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With the advancement in the field of assessment and treatment individualization, gait analysis is considered a routine matter
in the health care settings during rehabilitation of walking. Gait analysis refers to the specialized assessment of walking
which includes past medical history, objective examination of various characteristics of gait and the impact of disease on the
pattern of walking. Kinematics and kinematics are the most useful parameters used to assess the disabilities associated with
gait cycle. Infrared video cameras are normally used during gait analysis to define the three dimensional positions and
movements of various lower limb joints. By analysing the kinetics and kinematics of the loading response; an important
phase of the gait cycle, various deficits can be assessed in stroke patients including decreased musculoskeletal coordination,
weakness and spasticity of the lower limb muscles. The detailed assessment of the kinetics and kinematics during loading
response can enable the physiotherapists and rehabilitation specialists to design better treatment programs for the Neuro
compromised stroke patients. This review article will address the kinetics and kinematics during loading response in stroke

patients, but the technique can be used in a number of conditions.
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Introduction

Stroke, described as cerebral vascular accident, is the most
imperative cause of focal neurological deficits. It includes
the impairments related to both sensory and motor tasks." It
is considered to be the third most common cause of death in
the adult population in United Kingdom (UK).? According
to the statistics of Stroke Association (2008), 150,000 per-
sons suffer from stroke every year in the UK and around
250,000 live with the focal motor disabilities caused by this
cerebral vascular accident.® Muscle activation nuisance and
turmoil in the completion of the efficient ambulation are
some of the major impairments resulted after stroke.* All of
these impairments hamper in the execution of the everyday
motor tasks.® It is estimated that rather being discharged
after complete motor rehabilitation (37%), a large number of
stroke patients with severe impairments involving upper and
lower limbs are discharged to the institutionalized care
(63%) every year.?

It is suggested that many of the stroke patients revert to
unsupported walking after the first day of the onset of the
initial symptom, depending upon the extent and the area of
the brain involved.® But, almost 50% of these do not reach
to their pre-injury level of activities even after 9 weeks of
the onset.” Craik and Oatis® suggested that almost 70% of
the stroke patients can regain their walking capacities after
the cerebral vascular accident. During recovery period, stro-
ke patients regain walking while maintaining the dynamic
balance, but have hitches in loading the affected limb and it
results in shambling over the affected side. It is suggested
that perfection of this weight bearing evenness is the prime
target of rehabilitation.®**

The aim of this review article is to explore the effect of
altered loading response; a phase of the gait cycle, in stroke
patients of age between 35 to 60 years. In this review article,
effect of altered loading response will be analyzed and

functions of different lower limb joints will be discussed
from the scope of available literature. Aberrations in the
muscle activation patterns, kinematics of various lower limb
joints and spatiotemporal gait characteristics will be consi-
dered while reviewing the effect of stroke in the walking
abilities of the stroke patients.

Loading Response in Healthy Subjects
Gait, describes as walking, is a semi automated motor task
controlled by the central nervous system.*? Forward propul-
sion of the body from one position to the other depends
upon the interrelated activities of various lower limb joints.
Depending upon the relationship between the foot and the
surface, gait is normally divided into two phases. The period
of time when the foot is in contact with the surface is termed
as stance, and the time when it is in space is hamed swing.
The normal gait cycle consists of 60% of stance phase and
40% of swing phase.®

During the gait cycle, various lower limb joints perform
three functional tasks of selective synergistic motions which
serve to fulfil a functional goal. The first important task is
the weight acceptance which includes initial contact and
loading response. Loading response is the initial double
stance phase and it begins with the initial foot contact and
continues until the contralateral foot is lifting for swing.®
Second task of gait cycle is to support the upper body on a
single limb and it is comprised of mid stance and terminal
stance. Limb advancement is the third functional component
of gait cycle which includes pre-swing, initial swing, mid
swing and terminal swing.® For reference purposes, the gait
cycle can be started from any of its events as the starting
point. However, initial contact is normally considered as the
starting event of the gait cycle in healthy individuals.*

The interaction of the lower limb joints and generation
of the muscle forces during gait cycle can be assessed by
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performing gait analysis. The intricate process of gait analy-
sis involves various biomechanical factors. It entails the
understandings of the joint kinetics and kinematics. Kine-
matics deal with the evaluation of movement but not with
the cause of these movement while kinetics deal with the
forces which generate movement and muscle activity.™

Altered Loading Response in Stroke Patients
Among all the focal neurological impairments which result
after stroke, altered loading response and abnormal postural
control are the ones which influence most on the daily living
activities of the stroke patients®. Altered joint activities are
resulted due to the weakness and spasticity of different mus-
cles on both the affected and unaffected lower limbs. “Wea-
kness of the flexor muscles, spasticity of the extensor mus-
cles, and a synergistic extension motor pattern may be the
main causes of gait disturbance” (Pg. 580, 16).

It is suggested that in stroke patients, almost 40% of the
required muscle work is performed by the muscles of the
affected side during walking.!” Hip flexors and extensors
and ankle planter flexors symbolize the chief contributors of
this required muscle work. It is suggested that in stroke pati-
ents, these lower limb muscles of the affected side lose their
capabilities to generate the normal levels of muscular
forces.® However, Olney et al*® suggested that muscles of
the affected side work with less potential due to the effect of
paresis. Perry® attributed this loss of muscle strength as the
major factor that hinders both the progression and weight
bearing stability of stroke patients.

Paralytic involvement of one side of the body can affect
spatiotemporal characteristics of walking and loading respo-
nse in many ways. An excessive planter flexion and inver-
sion, and stiffed knee gait are some of the manifestations
after stroke. Mid swing is characterized by the dominant fle-
xor pattern and terminal swing leads to the dominant exten-
sor pattern consisting of knee extension and ankle planter
flexion. “The terminal swing and loading response phases
of the tibialis anterior are lost as the ankle control of the
flexor pattern shifts to the extensor pattern and soleus
begins its action prematurely” (Pg. 312, 6).

It is suggested that muscle weakness at the ankle joint
causes reduced planter flexion during loading response in
stroke patients.” Richards et al?® also observed a reduction
in the power of the medial gastrocnemius and limited ankle
planter flexion during walking in stroke patients. It is also
observed that weakness in the muscles of the paretic side
alters dorsi flexion at the ankle joint during the initial con-
tact. In response, tibia does not role forward over the calca-
nium to complete the transfer of body weight from the con-
tralateral limb.?* Also, previous literature reveals that plan-
ter flexors of the paretic side does not facilitate toe off dur-
ing the stance phase.?** Spasticity of these muscles results
in the hyper active stretch reflex which functions during
swing phase as excessive co-activation pattern and hiders
with the tibialis anterior work to dorsiflex the ankle joint
during forward propulsion of the foot.? Lamontagne®

observed the weakness in the muscles of the non paretic
limb in stroke patients, which he described as the effect of
excessive co-activation of the antagonists, and not merely
the result of paresis. This shows that stroke does only effe-
cts the loading response on the paretic side, but functioning
of the muscles on the non paretic limb is also compensated.

Effect of Altered Joint Kinematics

on Spatiotemporal Parameters

Olney and Richards® classified hemiplegic gait abnormali-

ties according to the variations in the joint kinematics on the

affected side into three categories.

e Hemiplegic gait characterized by reduced hip joint
amplitude in saggital plane due to reduced hip flexion
at the initial contact and decreased hip extension at toe
off.

e Reduced knee joint amplitude due to an increased knee
flexion at loading response, and

e Increased planter flexion at heel strike or initial contact.
A decreased hip joint extension at the end of loading

response is also observed by Kim and Eng.? This decrease
in the hip extension during loading response can be the re-
sult of insufficient active hip extensors. However, Hsu et
al® explained that this reduced hip extension on the affected
side during and after the loading response can be involved
in producing the decreasing step length and reduced walking
speed on the contralateral side. Muscles of the contralateral
side continuously perform various compensatory mecha-
nisms during loading response to assist the paretic muscles
of the affected side by co-contraction mechanisms. These
compensatory actions of the contralateral muscles may be
due to the passive stretch of the spastic muscles or may be
due to co-contraction more than the contraction produced by
the agonists. However, these altered joint kinetics and kine-
matic; in turn, lead to the more energy demanding circum-
stances during walking in stroke patients.

Asymmetry in the Step Length of Stroke Patients
Previously, spatiotemporal parameters have been commonly
used to clinically assess the impact of stroke on walking.?* It
is suggested that various spatiotemporal characteristics of
gait cycle are altered during loading response in stroke pati-
ents, such as step length asymmetry, walking speed and con-
tact time of the stance foot.?® Previous literature suggests
that stroke patients have longer paretic step lengths.””* Chi-
tralakshmi®® described that step length is increased in stroke
patients on the paretic side, and this is not related to the
overall walking speed. However, Kim et al** reported that
increase in the step lengths of the stroke patients is not only
present in the paretic limb, but can also be found in the non
paretic limb. Therefore, Kim et al** hypothesized that the
altered loading response in stroke patients is not involved in
the step length asymmetry. However, this asymmetry in the
step length might result due to the compensatory strategies
of the antagonists on the non paretic side.
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It is suggested that the alterations in the walking speed
does affect the mobility patterns of the lower limb joints in
stroke patients.?’ Femery?® suggested an increase in the spa-
tial characteristics of the gait cycle in stroke patients. These
asymmetries in the spatial characteristics are significantly
prominent on the affected side. Furthermore, contact time
and step duration are 16% and 18% higher in stroke patients
than in the healthy subjects.”® This increase in the step
length is attributed to be the results of the spasticity of the
planter flexors.” Weakness of dorsi flexors and spasticity of
the planter flexors during loading response is also consi-
dered to be the cause of alterations in the step length.*
Therefore, changes in the muscle forces and abnormal mov-
ements of the ankle joint leads to the landing of the fore foot
all of a sudden, and thus the whole loading mechanism is
disturbed.

Effect of Altered Loading Response at Knee Joint
Lucareli*® suggested that loading response is the most cent-
ral part of gait cycle. It lessens the impact of sudden weight
being transferred from the contralateral limb, and it harmo-
nises the displacement of the centre of mass within the base
of support. Knee is the most important joint to study the im-
pact of stroke on loading response as it shows the significant
changes in moments and muscle work.* It is suggested that
that the interdependence of the muscles of the paretic limb
alters the overall walking speed.'” This study concluded that
the transfer of the body weight from the contralateral limb
during loading response is affected by the anomalous func-
tioning of the muscles around the knee joint. However, Luc-
areli®® suggested that there is no significant difference in the
angular positions of the knee joint during loading response.
But, the time point for the peak knee flexion was significa-
ntly different between the study groups in the study done by
Lucareli.™ It may be due to the fact that subjects were walk-
ing with varying walking speeds. Also, knee joint flexion
values at initial contact observed by Gamble® in healthy
subjects were in correspondence with the values of Lucareli
(15) in stroke patients. Furthermore, the amount of knee fle-
xion was also reported to be increased in the stroke patients
when they were asked to walk at their normal speeds.®* The-
refore, it can be concluded that the variations in the walking
speeds of the stroke patients does have a role on the initial
knee flexion values during loading response.

Previous literature revealed that in some studies, walk-
ing with normal speed resulted in decreased knee flexion at
initial contact.**® However, Olney*’ suggested a greater
knee flexion during initial contact when subjects were walk-
ing at higher speeds. This shows a positive relationship bet-
ween amount of knee flexion and the walking speeds of the
stroke patients. Walking speed does influence on the knee
joint mobility during loading response which is against the
observation of Lucareli.”> However Literature does not clar-
ifies the role of walking speed in modifying knee joint mob-
ility during early loading response. If walking speed does
have a role, then walking with normal or slow speed will

give different values of temporal gait characteristics in str-
oke patients.

It is suggested that the stroke patients walk slower and
often have longer step lengths as compared to healthy sub-
jects.® In the studies which focussed on the walking pat-
terns of the stroke patients,® "% subjects were allowed to
walk at their normal speeds which would have resulted in
varied knee joint nobilities. Moreover, a positive relation-
ship is also suggested to exist between the stride lengths and
walking speeds of the stroke patients.* Therefore, it is not
reasonable to compare the joint mobility and temporal gait
characteristics of the stroke patients with the healthy sub-
jects walking at their normal speed. Because, the normal
walking speed of the healthy subjects is slightly higher than
the normal walking speed of stroke patients.” For compari-
son, healthy subjects should be encouraged to walk at slo-
wer speeds to match the walking speeds of the stroke pati-
ents. The impact of the walking speeds on the knee joint
mobility is also reported by Olney.” In words of Chen*
“comparison of gait differences between hemiparetic and
non-disabled individuals walking at the same speeds may
provide biomechanical insights that elaborate the mecha-
nisms of locomotor impairment™ (Pg. 878).

The changes in the knee joint movements can be linked
to various factors. Mulroy** reported that these changes may
be due to quadriceps weakness which results in increased
knee flexion or spastic quadriceps which result in premature
knee extension. Planter flexion contractures and spasticity
of the soleus muscle may also result in altered ankle move-
ments during initial contact and loading response.® Finally
inhibition of the heel rocker mechanism and reduced rolling
of tibia over the calcanium, due to an absent heel strike, may
be the cause of altered ankle joint kinematics during loading
response.

Clinical Implications

Understanding of all these biomechanical abnormalities dur-
ing loading response in the walking patterns of the stroke
patients can provide a rationale for the physiotherapists to
target their treatments to the appropriate areas. It is sugges-
ted that decreased strength of plantar flexors during toe off
can be easily compensated by strengthening the quadriceps
as it will provide the additional power for push off.?
Nadeau* also noted a strong correlation between hip flexors
and the overall gait speed. Therefore, a combination therapy
for quadriceps and the plantar flexors of the paretic side in-
cluding dynamic resistance training and gait specific exerci-
ses could be favourable.”® Body weight supported treadmill
training is also evidenced to be beneficial for improving the
locomotor functions of hemiplegic subjects.* However,
Chen™ reported no change in the altered knee joint kinema-
tics after treadmill training even after doing adjustment for
the training parameters like walking speed and body weight
support. Therefore, further research is needed in this area of
clinical practise to evaluate and standardized the treatment
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protocols in order to rehabilitate various gait abnormalities
during and after the loading response.

CONCLUSION

Alterations in the kinetics and kinematics of the lower limb
joints in stroke patients can be involved in changing the
joint movements during walking. The decreased ankle dorsi
flexion during initial contact is due to the paretic weakness
of plantar flexors. To compensate this decreased dorsifle-
xion, knee joint shows increased flexion and flexion at the
hip joint is also limited. Lower limb joints on the unaffected
side show the similar movements, but these movements are
not due to the paretic muscle weakness but mainly because
of the enhanced co-contraction mechanisms.

All these mechanisms result in decreased walking speed
and increased stride time. Step length is greatly decreased
associated with enhanced contact time. Therefore, stroke
patients have increased double support period and decreased
single limb support during walking. Most of the body
weight is supported on the unaffected side as weight bearing
on the affected side results in limping of the limb. Manifes-
tation and compensation mechanism of various lower limb
muscles and joints result in various abnormal postures like
foot drop, stiffed knee gait, stiffed hip gait, limping gait etc.
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