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Abstract
Cerebrovascular accident (CVA), commonly known as stroke is a condition that results from infarction of neurons in the brain due 

to vascular compromise. It is a highly prevalent disease, a leading cause of death and long-term disability.

The most frequent sign after stroke is muscle weakness which leads to loss of functions in the upper or lower limb. The most 
frequently affected muscle groups are the extensors of the upper limb and flexors of the lower limb. The muscle group of interest is 
the hamstring muscle group. The mechanism of muscle weakness in stroke can be neural or structural. The hamstring muscles are 
the muscles responsible for knee flexion. Knee flexion in humans is essential to the performance of major lower-limb functions which 
include walking, transfers, standing, stair climbing and so on.

Physiotherapy management is indicated as a major part in the rehabilitation of post-stroke paresis (muscle weakness). There 
are several physiotherapy modalities employed in the management of paresis including passive exercises, mirror therapy, electrical 
stimulation, mental practice, functional electrical stimulation, task specific training among others.

In Conclusion, at different levels of hamstring muscle power (Oxford muscle grading) among stroke survivors, there are effective 
physiotherapy management techniques to address that. The goal is to improve the muscle strength with associated increase in func-
tional level and ultimately increase in societal participation for community integration.
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Introduction

Cerebrovascular accident (CVA) also referred to as stroke has 
been a medical condition of high prevalence and still one [1]. It is a 
leading cause of death worldwide [1,2]. Those who don’t die from 
the accident are referred to as stroke survivors [3]. Stroke survi-
vors (SSV) are individuals who had stroke and are living with its 
sequelae [3]. Even though various surveillance systems are being 
used to identify stroke and its consequences across the world, it 
is apparent that stroke remains one of the leading causes of mor-
tality and disability-adjusted life-years lost globally. Concerning 
trends persists in low and middle-income countries still; with in-
creased mortality and disability-adjusted life-years [4].

Significant of review

As stroke is a leading cause of disability, and the ability to am-
bulate is a major concern post stroke [3], It is important to review 
the hamstring muscle group; being an important lower limb flexor 
(flexors are usually the weak muscle group in lower limbs post 
stroke). 

What happens during a stroke? (pathophysiology)

Cerebrovascular disease, or CVA is often a result of hypoxia, 
ischaemia, and infarction. All these result from impaired blood 
supply and oxygenation to the brain tissue from embolism or a 
thrombus blocking off the end arteries. CVA also results from brain 
haemorrhage [5].
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Cerebral ischaemia could be focal or global, however, the focus 
here is on focal cerebral ischaemia as global infarction could lead 
to death. It occurs following either a reduction or a cessation of 
blood flow to a localized area of the brain due to arterial occlusion 
or hypo-perfusion. A prolonged episode of ischaemia brings about 
infarction in the area supplied by the occluded vessels. Areas dam-
aged and extent of damage is dependent on the duration of isch-
aemia and how adequate the collateral supply is [6]. Blood supply 
to the brain is mainly by the circle of Willis and supplemented by 
the external carotid-ophthalmic pathway. A partial and inconsis-
tent reinforcement is however available over the surface of the 
brain from the distal branches of anterior, middle, and posterior 
cerebral arteries through cortical-leptomeningeal anastomoses. 
This is not enough supply since there is little or no anastomoses 
to the deep arteries of the brain that supplies the thalamus, basal 
ganglia, and deep white matter [7]. 

Likewise, CVA can result from brain haemorrhage. Haemor-
rhagic stroke results from berry aneurysm rupture. Arterial rup-
ture could also be because of malformations [8]. 

Clinical presentation, dependent on the areas of the brain af-
fected by the injury, often includes muscle weaknesses [paresis] 
especially with the involvement of the motor areas in the brain or 
major arteries supplying these areas [9-11]. 

Muscle weakness following stroke

Muscle weaknesses of the upper and lower limbs contralateral 
to the brain lesion is the most frequent sign after stroke [10]. The 
severity of post-stroke paresis is related to a person’s indepen-
dence in performing many functional upper limbs and lower limbs 
tasks [Newham and Hsino 2009]. The limited upper limbs func-
tions include fine movements like pinching, holding a pen, fixing a 
button or gross movement like combing etc. [12]. Similarly, in the 
lower limbs, functions including transfers [13], gait [13,14], stand-
ing and stair climbing [14] are limited. Studies comparison muscle 
strengths across the two sides of the body, upper and lower limbs, 
and flexor-extensor differences have revealed flexors actions to be 
more impaired on the lower limbs while extensor actions in the 
upper limbs. In addition, he found out that lower limbs actions are 
averagely more impaired than the upper limbs. Even though fac-
tors that determine whether upper limbs or the lower limbs will be 
more affected largely depends on the part of the brain injured [15].

Hamstring muscle weakness

As discussed earlier that the lower limb and its flexor action 
are more impaired and the impairment [muscle weakness] affects 
functions like gaits and transfers, it is important to discuss the 
mechanism of hamstring weakness following stroke, physiologic 
functions of hamstring muscle in executing lower limb functions, 
and the management of the paresis [16].

Mechanism of Hamstring Weakness Following Stroke [16,17]

•	 Structural factors - in this case, muscle size [muscle mass or 
cross-sectional area], this is dependent on the number, size, 
and relative proportions of muscle fibre types. Sarcopenia 
and Atrophy occur among SSV due to prolonged immobiliza-
tion and disuse [18].

•	 Mechanical factors - this entails the length-tension and 
force-velocity relationships of muscle [18]. 

•	 Neural factors - this involves the ability of the nervous sys-
tem to activate muscle groups through motor unit engage-
ment and rate coding. The changes here are increase in 
stretch reflex excitability, increase in antagonist muscle 
[knee extensors-quadriceps] co-activation, decrease in mo-
tor unit firing rates [due to the damage to the motor cortex 
areas, corticobulbar tracts and descending corticospinal 
tracts] [16].

Any disturbance in the smooth flow of these factors impairs the 
capacity to exert force and comprises the strength or power of the 
muscle group which is referred to as weakness.

Role of hamstring in lower limb functions- an implication for 
hamstring weakness

The major functions of the lower limb are standing, gait, and 
transfers [12-14].

Standing

Standing is a fundamental position. several systems where the 
muscles play pivotal roles are in action when standing. To maintain 
a proper standing position, the knee joint must bear the weight 
of the body. To achieve this, the knee flexors, and extensors co-
contract to stabilize the knees. The normal quadriceps hamstring 
[Q/H] ratio helps to keep the knee in the anatomical position [19-
21]. When the hamstrings are weak, there is an abnormal increase 
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in the Q/H ratio which reduces stability and results in genu re-
curvatum. In the long term, such standing mechanics can result in 
chronic knee pain and arthritic conditions.

Gait

The human gait comprises of the series of events that occur in 
the lower limbs while walking. The quality of walking is dependent 
on muscle strength, balance of coordination. The pathologic gait as-
sociated with CVA is the hemiplegic gait. Multiple factors contrib-
ute to the development of hemiplegic gait including balance deficit, 
weakness of more than one muscle group, pain, loss of propriocep-
tion, coordination deficits and the psychosocial factor: lack of con-
fidence. Gait can be described using the 3 planes [22].

•	 Sagittal plane

•	 Coronal plane

•	 Transverse plane.

Gait is best observed in the Sagittal plane allowing the flexion 
and extension of the knee and ankle to be seen [23]. Hamstrings, as 
knee flexors function in the following phase of the gait cycle:

•	 Foot flat [loading response]: Slight knee flexion to absorb 
shock in preparing for weight bearing.

•	 Heel off [terminal stance]: Slight knee flexion to allow for hip 
extension before the pre-swing phase.

•	 Toe off: Prominent knee flexion at this phase, to prepare for 
the swing phase.

•	 Initial swing [acceleration]: More knee flexion occurs.

•	 Mid-swing: Maximum knee flexion happens at this stage. 
This stage will be severely affected in an individual with 
hamstring weakness and a compensated gait pattern will 
ensue.

Physiotherapy management of hamstring weakness 

The consequences of weakened hamstring are pronounced 
when an attempt to ambulate is made. Hamstrings weakness ul-
timately hinders the quick or possible reintegration of a sufferer 
back to the society. In cases where sensory deficits accompany 
muscle weakness, afferent signals are read wrongly which may 
contribute to abnormal muscle activation, pathologic gait patterns, 
and impaired responses to perturbation during gait and stance. 

Following an episode of stroke, patients exhibit varying degree of 
impairment depending on the power in the affected muscles but 
in this case, the hamstrings. Some patients may be weak but have 
enough strength to move against gravity. Such individuals need to 
not only gain strength, but also improve function. Studies on iso-
lated strengthening exercises in stroke survivors who are moder-
ately weak have revealed that an increase in strength often aug-
ment function. 

This review classified different strengthening exercises based 
on the Oxford Muscle Grading System. 

In power 0&1

•	 Passive exercises [24]

•	 Mirror therapy [25] 

•	 Electrical stimulation: [26]

•	 Mental practice [27].

In power 2

Resisted active exercises in a gravity eliminated position [28].

In power 3&4

Functional electrical stimulation [FES]: FES throughout the day 
for 6 weeks was effective for hamstring strengthening but affects 
the pre-swing hip hyperextension which occurs between the heel 
off and toes off [29].

Progressive resistance training (PRT): A systematic review by 
Susan Morris., et al. 2004 [30] on progressive resistance training 
among stroke survivors showed.

Domains of ICF

•	 5 clinical trials which all showed a large positive effect on 
muscle strength (impairments)

•	 3 of 8 trials showed an improvement in activities such as walk-
ing and stair climbing (activity limitation)

•	 Insufficient data to prove the effects of strength training on 
societal participation.

Task-specific training (TST): Evidence that treadmill exercise 
and other ambulatory trainings for 3 months improves hamstring 
strength and activity participation was supported by Sullivan., et al. 
2007 [31] and Combs., et al. 2010 [32] respectively.
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Intensive aerobic exercising (IAE)

•	 The American Heart Association guideline (AHA) recom-
mended a High-dose early mobilization within 24 hours of 
stroke onset (LEVEL A EVIDENCE) [33].

•	 Home programs are essential to induce neuroplastic changes 
in stroke rehabilitation [34].

•	 A minimum strength to move against gravity is needed for 
a survivor to at least initiate ambulation and carry out daily 
tasks. As a result, paralysed patients or survivors with very 
weak muscles need to gain strength early during rehabilita-
tion. 

Conclusion

In Conclusion, at different levels of hamstring muscle power 
(Oxford Muscle Grading) among stroke survivors, there are effec-
tive physiotherapy management techniques to address that. The 
goal is to improve the muscle strength with associated increase in 
function and societal participation for community integration.

Ethical Consideration

This review did not seek ethics committee or institutional re-
view board approval because the primary investigators of articles 
used in this study obtained the necessary informed consent and 
obtained approval. This study supports the objectives of those 
studies and the information obtained from those studies were used 
appropriately.
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