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International Knee Documentation Committee (IKDC) 

IKDC Z-scores of Participants by Age and Sex 
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Opedix: Knee-Tec Tights 
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Immediate Effects of Opedix KNEE-Tec Tights 

Decker,	
  Proceedings	
  of	
  the	
  Rocky	
  Mountain	
  ASB,	
  2013	
  

29%	
  reducLon	
  in	
  quadriceps	
  faLgue	
  

30%	
  improvement	
  in	
  quadriceps	
  faLgue	
  
recovery	
  

26%	
  ReducLon	
  in	
  knee	
  pain	
  

19%	
  improvement	
  in	
  knee	
  funcLon	
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Long-Term Effects of Opedix KNEE-Tec Tights 



Knee Injury Risk Reduction 

59%	
  reduc7on	
  in	
  the	
  RelaEve	
  Risk	
  of	
  a	
  knee	
  injury	
  with	
  Opedix	
  

One	
  knee	
  injury	
  reduced	
  for	
  every	
  34	
  people	
  skiing	
  with	
  Opedix	
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Custom	
  computer	
  programs	
  
are	
  executed	
  by	
  the	
  
microcontroller	
  to	
  control	
  
sensors	
  and	
  coordinate	
  data	
  
acquisi7on	
  and	
  storage	
  

External	
  Power	
  
(BaSery)	
  

Raspberry	
  Pi	
  

microcontroller	
   I/O	
  terminals	
  
Wireless	
  
Receiver	
  

IMU	
  Wireless	
  	
  
data	
  

transfer	
  

GPS	
  

Wireless	
  IMU	
  (x15)	
  
!  Data	
  from	
  all	
  IMU	
  sensors	
  are	
  

combined	
  to	
  obtain	
  segment	
  
kinema7cs	
  

GPS	
  
!  Provides	
  localiza7on	
  data	
  for	
  

determining	
  global	
  posi7on	
  
and	
  trajectory	
  of	
  the	
  athlete	
  

Raspberry	
  Pi	
  
!  A	
  credit	
  card	
  sized	
  computer	
  

that	
  provides	
  computa7onal	
  
power	
  and	
  storage	
  capacity	
  for	
  
controlling	
  system	
  opera7on	
  

Pressure	
  Insoles	
  
!  Ultra	
  thin	
  load	
  cells	
  placed	
  under	
  each	
  foot	
  to	
  

measure	
  ground	
  force	
  for	
  joint	
  kine7cs	
  



Participants 

4	
  Males;	
  5	
  females	
  

Age:	
  21.8	
  ±	
  2.7	
  y	
  

FIS	
  Slalom	
  ranking:	
  24.0	
  ±	
  16.3	
  
range	
  (10-­‐58)	
  

Par7cipant’s	
  personal	
  FIS	
  
regula7on	
  equipment	
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Analysis: 18 Turns (9 right, 9 left) 

Nakazato	
  et	
  al.,	
  J	
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  Sci	
  Med,	
  2011	
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Conceptual Model of Alpine Ski Turning Technique 

Adapted	
  from	
  Reid,	
  2010	
  

SKIER’S	
  MOVEMENTS	
  
Lateral	
  Ac7ons	
  
Rotary	
  Ac7ons	
  
Ver7cal	
  Ac7ons	
  
Ant/Post	
  Ac7ons	
  

SKI	
  ORIENTATION	
  
Edge	
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  LOADING	
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Skier’s Movements: Ankle Angle 
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Skier’s Movements: Knee Angle 

Extension	
  

Turn	
  (%)	
  

Po
si
L
on

	
  (d
eg
)	
  

Right	
  Downhill	
  Leg	
  

No	
  staLsLcal	
  differences	
  



20°	
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Skier’s Movements: Hip Angle 
OPX:	
  Maximum	
  hip	
  posiLon	
  5%	
  more	
  flexed	
  
OPX:	
  Average	
  hip	
  posiLon	
  3%	
  more	
  flexed	
  
OPX:	
  12%	
  less	
  hip	
  range	
  of	
  moLon	
  

Extension	
  

Turn	
  (%)	
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Edge	
  
Angle	
  

Edge Angle 

Medial	
  	
  
Inclina7on	
  

OPX:	
  Average	
  edge	
  angle	
  18%	
  more	
  inclined	
  



Skier’s Movements: Average Position 
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Ski Loading: Normal Force 
OPX:	
  Peak	
  force	
  9%	
  lower	
  

Right	
  Downhill	
  Leg	
   Right	
  Uphill	
  Leg	
  



Backward	
  (posterior)	
  

Ski Loading: Anterior-Posterior Center of Pressure 
OPX:	
  Center	
  of	
  Pressure	
  3%	
  anterior	
  

Right	
  Downhill	
  Leg	
   Right	
  Uphill	
  Leg	
  



Ski Loading: Medial-Lateral Center of Pressure 
OPX:	
  Center	
  of	
  Pressure	
  9%	
  medial	
  

Right	
  Downhill	
  Leg	
   Right	
  Uphill	
  Leg	
  

Outward	
  (lateral)	
  



Ski Loading: Center of Pressure Path 

Forward	
  (anterior)	
  

Inward	
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  Uphill	
  Leg	
  



Skier’s Movements and Ski Loading 
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May	
  explain	
  26%	
  reducLon	
  in	
  knee	
  pain	
  

Reduced	
  
internal	
  
moments	
  
extending	
  

knee	
  

Knee Torque 
OPX:	
  Peak	
  Knee	
  Torque	
  16%	
  Lower	
  



Muscle Activation 

OPX:	
  Gluteus	
  Medius	
  (GM)	
  26%	
  lower	
  
OPX:	
  Rectus	
  Femoris	
  (RF)	
  17%	
  lower	
  
OPX:	
  Vastus	
  Lateralis	
  (VL)	
  17%	
  lower	
  
OPX:	
  Biceps	
  Femoris	
  (BF)	
  4%	
  higher	
  

Vastus	
  	
  
Lateralis	
  

Biceps	
  	
  
Femoris	
  

Rectus	
  
Femoris	
  

Gluteus	
  	
  
Medius	
  

GM	
   RF	
   VL	
   BF	
  

OPX	
  
2.741	
  
(1.852)	
  

2.998	
  
(1.980)	
  

2.420	
  
(1.498)	
  

3.648	
  
(2.398)	
  

2XU	
  
3.713	
  
(2.645)	
  

3.618	
  
(2.715)	
  

2.913	
  
(2.144)	
  

3.494	
  
(2.339)	
  

Quadriceps	
  
Muscles	
  



Muscle Activation 

Vastus	
  	
  
Lateralis	
  

Biceps	
  	
  
Femoris	
  

Rectus	
  
Femoris	
  

Gluteus	
  	
  
Medius	
  

Vastus	
  Lateralis	
  

Rectus	
  Femoris	
  

May	
  explain	
  29%	
  reducLon	
  in	
  quadriceps	
  faLgue	
  

OPX:	
  Vastus	
  Lateralis	
  and	
  Rectus	
  Femoris	
  17%	
  Lower	
  



Performance 
OPX:	
  Average	
  speed	
  10%	
  higher	
  (0.44	
  s	
  faster)	
  



Summary 

Support	
  leg	
  alignment	
  and	
  promote	
  hip	
  extensor	
  muscles	
  

Shik	
  weight	
  forward	
  and	
  toward	
  inside	
  edge	
  

Earlier	
  and	
  greater	
  carving	
  during	
  turn	
  

Requires	
  less	
  force	
  and	
  knee	
  torque	
  

Lower	
  quadriceps	
  faLgue	
  and	
  knee	
  pain	
  



Knee-Spine Syndrome in Snow Sports Instructors 

Bergstrom	
  et	
  al.	
  Knee	
  Surg	
  Sports	
  Traumatol	
  Arthrosc,	
  2004	
  
Murata	
  et	
  al.,	
  J	
  Bone	
  Jt	
  Surg,	
  2003	
  

Poor	
  lumbar	
  spine	
  Kine7c	
  Health	
  may	
  be	
  caused	
  by	
  poor	
  
knee	
  Kine7c	
  Health	
  

Knee	
  injury	
  leads	
  to	
  degeneraLve	
  
changes	
  and	
  pain	
  

DegeneraLve	
  changes	
  cause	
  
limitaLons	
  in	
  knee	
  mobility	
  

LimitaLons	
  in	
  knee	
  mobility	
  are	
  
related	
  to	
  a	
  flalening	
  of	
  lower	
  
back	
  and	
  pain	
  



Low	
  Back	
  Pain?	
  

No	
   Yes	
  

Allocated	
  to	
  Knee	
  
Pain	
  Group	
  

Allocated	
  to	
  Healthy	
  
Control	
  Group	
  

Allocated	
  to	
  Low	
  
Back	
  Pain	
  Group	
  

Knee	
  Pain?	
  

Yes	
   No	
  

Knee	
  Pain?	
  

No	
   Yes	
  

Allocated	
  to	
  Low	
  Back	
  
and	
  Knee	
  Pain	
  Group	
  

Kinetic Health Assessment 



Oswestry Low Back Pain Disability Questionnaire 

Low	
  Back	
  Pain	
  (LBP)	
  Prevalent	
  in	
  
Professional	
  Skiers	
  
History	
  of	
  LBP	
   	
   	
  78%	
  
LBP	
  within	
  past	
  year 	
   	
  64%	
  
LBP	
  within	
  past	
  week	
   	
  54%	
  

Oswestry	
  LBP	
  Disability	
  Score	
  
Minimum	
  Disability 	
   	
  63%	
  
Moderate	
  Disability	
   	
   	
  35%	
  
Severe	
  Disability	
   	
   	
  	
  	
  2%	
  

r=-­‐.54	
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LBP	
  and	
  Knee	
  Pain	
  (KP)	
  during	
  Skiing	
  
History	
  of	
  LBP	
  and	
  KP	
   	
  40%	
  
History	
  of	
  KP 	
   	
   	
  75%	
  
History	
  of	
  LBP	
   	
   	
  51%	
  

LBP	
  Disability	
  Related	
  to	
  Knee	
  FuncLon	
  





Raw Sensor Data:
4 IMUs per Segment

CPU for 
Data Processing

Minimize
Signal
Error
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Segment 

Orientation

Foot Pressure Data

Gyroscope
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Accel.
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Signals

Thigh
Kinematics

Shank
Kinematics

Knee Joint
Kinematics

Joint Kinetics

Output to 
Tablet Device

Knee
Kinematics
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Angle	
  

Ski Orientation: Edge Angle 

Medial	
  	
  
Inclina7on	
  

OPX:	
  Average	
  edge	
  angle	
  14%	
  more	
  inclined	
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