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A SPLIT SECOND DECISION

.

— Unpredictable environment

(Bere etal., 2011)

QUANT|FY IMPACT ind High speeds (Bere et al. 2011)
FIND WHAT MATTERS, MEASURE WHAT MATTERS, — Tactical errors gere etal. 2011)
CHANGE WHAT MATTERS
4 — Short time frames for
muscles to produce force
to deal w/ extreme loads
- (Barone et al., 1999)
(Gio Auletta, Pentaphoto)
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CANADIAN WOMEN'’S SKI TEAM
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= Adatabase of ski racers with French Alpine Ski Team was analyzed
= Of 379 athletes registered, 28% suffered at least one ACL injury
= 50% of top ranked skiers suffered ACL injury

© Matt Jordan 2015 (Pujol et al., 2007)

CANADIAN WOMEN'’S SKI TEAM

= More than 30% of top ranked skiers suffered ACL re-injury

© Matt Jordan 2015 (Pujol et al., 2007)

CANADIAN WOMEN'’S SKI TEAM
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INCIDENCE OF ACL INJURY

HEAD-FACE L -
SHOULDER BEEMALE — Knee injuries most frequently injured
ARM body part (36%) and more than 50%
EMALE result in > 28 days time-lost
WRIST
HAND-FINGERS — ACL injury most frequent specific
CHEST diagnosis
LOWER BACK
HIP-GROIN — ~5ACL injuries / 100 athletes /
THIGH Season (Bere etal. 2014)
LOWER LEG — No sex difference in knee injuries/
ANKLE ACL injuries (sere etal., 2014)
FOOT-HEEL-TOE Men: 1.7 ACL injuries / 1000 runs
40 Women: 1.2 ACL injuries / 1000 runs

Figure 1 Distrbution by body region of ol reported injuries (n = 191)
expressed as the percentane of the total number reported for makes
{n'= 123; open bars) and females (n = 68; hatched bars),

Florenes et al. British Journal of Sports Medicine 43.13 (2009): 973-978.

MECHANISMS OF INJURY

(Gio Auletta, Pentaphoto)
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SLIP AND CATCH MECHANISM ‘

0 INJURY PERIOD (60 ms) |
—

60 / -

50 |
u £
2w
<
= — N
Z 30 Knee Flexion
o c— —Valgus
o == == Internal Rotation
g 20
X P = Rapid increase in knee flexion

10 - S 26° 10 63°

fo >N
o] — — Sa
0
80 160
10
TIME (ms)

Barone et al. Skiing Trauma and Safety, 12" Edition (1999): 63-81
Bere et al. The American journal of sports medicine 41.5 (2013): 1067-1073.
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LANDING BACK WEIGHTED

backward in flight
= Lands on ski tails

= Boot and knee extensor torque
cause anterior translation of
tibia

Bere etal., 2011

© Matt Jordan, 2015

HAMSTRINGS — AN ACL AGONIST

= Hamstrings important ACL agonist

(decreases ACL loading)
1999; Markolf et al., 2004)

bs femoris ®  Assists by preventing anterior
translation of tibia b/w 30-90° flexion

but not in extension (ac wiiams et al., 1999;
Markolf et al., 2004)

pndinosus

= Medial hamstrings / medial quadriceps
(VM) important for ACL unloading and

medial joint compression (anti-valgus)
(Zebis et al., 2009)

= H/Q co-contraction increases valgus/
varus stiffness (vac wiliams et al., 1999)
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IMPORTANCE OF THE HAMSTRINGS

FramsTrINGS

— FANTERIDR SHEAR

Barrata et al., 1988; Herzog & Read, 1993; Mac Williams et al., 1999; Markolf et al., 2004; Prodromos et al., 2008
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LANDING BACK WEIGHTED
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CONSEQUENCES OF HAMSTRINGS AUTOGRAFT
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Kulig et al., 1994
Herzog & Read, 1993

IMPORTANCE OF THE HAMSTRINGS
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SUMMARY OF MECHANISMS

= Range of knee flexion
= Skier out of balance

= Lateral to medial knee joint
loading (valgus loading)

Twisting load (internal rotation of
tibia)

= Back to front load on tibia
(anterior displacement of tibia)

= Time frame of injury (< 60 ms)
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RISKS FACTORS FOR ACL INJURY

= Equipment

= Speed

= Changing snow conditions
= Course setting

= Physical factors (e.g. fitness,

THE INJURY / RE-INJURY CYCLE

Bere et al., 2011; Bere et al., 2011; Ferguson, 2009; McConkey, 1996; Natri et al., 1999; Pujol et al., 2007
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RETURN TO SPORT

RETURN TO PODIUM

SPORT-SPECIFIC FUNCTIONAL NEUROMUSCULAR
ASSESSMENT

© Matt Jordan 2015

RETURN TO SPORT SCREENING

= Quad/hamstring strength symmetry wyeretal. 2009

= ACLR alter jump technique (i.e. achieve
performance symmetry but still have knee extensor
deficits) emstetal., 2000)

= Assessments of functional symmetry in eccentric

and concentric movements (Hewet etal, 2011; Myer et al., 2006; Paterno et
al., 2011)

Multiple test increase sensitivity (custavsson et al., 2006)
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SKI-SPECIFIC FUNCTIONAL NEUROMUSCULAR ASSESSMENT

Multi-faceted approach
—— Pre ACL Injury

===+ 6 Months Post ACL Surgery « Ski specific
High Load Force Dissipation
(Eccentric Movement)

‘/ = Easily administered in a high
performance sport
environment

Repeated Bilateral
Eccentric Movements

/ o ot Identify at-risk athletes

Load

FUNCTIONAL
DEFICITS

= Monitor progress in rehab

Frequenc (Modified from Dye, 1996) .
auency = Establish return to sport

criteria

Jordan, M., etal., (2015). A return to skiing envelope of function for anterior cruciate ligament reconstructed elite.

alpine ski racers. In: E. Mueller (Ed.) Science and Skiing VI, Austria: Meyer & Meyer Sport. pp. 187-195 ) F2R  FzL P INCREASE KNEE
Z d ABDUCTION MOMENT
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Scand J Med Sci Sports 2014: s w-se
doi: 10.1111/sms. 12314

Lower limb asymmetry in mechanical muscle function:
A comparison between sKi racers with and without
ACL reconstruction

M. J. Jordan', P. Augaard’, W. Herzog!
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FUNCTIONAL ASYMMETRY FUNCTIONAL ASYMMETRY ‘
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KINETIC IMPULSE
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KINETIC IMPULSE ASYMMETRY INDEX ‘

SQUAT JUMP
[ PHASE 1=Tyto T,;, PHASE 2= Ty to Ty |
1600 — Proximal to distal
1400 sequence of joint
torques
1200
1000 — ACL injury leads to

chronic quad
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KINETIC IMPULSE ASYMMETRY INDEX
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600 deficits
400
&«
200
0
0 01 0.2 03 04 05 06
TIME (s)
Jordan et al., 2014, SUIMSS

Table 1. Subject characteristics (mean + SD)
Status Sex  n Agel(years) Mass(ig) Bodyfat(%) Months postop CMJ peak power (Wikg) SJ peak power (Wikg)

ACL-R skiers Female 5 238+33 703:57 21625 284:135 404154 40462

Male 4 305:21 866:99 147131 2351106 499139 50133
4 21:14 0668245 153:25 452138 43550
5 2341225 807217 138122 527149 523143

£E

Female
Uninjured skiers  Male

ACL-R, anterior cruciate ligament reconstruction; CMJ, countermovement jump; SJ, squat jump.

Countermovement Jump (CMJ) Squat Jump (SJ)

Table 2. Mean asymmetry index (Al) for muscle mass, countermovement
jump (CMJ) and squat jump (SJ) phase-specific kinetic impulse and 95%
confidence interval for uninjured skiers and anterior cruciate ligament
reconstruction (ACL-R) skiers

Variable Status Mean (%)  95% Confidence
interval (%)

Al CMJ { ACL-R 6.8* 1.51012.0
ninjured 05 131024 ‘
Al CMJ eccentric ACL-R 52 -451014.9
Uninjured 1.0 -151035
Al SJ phase 1 ACL-R -26 -113106.2
Uninjured 1.0 -19104.0
Al'SJ phase 2

Uninjured __-1.0 2102
Al muscle mass ACL-R 43" 15107.0

Uninjured 22 -3.810-06

*P<0.05; **P<0.001.

Jordan et al., 2014, SIMSS

Bossiion,  Cineeaeraton” bbb
4500 1600
4000 1400
3500 1200
3000
Z 2500 Z1000
£ 2000 8 800
£ 1500 £ 600
1000 400
o 20
rwr 02 04 06 08 1 12 14 16 o
5 0 o1 o0z 03 o4 05 06
1000 Time (5)
Jordan et al., 2014, SUIMSS
STATUS
RELATIONSHIP B/W FUNCTIONAL & ACLR
ASYMMETRY AND MUSCLE ASYMMETRY 78! GONTROL
[ RE-INJURY
CMJ CONCENTRIC PHASE SJ PHASE 2
o} £ =

5 r=0.57,P<0.01 10 = 0.6, P<0.01

SJMID TO LATE PHASE KINETIC IMPULSE ASYMMETRY INDEX

ST TN VS S ST
25 2 i 5 5 W
‘AsvimeTay LEG WuscLe ass ¢4} ASYMMETRY LEG MUSCLE MASS (%)

Jordan et al., 2014, SIMSS




15-05-11

IDENTIFYING AT RISK SKIERS:KINETIC IMPULSE ASYMMETRY INDEX
g - PREDICTING INJURIES USING THE KIAI
l{{l 2" ) = N =71 athletes
>
o
E D) [ wuscLe mass a | = Females: n=51, Age=20.6+2.3 years, Body Mass =
) S 67.8+11.5 kg
9 ® 4
4 Q Q : 2 = Males: n=20, Age=20.1+1.7 years, Body Mass =
w
25 ) ® 0 78.7+16.5 kg)
fS Q soT = Alpine skiing, luge, soccer, rugby, wrestling
8o = Assessed at the start of the off-season preparatory
z . L
8 O period and throughout training (1x/week)
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REPEATED JUMP FUNCTIONAL ASYMMETRY ‘
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REPEATED JUMP FUNCTIONAL ASYMMETRY
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UNINJURED vs. ACLR ‘ JUMP PHASE

6 MONTHS POST ACLR Ol
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Rapid Hamstrings/Quadriceps Strength in
ACL-Reconstructed Elite Alpine Ski Racers

MATTHEW J. JORDAN', PER AAGAARD’, and WALTER HERZOG'
Human Performance Laboratory, University of Calgary, Calgary, Alberta, CANADA; and *Department of Sports Science and.
Clinical Biomechanics, SDU Muscle Research Cluster, University of Southern Denmark, Odense, DENMARK
ABSTRACT
JORDAN, M. 1, P. AAGAARD, snd W. HERZOG, I in ACL Resomstrctd Fle Aline Ski
Races, F 7% 1 imparancs of hamstings (HAM) and

.
o crcite lgame

5 Uninjurcd (- 13 e, - & s nd ACL-R (1 - 3 e,
isameic HAM
devclopment (RTD) at 0-50, 0-100, 0-150, and 0-200 ms. MVC and RTD.(per kilogram body mass) were suulted
Lk .
skers. HAMIQUAD MVC and RTD srength atos (11Q o) were aso compared. Resuts: The ACLR limb
for MVC and e phase RTD (P < 0.09) Uninor

Significant HAM and QUAD defiits compsred with the conastrl |
4 e for HAM MVC and RTD s 150 ms (< 0.15). QUAD MVC s RTD deficits we
R s o n nflated HIQ i (50 ) compared
HAM RTD (50 ms)

(QUAD ssngth should e asesd aver  longerm pei afle sagery o entiy chroric suength defiits in ACL-R sk acrs.
ds: RATE OF FORCE DEVELOPMENT, SEX DIFFERENCES. LIMB ASYMMETRY, KNEE STABILITY, KNEE
INJURY PREVENTION, KNEE REHABILITATION, ELITE ALPINE SKING

THIGH MUSCLE EXPLOSIVE STRENGTH ‘

-

— Time frame of injury < 60 ms

— Max strength = 300-600 ms 300

250
— Balance between hamstrings
and quadriceps strength (Huston

& Wojstys, 1996; Myer et al., 2009; Prodromos et
al., 2008; Zebis et al., 2009; Zebis et al., 2011)

N
=
S

Hamstrings

— Rapid hamstrings and
quadriceps force production

required (explosive strength)
(2ebis et al., 2009)
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Jordan, M., Aagaard, P., Herzog, W. Med Sci Sports Exerc: 2015

THIGH MUSCLE EXPLOSIVE STRENGTH ‘

— Hamstrings important ACL . y
agonist (decreases ACL

loading) (Mac witiams et al., 1999; Markolt 300
etal, 2004)

N
a
S

— Persistent quadriceps and

hamstrings strength deficits
(Hiemstra et al., 2000; Hiemstra et al., 2004;
Palmieri-Smith et al., 2008)

N
S
S

Hamstrings

— Deficits persist up to 2 years
post ACLR (paterno et al., 2007)
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Jordan, M., Aagaard, P., Herzog, W. Med Sci Sports Exerc: 2015




Rapid Hamstrings/Quadriceps Strength in
ACL-Reconstructed Elite Alpine Ski Racers

MATTHEW J. JORDAN', PER AAGAARD?, and WALTER HERZOG'

TABLE 1. Subject haracteisis.

ACLR Subjects Contro Subjects
Charactritics Fomale ale Fomale Male
n 5 3 8 13
Age () 22 32 %3 <06 209 224 216 34
a 694 41 890 93 6 62 1 73
Lot imb mass (g) 92738 7724 126069 15554 90432 1048.1 121915 13223
Right imb mass (g) 95934 11689 126771 411220 92572 10145 124756 13516
y fat 2 33 1 30 [ 17 ¥ 22
Postoperation (months) 24 135 193 12 N A

NA, not applcable.

Jordan, M., Aagaard, P., Herzog, W. Med Sci Sports Exerc: 2015
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THIGH MUSCLE EXPLOSIVE STRENGTH ‘

= Knee Ext

300 = Knee Flex peak Torque

TORQUE (Nm)
g

, Late RTD:
100 RTD,5and RTD,,,
50 Initial RTD:

RTDy,and RTD,y,

0 05 1
TIME (s)

Jordan, M., Aagaard, P, Herzog, W. Med Sci Sports Exerc: 2015

BILATERAL KNEE EXTENSOR STRENGTH ACL-R SKIERS
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BILATERAL KNEE FLEXOR STRENGTH ACL-R SKIERS
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H/Q RATIO ACLR LIMB vs. UNINJURED SKIERS ‘
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IDENTIFYING AT RISK SKIERS: QUADRICEPS STRENGTH
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IS IT WORKING?
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SUMMARY

ACL injury affects many ski racers

= Sport specific functional neuromuscular assessments
required for long term efforts to reduce injury/re-injury
risk

Kinetic impulse asymmetry index (KIAI) effective
assessment for identifying functional deficits

Deficits persist in ACLR skiers despite return to sport

© Matt Jordan 2015
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ACL INJURIES 2010 — 2014 = NONE

ACL RE-INJURIES = NONE

LOWER BODY RE-INJURIES = 4

© Matt Jordan 2015

FUTURE DIRECTIONS

Develop a better understanding of the pattern of
secondary injury associated with primary ACL injury

Evaluate the effects of repeated mechanical loading on
thigh muscle activity in uninjured and ACLR skiers

Undertake prospectively designed research study to
identify risk factors for ACL injury / re-injury

Expand assessments to other populations at risk for
ACL injury

© Matt Jordan 2015

Generating athlete performance solutions for strength
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