery and prepare for the next
ground contact, while directing more effort toward maintaining
horizontal speed.

the body vertically (upward)

100 METERS
800Y VERTICAL SPEED

25[

of

VELOCITY (fi/sac)
T

Figure 3. Total body maximum vertical speed trends generated by
male, elite athlete 100 meter sprinters.
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tended to produce only moderate magnitudes of relative vertical impulse. We specu-
lated that, during the acceleration phase, the most favorable magnitude of relative
vertical impulse is one that creates a flight time just long enough to allow reposi-
tioning of the lower limbs; all other strength reserves should be directed horizon-
tally. Further research is required to see if braking, propulsive, and vertical impulses

Table 5. Pre- and post-test results for bi

1anical variables

ded at 8 m from the start during the 10-m sprint test for heavy and light

groups.
Heavy group (n = 10) Light group (n = 11) Interaction
Variable Pretest Posttest Pretest Posttest P value
Sagittal-plane video data
Step frequency (Hz) 4.02+0.40 433+036% 4.06 031 4.11+037 0.160
Step length (m) 1.68+0.13 1.72x0.15 1.64+0.09 1.72x0.14% 0390
Ground reaction force data
Relative resultant impulse (m-s‘l) 251+ 022 239+011% 245x015 249+018 0.023%
Relative vertical impulse (m-s'l) 092+ 014 0380 +0.06% 081+0.11 082+0.14 0.020%
Relative net horizontal impulse (m-s’l) 039+ 006 041+005 037+0.06 037+0.08 0439
Relative braking impulse (m»s'l) 006+ 002 006+002 -007+0.02 -008+0.02 0254
Relative propulsive impulse (m~s") 045+ 005 047004 044006 045007 0812

*Significant difference from pretest at P < 0.05; fsignificant group x time interaction at P <005
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Momentum Explanation

Sprinting is akin to a bouncy ball or skipping a
stone — momentum is built up and it continues
on it’s own

Hsca.. NATIONAL 14 S —

ONDITIONING ASSOCIATION 37TH ANNUAL NSCA NATIONAL CONFERENCE AND EXHIBITION NSCA.com




Counterargument #1

e Each stride, losses of 1.4-4.8% of horizontal velocity
occur during the braking phase and around 2% in
ﬂlght 15, 16, 17, 18

e Sprinter must reproduce this or deceleration occurs

Figure 1 — The three external forces that determine the acceleration of a sprinter’s
center of mass: ground reaction force (GRF), gravitational force (equivalent to body
weight, BW), and wind resistance.
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Counterargument #2

 Bouncing balls and skipping stones slow down
and come to a stop

e That’s not what we want in sprinting!
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Arguments in Favor of
Horizontal Force
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Relationships & Correlations with Force, Power, and Impulse

 Horizontal variables are correlated with
acceleration, vertical and total (resultant) are not

 Horizontal variables are correlated with maximum
velocity to a higher degree than vertical variables

 Horizontal power is always highly correlated with
maximum speed and acceleration

e Morin(3)%2>1 e Kugler & Janshen 33 ¢ Kawamori3® ¢ Lockie 42

e Brughelli 1° e Munro 34 * Mangine 4°
e Mero?® e Kuitunen 3° e Funato#!

e Nummela 30 e Belli3®

e Kyrolainen (2) 3%32¢ Randell (thesis) 37

e Hunter 13 e Fukuda & Ito 38

3
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Net Horizontal Force as Speed Rises

e Faster sprinters are able to keep producing
positive net horizontal force at increasingly
faster speeds with shorter contact times 1°

Bra
';' 3 o IMP,,
%1.2- O IMP,,;
Morin et al. (2014) ¥° gol e
-]
Eo.s- ¥
] 3 b4
Z04- T Yy I
® e ° YYY vy v
Variable Starting-Blocks  0-20 m phase  20-40 m phase  Entire 40-m 0.2 4 LI
L B ]
Resultant impulse (N.s) 450 (53) 201 (23) 166 (18) 189 (21) 0.0 O T TS ]
o]
Vertical impulse (N.s) 361 (51) 188 (22) 167 (18) 181 (21) o © oo 00404
Net horizontal impulse (N.s) 268 (35) 64.1 (9.03) 10.6 (2.9) 46,0 (6.5)
. . . ; 0.4
Braking horizontal Ise (N. 0.00 (0.00 -3.79 (1.27 -11.7 (1.7 645(1.3) @222 AT TR S e T e e
raking horizontal impulse (N.) ( ) ( ) (.7 { ) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Propulsive horizontal impulse (N.s) 268 (35) 67.8 (9.6) 22.2 (3.8) 523 (7.2)

Steps
Figure 1 — Net (filled circles), propulsive (triangles) and braking (empty circles) relative
impulses for the 17 steps analyzed over the 40-m sprints. Starting-blocks push-off data are not

presented.
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Ratio of Forces &
Index of Force Application

80
60
s © National-level
§ ® Non-specialists
S 40
k]
- 14 40
=
-3
N 0 o
20 2 2
8 2
S 20 B
3 3
0 £ 0 o
1
0 14
Running velocity (m/s*") 0 2 4 [ 8 0 12 u 160

Velocity (m.s™)

Fig. 1 Typical linear force—velocity and 2nd degree polynomial
power-velocity relationships obtained from instrumented treadmill
sprint data for the fastest (100-m best time: 9.92 s, 100-m time of
10.35 s during the study: black and dark grey circles) and slowest
M o ri n ( 2 O 1 3 ) 20 (100-m time of 15.03 s during the study: white and light grey circles)
subjects of this study. All linear and 2nd degree polynomial
ions were signifi (% > 0.878; all P < 0.001)

5

3
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Losses in Sprinting Forces
Associated With Aging
 We lose more hGRF than vGRF as we age 2122

Korhonen et al. (2009) 2 Korhonen et al. (2010) #

Table 1 The components of the GRFs and temporal-spatial stride parameters of sprint running for the dominant and nondominant

C GRF amle sides, and the symmetry indices (Sl, ASl) in young and older subjects

‘Young Runners Older Runners
.50 2 0.42mis 730 £0.57 mfs.
b;akmg phase push-off phase Dominant i si% ASI % Dominant _ Nondomi Si% Al %
Vertical force
LR, (bwis) 415258 418256 062154 115299 3382121 3392112 062204 1812113
LR, (bwi/s@ 211 £32 206 = 26 17159 11.2=11.0 193259 195+ 60 -1.32256 188+ 168
80 FL ygn (bW)* 201079 2121072 541154 135:85 3.20£0.64 3291069 -26x16.7 10.1 134
w e S8 Fz _, (bw) 3342025 335:026 03:68 38226 282034 283:033 -03+40 221 16%
[0} - F, . (bw) 207=0.13 202+0.10 20=45 38=31 185=0.19 1.85+0.20 05248 41227
o Horizontal force
8) Focaa.z (5W) 1422017 143024 062158 137£78 0.88£0.20 0912026 20226 1832143
F e ave (BW) 0.40 £ 0.04 0.41 £0.06 03170 14398 0.31£0.04 0.32:0.05 -19x221 174£152
0 FY e s (BW) 0.74 009 0.73+0.08 30+79 65252 0.50 £0.07 0.50 +0.07 27+68 65+£37
FY s e (b)) 0.41+0.03 0.40 £ 0.04 29+113 101257 0.29 +0.04 0.28 £0.03 21111 9.7+65
Resultant force
Fry o (W) 3.76 £0.63 352£038 56110 9677 329050 326+0.57 1586 6.1£65
Frye o () 2702025 2622017 28267 58244 2402029 2392030 07247 .
r?=.01, ns - =10, p<.01 Ft e (bW) 3082021 305025 0565 42244 2742031 2742031 02256 ¥
m 60 Fr'__,lhw) 1.90£0.15 1.87£0.17 04266 39243 1.6120.19 1.6220.18 03268 59£35
20 40 60 80 20 40 60 80 el
(-] 102+7 1017 14247 4029 129+ 16 127+ 16 15+36 33221
Age, vr Age' vr 1y (MS) 129+ 11 12329 50+81 80252 1169 17=12 0.6+8.7° T73+50
Frequ, (Hz) 4342025 4492025 ~36=58 57%38 4142027 416030 04250 40£3.1
L.,.(ﬂ!) 2.16 007 213007 1.7£32 2723 1.77£0.10 177 £0.12 -02£30 2616

Note. Values are group means = SD. Number of subjects = 18 young and 25 older subjects (+ these vasiables could be determined only for the midfoot strikers, 4 = 13 young and 18 older runners).
i different (P < ing value in the young group (indicaled by bold numbers). bw = body weight. See lext and Figure | for description of (he parameters.
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Fatigue Affects on Sprinting Forces

 We lose more hGRF than vGRF in repeated
sprints 23

Table 1

Changes in performance variables, force production and force application technique variables between the first two (pre-RS) and the last two (post-RS) sprints of the
multiple-set repeated sprint series. All changes reported are significant.

Pre-RS Post-RS t-Test P values Pre-post % change Effect size
S(ms~" 4.55 (029) 383 (036) <0.001 -15.7 (5.4) 2.30 (very large)
S-max(ms-"') 5.47 (0.40) 453 (042) <0.001 -17.2 (5.7) 2.39 (very large)
Fu (N) 309 (25) 267 (35) <0.001 -13.9 (8.5) 1.41 (very large)
Fu (BW) 0.416 (0.033) 0359 (0.050) <0.001 -13.9 (8.5) 1.41 (very large)
Fy (N) 1074 (97) 1023 (103) <0.05 -5.12 (5.88) 066 (medium)
Fy (BW) 1.44 (0.10) 137 (0.12) <0.05 -5.12 (5.88) 066 (medium)
Froe (N) 121 (99) 1060 (106) <0.001 -5.81 (5.76) 0.78 (large)
Fror (BW) 1.51 (0.11) 142 (0.13) <0.001 -5.81 (5.76) 0.78 (large)
RF (%) 27.7 (1.1) 256 (26) <0.001 -7.74 (8.13) 1.10 (very large)
RF-max (%) 42.1 (2.6) 384 (32) <0.01 -8.41 (9.48) 1.33 (very large)
Dgs -0.069 (0.007) -0081 (0.013) <0.001 -19.2 (20.9) 1.20 (very large)

Values are mean (SD).
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Force Losses With Hamstring Injury

 Hamstring injuries affect hGRF more than vGRF
e Restored in 2 months ST

injured T (n=14) (n=11)

(n=14)
TasLe 1. Mean (+ SD) for leg asymmetries in Australian Rules football players during running at 80% Vmax. Body mass 69.3153 72471  71.2458
(kg)
Injured group (IG) Noninjured Group (NIG) Height (m) 1.75£0.05  1.7330.05 1.73£0.05
Imbalance Imbalance
Injured leg Noninjured leg (%) Right leg Left leg (%) BMI (kg/m?) 22.7+1.5 24.1+24 23.9+1.6

Vertical force (N) 1905 + 253 1,887 + 153 1.0 1,905 = 314 1,892 + 329 1.6 5-m(s) 1.4£0.05 1.5£0.12 14007

Horizontal force (N) 175 *+ 30*+1 324 + 44+% 45.9 261 *+ 43 2562 = 51 49

Vertical stiffness (kN/m) 488 + 11.9 451 + 109 7.6 503 + 9.7  47.2 + 10.4 6.5 Lot 22208 232017 ZER0W

Leg stiffness (kN/m) 7210 76 +09 5.3 8.0 + 0.9 7.2 + 09 4.2

CM displacement (cm) 3.9+ 09  4.18 * 0.8 6.7 38+07  40+08 5.0 e RIS R0

Contact time (S) 0.211 = 0.03 0.214 + 0.03 1.9 0.226 + 0.02 0.214 * 0.08 3.5 Top Speed 30.5:1.1 29.8+0.9 29.8+1.3

Impulse (J) 222 + 21 217 = 2.9 4.0 230 + 2.1 222 + 1.9 4.2 (km/h)

Positive work (J) 260 + 2.3 245 + 2.3 6.9 281 + 1.9 265 = 2.7 10.7 Vo (km/h) 319+1.31 3141091 31.0£1.45
*Significantly different (p < 0.01) from noninjured leg (Injured Group). Fuo (Nkg) 6.8+0.56 6.1£1.04 6.9+0.84
tSignificantly different (p < 0.05) from dominant leg (Noninjured Group).

.tSin'rﬁcantly different (0 < 0.05) from nondominant leg {Noninjured Group). Pmax (W[kg) 15.0+1.44 13.1+2.39 149+2.15

Brughelli et al. (2010) 24 Mendiguchia et al. (2014) %°
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Barefoot Forces versus Spikes

e Spikes increase hGRF but not vGRF (not
significant, but possible type Il error? 26

Despite faster gprinting velocities for the sprint spike trials, there was no difference (p
=.671) in peak vertical forces with mean values of 2184.9 N = 263.2 N and 2169.8 N+ 216.0
N for the barefoot and sprint spike conditions respectively. Mean horizontal propulsive forces
were slightly greater for the sprint spike conditions than the barefoot conditions with peak

values of 622.0 N £ 158.0 N and 570.8 N & 154.1 N respectively, although the difference was
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Forces With Transtibial Amputees

e Oscar Pistorius — lower vertical and braking
forces but similar propulsive forces

Briiggemann et al. (2008) 2’

Ground reaction force (N kg™)
=]

Ground contact (%)

—a— A (ant-post) —&— Mean contr. (ant-post)
A (vert) —— Mean contr. {vert)

Figure 3. Mean ground reaction forces (vertical and anteroposterior)
while sprinting at 9.2-9.5 ms™". Forces are normalized to body mass
and the time (%) is normalized to the stance phase. Data of the
transtibial athlete is shown in red, and the forces of the able-bodied
controls are in black.
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Forces Around Curves

e Horizontal force affected more than vertical
around curves A i

i Inside leg g Outside leg

Chang et al. (2007) 28

Fore—aft GRF (N)
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Verdict

e Vertical force is important for maximum speed

 Horizontal force is more important, and also
much more related to acceleration
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Practical Applications

How Do We Increase Horizontal Force, Impulse,
and Power?

sl sl
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Horizontal Force Production
Requirements versus Vertical Force
Production Requirements

e Muscles have
unigque
responsibilities

Neptune et al. (2011) ?°
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Keep in Mind...

e When considering the force-velocity curve for sprinting, pay more
attention to the velocity side of the curve than the force side

* Rapid knee flexion and hip extension torque production are critical
e Hamstrings are more important in the air, glutes on the ground

* Increased hip flexion ROM + hip extensor angular velocity + knee flexion
angular velocity during swing = decreased braking forces

* Ankles transmit power into ground
* Not just about stronger muscles; there’s a huge technical aspect
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Some Possibilities...

e Sprints & Towing
e Bounding & Horizontal Plyos

e Eccentric & Long-Length
Hamstring Exercises

 End-Range Hip Extension Glute
Exercises

* Explosive Lifts & Vertical Plyos
* Hip Flexion Exercises

NATIONAL 14
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More Research is Needed

e More acute studies to better understand mechanisms of interventions
(force, impulse, power, ratio of forces, EMG)
— Bounding/hopping/stepping/sprinting, towing, sleds, vests 43 44 4>
e More longitudinal (training) studies to determine mechanical factors
involved in acceleration & speed improvements

e More longitudinal (training) studies to determine effects of various
interventions (changes in force production, changes in architectural
factors, changes in neural factors)

— Heavy versus light sled 46

* Not all training studies show improvements...
— Hip thrust + eccentric ham + sled + sprint 4’
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