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- Biomechanics of Normal Gait
- Normal Gait Analysis

- Pathologic Gait after Stroke




Human Gait
R

7 Gait is accomplished through a complex and coordinated pattern by
nerve signals

(networks of neurons of brain & spinal cord) &

,&

of the body




Human Gait — Top-Down Analysis of Gait

Sequence of Gait-Related Process

CNS: Registration and activation of gait command
Transmission of gait signal to PNS

Contraction of muscle -> develop tension
Generation of forces, moments

Regulation of the jt. forces and moments by the

rigid skeletal segments
Functional gait (movement of the segment)

Generation of ground reaction force (GFR)




Functional Task of Normal Gait
1

Maintain stance
stability

Move the body
forward

« Weight Acceptance « Limb Advancement

 Single limb support « Move body forward




Biomechanical considerations
—

- Force
o Heel strike, push off...
o Center of gravity
o Ground reaction force

Moment of force

Power

]
]
- Kinematics
- Kinetics




Force & Moment

Force, F = m-a (N)
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Net Force = 0 (2 & El) Net Force # 0 Net Force £0 Net Force = 0 (2 &HE)
Moment, Moment = F X d (Nm)
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Torque = turning moment = moment of force

Person A’'s moment = Person B’'s moment
1000 x 1 = 1000Nm = 500 x 2 = 1000Nm
Seesaw is in equilibrium

Pivot (fulcrum)




Force
]

o Newton's law
o 1st law: State of rest
o 2 Jaw: F = m- a (N)
o 3 law: Action — Reaction
- Single force acting in one direction
- —> balance out by an equal force acting in the opposite direction.

1 Center of Gravity (COG) ;\\

- Ground Reaction force (GRF) \) e Q//c
? ’ ravity
\ éund reaction force l@mn ores
{




Moment of Force

Internal External
moment Moment
" Active - muscular | i B
contraction Reaction
(concentric, isometric moment HF = hf HF = hf
. oreccentric) . /
- External forces generates a
S p - ~ ) T
Passive - bone-on- moment at a particular joint,
bone forces, Gravitational « Corresponding internal moment,

generated within the joint, to

tension in the soft forces _ ' i
opposite direction.

_ tissues, ligament




Moment of Force

Equilibrium !!!

HF = hf

Moment of force about knee joint
Gravity = Q-ceps tension
Flxa=F2xb

Moment of force about ankle joint
Heel strike (GRF) H-F =h-f (ADF)
Toe off (GRF) H-F =h-f (APF)




Kinetics and Kinematics

Kinetics =<3t (E)J15)
12/ 0/ dynamis (&)

The study of forces, moments,
masses and accelerations

Without any detailed knowledge

of limb position or joint angle
HXE 227l 20|Lt O &= O[&0t
L HIHS o3l sHD

L o d2= L— — T

F=m-a, Nm, kg-m?/s?

Kinematics

25 (EHEL)
d2| AN kinesis(& 21D

Describes motion

Joint angle. Velocity

But without reference to the force

21t 252 A= d40HK| 1, =
Mol 250 LIEfLE 7|0ttty 2T
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Net moment = Power Exchange = Gait

« The rate at which work is done
« Moment of force x angular velocity

* M (neuro-meter) x w (radians per sec)

Net
| moment

Power
Exchange



Biomechanical considerations

Net
| moment

1 Measurement and interpretation of moments of force

7 Both kinetic and kinematic data
Power

are essential for |
Exchange

understanding of normal and pathological gait !!!




- Biomechanics of Normal Gait
1 Normal Gait Analysis

- Pathologic Gait after Stroke




Gait Cycle

Traditional nomenclature
Heel strike
Foot-flat
Midstance
Heel-off
Toe-off
Acceleration
Midswing
Deceleration

Rancho Los Amigos Gait
Initial contact

Loading response /\

\
\ \
. Ea
Midstance Q
ibia vertical ermina oaain,
swin respon:
i

Terminal stance
Presweing
Initial Swing
Midswing
Terminal swing

Best describes the gait of normal subjects.

But pathologic gait describe (-)

Developed by Perry and her associates (1982)
Sufficiently applied to any type of gait




Gait cycle (Rancho Los Amigo Gait)

Double Support | Single Support |Double Support Il
Initial Loading Mid Terminal Pre- | Initial Mid Terminal
Contact Response Stance Stance Swing Swing Swing Swing
Stance Swing

Wt. Acceptance (Ga,-,r Icyci) ; Propulsion




Gait cycle (Traditional)

Stance (60%) Swing (40%)
A A
( N \
Heel Strike (Heel Off) Toe Off Heel Strike
Right Leg HLnading |Mid Stance Tgt';“l,::l Pre-swing Swing
Left Leg | |Pre-swing Swing ;ﬁ:gﬁ Mid Stance Tgt”ﬂ'::;‘z'
Toe Off Heel Strike (Heel Off)



Initial Contact (x7] ™x|7|)

7 Heel strike

co moom B oK o Foot contact to the ground
L diing ;Terminalé Initial 'i'ermina=I
regponse istance { | swing | iswing;
33_ ;Mld-stancei Pn?-swmg MI?-SM;HT-I_ - Muscle activity
| | i i Hip
10+ i i i N .
) fex] o Hip extensor: prepare Wt.
o bearing
g .
3 1 ] o Knee extensor: Eccentric
= a0 contraction to control knee
& 20- i 5 .
R PN / flexion and prevent knee
=0 Hd :
-10+ | buckllng
o e fletex | o Ankle dorsiflexor: Eccentric
| ) o 10 ] | contr. to control APF
Fig. 2.11 « Initial contact: position of right leg (green), left -20
leg (grey) and ground reaction force vector during the

heelstrike transient. This illustration also applies to terminal

‘30 II T I: T i T T !I : T
1 10 20 30 40 50 60 70 80 90 100
foot contact.

Gait cycle (%) Right initial
contact



Loading response (%3} 42 7))

Foot flat (Plantar flexion activity)

GO R QT BTV I From ipsilateral flat foot position
tofng  Teminal | il Termina Until the opposite foot is off the
30t Preswing Mdodng ground for swing
ﬁ%- taf - Muscle activity
iy N Hip extensor: Concentric or isometric
= %7 contraction to control hip & knee
s w0l o flexion. prepare Wt. bearing
g fgi/if\; / Knee extensor: Eccentric contraction
ol n to control knee flexion and prevent
o flate | knee buckling
il | N Ankle dorsiflexor: Eccentric contr. to
F'?zfLIHIL]15'1rwt’(Sf:?;Ofer(:i??@qWJ:T'?! =00 i1'0 20 3'0i 40 550 60 70 i8'0 i9'{1 100 control APF in Ioading response
niil contact. Gait cycle (%)




Mid stance (=7} 21zt7|)

From contralateral foot leaves

Ii: ':iT H+R C+}I TO F+A -E'u" I+C
Lc;adiing i'I'etrminali Initial 'i'erminél g roun d
respo stance | swing | iswing; . .
30.’__5I*-“d-stance Pre-swing _Mid-swing _ -> to ipsilateral heel leaves ground
20- @
o] [N\ |t COG O|E: § -> @
(A o N ) |
\ 2 Muscle activity
g 0 Ankle P. flexor: eccentric
g 2 / contraction to control the ADF
= 104 ; .
s 2N L moment and prevent excessive
i € P o . .
10 forward tibia rotation.
12 L~ Maflex | L
20 = ' ;Ankle
-20- ’
-30

0o ho 20 30 40 50 60 70 80 90 100
Gait cycle (%)
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Terminal stance (7] 1zt7))

o Ipsilateral Heel-off

IC C‘JLT H+R (?I TF) IiA 'I;V IE Lo

Liadiig = | mia | femna O -> Contralateral initial contact
response stance swing | iswing;
20 | EMid-stance Prg-swing Mic!i-swing |
20- ' o Muscle activity
109 flex | : i I
ol N x| o Hip flexors: eccentric contraction
201 | to slow and control of the thigh
ig:" post, rotation.
33: o Knee extensors: eccentric
10- - contraction to control knee
b collapse and early heel rise
B o Ankle P. flexors: concentric
101 contraction for push-off

(=== -20

U i T T T T T I T i T
0 10 20 30 40 50 60 70 80 90 100
Gait cycle (%)



Pre-swing (M £zt7))
o

c oT HR OIT ATV 1o o Ipsilateral Toe-off

11 rooYyy vy o L

Loading Torminal | Inital | Terminal - Contralateral initial contact
30- Mid-stance Pri-si ving M |d -swing i

o - Stance phase end

10
0
104
-20
50
40
30
20
10+
0
-10
109
0
104
204
= ‘3'] : T T T i T T T ! T i T
Fig. 2.17 « Toe off: position of right leg (green), left leg 0 10 20 30 40 50 60 70 80 90 10C
(grey) and ground reaction force vector. Gait cycle (%)

| Hip

o Muscle activity

o Ankle P. flexors: concentric
contraction for acceleration
of the swing limb.




Initial swing (X7| §27))

-10-5
204

-10
=20+

=nd left leg (grey).

-30
Fig. 2.18 * Feet adjacent: position
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Gait cycle (%)

0 10 20 30 40 50 60 70 80 90 100

lift-off of the foot from floor

Ends when the foot is aligned with the
opposite foot

Acceleration
Muscle activity

Hip flexors: concentric contraction to
accelerate the swing limb forward.

Knee flexors: concentric contraction
to produce knee flexion and foot
clearance

Ankle D. flexors: concentric
contraction to facilitate foot
clearance



Mid swing (7!

Fig. 2.19 e Tibia vertical: position of right
and left leg (grey).

Gait cycle

(%)

o771
IC OT HR Ol TO FA TV IC
¥y R S T N S
L-:'uadi'ng ;'I'erminali Initial erminal
response i stance | swing swing
{Mid-stance Pre-swing  Mifl-swjng
30 i
20- | | Hip
N ext /
104
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40
30 Knee
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104 | \ |p-flex Ankle
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O

O

O

O

Ipsilateral foot: maximal knee flex.
Ends when the tibia is vertical
Contralateral foot: Wt. acceptance

Muscle activity

n Knee flexors: concentric
contraction to produce knee
flexion and foot clearance

o Ankle D. flexors: concentric
contraction to facilitate foot
clearance




Terminal swing (7] 827))

Deceleration, Gait cycle ends

IC aT HR Ol TO FA TV IC

Yo f "’ Y ¥ ¥ : =2 = - o~

Loading Terminai | Initial | ferminpl Heel S’Fl’lkeal_ﬁ,_—H|O|'7| ?{oll knee
S;e?po?ﬁﬁd-stance St&m(I;:’erz?-sw.rinsg;|ll'lrln%'lu.r‘lild-swrws{ij.;mgi eXtenSIOn El: A|7|
fgj\ TE / Hip Begins when the tibia is vertical

i flex i

10] | \'Q /T Ends the foot contacts the ground
-204, i~
50+ i
“0- | /_\ N\ Muscle activity

7] Knee
fg://\i /] : i \ Hip extensor: concentric cont. thigh

i fl . -
= ~ -l ' posteriorly rotate and stabilize the
1gf3 | __..---Idi Td—ﬂex | Nl ||mb
L -fl o . . .

o | \fy = Knee flexors: eccentric & isometric
e e contraction to control knee

0 10 20 30 40 50 60 70 80 90 100

Gait cycle (%) eXtenS|On




Efficient gait through minimizing the movement of the COG

Energy Conservation (0| X| HZEQ| tHXAI)
HAF7| st 22X el 2S0|HX|, /X|MHX] F

Center of Gravity (COG: S2 vertebral body 1lin €F)
Double limb support U 7t%&F S,

Ot

oy

Il

Single limb support A|7| mid-stance & contralateral mid-swing tibia vertical 7t% =35

Stance phase
Synergic action 0f 2|5{ abrupt loading = g10f 11,
Stability 3 X| forward progression FX|

Swing phase

Maximizing progression
Foot clearance

MHE Huoz &7 AlZ

N [EPS !

—

1
3




6 Determinants of Gait — 0| 7{ & & Lj&

Most efficient gait through minimizing the movement of the COG

Described by Saunders et alin 1953, and Inman in 1981
© o
3 pelvic levels ¢ ®
Pelvic rotation in the horizontal plane

Lateral displacement of pelvis
Contralateral pelvic drop

3 knee, ankle & foot motion (rocker action)

Heel strike initial contact phase (heel rocker)
Heel rise terminal stance phase (forefoot rocker)

COG follows a smooth, sinusoidal path in the frontal, transverse, and sagittal planes.



6 Determinants of Gait - =2}0|E X|=

Most efficient gait through minimizing the movement of the COG
Described by Saunders et alin 1953, and Inman in 1981

6 determinants of Gait e PRI o
3 pelvic levels
Pelvic rotation in the horizontal plane

Lateral displacement of pelvis
Contralateral pelvic drop
3 knee, ankle & foot motion
Knee flexion in the stance phase (loading response)
Heel strike initial contact phase
Heel rise terminal stance phase




4° Pelvic Drop

Determinants of gait — Pelvic

Lateral Shift

Contralateral pelvic drop ‘
Loading response loading limb 2| abrupt loading of Wt.

s D

-> contralateral limb & unloading A|7{ contralateral pelvic drop
-> Loading limb2| abductor muscle action 0f 2|38l pelvic drop HE7} 4' D ZEATh
Contralateral pelvic dropO| = M7|A st

Lateral displacement of pelvis
Transfer of body Wt. onto the stance limb
During LR & early mid stance, both vertical and lateral re-alignment of the COG occur.

Pelvic rotation in the horizontal plane
Horizontal rotation — functionally lengthens the limb, moves hip joints closer to midline,
-> reduce amount of limb obliquity needed to accomplish the desired step length.



Knee flexion in loading response

O

O

O

Determinants of gait — Knee, Ankle & Foot
N

Shock absorption
Minimize displacement of COG

Reduce the height of hip joint in
midstance

Decrease energy expenditure
D Y

)

Heel strike initial contact phase
o Adds length to the forward limb

Heel rise terminal stance phase
o Trailing limb& lengthens

O 4 U




Foot rockers

Heel Rocker

S

Ankle Rocker

Heel rocker - IC, LR

= APF torque, knee flexion torque
- TA eccenteric contraction

o Power absorption

Ankle rocker —Mid stance
= Ankle smooth rolling
~ Tibia progression

- M. contraction- soleus

Forefoot Rocker

Forefoot rocker — terminal stance
- Soleus, GCM- concentric contraction
-1 Push off

o Power generation




Determinants of Gait

Increase the efficiency and smoothness
of pathway of gait
Decrease the vertical and lateral

displacement of center of gravity to
two inches excursion

Decrease the energy expenditure
Make gait more graceful.

Mid
Stance (L)

nitia
Contact (L)




Clinical Aspects of Gait Attributes in Normal Gait

Foot Clearance in Swing Pre-positioning for IC

Adequate Step Length Energy Conservation



- Biomechanics of Normal Gait
- Normal Gait Analysis

o Pathologic Gait after Stroke




Pathologic Gait
B

o 4 Functional categories of pathologic gait
o Deformity
o Muscle weakness, Sensory loss
o Pain

o Impaired motor control



Post stroke Gait disturbance

« Ankle PF contracture
« Ankle inversion
« Knee flexion contracture

« Hip flexion contracture

\ Hip ER contracture

-
» Poststroke

central pain
« CRPS

\.

e Ankle dorsiflexor weakness
 Knew extensor weakness

* Hip flexor weakness

« Spasticity

« Ataxia




Deformity

Ankle plantar flexion contracture
Standing phase: tibial advance &5}
Swing phase: foot clearance &5}, hip, knee flexion &7}

Ankle inversion
Foot clearance &5}, stance phase stability Zr2

Knee flexion contracture
Thigh advance 2!}, knee stabilizing (Q-ceps) demand &7}

Knee extension contracture
Swing phaseA| foot clearance 2}

Hip flexion contracture
Forward progression X|¢t, step length X{S}



Post stroke Gait Hemiplegic Gait

Impaired motor control

Asymmetric pattern
Contralateral motor weakness
Sensory and/or proprioceptive loss
Ataxia

Increased energy cost of walking d/t m weakness



Post stroke Gait Hemiplegic Gait

Synergic pattern, Spasticity, Contracture S0f 2} H 3l A LIE}L.

Synergic pattern
Flexor synergy pattern of upper ext.
Extensor synergy pattern of lower ext. (Hip extension & add, knee ext. ankle PF & inver.)

Stance phase

Affected limb initial contact — heel contact & ©t=!l. (d/t ankle PF contracture, ankle
weakness)

Genu recurvatum (d/t ankle PF contracture & spasticity, knee extensor weakness &
spasticity)
Swing phase
Foot clearance BI3l|, compensation 2|3} circumduction, vaulting
Hip, knee flexion XS} (d/t muscle weakness)



Primitive Locomotor Patterns

Upper ext. flexor synergy pattern

Lower ext. extensor synergy pattern
Hip extension. adduction
knee extension
Ankle PF, inversion 3

lengthening of paretic limb

non-paretic limb — vaulting

Paretic limb- hike the hip, circumduction during swing
Insufficient toe clearance during swing




Hemiparetic Gait Kinematic change

Non-paretic pelvic drop d/t paretic hip abductors weakness (G. me & min)
Paretic hip flexion decrease
heel strike decrease
Pre-swing is delayed
Paretic knee flexion weakness
Early stance knee flexion instability.
Swing phase decreased knee flexion (stiff-knee gait)
Paretic hip, knee flexion decrease
decreased ability to toe clear in swing phase
Genu recurvatum
Ankle Plantar flexion spasticity and/or contracture
Quadriceps spasticity and/or Quadriceps weakness
Hamstring weakness



Hemiparetic Gait Kinematic change

Paretic knee hypertext. In midstance & GCM-sol weakness
Impaired Forward progression of tibia on the paretic limb
Inadequate plantar flexor power is generated at terminal stance

Knee extension at terminal stance & decrease hip flexion
Shortened step length

Foot drop
d/t Insufficient ADF strength and/or APF spasticity
ADF weakness -> heel strike decrease (initial contact), flat foot
Equinovarus deformity
Excessive APF and inversion d/t Spasticity and primitive locomotor
Most common pathologic limb posture
Initial contact -



Hemiparetic Gait

Table 2
Effect of hemiparesis on kinematic gait parameters
Table 1 Pelvis
Effect of hemiparesis on spatiotemporal gait parameters Tilt Increased
, , Hi
Walking velocity (m/s) Decreased 2 - -

e lenath ; Flexion at heel strike Decreased
Stride length (m) Decrease Flexion at midswing Decreased
Step length (m) Decreased Extension at preswing Decreased
Cadence (steps/min) Decreased Knee
Paretic single-stance duration (s) Decreased Flexion at heel strike Decreased
Double-stance duration (s) Increased Flexion in swing Decreased
Paretic stance duration (s) Decreased Extension in stance Increased

. _ Ankle
Paretic swing duration (s) Increased — -
Dorsiflexion at heel strike Decreased
Plantar flexion in swing Increased
Inversion in swing Increased




Clinical Assessment of Hemiplegic Gait........

Understanding of normal human gait is necessary !!!

To assess the complex interplay of

Motor, sensory, and proprioceptive loss; spasticity & ataxia on
hemiparetic gait.

Based on......
Neurologic exam
Observation of gait (Gait analysis, dynamic EMG)

Identify how the gait pattern differs from normal walking
What is the cause of the dysfunction






