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Gait Cycle - Definitions:

Normal Gait =

= Series of rhythmical’, alternating movements
ofi the trunk & limbs which result in the
forward progression of the center of gravity

s series of ‘controlled falls’



Jlask Involves In walking

Accerding ter Rancnor LestAmIges (RIZA))
Ealiiernia

= \Weight acceptance

= Single imb’support

= SWing limbradvance
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Gait Cvcle - Components:

Contact

Phases:
(1) Stance Phase: (2) Swing Phase:
reference limb reference limb
In contact not in contact

with the floor with the floor



Gait Cvcle - Components:

SUPPOrL:

(1) Single Suppoert: only: ene foot In' contact with the
ilo)o)

(2) Double Suppoert: beth fieet Infcontact with floer




Kinematics of dait



Stance phase
SWIng| phase
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It begins at the instant that one extremity.
contacts the ground & continuous only as
long as some portion of the foot IS In
contact with the ground.

It 1S approx 60%: off normal gait duration.
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It Begins as soon as the toe of one
extremity: leaves the ground & ceases) just
pefere heel strike or contact of the same
extremity.

It makes upr40%: off nermallgait cycle.
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Double support

lower limbr o ene;side off boedy IS DeEdinnIng
[tS stance phase & the opposite side’|s ending
ItS stance phase.

DUrRGg double support both the lower limb
dre N contact With' the greund at the same

time.
It account approx: 22%o ol gait CyCcle.
RIS phase Isfabsentin funning
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variables

iEmporaliVarable —

s Stance time

5 Single-limb &
double-support time;

a SWIng time,

s Stride and step time;

s (Cadence

= Speed
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Distance variable —
= Stride length

= Step/length and
Width

s [Degree off toe-out
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Stride IEngun:

a [t IS the linear distance from the heel strike of
one lower limb’ te the next heel strike off the
Same limb.

Right step length Left step length

N
Ei-—--"""f Left foot angle

4’" : : ';4‘
.__ EM“*‘.. Right foot angle o E

Stride length

22-Mar-20 12



Steprlengtis

a It IS the linear distance: from the heel strike: of
one Iower limb torthe next heel strke of;
Opposite Imb:

Right step length Left step length

: *‘Eg-f“’“'ﬂ' Left foot angle

' 7 I Right foot angle |
e A ‘L\h\"--._____‘ q ad .

-

Stride length

22-Mar-20

13



Stride duration:

a [t refers to amount of time taken to
dccomplish one stride.

s Stride duration and- dait cycle duration are
SYNONYMOUS.

= One stride, for a normal adult, 1asts approx
I'sec
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Steprduration:

s [t refers to the amount of time spent
dUring a single step.

= Measurement usually’ IS expressed as
Sec/step.

= \When Weakness or painiinlimb, step
duration may: be decreased on the affected
Side and Increased on the unaffected side.
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Cadence:

= [t IS the no of steps taken by, a PELSON PEr
URIt off time.

s [t ISimeasured as the noi of steps)/ Sec or
PEFMINULE.
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Walking Veloeity:

= It is the rate of linear forward motion off the
POdY, WRICH Canl be measured N meters or
cmy/Second, meters/minute;, or miles/hour.
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SpPEed o gait:
= It IS referred to as slow, free, and fast.

Eree speed of dait refers tora persen’s nermal
Walking speed

SIOW! &t fiast SPEEMS Off galt refer to Speeds
SIOWEFK OF faster than the persen’s noermal
comiertablerwalking speed;, designated in’a
Variety. of: ways.
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Steprwidthrerwidtnrortne

Walking base:
=[G IS the measure ofi linear
distance between the midpoint

off the NEEl off one foet and the
SaMmeE PoInt on the other foet
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DEgree off toe-out (DIO):

s It representsithe angle of foet formed by each
[eot'SHine of progressionand arline
INtersecting the centre off the heel'and the

second tee.

= [he angle for meniisiabout 72 from the line of
Progression off each oot at firee speed
walking.

= [Ihe DO decreasesias the speed of: walking
INCFEASES 1IN normal men.
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Degree of toe out

“""*——uh..,,_____hh Right foot angle
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Variables off gait

Left gait cycle

Stride length

Step length Step length

Stride length

Right gait cycle
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Path off COG

Center off Gravity (CG):

= Midway: between the
NIPS

= Few cmiin firont off S2

Léast energy.
consumption: i €G
travels inrstraight line
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Vertical displacement:

= RAVEAMIC Upr &t dewn
MEVEMENRL

s Highest point: midstance

s Lowest point: double
SUPPOKL

Figure I1-13. Vertical deplacement of the body’s center

s AVerage displacement: of sy dosi e gt oy
SCM

x Paths extremely smooeth
sthtrsBidal curve 24



[laterall displacement:

= RAythmIc side-to-side
MOVEMENL

s Lateral limit: mid-stance

= Averade displacement: Sem

= Pathi extremely: smooeth
Sinuseidalicurve
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Overall
displacement:

s Sum off vertical &
hoKzontal
displacement

x movement off €G as
seen from AP View.
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Saunders: Determinants of gait

Gait “determinants™ was first described
Py Saunders & Coworkersin 1953.

SIX: optimizations; used! torminimize
excursion off €G in' Vertical & horizontal
pPlanes.
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DETERMINANTS OF GALT

11 Relvic retation:

» Fonward rotation o the pelvisiin the hoenzontal
plane approx. 66'on the swing-phase side

» Reduces the angle off hip flexion & extension

x Enables a slightly lenger step-length w/e further
lowering ol CG

Moved forwards by
pelvic rotation




(2) Relvic tilt:

2 O degree dip ofithe swinging side (1.e. nip
adduction)

a Inrstanding; this dipiis a poesitive liendelennerg sign

x Reduces the height of the apex ofithe curve o CGE

Stance

leg

Mid Double
stance support




(3) Knee flexion in stance phase:
= Approx. 200 dip

a Shoertens thelleginithe middle ol stance phase

s Reduces the height of the apex of the curve of;
CG

Y i
Heel Stance / Heel
contact phase off
knee
flexion




(4) Ankiermechanisms

= Lengthens the leg at heellcontact
= SIMEOLheEnSs the curve off €6

s Reduces the lowering o CG

Heel / Stance
&contaﬁgl/ phase
. knee
flexion



(5) Eoet mechanism:

= Lengthens the leg at tee-ofii as ankie moves
from doersifiexion torplantarfiexion

x Smoothens the curve off CG
s Reduces the lowering of CG

Heel Stance
contact phase

knee
flexion




[lateral displacement o bedy

Physielegic valgus off the knee reduce side-
to-side movement of: the COMinfrental
plane.

he nermally narrow Width off the'walking
Pase minimizes the lateral displacement of
CG

Reduced muscllar energy: constmption
due to reduced lateral acceleration &
deceleration
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Physielegical Valgus off Knee

Reduces the base ofi support, se only little lateral
motion ol pelVIS ISt necessary.




Comparison of gait terminology.

liraditionali=

1)
Z)
J
)
5)
9
7)

S)

IHeel strike
oot flat
Mid=stance
IHeel ofif
Jioe off
ACceleration
Mid=swing
[Deceleration

RLA —

)
Z)
J)
4)
3)
9)
7)

S)

Initial contact
l\oading respPoOnse
Mid-stance
lierminal stance
Pre-swing
Initialiswing
Mid=swing
lierminal swing
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Sub compoenent: off Stance phase
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RIEA phases of gait



Initial contact

[t refer tor the initial
COntact off the foot of
leading lower limb:

Normally the heel pointed
first tercontact.

IR abnoermal gait Itis
POSSIbIe te either Whole
OOt Or toes rather than
the heel to strike.
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Loading| response

Begins at initial
contact & ends ' WhHen
the contra lateral
extremity lifts ofif  the
ground at the end of
the deuble-support
Phase.

It ecclupies about
10% o gait

EirSt rocker
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Mid-stance phase (RLA)

Begins when the
contra-lateral
extremity lifts ofif the
ground at about 11%
off the gait cycle

ERAS When therbody:
IS directly’ over the
supporting limb;at
about 30%: of the gait
cycle.

2nd rocker
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llerminal stance (RLEA)

BEgINS WHER the body,
IS directly, overthe
suppoerting limbrat
about 50% ofthe gait
cycle

Ends}just before nitial
contact o the contra-

lateral extremity’ at
about 50%: ofi the gait

cycle.
34 rocker.

22-Mar-20
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Pre-Swing (RLA)

It 1S the last 10% of
stance phase and
PEgINS Withiinitial
contact ofi the' contra-
laterallfooet (at 50%
off the gait cycle) and
ends with' tee-ofif (at
60%).

22-Mar-20
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Initial swing (RIZA)

Begins When the toe
leaves the ground &
continues: until: max
KREE TIEXION! OCCUFS:

Ankle 20 deg. Plantar
flexion (Cmax.)

Knee 60/deg. Flexion.
Hip 20 deg. Flexion.
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Mid-Swing (RLA)

ERCOMpPaSSES the
PEriod from maximum
Knee fiexion until the
tibiarisiin a vertical
POSItIEN.

Ankle dorsifiexes.

Knee extends (60-
30).

Hip fiexed 30.

22-Mar-20
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lerminal swing (RILEA)

Includes the period
from the peint at
WhHIChIthe tibiatis in
the vertical position te
d polnt just before
initial’ contact.

22-Mar-20
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MUSCcle activity

Contralateral liopsoas

D 2 f : i~ 3 abductors of <4 & Rectus
,t l B, N Deep plantar- (| hip ¥ A fernoris
Quadriceps | ' f flexors, and & : .
A T 1
Triceps |

\N femoris flexors of toes;
hL intrinsic foot

muscles A =9
=7 E A N L S

ke B Loading response C Midstance D Terminal stance E Preswing F Initial & Mid-swing G Terminal swing
(initial contact) (foot flat) (heel off) (toe off)
p———— Push Off ————
Stance Phase (60%)

5 VW Tibialis yartd surae
\ anterior | ( [ ‘
i il | ll

Gait Cycle Swing Phase (40%

l Double support | Single support | Double support | Single support
(10%) (40%) (10%) (40%)

er Health | Lippincott Williams &




[actors alfiecting Variables

AgE, Joint mobility,
Gender;, Muscle strength,
HeIght;, iype of clothing &
Size & shape of flootwear,

PDONY COMPONENRLS; HabIt,

DIStriBUtion; 6ff Mass Psychologicall status.

N boedy segments,
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Abnoermal (Atypical)
Gait



ihere are hUmerous calses ot abnormal
gait.

ihere can be great Variation depending
Upon the severity of the problem.

x Iffamuscle is weak, how weak IS it?

= [ jeint metioniis limited, how: limited IS 162
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Pathoelegical gaits

x Pain

= Joint muscle range-of-motion (ROM)
limitation

s Muscular Weakness/paralysis

s Neurelegicaliinvelvement (UMNIL/ALEMINIE)

s Legllength discrepancy.

22-Mar-20
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Tpes of pathological gait

= Antalgic or limping gait — (Psoatic Gait)

Muscularparalysiss—both
Spastic

Elaccid

(Cerebellardysitinetion
ILOSS O KINESENELIC SENSAtion
Basaligangliardysiuncton

22-Mar-20
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TVpes of pathoelegical gait

EqUinus gait
EqUIinoVvareus gait
Calcaneal gait

KROCK: &« bew Knee gait
Genurecurvatum gait

EqUinus gait

22-Mar-20
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Antalgic gait

[INIS IS al cOompEnSsatery gait pattern adopted
[N OrAEr Lo FEMOVE oF diminishithe discomiornt
catised by painiinrthe L or pelvis.

Characterstic features:

= [DEcrease In duration off Stance phase ofi the
aifected Imbr(Unable off Weight bear due to pain)

= Jlhere s allack o weignt shift laterally: over the
stance limbrand also tor keep Weight ofi: the
Invoelved limb

s [DEcrease in stance phase in affected side will

result inia decrease In Swingl phase of soundilimb:
22-Mar-20 54



PSeatic galt

PSeas bursa may: be inflamed & edematous;
WhICh catise limitation off mevement due to pain
& produce a atypical gait.

s Hiprexternally rotated

x Hipradducted

= Knee in slight flexion

RIS Process Seems to: relieve tension ofi the
muscle & hence relieve the inflamed structures.
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Gluteus maximus gait

ihe glutets maximusiact asia
estraint for forward Gluteus
PIOJrESSIon.

Tihe trunk guickly: shifits
POSteriorly: at heel strike: (Jritial
COMILEC).

Tihis will shifit the body's COG
POStEROKY eVer the gluteus
maximus;, moving the line of
[erce posterior to the nip
joints}er-20 56
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With foot In’ contact With floer:, this
requires less muscle strength te
maintain the Ripin extension
dUring Stance phase.

RIS ShIfting IS referred toras a

DECAUSE Of
the extreme backward=forward
movement of the trunk:

22-Mar-20
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gluteus medius gait

It IS alse knewnras lirendelenberg
gait™oer " Lurching Gait*

he individual'shiitsithe trunk ovVer the
difected side during stance phase.

When right glutets medius or hip
abdUCoR ISIWeak: it cause two: thing:

I, hebody leans over the leftleg during
stance phase ofi the'left 1eg, and

% Right side of the pelvisiwill drop  When the
Aght leglleaves the ground & BEgINS SWing

Hase’




Shifting the trunk ever the affected side IS an
attempt to reduce the amount of strength
required offthe gluteus medits torstabilize the
PEIVIS.

Iihe patient lurch ter both sidesiwhile walking:

Ihe Body: sways! firom! Side to side on' a Wide
Pase Withrexcessive shoulder swing.

s E.g. Muscularaystropny.

22-Mar-20
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Quadriceps gait

QUadrICEPS action IS needed during loading
ESPONSE and midstance When there |s a
flexion moevement acting at the knee.

QuUadriceps Weakness/: paralysis will'lead to
pUCKIiNg off the knee during dait & thus 0SS of
palance.

Patient can compensate this it e has normal
1IP EXLENSOL & plantar fIEXOrS.
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Compensation:

= With quadriceps weakness, theindividual may:lean
forward over the duadriceps at the early part of:
stance phase, as Weight Is being shifted on torthe
stance leg.

= Normally, the line of: force falls'behind the knee,
requIring quadriceps action: te Keep: the knee from
pUCKiing.

s By leaning forward at the hip, the COG s shiftea
forward & the!line ofi force now. falls in front of the
KNEE,

Srmarad TRISTWIllSErCE the KNEE DackwWarainte extension,



AnGther compensatory, maneeuvie
o Use IS the hip extensors & ankie
plantar flexorsiin al closed chain
action to pull'the knee into
extension at neel strke (it
COMLECt).

In addition, the persen: may.
physically: pushron the anterior
thighrduring stance phase; holding
the knee in extension.

22-Mar-20
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GEenu recurvatum gait

IHamstrings are weak, 2 things may.
Nappen

= the knee willlgo'inte
EXCESSIVE hYPErEXIENSIoN, referred toras
“genu recurvatum= gait.

H
part off SWIng pRase, Without the
Namstrngs to sliew dewn the swing
forward off the lower leg, the knee will
SHap INte eXtENSsIoN.
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[FOOt drop or Slapping dait

TRIS|IS due to dorsifiexor Weakness
caused by paralysisiof:common
PEroneall NErVE.

Tihere won't be normal heel strike;
Instead the foet comes infcontact with
dgroundas a whole with'a slapping
sound.

SO It IS alse knewn as “Slapping dait™.
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Due te plantariiexion off the ankie, there
will"be relatively:lengthening at the
leading| extremity.

S0 to) clear the ground the patient lifit
the limb) teer high:

Hence the gait get s its'anether name
.e. “High Stepping Gait™

22-Mar-20
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Equinus gait

EquinUs = ForKse

Because off paralysisi o dorsiflexor WRICh
result IR plantar flexor contracture.

Iihe patients willlwalk enrhis toes (tee
walking):

Other calse may: e compensation by, plantar
HIEXOr or a Shoert 1eg.

22-Mar-20
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Calcaneal gait:

Result firom paralysis plantar fexoers causing
dorsifiexor contracture:

Iihe patient will'be walking onrhistheel (heel
walking)

It IS characterized by, greater amounts off ankie
dorsiflexion 8 knee flexion during stance &t a
Shorter stepriengthron the affiected side.

Single-limb; support duration is shortened
PECaUSE! Of the difficulty, off stabilizing the tibiar &
the knee.
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Unegual Leg Length

Werall-have unegual legrlength;, tsually:a

dISCrepancy: of between the
fght anadllefit Iegs.

Clinically, these smaller diScrepancies; are often
corrected by inserting heel lifts o various
thicknesses Into the shoe.

leg lengthrdiscrepancy. (LLED)rare divided in —
= Minimal'leg |engthrdiscrepancy.

= Moderate leg length discrepancy.

= Severe leg length discrepancy.
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Minimal LLD

Compensation GCCUrS by dropping the

PEIVIS onl the affectec

Side.

The person may: com
OVer shorter leg.

22-Mar-20
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Moderate LLD

ApPprox: between » dropping the
PElVIS onlthe alfected side will'no
|IORgEr: be effiective.

A'longer legisfneeded, so the person
tstally: walks on the ball off the oot on
the involved (shoerter) side.

This Is called an

22-Mar-20
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Severe LLLD

G 1S ustially diSCrepancy. of

[Ihe person may: compensate in al Varety, of
Ways.

Dropping the pelvisiand walkingiinan
eguinnus gait plus flexing the knee oni the
URINVOIVEd SIde IS often used.

22-Mar-20
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hemiplegic gait

With spastic pattern off REmMIpIegIc
leg

s HIp INte extension, adduction &
medial rotation

= Knee in extension, though often
Uunstable

5 Ankiennrdrop oot withrankie plantar
flexion and Inversion (Eguineyvarus);
WRICHIISI present during both stance
and/ SWing pRases.

IR order to’ clear the foot from the
grodritithe nip & knee should fiex. 72




BUt the spasticimUsEe

KNEe to fiex for t
SO the patient ni

e f;

es won't allow: the Nip &
OO0 Clearance:

KES

leg by making a
the leg,

Aalf

NP &L briNg the affected
circleln.e. circumaducting

IHence the gait istknewn as

Ustally, there will"be ne  reciprocal arm sWing.

Steprlength tends torbe lengthened on the
IAVeIVed Side’ & shoertened on the Uninvelved

SIGE,
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SCISSErING dait

It results fiom spasticity: ofi
pilateralladductor muscle ol hip:

One leg crosses directly: over the
other withreach step!like’ crossing
the blades of a SCISSOr.

s E.9. Cerebral Palsy.
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Dragging| or paraplegic gait

Iihere Is spasticity. off both hipr & knee
extensoers & ankie plantar flexors.

IR orader to: clear the grotnd the patient
has terdrag his bethrlower limbrswings
them' & place it forward.
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Cerebral  Ataxic gait

Abnormal function ol cerebellum result in'a
disturbance off normal  mechanism: controlling
palance & therefore patient walks withrwider:
BOS.

The wider BOS createsia larger side to side
deviation o COG.

RIS result iniirregularly swinging sideways to
d tendency. to fall with' eachi steps.

Hence It s Known as

22-Mar-20 76



SENSerY: ataxIic gait:

nis is a typical gait pattern seenin patients
affected by tabes dorsalis:

It IS 2l degenerative diSease affiecting the
POSLEROr horn Cells & PeStEror columni of the
spinal cord.

Because off Iesion; the propriocePLvE Impulse
WOR't reach the cerebellum.

The patient willllose Ris jeint sense & poesition
or nis lImb 6N space.
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BEecalse o1 10SSs 0 joInt SEnse, the patient
abnoermally raises his leg (high step) jerks it
[erward te; strke the ground with'a stamp.

SOt s also called' as

Ihe patient compensated this 1oss ofi joint
POSILIGN SENSE: by ViSioN.

SO his head will'be dewn while he isiwalking.
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Short shuiifling or festinate gait

Because of rgidity, all'thejeint will'go:ioer
ad fiexion poesition withrspine steoping
ferward.

IINIS posture displaces the COG anteriorly.

S0 inlerder torkeep the COG within the BOS;
the patient will'nerof: smallfshufiling steps.

DUE to: |0Ss o voluntary: contreliover the
moVEmERNE, they Ioses balance & Walks faster:
as Iffhe Is chasing the COG.

SoItIS called as

SInce RIS sUffling Steps; It IS otherwise called
a5 =2-Ma~z 20 . 79
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