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 Gait is an extraordinary complex behavior. It 
involves the entire body and therefore requires 
the coordination of many muscles and joint. 
Navigating through complex and cluttered 
environment requires the use of sensory inputs 
to assist in control and adaptation of gait.  

 
 Locomotor behavior includes the ability to 

initiate and terminate locomotion, adapt gait to 
avoid obstacles and change speed and 
direction as needed. 

     



 Progression is ensured 
through a basic locomotor 
pattern that produces and 
coordinate rhythmic patterns 
of muscle activity in legs & 
trunk to move body in the 
desired  direction. 

  
 Stability reflects the need to 

establish and maintain an 
appropriate posture for 
locomotion and the demand 
for dynamic stability of the 
moving body. 

 Successful locomotion in 
challenging environments is 
the gait pattern to be adapted 
to avoid obstacles and to 
change speed and direction 
as needed. 

  

PROGRESSION 

 

STABILITY 

ADAPTATION 
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 All the three requirements must be 
acompanished with strategies that are both  
energy efficient and effective in minimizing 
stress to the locomotor apparatus. 

 IN STANCE  
  horizontal forces   – progression  

   vertical forces     –stability 
   change of speed or direction or 

support               surface                -
adaptation. 

• IN SWING 
   advancement of limb -progression 
   reposition for weight acceptance -

stability 
          avoid obstacles     -adaptation. 
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 As per WHO 
 Stroke-A vascular lesion of the brain that results in 

rapidly developing clinical signs or local or global loss 
of brain function that persists for atleast 24 hours. 

 
 It is estimated that 70% of stroke survivors are unable 

to walk independently 3-4 weeks post stroke. Though 
50-85% are expected to regain some degree of 
walking ability. 

 
 However these patients often have problem with 

ambulation because of insufficient movement 
strategies, decreased safety and the presence of pain 
due to abnormal limb posture. 
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 Neurologic patients may demonstrate a loss of 

movement in their involved trunk and 

extremity, produce atypical or abnormal 

pattern of movement, or develop compensatory 

movement stratergies to replace normal 

movement patterns. 

 The facctors can be summarized as  

Primary impairments  

Secondary impairments 

Composite impairments   
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 Primary impairments 
Changes in the muscle strength  
Change in the muscle and postural tone 
Change in the muscle activation 
 Sensory changes 

 
o Muscle strength 
CNS lesions result in the impairment of the muscle 

strength in the muscles of the affected side or in the 
affected body segments 
In the acute stroke patients, paralysis often involves all or 

major muscle groups of the one side. 
 In less severe stroke or where the motor recovery has 

occurred some muscle groups contract , while the others 
remain paralyzed. 
Some stroke patients never experience full paralysis on 

their affected side but present immediately with muscle 
weakness. Weakness in the muscles of the trunk is present 
with hypertonicity on arm and leg muscles   
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 Muscle weakness in the trunk 
• Postural control 

• Stability of the trunk normal trunk movement perfomance for 
functional movement sequences.  

• control of the extremity movement and task performance is disrupted 

 

 Muscle weakness in the arm or the leg prevents the use f the 
limb for the weight bearing and functional movement in 
space. 
 

 Several studies on stroke have considered muscle strength 
are liable predictor on motor recovery and increase in 
muscle coincide with improvement in the performance of the 
ADLs. 
 

 Changes in tone 
  ACTIVE STIFFNESS 
  PASSIVE STIFFNESS 
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 Changes in muscle activation 

• Seen when the patients activates the wrong muscle during a task 

performance.  

• They are the changes in the motor control or the ways the brain 

directs the organization and the sequencing of the movement. 

• Several types of the movement problems relate to the changes in the 

activation:- 

Inappropriate patterns of muscle activation 

Inappropriate patterns of muscle initiation 

Inappropriate muscle substitution 

Excessive co contraction 

Excessive force production during movement 

 

 Secondary Impairments 

Orthopadeic changes  

Changes in muscle and soft tissue tension and length 

Pain  

Edema  
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 Composite movement impairment 
• Sharman called them as movement dysfunction or, ”imbalance or 

insufficent movement of the body segments” they are the combined 
results of the primary and secondary impairments ,motor recovery 
and treatment. 

• They include :- movement  deficits , atypical movement and 
compensatory movement.  

 

 Movement deficits- they are the missing pieces of the movement. Present 
when ever the recovery in incomplete .They may even be the muscles 
whose function is blocked by secondary impairments. These deficits can 
been see in the movement component of the trunk and the extremities. 

 Atypical movements- they use the muscle activation and sequences of 
joint movement that do not follow normal muscle synergies or 
biomechanical rules. 

 Compensatory movement- they are the movement substitution that 
replace the normal movements to accomplish a functional goal or task. 
Accquired when the normal movements are absent. 

 Undesirable compensation-leads to neglect of the involved 
side,asymmetric posture and movements. Once established difficult to 
unlearn . 
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 Age & Gender :- 
The incidence of stroke increases dramatically with age and is 19% more in males 

than females. 
It is  seen that as the age advances, rehabilitation following stroke is a 
challengeable task, as other conditions of aging sets in. 
With gender women were found to have a deyal and incomplete motor recovery 
compared to men. 
Chong et al studied Gender differences in self-report of recovery after stroke 

 compared subjective responses to simple questions after stroke with interviewer-
assessed stroke outcome measures. Among those in the highest functional 
category, women were more likely to report incomplete recovery and greater 
need for help than men. Among these women, depressed mood was associated 
with a response of a need for help despite a good functional recovery. Self-
reported responses in stroke outcome assessments require further validation by 
gender and may need to consider the confounding effects of depression.  

 
 History of cardiovascular disease :- 
 this significantly delays the recovery, as the patient who had stroke are on increased 

risk of recurrence and thus it becomes more important to maintain the 
cadiovascular status thereafter  
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 Diabetes mellitus Diabetes is a prominent risk factor for ischemic but 

not hemorrhagic stroke. It is responsible for 7% of deaths in stroke 

patients. Several large population studies have shown an increase in the 

prevalence of stroke in the diabetic population and in people with glucose 

intolerance. There is an increased relative risk in females compared to 

male diabetics and the greatest relative risk is in the fifth and sixth 

decades, decreasing thereafter. Hyperlipidemia, obesity and physical 

inactivity, although showing a more tenuous association with stroke, are 

even more prevalent than hypertension in the diabetic population, and are 

likely to further increase the risk substantially. 
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 Motor control and balance in:- 

• Sitting 

• Transition- sitting to standing 

• Standing  

• Walking 

 

 Sitting – 

• Trunk movements are the basis for postural control and functional 

performance in sitting these movement are equally important for 

independent functioning in sitting standing and walking. 

 Significant impairments that interfere with performance 

• Muscle weakness in the trunk 

• loss of alignment and stability in upper extermity 

• Loss of trunk alignment with soft tissue/ joint restrictions 

• Loss of lower extremity of hip control in weight bearing  

• Poor trunk control during task performance 
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 Atypical trunk movements in 

sitting 

• Asymmetric performance of 

anterior/posterior 

movements 

 Lateral flexion asymmetry 

 Rotational   asymmetry 

• Atypical performance of 

lateral movements 

 Inappropriate straight spine 

 Inappropriate rotation on the 

hemiplegic side 

 Excessive lateral movement 

of the upper trunk 
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 Re-educate normal trunk movement in sitting. 

 

 Re-educate a compatible trunk and arm movement. 

 

 Re-educate a compatible trunk and leg movement. 

 

 Activating equilibrium responses in trunk and extremities. 

 

 Increasing independent functioning in sitting. 
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 SITTING TO STANDING   

MOVEMENT COMPONENTS: 

    1. Lower trunk initiation 

     2. lower trunk/ pelvic initiation 

     3. upper trunk initation 
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 Significant Impairments That Interfere With Performance 

 

1. Loss of Trunk Control and Alignment: 

     Patients who have trunk weakness & minimal balanced 

     motor return have difficulty maintaining alignment of  a 

     upper trunk over lower trunk in sitting. 

     In sitting their can be excessive flexion of thoracic spine, 

     rib cage rotation, lateral spinal curvature 

     Arm weakness can contribute to loss of upper trunk  

     alignment and control. 

 

 At  the completion phase standing balance is difficult to 

    control because the rotational asymmetry keeps the body’s 

weight balanced over just one leg 
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 INEFFICIENT TRUNK INITIATION PATTERNS: 

    Due to weak trunk and lower extremity muscles patients 

    do not have upper body control to maintain the alignment  

    and initiate movement from lower trunk. 

 

 WEAKNESS & ASYMMETRY IN LOWER EXTREMITY: 

    The patient with weakness in leg  will have difficulty in 

keeping the leg on floor during sit to stand. 

    It also contributes to asymmetry in involved leg 

 

 LOWER EXTREMITY EXTENSION HYPERTONICITY: 

     occurs due to 1. Insufficient trunk control for task. 

                            2.Poor alignment in the leg 

                            3.Inadequate or unbalanced muscle  

                                activation 
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    Extensor hypertonicity in standing makes it difficult to 
balance because body weight is shifted off the leg and  

    patient must balance over narrow base. 
    Therefore extensor pattern must be stopped through 

treatment intervention. 
 
 
 UPPER EXTREMITY HYPERTONICITY: 
    This hypertonicity interfere with ability to align and 

control upper trunk over lower trunk, thus interfering 
with 

    pattern of trunk control. 
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 Train the components of task. Re-establish trunk control 

needed to maintain upper trunk alignment over the 

lower trunk during anterior /posterior weight shifts in 

sitting and during lower trunk initiated sit to stand. 

 Decrease significant secondary impairments. Restore / 

maintain ankle jt. Dorsiflexion range to allow re-

education of the lower leg and foot musculature during 

sit to stand. 

 Maintain symmetric weight bearing through the legs to 

allow appropriate strengthing and sequence of the leg 

muscles 

22-05-2018                 BPT 7TH SEM 



22-05-2018                 BPT 7TH SEM 



 Standing  
• Significant impairments 
 Loss of trunk control and alignment ,this results in-: 

 Difficulty in lifting the hemiplegic leg. 

 If the trunk and leg muscles are weak, the pelvis elevates and rotates 
backward on the hemiplegic side, while the trunk laterally flexes with the 
concavity to that side. 

  thearapist must correct the trunk asymmetry while reeducating the trunk 

movements in standing. 
 

 Weakness and improper initiation patterns 

 Proximal muscle weakness is compensated by initiating leg movements 
with atypical leg movements 

 

Treatment includes incorporation of distal movements and timing of 
firing patterns and help the patient to learn to lift the leg up and to 
place it back down on the floor. 
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 Correct the trunk alignment and re-establish trunk 

control during the weight shift to the stance leg. 

 

 Re-educate trunk and leg initiation patterns. 

 

 Incorporate lower extremity movements into functional 

activities.   
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 Walking  

• Trunk impairments in stance 

 Loss of control of upper trunk over the lower trunk 

This results in improper initiation patterns like forward flexion 

and rotation with initiation of hip flexion ,upper trunk 

rotation forward with lower trunk rotation backward, and 

lateral trunk flexion with the concavity of the hemiplegic 

side. 

 

Trunk impairments in swing 

Loss of trunk control and alignment 

Only one leg supports the trunk 

The lower trunk and pelvis must stay oriented 

horizontally, providing stability for the swinging leg, and 

continue to maintain the forward movement for walking. 
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Disordered gait-emergent motor behavior. 
 
Hemiplegic gait evolves overtime in a way 

that is determined by the effects of the 
neural lesion, secondary motor problems 
such as adaptive muscle shortening and 
the interaction of these problems with 
complex dynamics of the motor control 
system. 
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 Hip extension together with ankle dorsiflexion , 
transports the vertical trunk segment from behind to 
in front of the stance foot. 

  
  Early in stance phase, the trunk is displaced 

laterally, accompanied by the adduction of stance hip 
and eversion of the stance foot, so that centre of body 
mass is moved to a point nearly over the stance foot 
for the duration of single support phase, but a small 
amount of flexion occurs early in the stance phase. 

  
 during the final third of the stance phase the knee 

flexes for the preparation of the swing phase. 
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 During the single support phase of normal stance 

,the motion of the body resembles that of an inverted 

pendulum, with the body rotating over the stance 

foot. 

 

 

 

 The forward motion of the body during this phase of 

the gait occurs largely under the influence of the 

weight moments, muscle moments contribute little to 

the motion of the body during the single limb 

support. 
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Decreased peak hip ext. in late stance 

Insufficient active tension 

 

Early hip ext.(C) 

Late hip flex. (E) 

Knee ext. thru out stance 

PF in stance (E) 

Excessive tension 

 
Hip flex.in stance 

PF in stance 

 

  

Adaptive shortening 

 

Hip flex. 

Plantar flex.  
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Decreased peak lateral pelvic displacement   

Insufficent active tensio 

n with hip add.(C) 

Insufficient active tensio 

n in hip abd. (E) 

During early to midstance 
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increased peak lateral pelvic displacement   

 

Adaptive shortening of hip add. 

Excessive tension of hip add. 

Insufficient active tension in hip abd.  

During early to midstance 
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Decreased knee flexion / knee hyperext 

Insufficent tension  

 

Knee flexor mid stance_E 

Knee ext.-C 

Excesstve tension PF –earyl 

Or midstance 

Adapative shortening ankle PF 
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Increased knee flexion 

insufficient tension with knee extensor © 

Excessive active tension with knee flexor © 

adaptive shortening of knee flexors 

 or decrease in the compliance of other tissue in  

the flexor aspect of the knee 
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. 

   Decrease ankle plantarflexion at toe-off  
1. inability to produce sufficient tension with  PF. 
2. unnecessary due to segmental alignment.  
 
 
Lehmann et al reported that a mean 14 degrees decrease in the 

hip extension is associated with 8 cms reduction of the 
contralateral step length. 
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Decrease peak 

 hip flexion 
 

Insufficent active tension 

 in hip flex. 

 In pre swing and  

early swing 

Decrease peak 

 hip ext. in  

late stance 
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Dec peak knee flex.  

Insufficent tesion 

Knee flex. 

Pre-swing 

Excessive tension in knee  

Extensor & PF 

Mid swing  

PF adaptive shortening 
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Decrease knee ext. prior to heel strike 

Insufficient tension in  

knee ext. in early swing 

Excessive tension –knee flexor 

Adaptive shortening -PF 
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Dec. dorsi flex. 

Insufficent active tension in DF 

Excessive active tension in PF 

Adaptive shortening of PF 
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 Bocarrdi et al reported that hemiplegics have decreased joint moments at 
hip knee and ankle and an increased number of oscillation observed in 
the shape of moment curve. These deficits indicate an impaired ability to 
generate and grade the forces that control limb movement. 

 
 Wortis et al reported that hemiplegics had a positive knee moment 

throughout stance and were missing the knee moment associated with a 
normal loading response. 

 Carsoo et al suggested that the hemiplegic have a larger vertical 
component of the GRF at foot strike and lack the peak vertical force 
associated with push off. 

 
 Lehman et al reported that the vertical component of the GRF of seven 

people with hemiparetic stroke tended to pass more anteriorly to the knee 
during the stance phase than in speed and age matched normal, this 
indicates that the body’s center of mass was positioned further in front of 
knee and probably  the mass of segments superior to the knee induced a 
larger than the normal gravitational moment which acted to extend the 
knee. 
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 Neuromuscular changes reported in patients can help us to 
understand the difficulties in motor control  

 
 
 Alteration in the viscoelastic properties of the muscle and 

tendons may increase the muscle stiffness and passive 
restrain to the movement that may be a factor inhibiting the 
speed of the muscle 

 
 
 Hemiparetic limb have muscle fibre atrophy particularly of 

type 2 and hypertrophy of type 1 . Altered motor unit 
morphology, abnormal firing, are reported. Atrophy of fat 
fibre and decreased rate firing was associated with reduced 
force production . 
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 Although there are differences among the subjects, some 
general characteristic that generally reported are  

 Loss of muscle activity in the paretic limb 
 Prolonged muscle burst duration 
 Tonic rather than phasic activity at the gait transition 
 Period of peak muscle activity that do not coincide with 

requirements for a  normal gait patterns 
 Peat et al reported that activation of the tibilas anterior 

was lacking at toe off and heel strike and that 
gastronemius activity did not peak at the push off as 
expected  

 Kuntsson classified motor control problems into 3 types-: 
 Type i – inappropriate activation of the calf muscles 
 Type ii – decrease in EMG activity of 2 of more muscle 

groups 
 Type iii – abnormal co-a ctivation of several limb 

muscles  
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                       Initial Stance 

 
 

 

 

 

 

 

 

 

           KNEE HYPEXT. 

 

 

             DECREASED DORSI FLEXION 
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 LOSS OF KNEE FLEXION STANCE 

 

 

 

 KNEE REMAINS FLEXED 

 10-15 DEGREES WITH 

 EXCESSIVE DORSIFLEXION 
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 KNEE HYPEREXT. IT  

INTERFERE WITH PUSH-OFF 

 LMTD. HIP EXT. AND ANKLE 

DORSI FLEX. 

 

 

 EXCESSIVE LATERAL PELVIC 

SHIFT 
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 LATE STANCE- lack of knee flexion and 

ankle plantarflexion prerequisites for push 

off and preparation of swing. 

 

 

 

 

 

 

 

 LIMITED KNEE FLEXION 

Required for swing and toe clearance 
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 Youchered et al compared the effects of stepping on stairs of 
various height on lower extremity weight bearing and 
concluded raising a foot on a step appears to be an 
appropriate strategy for weight shift training of stroke 
patients. 

 Bourbonnais et al studied the effects of motor re-education 
approach based on force-feedback produced improvement in 
the gait velocity. 

 Ralph compared stepping in place and gait abilities in adults 
with and without hemiplegia and concluded stepping in place 
incorporates reciprocal rhythmic lower extremity movements 
similar to gait and these reciprocal movements which are 
evoked during gait are even evoked with stepping. 

 Yea ru et al studied task oriented progressive resistance 
strength training and observed improvement in muscle 
strength, functional performance and the tempro -s patial 
variables. 
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 Step length 
   normal-70-80 cms {depends on feet size, rotation 

and extension of hip} 
   geriatrics-60 cms  
 Hemiplegics-decreased 

1. Shorter steps with both legs. 
2. Sound legs is placed only a few cms away from 

affected side 
3. Increased stride width 
4. Association between hip flexor strength and step 

length 
5. Decreased stride width-wt. has to be shifted both 

forward and laterally from one foot to other 
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 Speed and Rhythm 
 Normal gait is symmetrical with both speed and rhythm. 
 3 fts/sec {minimum energy consumption and permits a 

reasonable propulsion speed} 
 economic walking speed -108-120 steps/min 
 
 
 Hemiplegics-asymmetrical  

1. Sound side –short swing 

2. Walking slowly and carefully requires more energy 
thus the patient tries quickly.   
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 Muscle weakness, abnormal muscle activity, inadequate 
muscle co-contraction, sensory and visual deficits,   non-
contractile soft tissue tightness and disruption of 
controlled generator of programmed muscle activation 
were suggested to be the impairment factors that result in 
decreased gait velocity. 
 

 
 Maximum safe speed or comfortable speed is predicted 

by hip flexors. Subjects with strong hip flexors walked 
faster as they can produce higher hip flexion movements 
duringgait. 
 

 Tone does not play much role in predicting gait speed. 
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 Stride width  -mean -8cms with no difference to age and 
height. 

 Hemiplegics-walk with feet too apart 
1. Inadequate balance. 
2. No wt. bearing on affected side. 
3. Easy to take step with the affected foot if the legs are 

abducted  
 Foot angle  
 Normals-7 degrees. 
 Elderly increased 
 Hemiplegics-The foot is placed with toes facing laterally 

but the legs may be turned inwards.  
 The Forward Motion of Hip 
 never backward 
 hemiplegics – pelvis moves backward in the opposite 

direction to which the patient is walking. 
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 Nakamma et al pointed out the linear relationship between 
the stride length and walking rate with the maximum walking 
speed in hemiparetic stroke patients based on their cross-
sectional studies. 

 Brandstater et al reported that two temporal gait variables, 
walking speed and the symmetry of the swing phase showed 
a good co-relation with the motor recovery. 

 Turnbull et al examined the ranges of walking speed at 
different speeds and reported that a decrease in the walking 
speed resulted from a reduced stride length is caused by 
poor standing balance in hemiplegic gait. 

 Nadeau et al studied on the clinical variables determining the 
gait speed and concluded that for a comfortable gait speed 
hip flexor strength is a significant variable and for maximal 
walking speed the variable retained were strength in the hip 
and plantar flexor and sensation in the lower limb. 
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 Hesse et al studied on treadmill training with partial body weight support 

compared with physiotherapy in non ambulatory stroke patients and 

concluded that concluded that gait velocity increased significantly during 

treadmill treatment. 

 

 Teixeria- Salmela et al studied on effects of muscle strengthing and 

physical conditioning to reduce impairment and disability in chronic 

stroke survivors and reported improvement in gait velocity , improvement 

in stair climbing and functional activities, with no increase in spasticity. 

 

 Teixeria- Salmela et al studied on effects of muscle strengthening and 

physical conditioning traing on temporal, kinematic and kinetic variables 

during gait in chronic stroke patients and noted an there was an increase 

in the gait speed and higher power with increase in positive work by 

ankle plantarflexors , hip flexors / extensors muscles. 
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Craig D. Tokuno studied whether gait initiation is dependent on the function of the 
paretic limb in individuals with stroke and age matched healthy controls and concluded 
propulsive function of the paretic limb when used as the trailing limb is the key area to 
address rehabilitation of gait initiation in stroke patients      



 Abnormal synergies  

Presence of abnormal synergies reflects loss of 

fractionation of movement (muscle recruitment). 

  

Example use of flexor synergy results inability to extent 

the knee while flexing the hip during the terminal 

swing. 

 

Kuntsson and Richards reported that the mass pattern of 

flexion and extension are one of the characteristic gait 

patterns found in stroke patients. 
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 Disordered Pattern of Activation. 
            Central lesion of the CNS results in impaired 

programming affecting the leg muscles. Impaired 
programming can affect the gait as:- 

 
1. Inability to recruit the muscle appropriately. 
2. Increased activation of the muscle that is unrelated to 

spasticity mediated stretch. 
3. Inability to modulate a muscle activity throughout the gait 

cycle. 

 Inability to selectively recruit  tibialis anterior resulting 
in foot flat at heel strike is an example of impaired 
programming. 

 Overactivity of hamstring has been observed- 
unrelated to strech.    
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 Coactivation of agonist and antagonist  

In normal individual the reciprocal pattern of gait minimize 

co activation of muscles. 

 

In stroke this co activation can be:- 

 

o Pathologically disorgansied central programs. 

o Additional postural support activity. 

o Immature gait patterns. 

o Compensatory programming that is the use of 

coactivation to increase stiffness    
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 Musculo-skeletal  Impairments 
There are changes in the passive properties of the 

musculoskeletal system that  are factors for disordered 
locomotion. 

 
Soft tissue contracture and bony restriction limit the joint 

range of motion, constrain the movement and increase the 
work load on the muscle, affecting the patient ability to 
meet the requirement of the gait. 

 
Decreased joint mobility:- 
 in stance restrict the forward motion of the body ,affecting 

the progression. 
    in swing reduces the foot clearance and appropriate foot 

placement for weight acceptance affecting stability. 
    limited ROM limits the patient’s ability to modify 

movement strategy, affecting adaptation. 
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 Sensory Impairments  

Sensation is a critical determinant for maintaining gait in 
natural environment. Sensory input act as a trigger to 
initiate swing. 

     example - loss of proprioceptive cues that normally 
signals hyper-extension in the hip and the termination of 
the stance can result in delayed initiation of the swing 
phase. 

Research evidence has shown that tactile sensation and 
JPS play unequal roles in locomotion . 

Studies shows no direct relation between JPS and gait 
performance but ankle JPS contributed significantly to the 
variance in gait velocity and stride length 
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 Somatosensory deficits 

Abnormal sensory input results in gait ataxia. 
However ataxia is worse when visual cues are 
removed or inappropriate . Staggering and 
unsteadiness increases and some patients 
loose the ability to walk . 

 Visual deficits  

Vision is critical to feed forward control of 
equilibrium during gait.  

 example – loss of the visual field on one side (hemianopia) can 
effect a patients ability to perceive threats to stability on the 
impaired side.  
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 Vestibular deficits  

Depends on the age when the sensory loss has  

occurred. 

Seen –that individuals who lost vestibular function as 

infants had nearly normal posture and gait control. 

Loss of vestibular function in adulthood can produce 

gait ataxia and difficulty in stabilizing head in space. 

There is a decrease in the velocity. 

Prolonged double support phase and a 6.5 % longer 

cycle than normal. while walking the patient feels 

difficulty in stabilizing the vision, thus complains of 

impaired vision and oscilloscopia   
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 Perceptual and cognitive impairments 
 
Body image and scheme disorder 
Trunk leans towards the stance leg, resulting in loss of 

stability. 
Impaired foot placement and difficulty in controlling 

the COM relative to the changing BOS of the feet. 
Patients with spatial neglect, if affecting to left tends 

to see to the right while walking or bump into objects 
on the left when walking or propelling the 
wheelchair. 

Spatial relation disorder 
Affects the ability to navigate safely through the 

environment, avoiding collision with obstacles that 
are not readily perceived . 
Inability to remember the relationship of one place to 

another affects route finding aspect of locomotion. 
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Pain 

Antalgic gait 

Compensatory changes  

Reduce wt. bearing time  

Avoid impact loads  

Reduce joint excursion decrease joint compressive forces  

Cognitive impairments  

Affects the ability to initiate the gait and to adapt the 

gait patterns to the changing environmental demands 

and to navigate to both familiar and unfamiliar location. 

Researches have shown that posture balance and gait 

though considered “automatic” require attention 

resources. Thus impairment attention have the potential 

to impact the ability to safely carry out activities such as 

gait, particularly when distracters are present 
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 Variable depending on the extent of neurologic dysfunction and 
spasticity.  

 Spasticity and primitive patterns of motion characterize the 
hemiplegic gait. 

 Bard demonstrated the energy cost of walking correlated with the 
degree of spasticity. Step length is decreased due to the inability to 
extend the knee and flex the hip and ankle simultaneously in the late 
swing. 

  Because of the marked reduction in the speed of walking, the rate 
of oxygen consumption in hemiplegic walking is less than the rate 
of normal subjects walking . 

 It can be concluded that hemiplegic gait is not physiologically 
stressful for the typical patient and the primary gait disability is 
the slow speed. 

 Harsh measured the energy expenditure ,found that rate of oxygen 
consumption and oxygen cost were comparable to normal walking 
during wheeling the speed of locomotion was greater and was the 
oxygen uptake and the oxygen cost. 
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 To prevent fall during walking it is essential to place the swinging foot 
ahead and lateral to the center of gravity as it moves forward  

 The ability to take quick automatic steps in whatever direction necessary 
appears to be the safest and most used strategy for maintaining and 
regaining balance while walking. 
 

 Balance is an essential part sitting, sit-to-stand and walking activities. 
Impaired balance and increased risk of falling towards the paretic side is 
found to be significantly co-related with locomotor function, functional 
abilities and length of stay as inpatient. 
 

 Increased tone and loss of selective activity prevent the reactive steps with 
the hemiplegic leg and the inability to take weight on it impedes the step 
on the sound foot . The patient may take a single step in the sound side , 
but often one step is not sufficient to restore balance. 
 

 Gunes et al studied the effects of balance training on the gait late after 
stroke and concluded that balance training using the forced platform 
biofeedback in addition to rehab. programme is beneficial in improving 
postural control and weight bearing on the paretic side while walking late 
after stroke.     
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 Cane  

Give to provide extra balance not as a means to support body weight. 

  cane should be provided after the ability to shift and bear weight on 
each side has been established.  

 

 Youchered et al examined the effects of one-point and four-point cane 
on postural sway and on the distribution of the weight between the 
lower extremities and the walking aid in hemiparetic patients. they 
found that one-point cane did not reduce the sway significantly in 
comparison with no cane , while the four point cane reduced the sway 
significantly in comparison with both no and one-point cane. 

  

 Milezarek et al examined the postural sway and mean position of the 
COP of person with hemiparesis using either a one-point of four point 
cane on the sound side and indicated that one-point cane has a 
significant effect on measures of standing balance in persons with 
hemiparesis of moderate severity. It reduced the postural sway and 
shifted the mean position of the COP on the cane side.   
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 Ankle Foot Orthosis  

They  are frequently used to ensure the clearance of 
the foot in the swing phase of the gait and to provide 
medial-lateral ankle and forefoot stability. 

AFO can improve the spatio-temporal parameters of 
the gait and lowers the energy cost of walking.  

 
 Haydar Gok et al evaluated the mechanics of plastic and 

metallic AFO on severely hemiparetic stroke patients and 
reported an improvement of gait by both the orthosis 
however metallic AFO provided better stabilization on 
the ankle allowing improved heel-strike and push-off. 

 
 Manaber Iwata studied the hemiplegic gait with AFO 

with inhibitor bar and concluded with an improved 
walking ability for TTFR and its use is recommended 

   
 Mojica et al and Wang et al demonstrated that the use of 

AFO in hemiparetic resulted in significant decrease in 
body sway and improved walking capacity. They even 
concluded that prescribing the AFO is beneficial in the 
early stage rather than the late stage of stroke recovery 
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 Survivor of the stroke often have poor exercise 
capacity. Although this may in part be due to the 
normal ageing process, the exercise capacity of stroke 
patients has been found to be approximately 40% 
below that of age and gender adjusted norms for 
sedentary individuals.  

 Stroke patients generally have reduced mobility and 
this reduction in exercise capacity can occur 
secondary to it. 

 Epidemiological studies suggest upto 70% of patients 
have some form of co-existing heart disease. 

 Peak oxygen consumption is as low as 50-70% of the 
age and sex matched individuals in sedentary 
lifestyle. 

 Low aerobic fitness is a significant indicator of poor 
bone health (osteoporosis). It even poses a hindrance 
to daily function and the abilities to perform them 22-05-2018                 BPT 7TH SEM 



 Courton et al (2006)repoted a significant relationship between 

maximal exercise capacity and walking capacity in 

hemiplegics. 

 There are various factors contributing to the exercise capacity-

: 

 Cardiovascular  conditions 

 Inactivity or learned disuse 

 Sedentary VS active way of life 

 Common exercises included were  

 Cycle ergometer 

 Treadmill walking  

 Combination of stepping , brisk walking and repeated sit to 

stand 

 Water is even used as medium for exercise 

 Marc Kosask compared 2,6,12 – mins walk test 

he reported 
 2-min walk test valid for measuring self selected walking 

speed 

 6 & 12-min for endurance testing.           
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