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By	  the	  (me	  you	  leave	  here	  I	  hope	  you	  will	  have	  be5er	  understanding	  
of	  the	  various	  complex	  scenarios	  that	  contribute	  to	  running	  related	  
“overuse”	  injuries	  
	  
•  We	  would	  like	  to	  match	  an	  injury	  to	  a	  par(cular	  shoe	  type	  BUT	  

there	  are	  many	  variables	  to	  consider	  
•  Realis(cally	  describe	  proper(es	  and	  behavior	  of	  anatomy	  and	  

principles	  of	  biomechanics	  to	  iden(fy	  how	  and	  why	  specific	  
structures	  are	  being	  injured	  and	  from	  there	  iden(fy	  op(ons	  that	  
will	  hopefully	  reduce	  injury	  incidence	  and	  keep	  us	  ac(ve	  

	  
The	  run	  injuries	  that	  we	  will	  cover	  here	  today	  can	  be	  categorized	  as	  
“overuse”	  type	  injuries	  and	  I	  will	  spend	  a	  li5le	  bit	  of	  (me	  explaining	  
the	  anatomical	  and	  physiological	  factors	  that	  contribute	  to	  that.	  	  
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Why	  can	  some	  people	  run	  ultramarathons	  –	  or	  50	  marathons	  in	  50	  
states	  in	  50	  Days	  and	  not	  incur	  injury	  from	  overtraining?	  There	  are	  key	  
factors	  to	  consider	  and	  each	  person	  has	  their	  own	  formula	  to	  minimize	  
injury	  
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•  Each	  category	  listed	  here	  is	  a	  contributor	  to	  running	  injury	  or	  
overuse	  type	  injuries	  

•  Some	  individuals	  may	  have	  several	  contribu(ng	  factors,	  others	  may	  
have	  only	  one	  or	  two	  

•  For	  the	  purposes	  of	  this	  presenta(on,	  I	  will	  give	  only	  a	  	  brief	  
background	  on	  skeletal	  malalignment	  issues.	  If	  this	  is	  suspected	  as	  
the	  primary	  underlying	  issue,	  then	  this	  must	  be	  addressed	  as	  part	  of	  
a	  comprehensive	  lower	  quarter	  screen.	  	  

•  The	  bo'om	  line	  is	  that	  there	  are	  numerous	  contributors	  to	  overuse	  
type	  injuries	  that	  could	  lead	  to	  more	  serious	  injury	  if	  not	  addressed	  
and	  treated.	  	  
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Training	  Errors	  can	  include	  many	  different	  variables,	  but	  as	  far	  as	  how	  
the	  (ssue	  is	  being	  injured	  we	  have	  3	  categories	  and	  when	  we	  are	  
considering	  running	  related	  injury	  this	  is	  what	  we	  really	  need	  to	  know	  
in	  order	  to	  iden(fy	  where	  we	  need	  to	  make	  changes	  
	  
•  Frequency:	  Repe((ve	  trauma	  requires	  recovery	  (me	  to	  repair	  	  
•  Dura(on:	  Long	  bouts	  lead	  to	  fa(gue	  which	  decreases	  the	  strength	  

of	  the	  (ssue	  and	  leads	  to	  injury	  
•  Intensity:	  High	  force/power	  can	  cause	  tears	  or	  ruptures	  in	  (ssue	  
	  

We	  can	  link	  these	  training	  errors	  to	  biomechanics	  by	  considering:	  

1.  How	  do	  these	  structures	  behave	  AT	  impact	  with	  the	  ground	  AND	  
2.  What	  stress	  pa5erns	  are	  affec(ng	  joint	  structures	  and	  (ssues	  as	  a	  

runner	  moves	  through	  the	  gait	  cycle	  
 

Footwear	  and	  run	  strike	  pa'erns	  can	  influence	  #1	  and	  2	  
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For	  the	  purposes	  of	  this	  presenta(on,	  it	  is	  important	  to	  be	  aware	  of	  
the	  mul(tude	  of	  underlying	  contribu(ng	  factors,	  BUT	  in	  order	  to	  
appropriately	  assess	  whether	  any	  of	  these	  factors	  are	  problema(c	  
requires	  a	  full	  lower	  quarter	  screen	  by	  a	  qualified	  physical	  therapist.	  	  
	  
•  Here	  today,	  we	  are	  considering	  this	  in	  order	  to	  visualize	  how	  these	  

condi(ons	  may	  alter	  movement	  and	  create	  stress	  pa5erns	  that	  lead	  
to	  injury	  	  

	  
•  Skeletal	  alignment	  refers	  to	  each	  individual’s	  anatomy	  and	  how	  the	  

bones	  are	  aligned	  when	  our	  feet	  make	  contact	  with	  the	  earth.	  The	  
impact	  of	  each	  foot	  with	  the	  ground	  has	  affects	  all	  the	  way	  up	  
through	  each	  joint	  segment.	  Ankles,	  knees,	  hips,	  and	  spine.	  	  

•  Once	  we	  are	  able	  to	  determine	  the	  stress	  pa5ern,	  we	  can	  use	  one	  
of	  our	  tools	  (footwear)	  or	  strike	  pa5ern	  to	  help	  stop	  that	  cycle	  
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Strength	  Imbalances:	  Increased	  fric(onal	  abrasion	  of	  joint	  structures	  
in	  the	  weaker	  plane	  of	  movement	  =	  muscle/	  tendon	  strains	  +	  damage	  
to	  ar(cular	  car(lage	  

	  
Hypermobile	  or	  Rigid:	  S(ff	  or	  squishy	  	  
	  
Strain	  Rate:	  How	  much	  stretch	  or	  strain	  a	  (ssue	  can	  withstand	  before	  
it	  fails	  (tears).	  Leads	  us	  back	  to	  
•  Frequency	  
•  Dura(on	  
•  Intensity	  
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GROUND	  REACTION	  FORCE:	  
ContribuDng	  factors	  in	  WHICH	  Tissue	  absorbs	  that	  impact:	  	  

•  Movement	  pa5erns	  (strike	  pa5erns)	  –	  how	  you	  land	  
•  Hypermobile	  or	  Rigid	  (ssues	  
•  Structure/Support	  of	  shoe	  
•  Angle	  of	  running	  surface	  

Amount	  of	  Force	  can	  be	  decreased	  by	  increasing	  the	  Dme	  of	  impact,	  
meaning	  the	  cushion	  that	  you	  are	  landing	  on:	  	  

•  Hypermobile	  more	  
•  Rigid	  less	  
•  Strike	  pa5ern:	  if	  landing	  in	  forefoot	  strike,	  the	  knee	  is	  flexed	  

and	  your	  muscles	  are	  providing	  the	  soh	  landing	  
OR	  use	  Tools:	  

•  Stability/mo(on	  control	  –	  aligns	  the	  foot/ankle	  into	  a	  posi(on	  
that	  allows	  more	  or	  different/stronger	  	  (ssues	  to	  provide	  this	  
cushion	  of	  force	  

•  Running	  surface:	  including	  material	  and	  angle	  
•  Cushion	  of	  shoes:	  where	  is	  the	  cushion?	  
•  Heel	  drop	  height:	  If	  landing	  on	  heel	  you	  may	  need	  more	  

cushion	  there	  
	  
Different	  (ssues	  can	  withstand	  various	  amounts	  of	  stress	  un(l	  failure	  
occurs	  and	  certain	  condi(ons	  contribute	  to	  this.	  But	  we	  will	  cover	  that	  
in	  a	  minute.	  
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This	  slide	  is	  not	  intended	  to	  provide	  diagnosDc	  criteria.	  
This	  informa(on	  is	  intended	  to	  quickly	  assess	  whether	  an	  individual	  
has	  more	  or	  less	  joint	  mobility.	  Most	  individuals	  will	  know	  immediately	  
which	  category	  they	  fall	  into	  once	  the	  defini(on	  is	  provided.	  
	  
•  This	  informa(on	  will	  help	  determine	  how	  your	  joints	  move	  aher	  

impact	  with	  the	  ground	  
	  
Hypermobile:	  
•  “double	  jointed”	  
•  Can	  easily	  place	  both	  palms	  on	  the	  ground	  without	  bending	  knees	  
•  Gene(c	  component	  –	  one	  parent	  may	  have	  similar	  signs	  

Rigid:	  
•  Tight,	  inflexible	  muscles	  
•  Crack	  back	  or	  neck	  frequently	  
•  Increasing	  rigidity	  with	  age	  
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The	  images	  here	  give	  us	  a	  visual	  representa(on	  of	  how	  hypermobility	  
would	  contribute	  to	  prona(on	  (top)	  –	  repe((ve	  compression	  of	  lateral	  
ankle	  and	  tensile	  stress	  of	  medial	  ankle	  structures.	  	  
	  
Plantar	  fascii(s	  (bo5om)	  –	  repe((ve	  tensile	  stress,	  stretching	  of	  the	  
two	  a5achments	  of	  the	  fascia	  on	  the	  arch	  
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Remember:	  Frequency,	  duraDon	  and	  intensity	  
	  
Strain	  Rate:	  Rate	  of	  deforma(on	  (how	  much	  stretch	  or	  strain)	  a	  (ssue	  
can	  withstand	  un(l	  failure	  	  
	  
Examples:	  
•  Decondi(oned	  (ssues	  or	  fa(gue	  (overtraining)	  à	  withstand	  less	  

overall	  stress	  un(l	  failure	  
•  Previously	  injured	  à	  scar	  (ssue	  à	  weaker	  for	  10	  days	  then	  

stronger.	  	  
•  Effects	  of	  Age	  à	  decreased	  cross	  sec(onal	  area	  of	  fibers	  and	  

repara(ve	  cells	  
	  
Increase	  Strength:	  
•  Tissue	  should	  be	  warmed	  prior	  to	  loading	  or	  stretching	  (external	  

heat	  is	  the	  same	  as	  physiological	  warming)	  “Improves	  short-‐term	  
ul(mate	  strength	  and	  extensibility	  of	  (ssue”	  (Gross	  1992)	  

•  Must	  build	  strength	  slowly	  
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Past	  twenty	  –	  thirty	  years	  have	  seen	  a	  series	  of	  trends	  in	  footwear	  and	  
running	  styles.	  	  
-‐  Next	  slides	  we’ll	  focus	  on	  details	  of	  these	  that	  are	  relevant	  to	  run	  

injury	  	  
-‐  Each	  has	  pros	  and	  cons,	  which	  depend	  on	  each	  person’s	  unique	  

anatomical	  structure	  
	  
Heel	  Drop	  =	  the	  difference	  between	  the	  forefoot	  cushion	  and	  rearfoot	  
cushion	  
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Tradi(onal	  prescrip(on:	  (Knapik	  2009)	  
•  Low	  arch	  =	  presumed	  greater	  rearfoot	  and	  midfoot	  mobility	  =	  

prona(on	  in	  stance	  phase	  of	  gait	  =	  mo(on	  control	  shoes	  
•  High	  arch	  =	  presumed	  rigid	  or	  inflexible	  feet	  =	  underpronate	  =	  

increased	  GRF	  =	  cushion	  shoe	  to	  help	  a5enuate	  GRF	  and	  allow	  
movement	  into	  prona(on	  

	  
Studies	  conducted	  have	  focused	  on	  military	  basic	  training	  (Army,	  Air	  
Force	  and	  Navy	  specifically)	  because	  this	  is	  the	  method	  they	  have	  been	  
prac(cing	  for	  years.	  	  
•  This	  basic	  model	  of	  shoe	  prescrip(on	  is	  based	  solely	  on	  sta(c,	  

weight	  bearing	  plantar	  shape	  and	  follows	  the	  principle	  that	  the	  
bo5om	  example	  is	  an	  overpronator	  and	  should	  be	  prescribed	  a	  s(ff	  
shoe	  to	  limit	  rearfoot	  valgus	  and	  subsequent	  medial	  columnar	  
collapse	  (arch	  collapse).	  This	  scenario	  is	  most	  ohen	  associated	  with	  
Genu	  Valgus	  

•  The	  middle	  example:	  High	  arch	  would	  be	  presumed	  to	  have	  a	  cavus	  
foot,	  with	  underprona(on	  (supina(on)	  and	  most	  likely	  rigid	  soh	  
(ssue	  extensibility.	  This	  scenario	  is	  most	  ohen	  associated	  with	  Genu	  
Varus.	  

	  
However,	  recent	  research	  has	  shown	  that	  this	  approach	  does	  not	  
have	  a	  significant	  affect	  on	  reducing	  run	  related	  injury	  
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Higher	  Injury	  risk	  was	  associated	  with:	  
•  older	  age	  
•  Lower	  self	  reported	  physical	  fitness	  
•  Slower	  2	  mile	  run	  pace	  
•  More	  days	  of	  cigare5e	  smoking	  in	  the	  previous	  30	  dyas	  
•  Previous	  lower	  extremity	  injury	  (women)	  
•  High	  ached	  Men	  

	  
The	  authors	  point	  out	  that	  even	  in	  	  individuals	  with	  extreme	  
overprona(on	  or	  extremely	  high	  arches,	  this	  method	  of	  shoe	  
prescrip(on	  did	  not	  reduce	  the	  risk	  of	  injury	  and	  in	  some	  cases	  may	  
have	  increased	  it.	  	  
	  
	  
Repeat	  offenders:	  Rela(ng	  to	  factors	  that	  decrease	  the	  ul(mate	  
strength	  of	  the	  (ssue	  (Strain	  Rate)	  Slide	  11	  
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The	  plantar	  arch	  à	  should	  adapt	  to	  imposed	  stress	  to	  provide	  shock	  
absorp(on	  
	  
Using	  minimalist	  footwear	  may	  be	  beneficial	  to	  some	  individuals	  and	  
act	  to	  reduce	  run	  related	  injury	  in	  those	  people	  
	  
Using	  minimalist	  footwear	  could	  lead	  to	  more	  severe	  injury	  in	  some	  or	  
injury	  of	  different	  structures,	  for	  example	  the	  forefoot	  or	  ankle	  may	  be	  
more	  at	  risk	  of	  increased	  strain	  
	  
Failing	  to	  adapt	  appropriate	  mechanics	  on	  an	  individual	  basis	  can	  lead	  
to	  grater	  injury	  as	  well	  
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Robbins	  1987:	  	  
•  presented	  research	  asser(ng	  that	  this	  adap(on	  is	  induced	  by	  a	  

sensory	  feedback	  mechanism	  	  
•  Modern	  cushioned	  running	  shoe	  insulated	  this	  sensory	  mechanism	  

and	  has	  contributed	  to	  the	  high	  injury	  rate	  today	  
-  Consequence	  of	  barefoot	  ac(vity	  –	  Adapta(ons	  of	  arch	  	  
-  Rigid	  foot	  associated	  with	  cushioned	  shoe	  popula(on	  	  
-  Sensory	  feedback	  from	  glabrous	  epithelium	  of	  foot	  is	  

what	  induced	  these	  adapta(ons	  
McKeon	  2015:	  
•  Asserts	  that	  the	  foot	  intrinsic	  muscles	  are	  the	  primary	  source	  of	  

stability	  and	  support	  protec(ng	  against	  excessive	  arch	  deforma(on	  
•  When	  these	  muscles	  are	  decondi(oned	  and	  weak	  it	  doesn’t	  

func(on	  properly	  and	  abnormal	  movement	  occurs	  with	  each	  step	  –	  
this	  leads	  to	  the	  stress	  pa5erns	  that	  were	  discussed	  previously	  
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Goss	  2012:	  
•  Barefoot/minimalist	  with	  mid	  or	  forefoot	  strike	  =	  increased	  stride	  

frequency	  and	  shorter	  step	  length	  à	  more	  impacts	  per	  unit	  of	  (me	  
•  Less	  knee	  and	  hip	  loading,	  BUT	  greater	  impact	  and	  strain	  on	  

metatarsals	  (Toes)	  	  
•  Combined	  =	  increased	  cumula(ve	  metatarsal	  strain	  (overuse)	  
Goss	  2015:	  Barefoot	  and	  minimalist	  runners	  accurately	  report	  their	  
strike	  pa5ern	  57%	  of	  the	  (me	  
•  Barefoot	  or	  minimalist	  forefoot	  strike	  =	  greater	  strain	  on	  ankle	  PF	  

than	  tradi(onal	  (Achilles,	  MTSS)	  
•  Barefoot	  or	  minimalist	  rearfoot	  strike	  =	  greatest	  ver(cal	  loading	  

rates	  and	  greater	  strain	  on	  ankle	  PF	  than	  tradi(onal	  	  (Achilles,	  PF,	  
PFPS)	  

	  
*	  PF	  negaDve	  work	  =	  DF	  por(on	  of	  stance	  phase	  (just	  before	  toe	  off)	  	  
à	  in	  Barefoot	  minimalist	  runners	  the	  dampening	  of	  this	  force	  must	  be	  
a5enuated	  by	  the	  ankle	  PFlexors	  
•  Tradi(onalist	  accurately	  reported	  strike	  90%	  of	  the	  (me	  
•  Tradi(onal	  =	  greater	  nega(ve	  work	  for	  ankle	  DF	  and	  knee	  extension	  

(Achilles,	  PFPS)	  
•  Landing	  in	  knee	  extension	  and	  eccentric	  work	  of	  bringing	  the	  

forefoot	  to	  the	  ground	  aher	  heel	  strike	  
*Nega(ve	  work	  was	  calculated	  to	  determine	  how	  much	  kine(c	  energy	  
was	  dampened	  at	  the	  ankle	  and	  knee	  joints.	  	  
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Maximalist	  shoes	  may	  diminish	  important	  aspects	  from	  which	  the	  
“barefoot”	  revolu(on	  was	  based…–	  “the	  strengthening	  of	  key	  intrinsic	  
muscles	  and	  sensory	  (propriocep(on)	  feedback	  mechanisms	  that	  are	  
supremely	  important	  in	  stability,	  balance	  and	  gait	  pa5erns”	  (McKeon	  
2015)	  
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Conducted	  a	  survey	  of	  over	  2500	  runners	  to	  assess	  the	  associa(on	  of	  
self	  reported	  run	  strike	  pa5ern	  and	  shoe	  selec(on	  with	  injury	  
incidence.	  
•  Minimalist	  shoe	  wearers	  had	  switched	  from	  tradi(onal	  and	  running	  

in	  minimalist	  an	  average	  of	  26	  months	  
•  Tradi(onal	  3.4x	  more	  likely	  to	  report	  injury	  	  
	  
Keep	  in	  mind	  that	  this	  research	  is	  a	  self	  reported	  survey	  and	  earlier	  I	  
presented	  informa(on	  that	  self	  reported	  foot	  strike	  pa5erns	  may	  not	  
be	  accurate.	  I	  feel	  this	  is	  s(ll	  relevant	  because	  is	  shows	  us	  how	  many	  
individuals	  are	  switching	  shoe	  types	  and	  strike	  pa5erns	  due	  to	  injury.	  
	  
About	  half	  of	  those	  surveyed	  changed	  shoe	  type	  or	  strike	  pa5ern	  due	  
to	  injury	  
	  
83%	  -‐	  702/838	  reported	  changing	  from	  tradi(on	  shoes	  	  
82%	  -‐	  707/866	  reported	  changing	  from	  rearfoot	  strike	  	  
	  
	  

19	  



(Pause	  for	  ques(ons)	  
	  
We	  will	  cover	  numbers	  2	  through	  5:	  Common	  injuries	  distal	  to	  the	  
knee	  
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Whether	  you	  are	  a	  new	  runner	  training	  for	  your	  first	  event	  or	  a	  
seasoned	  runner	  training	  for	  a	  longer	  distance,	  an	  injury	  can	  sneak	  up	  
on	  you	  at	  any	  (me	  for	  a	  mul(tude	  or	  reasons;	  here	  are	  some	  of	  the	  
more	  common	  injuries	  and	  the	  progression	  that	  can	  occur	  if	  not	  
treated	  appropriately	  and	  quickly.	  
	  
-‐-‐	  Will	  discuss	  each	  of	  these	  in	  more	  detail	  in	  following	  slides.	  	  
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When	  do	  you	  feel	  the	  pain?	  
	  
McKeon:	  
Strengthen	  foot	  core	  system:	  Draws	  arch	  up,	  shorten	  foot	  length,	  
important	  for	  plantar	  sensory	  input	  à	  postural	  stability,	  dynamic	  	  gait	  
pa5erns.(McKeon)	  
	  
Goss12	  
Forefoot	  strike	  can	  increase	  risk	  of	  developing	  Achilles	  Tendoni(s.	  
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Decrease	  heel	  offset	  to	  reduce	  the	  eccentric	  DF	  phase	  
	  
Gait	  Mechanics:	  	  

•  Forefoot	  Strike	  à	  Plantar	  flexors	  providing	  force	  
a5enua(on	  

•  Supinators	  à	  Invertors	  working	  against	  collapse	  of	  medial	  
arch	  

•  Pronators	  à	  Tensile	  stress	  medially	  
	  
	  
As	  this	  type	  of	  injury	  relates	  to	  footwear	  –	  the	  solu(on	  lies	  in	  adding	  
cushion	  and	  re	  evalua(ng	  strike	  pa5ern	  
	  
	  
	  

30	  



	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Image:	  
www.bodyheal.com.au	  
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•  Fields	  at	  al	  cite	  several	  sources	  repor(ng	  that	  PFPS	  is	  most	  
commonly	  associated	  with	  Knee	  Varus,	  ankle	  supina(on	  (rear	  foot	  
varus)	  and	  cavus	  foot	  –	  which	  all	  indicate	  a	  Rigid,	  underpronated	  
foot	  

•  However,	  Goss	  2012	  reports	  and	  cites	  several	  other	  causal	  
mechanisms	  which	  lead	  to	  the	  opposite	  –	  overprona(on	  and	  
increased	  stress	  on	  the	  knee	  joint	  

•  Pujalte	  et	  at.	  2013	  and	  Lopes	  et	  al	  2012	  assert	  that	  the	  direct	  cause	  
of	  PFPS	  is	  unknown,	  but	  a5ribute	  this	  pain	  to	  be	  a	  	  direct	  result	  of	  	  
excess	  stress	  or	  compressive	  loads	  about	  the	  knee	  joint	  which	  leads	  
to	  degreda(on	  of	  ar(cular	  car(lage.	  	  

	  
All	  of	  these	  factors,	  while	  they	  are	  conflicDng,	  do	  have	  one	  common	  
thread.	  They	  all	  increase	  stress	  at	  the	  knee	  joint	  by	  creaDng	  a	  tug	  of	  
war	  between	  compressive	  and	  tensile	  stress	  and	  in	  some	  case	  even	  
fricDonal	  abrasion.	  All	  of	  these	  mechanisms	  will	  eventually	  lead	  to	  
degredaDon	  of	  arDcular	  carDlage	  in	  the	  knee	  
Once	  arDcular	  carDlage	  is	  damaged,	  there	  is	  no	  longer	  a	  protecDve	  
mechanism	  for	  subchondral	  bone	  à	  painful	  à	  Knee	  osteoarthriDs	  
which	  can	  be	  debilitaDng.	  	  
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Each	  of	  these	  recommenda(ons	  suggest	  that	  interven(ons	  which	  
correct	  the	  underlying	  problem	  are	  the	  best	  solu(on.	  So,	  just	  as	  we	  
determined	  in	  the	  previous	  slide	  with	  regard	  to	  causal	  mechanisms,	  
each	  individual	  must	  determine	  their	  specific	  need	  and	  move	  forward	  
with	  treatment	  from	  there.	  	  
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