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Abstract

Post-stroke aphasia and hand movement dysfunction are common and disabling conditions. Observations indicate that most patients with post-stroke aphasia
also suffer from hand movement dysfunction. Research in human evolution, behavior, and neuroscience has revealed a strong connection between language function
and hand-motor function, with the latter playing a critical role in language use. Consequently, there is an urgent need for the development of new, comprehensive,
and efficient rehabilitation methods for post-stroke aphasia that is accompanied by hand dysfunction. One promising approach involves investigating the shared
neural networks between language and hand function as a foundation for novel treatment methods. This article aims to review the current state of clinical research on
comprehensive treatments for stroke-induced aphasia and hand dysfunction, as well as to explore their underlying neural mechanisms. The results of this study may
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provide a valuable reference for the advancement of treatment technologies that effectively address both dysfunctions and enhance clinical outcomes.

Background

PSA (Post-Stroke Aphasia, PSA) is a common complication
in patients with stroke [1]. More than 90% of stroke survivors
experience two or more functional dysfunctions simultaneously,
with approximately 24% suffering from both PSA and hemiplegia,
which significantly impacts their quality of life [2]. From the
perspective of cerebral anatomy, it is easy to understand that the
middle cerebral artery is the thickest branch of the internal carotid
artery[3]. Its branches are widely distributed in the internal capsule
and basal ganglia, superior temporal gyrus, middle temporal
gyrus, and so on, involving the motor area, language center, and
somatosensory area, so stroke patients are often complicated with
aphasia and hand dysfunction [4]. However, with the development
of neuroscience and brain imaging technology, the relationship
between language and hand function is not limited to the proximity
of anatomical position, and the relationship between language and
hand motor function far exceeds the relationship of blood supply
[5-8]. From the archaeological discovery of “the representative
language form of early murals coinciding with the increased use of
hand tools” [9], to the study of neuroimaging and electromyography
[10,11], all show that language and hand motor function are
interrelated; observation-execution of hand movements can
activate the mirror neuron system of the human brain and improve
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language function to some extent [12]. Therefore, for stroke
patients with aphasia and hand dysfunction, we can explore an
efficient and cooperative comprehensive treatment combined with
their correlation in behavior and neurology. However, at present,
little is known about the potential interaction between cross-modal
treatments and we can observe from Figure 1 that the studies of PSA
patients with hand motor dysfunction are much lower than those
of patients with aphasia or hand motor dysfunction alone and,
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Figure 1: Number of literature searches for keywords related to post-stroke aphasia and
hand movement. Abbreviation: SHAUU, (stroke) AND ((hand) OR (arm) OR (upper limb)
OR (upper extremity)); SA, aphasia and stroke; HAUUA, ((hand) OR (arm) OR (upper
limb) OR (upper extremity)) and (aphasia); SHAUUA, ((hand) OR (arm) OR (upper limb)
OR (upper extremity)) and (aphasia) and (stroke). Searched in PUBMED.
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from an epidemiological point of view, are poorly matched with its
prevalence. Non-invasive brain stimulation techniques do not have
evidence-based evidence to determine the intervention targets and
doses for the coexistence of the two kinds of dysfunction, so there
is still a lot of room for exploration and development. Our review
mainly focuses on the comprehensive rehabilitation treatment of
stroke patients with aphasia and hand motor dysfunction, and
combs its neural mechanism, to provide a theoretical basis for the
formulation of rehabilitation programs suitable for patients with
both dysfunction and optimized clinical treatment programs.

Relationships between language function and hand
motor function

The “gestural theory” of language holds that grasping
movement is the origin of speech [13]. Neurons in the ventrolateral
premotor cortex (F5 area) [14,15], namely Mirror Neurons
(MNS), can be excited when macaques perform or observe other
individuals (monkeys or humans) perform grasping actions. Brain
imaging and other studies have shown that BA44 in the Broca area
of the human cerebral cortex has homology with the F5 area of
the monkey brain [16]. Mirror neurons are found in various brain
regions of the human brain, particularly the posterior inferior
frontal gyrus and premotor cortex, and their activation is crucial
for action observation, action understanding, and imitation
learning of action behaviors [17,18]. In addition, the functional
areas of language function and mirror neuron system overlapped
in the left Inferior Frontal Gyrus (IFG), ventral premotor cortex,
parietal lobule cortex, and superior temporal sulcus cortex [19].
According to the theory of speech action perception, the production
of a sentence or a single time involving an action will produce a
mapping in the cerebral motor cortex under the corresponding
word meaning, which may promote the recovery of hand motor
function, and the MNS system may play a mediating role in the
interactive promotion process of the two [20]. This offers a new
strategic approach for the research and application of MNS theory
in the rehabilitation of motor and language functions after stroke.

Neural mechanism of language function and hand
motor function recovery after stroke

The recovery of aphasia is a dynamic and nonlinear process.
Language function can recover spontaneously to a certain extent
within 3 months after stroke, but most patientsleave varying degrees
of chronic language dysfunction. The progress of early language
function recovery depends on blood flow reperfusion, and the
degree of edema and local inflammation around the damaged brain
area further affects functional recovery [21]. In stroke patients in the
subacute and chronic phases, the recovery effect of language ability
is closely related to the remodeling of language functional areas
and the compensation of other functional areas [22]. Hand motor
dysfunction after stroke can be improved to varying degrees after
treatment. With the progress of time after a stroke, spontaneous
repair gradually reaches a plateau. However, chronic hand motor
function can still be improved by rehabilitation training. Similarly,
the recovery mechanism is also based on neuroplasticity. It can
be seen from the above that the neural rehabilitation mechanism
of hand motor function is extremely similar to the process and
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mechanism of aphasia language function recovery. Based on the
existence of functional connectivity and interaction between
language and hand movement brain representation areas,
some researchers have studied the efficacy and mechanism of
comprehensive rehabilitation treatment for patients with post-
stroke aphasia and hand movement dysfunction. The intervention
methods used are different, and the research conclusions are not
completely consistent, but preliminary research results have been
obtained.

Therapies targeting patients with PSA and hand motor
dysfunction

Treatment methods based on MNS theory are widely used
in the motor function rehabilitation of stroke. To verify whether
the MNS system can be activated to promote the recovery of
language function in aphasia patients, most studies observe hand
movements and repeat the movements at the same time. Research
results show that hand movement observation training, no matter
in video [23,24] or real scene [25], has a certain promotion effect on
the language function of patients with transcortical motor aphasia,
and the improvement effect is more significant than that of static
pictures. Its promotion is mainly manifested in the extraction
and expression of words [26]. Beilock, et al. [27] believed that its
promoting effect on language comprehension was through the
activation of the left premotor cortex. Yang et al. adopted a more
complex movement training, which required subjects to perform
wrist and finger movement training while observing their hand
movements. The research results showed that hand movement
training effectively helped aphasia patients recover their overall
language function, but the rehabilitation effects of different types
of aphasia patients were different.

The left and right hemispheres of the human brain have their
advantages, and most people show left hemisphere dominance.
Meanwhile, traditional language theory holds that “we speak with
the left side of the brain”, and Broca’s area is mainly involved
in speech production. Most studies have shown that the non-
dominant hemisphere interferes with the dominant hemisphere’s
language rehabilitation mechanism and thus hinders the recovery
of aphasia [28]. Repetitive transcranial Magnetic Stimulation
(rTMS) [29,30] found that compared with controls, Low-
frequency rTMS can significantly improve the accuracy of picture
naming and description in aphasia patients by inhibiting the
excitability of the right inferior frontal gyrus triangle, and the
changes of brain excitability and synaptic connectivity can last for
a long time. Further findings [31,32] suggest that in subacute post-
stroke aphasia, the homology of Broca’s area in the non-dominant
hemisphere may affect the neuroplasticity of the language network
to a certain extent. The results of this series of studies also provide
support for the above theory. However, when the dominant
hemisphere is severely damaged, the transfer of language
function to the non-dominant hemisphere is one of the possible
mechanisms for its rehabilitation [33,34], and the right cerebral
hemisphere is involved in the recovery of specific functions of
speech [35]. At the same time, the compensatory effect was
further enhanced by applying excitatory stimulation to the right
hemisphere. Janabi, et al. [36] used a combination of excitatory
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rTMS and melodic tone therapy in two patients with non-fluent
aphasia, in which one participant showed an improvement in
oral fluency. However, Heikkinen [37] combined ILAT (Intensive
language-action Therapy) and rTMS or sham-rTMS to conduct
speech function rehabilitation training for patients, and compared
the improvement of speech and Language function between the
experimental group and the control group, the difference was not
statistically significant. In addition, Xu, et al. [38] used theta pulse
to stimulate the left M1 hand motor representative area of patients
with aphasia and hand movement disorders after stroke. fMRI was
used to observe the central excitability changes before and after
stimulation, and it was found that excitatory stimulation of this
node could induce excitatory changes in the cortical language area.
This suggests that thislocation may be a potential stimulation target
for the speech-motor synergistic recovery phenotype in stroke
patients. However, the different stages of functional recovery after
stroke, the length of the disease course of the patients included in
the study, the effect of handedness, and the sample size all affect
the results of the study. The role of the right cerebral hemisphere
in the rehabilitation of language function still needs to be further
explored.

Transcranial Direct Current Stimulation (tDCS) uses a weak
current to regulate the activity of neural cells in the cerebral
cortex. Through anodal stimulation, the excitability of the M1 area
in the affected hemisphere is increased, or cathodal stimulation,
the excitability of the M1 area in the contralateral hemisphere
is inhibited. The motor cortex activity of the two hemispheres is
balanced so that the complex function of the hand can be restored
to a certain extent. In addition, anodal tDCS stimulation of the
left frontal lobe or left hemisphere Wernicke area combined with
intensive language training can significantly improve the naming
accuracy and fluency of patients [39,40]. As an intervention
method, tDCS has been widely studied in the recovery of
hemiplegic hand motor dysfunction and aphasia respectively,
but the research on the intervention mechanism and therapeutic
effect of the combination of the above two dysfunctions is still in
the exploratory stage. Based on the interaction between language
and the motor system, M1-tDCS stimulates the motor system that
is functionally connected to the language network. It does not
require pre-processing imaging to identify individual language
areas and is easier to operate and manage than traditional tDCS.
To explore its curative effect, some researchers have used M1-tDCS
to intervene in patients with post-stroke aphasia and explored its
possible mechanism. The results show that M1-tDCS can improve
the activity and language communication function of patients with
aphasia to varying degrees, and can improve the retrieval function
of action-related words, which can last for a long time [41,42].
The observed positive effects could be the result of direct effects of
tDCS on the motor cortex or other regions underlying the positive
electrode, or M1-tDCS could affect premotor and frontal regions
that are related to the function of the speech production task.
This conjecture was also supported by the results that M1-tDCS
performed fMRI while performing the word retrieval task, and the
task-related activities were regulated by the bilateral prefrontal
language areas [42]. Therefore, the mechanism by which M1-tDCS
promotes the recovery of speech function may be to promote the
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functional processing of the language areas that are preserved after
the lesion.

Conclusion

The discovery of the MNS offers a theoretical foundation
and novel insights for the rehabilitation of post-stroke residual
dysfunction. It has been widely recognized that there is a behavioral
and neuroscientific connection between language and hand-motor
function. Therefore, the combined language-hand movement
synchronous training for patients with aphasia may have great
potential. In the case of hand motor training, it is necessary to
understand more about the observation of executive movement
or the effect of hand movement itself on language function. In
addition, based on the complex relationship between hand motor
function and language network, more longitudinal neuroimaging
studies are needed to explore the functional recovery of aphasia
after stroke, and non-invasive brain stimulation technology is
needed to explore and develop stimulation targets and treatment
plans for patients with combined language and hand motor
dysfunction.
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