Muscle synergies after stroke
Stroke is a cerebrovascular disease in which the blood supply to the brain is disrupted causing cell death
from a lack of oxygen and nutrients to the brain. Every year, approximately 60,000 Australians have a new
or recurring stroke.1 The risk of stroke is increasing due to the ageing population, poor diet and physical
inactivity. Stroke has become a leading cause of adult-acquired motor disability and imposes a large burden
on survivors, their carers, and the community.
The initial hours post-stroke are crucial, as damage to the brain increases at an exponential rate. Natural
recovery occurs most rapidly in the first four weeks post-stroke. Longer term, the human brain is capable of
repairing itself to a certain extent, and this process is known as cortical plasticity.2,3 Two examples of the
mechanisms that may facilitate recovery include the unmasking of connections in the brain that are normally
silent, but that can be recruited to bypass the lesion;3 and changes in the firing patterns of brain cells that can
strengthen or weaken these connections.3 This re-wiring of the brain is an on-going process. There is growing
evidence to suggest that after the brain is damaged by stroke, rehabilitation promotes recovery through
cortical plasticity.
Changes do not just occur in the brain after stroke. The most common deficit after stroke is that affecting
movement ability. Approximately 80% of stroke survivors have hemiparesis or a weakness on the side of the
body opposite to that of the stroke.6 This weakness is predominantly caused by a reduction in the signals
from the brain to the muscles that produce movement. Over time this causes changes in the muscles
themselves. The type of muscle fibres in muscles of the arms and legs can change from slow-twitch, fatigueresistant muscle fibres to fast-twitch fatigable fibres. This alters how movements are controlled and the
amount of force muscles can produce. 7
One of the consequences of stroke is that the recruitment of muscles to perform co-ordinated movements is
interrupted. In the early stages of recovery, cortical plasticity may influence the recruitment pattern of
muscles needed to perform voluntary movements. Recruitment may be altered so that muscles on both the
more- and less-affected side of the body are activated when patients attempt to move only the more-affected
arm or leg. This limits their ability to perform unilateral movements.4
The pattern of muscle recruitment and activation is known as muscle synergy, or motor synergy.8,9 Gait
studies have highlighted impaired patterns of muscle recruitment during walking. The good side is relied on
to be the major weight-bearing limb, resulting in an uneven gait, or limp. The foot may not lift during the
swing phase requiring either a shuffling gait, or an extra lift at the hip or knee joints to prevent tripping. This
movement pattern increases the energy cost of walking.10,11 Muscle synergies are not necessarily relearnt
after stroke, instead they are modified to enable as efficient a pattern of movement during walking as
possible.8
To understand muscle synergies, sensory and motor systems must be treated separately as both systems can
alter the pattern of how movement is initiated. The sensory system refers to signals arising from receptors in
the skin, muscles, joints and tendons that provide information about the external environment, such as
obstacles encountered during walking. The motor aspect of a synergy refers to the pattern of muscle activity.
This might reflect the basic movement patterns used in a typical walking style, while other muscle groups
must be able to respond to extra tasks during walking, such stepping over obstacles.11
Motor synergies are studied using a mathematical approach that identifies patterns of muscle recruitment,
incorporating the onset, duration and magnitude of muscle activity.12 After stroke it can be difficult to
identify patterns of muscle activity due to the loss of strength and control combined with disordered
command signals from the brain. In addition, movement patterns that can be clearly distinguished in healthy
people become smaller and less distinct after stroke. For example when walking the foot may not be lifted
off the ground and swung forward (reflecting two separate muscle synergies) but may be shuffled forward
without leaving the ground after stroke in a single muscle synergy.5
As the basic functional organisation of the motor system, muscle synergies reflect the co-ordination of
movement to perform a given task. By identifying absent synergies, or synergies with poor movement
outcomes, therapists can prescribe specific tasks to target the affected area during rehabilitation. This will

provide improved functional recovery to stroke patients sooner, reducing the burden on carers, the
community and the health care system.
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