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April 2, 2�15 

Dear Killam Award Winner: 

Congratulations from the Killam Trusts national office on being selected to receive this 
prestigious Killam award.  The Killam Trustees will be sending you a separate “welcome” 
letter later in the year, in the meantime, for administrative purposes we are requesting 
some preliminary information. 

As a Killam award winner you have joined the prestigious “Killam Family of Scholars”.  As 
such, you can take advantage of a standing invitation to Killam Trusts national events in 
your region, having your name published in our current Annual Report, and the option to 
receive a Killam Laureates email address.  We may also contact you from time to time to 
notify you of upcoming Killam events and news. 

Please, take a moment to fill out the attached form and return it to: 

Sarah Horrocks, Administrative Officer to the Killam Trusts 
email:  administrator@killamlaureates.ca 

As mentioned above, we publish a yearly report with details of our accomplishments as 
well as the names of our esteemed award winners.  Please be assured that only your 
name, award category, and granting institution will be published in this Annual Report.  No 
other personal information will be shared with any non-Killam person or organization.  We 
request and use this information for internal, statistical tracking purposes only.  For further 
information, please view our Privacy Policy, available on our website 
at www.killamlaureates.ca.  

Thank you for your prompt attention to the completion of the information form.  I look 
forward to hearing about your achievements both now and in the future.  For additional 
updates follow us on Twitter (@Killamtrusts), on Facebook and find us on LinkedIn. 

Regards, 

Sarah Horrocks, MIM 
Administrative Officer 
   to the Killam Trusts 

2015-05-16 
 

PRESENTATION OVERVIEW 

§  Why bother monitoring? 

§  ACL injury risk in elite alpine ski racing 

§  Functional neuromuscular assessments in elite 
alpine ski racers 

§  Next steps for ACL injury / re-injury prevention 

 

© Matt Jordan 2015 

© Matt Jordan 2015 © Matt Jordan 2015 

 
 

QUANTIFY IMPACT 
 

FIND WHAT MATTERS, MEASURE WHAT MATTERS, 
CHANGE WHAT MATTERS 

 

© Matt Jordan 2015 

→ Unpredictable environment 
(Bere et al., 2011) 

 
→ High speeds (Bere et al. 2011) 
 
→ Tactical errors (Bere et al. 2011) 
 
→ Short time frames for 

muscles to produce force 
to deal w/ extreme loads 
(Barone et al., 1999) 

 

A SPLIT SECOND DECISION 

(Gio Auletta, Pentaphoto) 

© Matt Jordan 2015 
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CANADIAN WOMEN’S SKI TEAM 
§  A database 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 

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

CANADIAN WOMEN’S SKI TEAM 

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

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

CANADIAN WOMEN’S SKI TEAM 

ACL 

ACL 

TIBIAL 
FRACTURE 

TIBIAL 
FRACTURE 

TIBIAL 
FRACTURE 

ACL 

RE-INJURY 

© Matt Jordan 2015 Flørenes et al. British Journal of Sports Medicine 43.13 (2009): 973-978. 

INCIDENCE OF ACL INJURY 
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→  Knee injuries most frequently injured 
body part (36%) and more than 50% 
result in > 28 days time-lost 

 
→  ACL injury most frequent specific 

diagnosis 
 
→  ~ 5 ACL injuries / 100 athletes / 

season (Bere et al., 2014) 
 
→ No sex difference in knee injuries/

ACL injuries (Bere et al., 2014) 
Men: 1.7 ACL injuries / 1000 runs 
 

Women: 1.2 ACL injuries / 1000 runs 
 
 
 
 

(Gio Auletta, Pentaphoto) 

MECHANISMS OF INJURY 

© Matt Jordan 2015 
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SLIP AND CATCH MECHANISM 

Bere et al. The American journal of sports medicine 41.5 (2013): 1067-1073. 

§  Rapid increase in knee flexion 
26° to 63° 

Barone et al. Skiing Trauma and Safety, 12th Edition (1999): 63-81. 

© Matt Jordan 2015 
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§  Skier out of balance and 
backward in flight 

§  Lands on ski tails 

§  Boot and knee extensor torque 
cause anterior translation of 
tibia 

LANDING BACK WEIGHTED 

© Matt Jordan, 2015 

Bere et al., 2011 

LANDING BACK WEIGHTED 

© Matt Jordan 2015 

Semitendinosus 

Biceps femoris 

§  Hamstrings important ACL agonist 
(decreases ACL loading) (Mac Williams et al., 
1999; Markolf et al., 2004) 

§  Assists by preventing anterior 
translation of tibia b/w 30-90° flexion 
but not in extension (Mac Williams et al., 1999; 
Markolf et al., 2004) 

§  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 (Mac Williams et al., 1999)  

 

HAMSTRINGS – AN ACL AGONIST 

© Matt Jordan 2015 
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CONSEQUENCES OF HAMSTRINGS AUTOGRAFT 

© Matt Jordan 2015 

FHAMSTRINGS 

FANTERIOR SHEAR 

Barrata et al., 1988; Herzog & Read, 1993; Mac Williams et al., 1999; Markolf et al., 2004;  Prodromos et al., 2008 

FACL 

IMPORTANCE OF THE HAMSTRINGS 

© Matt Jordan 2015 

IMPORTANCE OF THE HAMSTRINGS 

© Matt Jordan 2015 
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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) 

© Matt Jordan 2015 

RISKS FACTORS FOR ACL INJURY 
§  Equipment 
 
§  Speed 

§  Changing snow conditions 

§  Course setting 

§  Physical factors (e.g. fitness, 
strength) 

Spörri et al., 2012 

© Matt Jordan 2015 

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

THE INJURY / RE-INJURY CYCLE 

© Matt Jordan 2015 
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RETURN TO SPORT 
 
RETURN TO PODIUM 
 
SPORT-SPECIFIC FUNCTIONAL NEUROMUSCULAR 
ASSESSMENT 
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RETURN TO SPORT SCREENING 
§  Quad/hamstring strength symmetry (Myer et al., 2009) 

§  ACLR alter jump technique (i.e. achieve 
performance symmetry but still have knee extensor 
deficits) (Ernst et al., 2000) 

 
§  Assessments of functional symmetry in eccentric 

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

§  Multiple test increase sensitivity (Gustavsson et al., 2006)  

© Matt Jordan 2015 
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Frequency 

High Load Force Dissipation 
(Eccentric Movement) 

Repeated Bilateral 
Concentric Movements 

Repeated Bilateral 
Eccentric Movements 

FUNCTIONAL 
DEFICITS 

6 Months Post ACL Surgery 

Pre ACL Injury 

(Modified from Dye, 1996) 

SKI-SPECIFIC FUNCTIONAL NEUROMUSCULAR ASSESSMENT 

§  Multi-faceted approach 
 
§  Ski specific 

§  Easily administered in a high 
performance sport 
environment 

§  Identify at-risk athletes 

§  Monitor progress in rehab 

§  Establish return to sport 
criteria 

Jordan, M., et al., (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 ) 
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© Matt Jordan 2015 
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FUNCTIONAL ASYMMETRY 
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KINETIC IMPULSE ASYMMETRY INDEX 

PHASE 2 = T1/2 to TT/O 

→  ACL injury leads to 
chronic quad 
strength and power 
deficits 

→  Proximal to distal 
sequence of joint 
torques 

PHASE 1 = T0 to T1/2 

ß	
  

SQUAT JUMP 

Jordan et al., 2014, SJMSS  
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         Countermovement Jump (CMJ)                          Squat Jump (SJ) 

Jordan et al., 2014, SJMSS  

Jordan et al., 2014, SJMSS  
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IDENTIFYING AT RISK SKIERS:KINETIC IMPULSE ASYMMETRY INDEX 

NO RE-INJURY 
RE-INJURY 

§  N = 71 athletes 
 
§  Females: n=51, Age=20.6±2.3 years, Body Mass = 

67.8±11.5 kg 

§  Males: n=20, Age=20.1±1.7 years, Body Mass = 
78.7±16.5 kg) 

§  Alpine skiing, luge, soccer, rugby, wrestling  

§  Assessed at the start of the off-season preparatory 
period and throughout training (1x/week) 

PREDICTING INJURIES USING THE KIAI 

© Matt Jordan 2015 
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PREDICTING LOWER BODY INJURY 
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PREDICTING LOWER BODY INJURY 
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ABSTRACT

JORDAN, M. J., P. AAGAARD, and W. HERZOG. Rapid Hamstrings/Quadriceps Strength in ACL-Reconstructed Elite Alpine Ski

Racers. Med. Sci. Sports Exerc., Vol. 47, No. 1, pp. 109–119, 2015. Purpose: Because of the importance of hamstrings (HAM) and

quadriceps (QUAD) strength for anterior cruciate ligament (ACL) injury prevention and the high incidence of ACL injury in ski

racing, HAM and QUAD maximal and explosive strength were assessed in ski racers with and without ACL reconstruction (ACL-R).

Methods: Uninjured (n = 13 males, n = 8 females) and ACL-R (n = 3 males, n = 5 females, 25.0 T 11.3 months after operation) elite

ski racers performed maximal voluntary isometric HAM and QUAD contractions to obtain maximal torque (MVC) and rate of torque

development (RTD) at 0–50, 0–100, 0–150, and 0–200 ms. MVC and RTD (per kilogram body mass) were calculated for the

uninjured group to compare between sexes and to compare the control group with the ACL-R limb and unaffected limb of the ACL-R

skiers. HAM/QUAD MVC and RTD strength ratios (H/Q ratios) were also compared. Results: The ACL-R limb demonstrated

significant HAM and QUAD deficits compared with the contralateral limb for MVC and late-phase RTD (P G 0.05). Uninjured male

skiers also displayed a limb difference for HAM MVC and RTD at 150 ms (P G 0.05). QUAD MVC and RTD deficits were observed

in the affected limb of ACL-R skiers, which led to an inflated H/Q ratio (50 ms) compared with that in uninjured controls (P G 0.05).

Compared with male skiers, females displayed greater relative HAM RTD (50 ms) and an elevated H/Q RTD ratio (50 ms), suggest-

ing enhanced ACL protection (P G 0.05). Conclusions: Because of the strength demands of ski racing, our results suggest the

importance of including HAM and QUAD strength assessments in the physical evaluation of uninjured skiers. Furthermore, HAM and

QUAD strength should be assessed over a long-term period after surgery to identify chronic strength deficits in ACL-R ski racers.

Key Words: RATE OF FORCE DEVELOPMENT, SEX DIFFERENCES, LIMB ASYMMETRY, KNEE STABILITY, KNEE

INJURY PREVENTION, KNEE REHABILITATION, ELITE ALPINE SKIING

Elite alpine ski racing is a physically demanding sport
involving high speeds and large external loads im-
posed on the lower limbs that occur in an unpre-

dictable environment (8,10,17). Skiers perform repeated
bidirectional turns with forceful eccentric muscle contrac-
tions, which typically involve maximal levels of neuromus-
cular activity in the thigh muscles (10,17). To meet these
demands, elite alpine ski racers display high levels of ham-
strings (HAM) and quadriceps (QUAD) strength, an ele-
vated HAM/QUAD strength ratio (H/Q ratio), and marked
bilateral strength symmetry (24,34).

Because of the extreme demands of elite alpine ski racing,
there is a high risk for lower body injury, especially to the
knee joint (11). In a competitive season, knee injuries

accounted for over 30% of the injuries experienced by elite
alpine ski racers, and more than half of these injuries
resulted in a significant time loss from sport (928 d) (11).
Anterior cruciate ligament (ACL) rupture is the most common
form of serious knee joint injury in ski racing (11), accom-
panied by a high ACL reinjury rate (27). Research into the
mechanisms and etiology of noncontact ACL injury in
elite alpine ski racing highlights distinct differences com-
pared with ACL injury in field sports, including several mech-
anisms of high-force injury (8). Furthermore, at the elite level,
no sex differences in ACL injury rates are found, which is
attributable to the preclusion of sex-related risk factors due
to the high force/energy injury mechanisms (9,11).

To achieve effective injury prevention, it is important to
identify modifiable risk factors that can be targeted through
exercise and training (36). However, to date, only a single
scientific study has been conducted that was aimed at assess-
ing the relationship between modifiable (trainable) risk fac-
tors and ACL injury in ski racers, suggesting that core strength
deficits were associated with injury in young competitive ski
racers (28). However, more senior elite ski racers may be at
an even greater risk for ACL injury (27). Not only is there a
paucity of scientific literature on trainable risk factors for
ACL injury prevention in elite alpine ski racers, but also,
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quadriceps (QUAD) strength for anterior cruciate ligament (ACL) injury prevention and the high incidence of ACL injury in ski

racing, HAM and QUAD maximal and explosive strength were assessed in ski racers with and without ACL reconstruction (ACL-R).

Methods: Uninjured (n = 13 males, n = 8 females) and ACL-R (n = 3 males, n = 5 females, 25.0 T 11.3 months after operation) elite

ski racers performed maximal voluntary isometric HAM and QUAD contractions to obtain maximal torque (MVC) and rate of torque

development (RTD) at 0–50, 0–100, 0–150, and 0–200 ms. MVC and RTD (per kilogram body mass) were calculated for the

uninjured group to compare between sexes and to compare the control group with the ACL-R limb and unaffected limb of the ACL-R

skiers. HAM/QUAD MVC and RTD strength ratios (H/Q ratios) were also compared. Results: The ACL-R limb demonstrated

significant HAM and QUAD deficits compared with the contralateral limb for MVC and late-phase RTD (P G 0.05). Uninjured male

skiers also displayed a limb difference for HAM MVC and RTD at 150 ms (P G 0.05). QUAD MVC and RTD deficits were observed

in the affected limb of ACL-R skiers, which led to an inflated H/Q ratio (50 ms) compared with that in uninjured controls (P G 0.05).

Compared with male skiers, females displayed greater relative HAM RTD (50 ms) and an elevated H/Q RTD ratio (50 ms), suggest-

ing enhanced ACL protection (P G 0.05). Conclusions: Because of the strength demands of ski racing, our results suggest the

importance of including HAM and QUAD strength assessments in the physical evaluation of uninjured skiers. Furthermore, HAM and

QUAD strength should be assessed over a long-term period after surgery to identify chronic strength deficits in ACL-R ski racers.
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Elite alpine ski racing is a physically demanding sport
involving high speeds and large external loads im-
posed on the lower limbs that occur in an unpre-

dictable environment (8,10,17). Skiers perform repeated
bidirectional turns with forceful eccentric muscle contrac-
tions, which typically involve maximal levels of neuromus-
cular activity in the thigh muscles (10,17). To meet these
demands, elite alpine ski racers display high levels of ham-
strings (HAM) and quadriceps (QUAD) strength, an ele-
vated HAM/QUAD strength ratio (H/Q ratio), and marked
bilateral strength symmetry (24,34).

Because of the extreme demands of elite alpine ski racing,
there is a high risk for lower body injury, especially to the
knee joint (11). In a competitive season, knee injuries

accounted for over 30% of the injuries experienced by elite
alpine ski racers, and more than half of these injuries
resulted in a significant time loss from sport (928 d) (11).
Anterior cruciate ligament (ACL) rupture is the most common
form of serious knee joint injury in ski racing (11), accom-
panied by a high ACL reinjury rate (27). Research into the
mechanisms and etiology of noncontact ACL injury in
elite alpine ski racing highlights distinct differences com-
pared with ACL injury in field sports, including several mech-
anisms of high-force injury (8). Furthermore, at the elite level,
no sex differences in ACL injury rates are found, which is
attributable to the preclusion of sex-related risk factors due
to the high force/energy injury mechanisms (9,11).

To achieve effective injury prevention, it is important to
identify modifiable risk factors that can be targeted through
exercise and training (36). However, to date, only a single
scientific study has been conducted that was aimed at assess-
ing the relationship between modifiable (trainable) risk fac-
tors and ACL injury in ski racers, suggesting that core strength
deficits were associated with injury in young competitive ski
racers (28). However, more senior elite ski racers may be at
an even greater risk for ACL injury (27). Not only is there a
paucity of scientific literature on trainable risk factors for
ACL injury prevention in elite alpine ski racers, but also,
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there are no studies on ACL reinjury prevention in actively
competing ski racers with a history of ACL injury and ACL
reconstruction (ACL-R).

After ACL injury, the primary objective is to restore
QUAD and HAM muscle strength. Thigh muscle strength
deficits have been associated with a successful return to
sport and activity (6,26). Restoring thigh muscle strength is
especially important for ACL-R ski racers because of the
importance of QUAD strength in ski racing (10,17) and the
influence of HAM/QUAD strength imbalance on knee in-
jury risk (18,24,34). However, long-term HAM and QUAD
strength deficits often persist despite rehabilitation (3,14,26),
and because coordinated HAM and QUAD muscle func-
tion is important for ACL protection (5,23,30), identifying
strength deficits is important.

Several measures of HAM and QUAD muscle strength
have been proposed for their clinical efficacy (1,13,38). How-
ever, because of the short time history of noncontact ACL
injury in field sports (G50 ms after foot contact) (22), the
assessment of maximal HAM and QUAD strength, which
often requires more than 300 ms to develop under isometric
conditions, has been questioned (38). Instead, the ratio of
rapid isometric HAM versus QUAD torque production (rate
of torque development (RTD)) assessed over shorter time
frames (G200 ms) has been proposed as a relevant measure
of dynamic knee joint stabilization (38).

Explosive strength is quantified by the RTD during a max-
imal voluntary isometric contraction (MVC) and can be sep-
arated into the RTD observed in the very early phase of
the MVC (0–100 ms), also denoted as the initial RTD, and
the RTD generated in the later phase of rising muscle force
(late RTD), which is defined by the RTD developed from
the onset of the MVC to a period between 100 and 200 ms (4).
In addition, the HAM/QUAD strength ratio (H/Q ratio) has
been used to assess dynamic knee joint stabilization poten-
tial both in alpine ski racers (24,34) and in other athlete
populations (1,38). Furthermore, because initial RTD, late
RTD, and maximum muscle strength are relevant to dyna-
mic athletic performance and can be developed by specific
training methods, assessment of these strength characteristics
may provide important information for optimizing the design
of rehabilitation and resistance training programs in ski
racers returning from ACL injury (37).

Because of the unique characteristics of noncontact ACL
injury in elite ski racers, the risk for ACL injury/reinjury, the

importance of HAM and QUAD muscle strength for ski
performance and injury prevention, and the lack of scientific
data on thigh muscle strength in actively competing elite ski
racers with/without ACL injury, the aim of the present inves-
tigation was to perform a comprehensive HAM and QUAD
muscle strength assessment and to evaluate lower limb muscle
mass in a group of actively competing elite alpine ski racers
with/without ACL-R. We hypothesized that the ACL-R skiers
would demonstrate significant deficits in the ACL-R limb
for muscle mass, HAM strength, and QUAD strength, both
compared with the contralateral limb and with the limb aver-
age of uninjured elite skiers (control group). In addition, in
uninjured individuals, we expected female skiers to dem-
onstrate reduced thigh muscle strength compared with that
in male skiers and no signs of bilateral limb strength deficits
in both genders.

METHODS
Subjects. Twenty-one uninjured skiers (males, n = 13;

females, n = 8) from the Canadian Alpine Ski Team, in-
cluding World Cup medalists, participated in this study and
were assessed at the start of the off-snow training period.
Because of the challenges for subject recruitment in an elite
athlete population, only eight actively competing ACL-R
elite ski racers could be recruited (males, n = 3; females, n = 5)
and a comparison between sexes was not made for this
group. Of the eight ACL-R skiers, three received allografts
and five were reconstructed with a semitendinosus auto-
graft. In addition, five of the eight ACL-R ski racers ex-
perienced an injury on the nondominant limb and only a
single subject sustained an isolated ACL injury. The pat-
tern of secondary injury associated with the primary ACL
injury was consistent with reports from nonelite ski popu-
lations and included meniscus injury, medial collateral lig-
ament injury, and subchondral bone bruising (12,25). Subject
characteristics (mean T 1 SD) are provided in Table 1. All
subjects had medical clearance for ski training and racing.
Skiers being treated for lumbar spine injury and/or unrelated
lower limb injury such as patellofemoral knee pain and
recent leg fractures were excluded from the study. The
Conjoint Faculties Research Ethics Board at the University
of Calgary approved the experimental protocol, and all
subjects gave a written informed consent to participate in
this study.

TABLE 1. Subject characteristics.

ACL-R Subjects Control Subjects

Characteristics Female Male Female Male

n 5 3 8 13
Age (yr) 24.2 T3.2 28.3 T0.6 20.9 T2.4 21.6 T3.4
Mass (kg) 69.4 T4.1 89.0 T9.3 64.8 T6.2 84.1 T7.3
Left limb mass (g) 9273.8 T772.4 12,606.9 T1555.4 9043.2 T1048.1 12,191.5 T1322.3
Right limb mass (g) 9593.4 T1168.9 12,677.1 T1122.0 9257.2 T1014.5 12,475.6 T1351.6
% body fat 20.5 T3.3 13.9 T3.0 16.4 T1.7 12.7 T2.2
Postoperation (months) 28.4 T13.5 19.3 T1.2 NA NA

NA, not applicable.
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ABSTRACT

JORDAN, M. J., P. AAGAARD, and W. HERZOG. Rapid Hamstrings/Quadriceps Strength in ACL-Reconstructed Elite Alpine Ski

Racers. Med. Sci. Sports Exerc., Vol. 47, No. 1, pp. 109–119, 2015. Purpose: Because of the importance of hamstrings (HAM) and

quadriceps (QUAD) strength for anterior cruciate ligament (ACL) injury prevention and the high incidence of ACL injury in ski

racing, HAM and QUAD maximal and explosive strength were assessed in ski racers with and without ACL reconstruction (ACL-R).

Methods: Uninjured (n = 13 males, n = 8 females) and ACL-R (n = 3 males, n = 5 females, 25.0 T 11.3 months after operation) elite

ski racers performed maximal voluntary isometric HAM and QUAD contractions to obtain maximal torque (MVC) and rate of torque

development (RTD) at 0–50, 0–100, 0–150, and 0–200 ms. MVC and RTD (per kilogram body mass) were calculated for the

uninjured group to compare between sexes and to compare the control group with the ACL-R limb and unaffected limb of the ACL-R

skiers. HAM/QUAD MVC and RTD strength ratios (H/Q ratios) were also compared. Results: The ACL-R limb demonstrated

significant HAM and QUAD deficits compared with the contralateral limb for MVC and late-phase RTD (P G 0.05). Uninjured male

skiers also displayed a limb difference for HAM MVC and RTD at 150 ms (P G 0.05). QUAD MVC and RTD deficits were observed

in the affected limb of ACL-R skiers, which led to an inflated H/Q ratio (50 ms) compared with that in uninjured controls (P G 0.05).

Compared with male skiers, females displayed greater relative HAM RTD (50 ms) and an elevated H/Q RTD ratio (50 ms), suggest-

ing enhanced ACL protection (P G 0.05). Conclusions: Because of the strength demands of ski racing, our results suggest the

importance of including HAM and QUAD strength assessments in the physical evaluation of uninjured skiers. Furthermore, HAM and

QUAD strength should be assessed over a long-term period after surgery to identify chronic strength deficits in ACL-R ski racers.
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Elite alpine ski racing is a physically demanding sport
involving high speeds and large external loads im-
posed on the lower limbs that occur in an unpre-

dictable environment (8,10,17). Skiers perform repeated
bidirectional turns with forceful eccentric muscle contrac-
tions, which typically involve maximal levels of neuromus-
cular activity in the thigh muscles (10,17). To meet these
demands, elite alpine ski racers display high levels of ham-
strings (HAM) and quadriceps (QUAD) strength, an ele-
vated HAM/QUAD strength ratio (H/Q ratio), and marked
bilateral strength symmetry (24,34).

Because of the extreme demands of elite alpine ski racing,
there is a high risk for lower body injury, especially to the
knee joint (11). In a competitive season, knee injuries

accounted for over 30% of the injuries experienced by elite
alpine ski racers, and more than half of these injuries
resulted in a significant time loss from sport (928 d) (11).
Anterior cruciate ligament (ACL) rupture is the most common
form of serious knee joint injury in ski racing (11), accom-
panied by a high ACL reinjury rate (27). Research into the
mechanisms and etiology of noncontact ACL injury in
elite alpine ski racing highlights distinct differences com-
pared with ACL injury in field sports, including several mech-
anisms of high-force injury (8). Furthermore, at the elite level,
no sex differences in ACL injury rates are found, which is
attributable to the preclusion of sex-related risk factors due
to the high force/energy injury mechanisms (9,11).

To achieve effective injury prevention, it is important to
identify modifiable risk factors that can be targeted through
exercise and training (36). However, to date, only a single
scientific study has been conducted that was aimed at assess-
ing the relationship between modifiable (trainable) risk fac-
tors and ACL injury in ski racers, suggesting that core strength
deficits were associated with injury in young competitive ski
racers (28). However, more senior elite ski racers may be at
an even greater risk for ACL injury (27). Not only is there a
paucity of scientific literature on trainable risk factors for
ACL injury prevention in elite alpine ski racers, but also,
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*  

*  Between Group P<0.05  
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IDENTIFYING AT RISK SKIERS: QUADRICEPS STRENGTH 
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IS IT WORKING? 

© Matt Jordan 2015 

ACL INJURIES 2010 – 2014 = NONE 
  

ACL RE-INJURIES = NONE 
 
 LOWER BODY RE-INJURIES = 4 

© Matt Jordan 2015 

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 

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 
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