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OBSERVATIONAL GAIT ANALYSIS*

\ Identlfymg Normal Gait
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‘ Walking Gait

Most Common Human Movement

Walkrng is |nherent~--- i

L> yet h ard to | earn .

_/'. !
{ | '|

T e B > yf’-'et s‘d-.poo n;ffsC'iOUS-

111 I\/Iay become altered W|th |njury or drsease
0 Understand Normal to understand Abnormal

A AT ,_ .._4 | i Iy i .'I i ; 3
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N Orma@ TSI

-What Exactly Does. Normal Mean? ;
w Within a person, highly r‘epeatab‘l';;;__;-j.,.%;pattern or |
Sequence of limb motions W M

o Stride-to-stride & day-to-day varrabrlrty of walkrng

pattern |s moderately Iow

'llJ Across several Normal people f varrablllty 1
0 Drfferences in'Ht, Wi, Age, Sex, Cadence, etc.
0 Normalrze to reduce between subject vanabrlrty

Now We have a Iess vanable more
unlversal pattern we: Can caII Normal
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‘ Normal Walking Gait ‘

.. .However, it S, never that Simple.
.-;w it's possﬂale to achieve same movement pattern |
~ from many different combinations of muscles
o Coordmatmg muscles actlng across many jOIntS by

-r i
| { / | |

“The coordination of a movement is the process
of mastering redundant DoFs... its conversion
to a controllable system” (Bernstein, 1967)

‘ '.'11: Control system is hlghly erX|bIe & adaptable Lo gy
i Can accomphsh same goal |n many ways & .

Bernstem N The caordlnatlon ahd regulatlon of movements Londen Pergamon 1967 I AR A Biorrmmre \
" .,.| |-'¢-:._r 1, peelwels 1'-"','(.' ""_L.-.'.; J
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unrque squtron to a grven movement pattern

So what do We do now’) il

| Consrder Common Purpose of Walkmg
il Move body safely & etfrcrently across ground

[ Achreved by 5 functlons/tasks durrng each strrde ]

o All 5 tasks must be performed wrthrn the
anatomrcallmternal constrarnts of the body i
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‘ Normal Walking Gait

1) Generate Mechanical Energy

—

oVelomt-.-;;,.-;.::_marntarn or P
i) ..t:'.i'-".__T. il : il t 7 e

2) Absorb Mechanical Energy e s . 1

L o Shock, stability, or ¥ veI ;
'--3) Marntaln Support of HAT

9 Prevent collapse of LE durrng stance;?:".y

4) I\/Iarntaln Uprlght Posture

Galt
Cyole

o Balancet of total body; level head | \\if v

5) COHUOI Foot ~ rajectory

o Safe ground Clearanoe g
o Gentle heeI to toe Iandrng
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¥ Heel-Strike to next |pS|IateraI Heel-Strike

g Subdlwde into Stance & Swing phases
o Stance penod ‘of limb- -ground contact
o Swing = penod of no I|mb ground contact

Double : Single : Double, Single
Support | Support | Sllpportl Support
) & j L) I, - ' y
* A 4 | /
X X% oW
| k ' I - & I \ .
) \ }\ : \ ,jt [/ Ny | .
AWAY 4 AW AW I
I * \ | 2& \\__§ | (€| |
A ) o, 0 o=
S R e A s

Stan ce

Stride (R HS to R HS) |
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Stance Phase
~ Subdivide Stan ce & Swing for fu rther analysis
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Contralateral
HS: 50%

HeeI-Strike: Foot-Flat :MSt :Heel Off
(IC): 0% , (LR):10% , 30% ,(TSt) 40%

© Heel to : .°F~00t IS .“--’--_f_-StabIe | Bw moves
ground Vi flat i .l fully | to forefoot
contact s Raprd e :ﬁﬁged: e

e Little - : Jbw | A
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Swing Phase

Terminal ' ake
85-100% [ '
*Knee
.extends
Sellimb S|OWS|, AT .I

Mid-
Swing:
75-85%
1*Thigh
advan-
ces
'-_F.oot

200 Hinitial
/' | Swing:
J St 1 i 1 60-75%
*“*”madvances
... sFoot.
% 3_~;5;“;£3.h leaves

il ground GlERANS &5 e At
Ko | ot ground 4 Dkl
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KINEMATICS OF LOCOMOTION

Galt Parameters

' SR B RS 1
| ()
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Dlsplacement

o Strlde mcludes
*mevement of both
-~ limbs durlng a galt
cycle g
o Contalns i steps

i Strlde Length —
_ distance from HS of
1 foot to next HS of | . ( Length
same foot NS | =

w Mean 567 (1 40 m)

o Male:.1.48 m |
o Female 1 30 m

Stride
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Displacement

¥ Step movement of
1limb from HS to
HS of cppOSlte Itrnb

o Step Length -

. distance from HS of
1 foot to next HS of
the other foot

v M ean: 28?.'1*.;.(9(-7.‘-0 m) |
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tlJ Step Width or Walklng
Base Width (BoS) -
perpendlcular dlstance
between mldpomt of
. heel on 1 foot to same
. point on other foot
o Mean 3" (8 cm)

i F'oot’AngIé (TOé -out) -
angle between long
“axis of foot & line of
forward progressmn

e I\/Iean 80 out toelng

y e § A p i F =L 5 A v {
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—————* ———————

Width Stride
3-in
Stride Length Step
I e A
Step Aggle
Length
2Y4 ft




Stride Time - time from
HS of 1 foot to HS of
same foot

Walklng VeIocrty rate of

forward linear motion
o Mean: 3 mph (1.3 m/s)

o Male 1 37 Female L 28'_ {

Cadence — number of

steps per unit time .
o Mean: 112 steps/mrn |
- = I\/IaIe 110; Female 118 -

'- Stance Trme time foot is g
on ground in a gait Cycle
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Swing Time - time foot is

loff ground |n a galt cycle

I,,-j"SWlng/Stance Ratlo -'ratio

of swing to stance tlmes |

Double Sup oort Time -]

time that 2 feetare in
contact with the ground.
durlng a gart cycle |

) Srngle Support Tlme -

time that 1 foot is in-
contact with the. ground
durlng a gart cycle
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GAIT CYCLE - FUNCTIONAL TASKS
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Galt Cycle Functlonal Tasks

Qbservmg galt from a fu nctlonal standpomt
03 fu nctlonal tasks : i

1 Welght Acceptance (WA)
2 Smgle leb Support (SLS)
3 Swmg L|mb Advancement (SLA)
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Gait Cycle

e WerghtAcceptance (WA)

o Includes HS & FF (loading
. of limb) in double support

U Absorptron of ground |mpact
~ force Al |

. Body continues in forward
path whrle marntalnmg

A ! et o L UL RS S0 e ol U RSt 9 . Lt e | o .r'(' ¥ L‘ ol : PR -’i l:'fl e ‘\' ‘i ".",:'(-' - o J f .-
INDIANA UNTVERSITY. - © 2909 Dr. TracyA. Dietks; 1U Dept of P ' 1 .' e W _.-h:j.,'r.-; e e N e I O e




Gait Cycle

Srngle Limb Su oport (SLS)

v Includes I\/ISt & FO heeI |
,.comes off grouno

| 111 Body progresses over srngle

G “stable, fuIIy loaded Irmb

111 Body Werght transferred onto
A ) meta,tarsal heads RN
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Gait Cycle - Functional Tasks

Swmg L|mb Advancement (SLA)
W Includes TO & all of Swmg Vi

w Limb is- unloaded & foot B
comes off ground | SR R e

‘v Limb is moved from behlnd
~ the body to in front of the -
body reachlng out to take
the next step i
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GAIT CYCLE - FUNCTIONAL TASKS

The Crltlcal Events What To Look For At _
The Ankle Knee & Hlp
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* Critical Events [
v Specmc joint posmons or| motlons fhat | o
contrlbute te accompllshlng Functional Tasks

v Each phase has 1 or more Crltlcal Event at
- the Ankle, Knee, or Hip in the sagittal plane

0 Saglttal most |mportant N contrlbutlng to galt & |e
pnma‘ry focus of observational analy3|s 8

' o Yet seeindary planes also contrlbute
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‘ Critical Events

| Durlng each galt phase the Ankle, Knee
L & Hip are commonly descrllled by

ﬂ ROM what moved where \

2. Torque Demand (TD)

o Stability response to LoG position A
3. Muscle Action (MA)
o EMG: measured as On or Off i

4. Functional Significance (FS)

o What happens?
o Reasons for ROM, TD, & MA?
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-tfal _____
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;‘4 FS Heel rocker actron created Pretlbrals puII tlblaﬁ
| forward creatrng forward momentum & erxes knee s

(1) | (2)
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‘ Ankle Slngle

Mrd Stanoe i
1 ROM D ,tQ 50 - :;_T- ;‘_-.'f,;-_ o 1* QL H;’;»"_

j‘.? ; - 4 e o ' | 1 "“-_3 7 .‘%"1 -L-"

.4 FS Body progresses forward over stable foot &trbra

Calf creates knee stability by controlling tibial

advancement ‘Forward momentum marntarned whrle ';

ankle moves |nto o DF Ankle Rocker
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‘ A
Heel Off
;-';:1‘.-5;_-30'\/' DF T .
E"*—Iyperextensron to 30° i

f_4.5'—S Calf allows max forward progressron controls
DF & allows heel rise = Forefoot Rocker | g, '
contralateral step Iength NN i
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Ankle Swmg leb Advancement
Toe O R e o
_,1 ROM Ankle |nto 15° PF MTP mto 60 hyperext

I

;‘4 FS Forefoot remalns on ﬂoor for balance aSS|st PF
of partially unweighted foot aSSIStS Wlth knee erXIon
& Swmg leb Advancement !
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Ankle Sw1ng leb Advancement

Inltlal Swmg

..,L. F

4 FS begm DF to clear foot |n next phase DF to
neutral not yet achleved
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Ankle Swmg leb Advancemen

 1 ROI\/I DF%JtO OO gt 4 ,t (
4. FS: Foot clears ground by 1 o SRR S e

‘Terminal Swing !
1. ROM: Ankle remains neutral

‘4 FS: Neutral posmon assures heel contact for HS

C
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{ Subtalar - WA

HeeI Strlke & Loadrng Response |
.-1 ROM Ca’tcaneus Everts 5% ;_
“Subtalar. moyes into’ pronatron e e |
_‘4 FS: Subtalar Jjoint Pronation unlocks Mrdtarsal Jornt & !:

~assists in shock absorptron Pronatron mduces Trbratl
Internal Rot reduces rotatory stress on ankle Jornt
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{ Subtalar Smgle leb Supportj

i ROM Progresswe reductlon of Ever3|on to = 2°‘"

4 FS Tib Ptst & Soleus actlvﬁy |n|t|ally pm‘wde ecc .
. control of EV ‘then con to move subtalar tgwards INV ,

;O
o
ie

Reduction in calcaneal EV stability of midtarsal

joints, creates rigid forefoot lever. durlng Iate Stance!'

Dromcates Forefoot Rocker

Deroneus Longus & Brews prowde Iateral stablllty

Ty O LAFp 1, o AN A T E A A .
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* Subtalar Swmg leb Advancement |

1 ROM Subtalar Jomt achleves neutral posmon

-..*a“-.: a

4. FS: Foot clears ground Ankle&Subtaiél‘ posmoned
| for HeeI-Strlke S
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e P TIC G UD AT,

Heel-strike.............. neutral }EV 50 overall

Loading Response... pg 5o pronation

Reduce EV to

| Mid-stance.............. YE to 5°
} about 2°

Heel-off.................. 9E to 100
| Toe-off...................

PF 159 O

| | PF 5°

Mid-swing............... OF to 00 > Overall neutral
0

neutral

Initial Swing.............

| Terminal Swing........
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1 Knee WelghtAcceptance

In|t|al Contact ol |
1 ROM Appears neutral may be sllghtI-l-'.j;;‘;_;ﬂexed to 5°
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{ Knee WelghtAcceptance

Loadlng Response |
1. ROM: Knee flexes to 15°

4 FS Shook absorbed & Irmb stabrlrty marntarned whrle
forward progressron contrnues | |

o J ) © ,f |
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W Knee - Slngle leb Support
Mid- Stance Gt e
_1 ROI\/I Extends to 5° Flexm)n appears neutral

 ,?4 b=t Knee stablhty malntalned by Knee Extensmn
~ torque & calf act|V|ty |

Ry | | o r
| -4 | \ | | |
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{ Knee Slngle leb Support [
Heel-Off U I
_1 ROI\/I Appears unchanged from Mldstance

_;.-‘4 FS Jomt stablllty malntalned durlng f@rward
| progressmn o
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1 Knee Swmg leb Advancement [
Toe:Oft | S e,
1. ROM: Rap

4 FS Pre swmg KF adds to KF needed forhmb
| clearance i

I@liy Flexes to 40° TRl el

. " 1
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{ Knee Swmg leb Advancement [
Inltlal Swmg SHeR ) or
1 ROM Further rapld knee erX|on to 60

J'

MYl | A {i / | il i
Ry | ] f i1 Al I
| 1 i | |4 | |
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Mid- SWlng SR A

1 ROM Knee rapldly Extends to 25° Tllma achleves
vertlcal posmon o | A

4 FS: Knee Ext necessary as step Iength beglns

) LR P v WA, L .
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leb Advancemena
Termlnal Swmg fh o '. o

1 ROM Ext:eﬁds to neutral may move mto 5° Flex
4 Fs: Step Iength optlmlzed by Ieg reachlng out

G
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Knee

| Heel-strike.............. neutral or KE 5°
Loading Response... KE 1590

; Mid-stance.............. KE to 5°, appears neutral
Heel-off..................

{ Toe-off......c.cooa..

no change
rapid KF to 40°
KF to 60°

rapid KE to 25°

neutral or KF 5°

Initial Swing.............
| Mid-swing...............
| Terminal Swing........
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H1p & Pelvis - Welght Acceptanc

Heel Strrke G
1 'ROM: 202 ._."",'}_}Hlp Flexron pelvrs isin.

5° of forward fotatioft: 0 L

4 FS: Hip & Pelvis in posrtron of forward
reach AR e i
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H1p & Pelv1s Welght Acceptanc

Leadrng Response

1 ROM Hlp remams |n 20° of Flexron
Pelvis remains in 5o forward rotatron

4 FS: Hrpjornt stable durrng shock
~ absorption; Trunk Flexion prevented
- Thigh stabrlrzed Pelvrs stable In frontal

'5pane

Py
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H1p & Pelv1s — Slngle leb Support
Mid-Stance ni o

.- ;1 ROM EXt tb neutral Rotates backwaris to neutral

ia FS: Stable posmon achleved in saglttal plane
| g without H|p Extensors PeIV|s stablllzed to prevent

H|p drop
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Hip & PeIvis = Single Limb Support
Terminal Stance i
0 20°

.-1 ROM lear -f-*xtends to trarlrng posrtron C
Hyperextensron PeIV|s rotates B backwards

1'4.5 =S: Body advances past foot to maximize step o
~ !length, limb still stable,l Pelvlc Rot makes galt pattern
look smooth i |
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l Hip, Pelvis - Swing Limb Advancement

1 ROI\/I Thiyh faIIs forward appears ve ut |
_ slight Hyperextension (10 ); If’elvrs remarns in5e
| oackward rot |

4, FS: Limb advancement beglns H|p Flex adds to
' Knee Flex i e

o e v Ans AR .
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' Hip, Pelvis - Swmg Limb Advancement l

In|t|al Swmg il :
1 ROM: 158 ,"’[,'}';Hlp Flexmn Pelws remalhs |n 5Q

backward PO e R T
4 FS: L|mb advancement contlnues
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l Hip, Pelvis - Swmg Limb Advancement l
‘Mid-Swing i

1?OM 25”% Hlp FleXIOI’] PeIV|s |n neutrai rotatlon

4'S Thlgh advancement slows momentum created -.
- by swinging limb helps carry body past _stancellmbj i
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| Hip, Pelvis - Swmg Limb Advancement l
Termlnal Swmg L R

.-1 ROM Thngh to 20° of Flex PeIVIS 5° erward rot

 ,.-?4 = L|mb posltroned for heel st ground cantact
~ forward rot of pelvis contrlbutes to step length
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{ Hip & Pelvis

Heel-strike.............. HF 20°; Fwd Rot 5°
Loading Response... ng change; no change
f Mid-stance.............. neutral HE & Bwd Rot

Heel-off.................. HE,,,, 20° Bwd Rot 5°
| Toe-off......ccevvvvent .t

HE,,, 10°; no change

Initial Swing.............
J HF to 15°;, no change

| Mid-swing...............
g HF to 25°; pelvis neutral

HF 20°; Fwd Rot 5°
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| Gait Summary - Weight Acceptance

Hip

Knee

Ankle

Critical
Event

Functional
Significance

ROM

MA

ROM

MA

ROM

MA

HS

20°
Flex

ext’s

50
Flex

guads

OO

pre-
tibs

» Heel first
contact

LR

20°
Flex

ext’'s &
abd’s

15°
Flex

guads

50
PF

pre-
tibs

* Hip
stability
e Controlled

knee
flexion &

e Forward
progression

« Stability
» Shock
absorption
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| Gait Summary- Single Limb Support |

Hip

Knee

Ankle

Critical
Event

Functional
Significance

ROM

MA

ROM | MA

ROM | MA

MSt

OO

abd’s

5° Initial
Flex |quads

5° Calf
DF

» Controlled
tibial
advance-
ment

HO

20°
hyper
-ext

None

5° None
Flex

10°
DF

Calf

e Controlled
DF with
heel rise

e Trailing
limb.

o Stability
* Forward
progression
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Gait Summary - Swing Limb Advancement

Hip

Knee

Ankle

Critical
Event

Functional
Significance

ROM

MA

ROM

MA

ROM

MA

PSw

10°
hyper
ext

add’s

40°
Flex

None

15°
PF

None

» Passive
knee flex
to 40°

. PF

ISw

15°
Flex

flex’s

60°
Flex

flex’s

5° PF

pre-
tibs

 Hip flex
to 15°

* Knee flex
to 60°

e Foot
clearance

e Limb
advance-
ment
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Gait Summary - Swing Limb Advancement

Hip Knee Ankle Critical Functional
Event | Significance

ROM| MA |ROM| MA |ROM| MA * Foot

MSw | 25° |flex's |[25° [flex's |O° pre- |+ Further Clearance

Flex |initial, |Flex iibs | hip flex to | * Limb
2590 advance-
then

hams e DFto0O° ment

TSw |20° |hams |5° guads | 0° pre- |+ Knee ext
Flex Flex tibs to neutral
(possibly
5° flex)
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7

\

Systematically Observe Gait

A4S

N LRSI
#

7

\

Record Observed Deviations

S

(

Determine Significant Deviations That

INDIAN A UNIVERSI’[‘,Y. +©:2009.Dr. Tracy A. Dierks; IU Dept of PT "7 o«

Interfere with Functional Tasks

—

| _ Consider Possible Causes
| e Impaired Strength
* ROM Deficits
e Sensory Deficits
& e Pain

\

L—

y

[ty ' it ! 1
o & X oo

- St A v
A oy A

: A

: ARG

! + % Ill! -
.l > 1
)

[ Determine Likely Cause ]

o [ Provide Appropriate Interventions ] '
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i | i | Re-Assess Gait]
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