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Abstract: Background: Cerebral palsy (CP) is a neurodevelopmental disorder characterized by motor impairments 
caused by brain lesions that affect motor pathways. 

Objective: This review describes the complex interaction between the thalamus and cerebral cortex in CP, the 
understanding of which would explain its pathophysiology and treatment strategies.  

Discussion: Cerebral palsy classification is based on motor impairment presentation, each with specific neurological 
deficits related to the disruption of specific motor pathways. The thalamus serves as a crucial relay station in these 
pathways, transmitting ascending and descending signals to the cortex via thalamocortical and corticothalamic tracts. 
Brain injuries like periventricular leukomalacia, hypoxic-ischemic encephalopathy, or malformations disrupt these 
pathways, leading to motor deficits. Advanced imaging techniques such as diffusion and functional magnetic resonance 
imaging (MRI) reveal altered connectivity patterns in CP, offering insights into its pathophysiology and aiding diagnosis. 
Studies have highlighted the variability of clinical presentations in CP and the correlation with specific brain regions 
affected. Deep brain stimulation and repetitive transcranial magnetic stimulation targeting the thalamus emerge as 
promising therapeutic opportunities to restore motor function in CP by addressing pathway disruptions.  

Conclusion: This review provides a comprehensive overview of motor pathways in CP, emphasizing the role of the 
thalamus and cortical connectivity in motor impairments. Understanding this complex connectivity provides an avenue for 
optimum and targeted therapeutic interventions to improve outcomes for individuals with CP. 
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1. INTRODUCTION 

Cerebral palsy (CP) primarily affects motor function 
due to damage to the developing brain, which can 
occur before, during, or shortly after birth. One crucial 
aspect of motor function involves the pathways 
connecting the cerebral cortex and thalamus. The 
integrity of motor tracts between the cerebral cortex 
and thalamus plays a significant role in the 
manifestation of motor impairments. The severity and 
type of motor impairment in CP often correlate with the 
extent of damage or abnormal development in these 
tracts. The reciprocal connection between the thalamus 
and the motor cortex is vital in complex motor 
movement [1]. This review aims to explore the 
anatomical and biochemical basis for motor pathway 
disruption in cerebral palsy. Understanding the intricate 
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interactions that occur between the cerebral cortex, 
thalamus, and related motor pathways is imperative to 
effectively treat and intervene for people with cerebral 
palsy, 

2. CEREBRAL PALSY 

Cerebral palsy (CP) is defined as a group of 
permanent neurodevelopmental disorders that affect 
motor skills, movement, and posture due to non-
progressive lesions in the developing brain of neonates 
[2]. This condition may also involve other functions, 
including communication, cognition, and behavior, 
depending on the area of brain injury [3]. Based on a 
systematic review by McIntyre et al. [4], the current 
prevalence of cerebral palsy is 1.6 per 1000 live births 
in high-income countries but a higher rate in low- and 
middle-income countries, which is 3.4 per 1000 live 
births.  

Apart from motor symptoms, CP is also known to 
affect other functions, including cognition or intellectual 
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outcomes and behavioral symptoms, as well as social 
and public health. Intellectual disability is very common 
in CP and is correlated with the severity of motor 
impairment and early onset of epilepsy [5]. The 
pathogenesis of cognitive disability in CP is strongly 
related to the extent of brain lesions. It was found that 
the white matter tract integrity, in particular, superior 
longitudinal fasciculus, was shown to be the biomarker 
of cognitive visual impairment [5]. It was also found that 
the communication and social interactions of CP 
patients without an intellectual disability develop in a 
manner akin to that of healthy individuals. CP patients 
with intellectual disabilities were shown to have lower 
performance in establishing their communication and 
social relationships, but they vary between individuals 
[6]. In addition, children with moderate forms of 
physical disability often experience mild cognitive 
problems. However, some patients with severe motor 
impairment who are thought to have major intellectual 
disabilities may show normal-range reasoning abilities 
[5] 

Some CP children may have perinatal events such 
as neonatal encephalopathy or neonatal stroke leading 
to the condition [7]. A study by Monokwane et al. [8] 
reported that the risk factor for CP includes serious 
neonatal infection, perinatal complications, and 
maternal human immunodeficiency virus (HIV) 
infection. In term infants, small for gestational age 
(SGA) is a known risk factor for cerebral palsy [9]. 
Moderate to late preterm infants with small gestational 
age also have a higher risk of developing CP, 
according to a meta-analysis by Zhao et al. [10]. CP is 
also predisposed to genetic factors. A recent study has 
shown that gene mutations were found in 1-2% of CP 
cases, most of which were familial. The genetic 
analyses of CP cases using the next-generation exome 
sequencing method reveal that up to 31% of sporadic 
CP cases have clinically relevant copy number 
changes of the gene, and 14% of cases have likely 
single-gene mutations. Because of the genetic 
variations' heterogeneity, more investigations need to 
be done to establish the genetic cause of CP [11]. 

3. MOTOR DEFICITS IN CEREBRAL PALSY 

Cerebral palsy (CP) is the primary cause of motor 
disability in children, some of whom need physical 
assistance for their daily activities [12]. Classification of 
cerebral palsy can be based on the number of limbs 
affected and the type of motor presentations of the 
patients [2]. Monoplegic CP affects only one limb, 
usually the arm, while diplegic CP involves two limbs, 

either upper or lower limbs. Hemiplegic CP affects the 
upper and lower limbs on one side of the body, 
whereas quadriplegic CP affects all four limbs [3]. 
Based on the motor disorder, cerebral palsy can be 
classified into three predominant subtypes, namely: 
spastic, ataxic, and dyskinetic [13]. Spastic CP can be 
unilateral or bilateral and is characterized by abnormal 
posture/movement, hypertonia, and hyperreflexia due 
to corticospinal tract damage. Ataxic CP is described 
as having an abnormal pattern of posture/movement 
and loss of orderly muscular coordination, often due to 
cerebellar damage. Dyskinetic CP is characterized by 
an abnormal pattern of posture/movement with 
uncontrolled stereotyped movements due to basal 
ganglia injury [14]. 

4. ROLE OF THE THALAMUS IN MOTOR 
PATHWAYS 

The thalamus acts as a relay station, an integration 
center that is involved in processing and transmitting 
motor and sensory signals between the cortex and 
other areas in the central nervous system, such as the 
basal ganglia, cerebellum, and spinal cord. The 
anatomical subdivision of the thalamus is based on the 
spatial locations of the group of nuclei. These are the 
anterior group of nuclei, the medial group of nuclei, the 
lateral group of nuclei, and the intralaminar nuclei. 
Functional subdivision of the thalamic nuclei is based 
on connections between the nuclei and the cerebral 
cortex. Functionally, the thalamic nuclei can be divided 
into motor relay nuclei, sensory relay nuclei, specific 
relay nuclei, and association nuclei.  

The motor relay nuclei of the thalamus are mainly 
the ventral anterior (VA) and ventral lateral (VL) nuclei 
(Figure 1). Regarding the motor pathway involving the 
thalamus, VA and VL thalamic nuclei relay the motor 
information from the deep cerebellar nuclei and basal 
ganglia to the cerebral cortex. Information from the 
somatic motor system, basal ganglia, and cerebellum is 
also relayed at the VA and VL nuclei before reaching 
the motor cortical areas [15]. The VA nucleus receives 
afferent fibers from the globus pallidus of basal ganglia 
and sends the efferent fibers to the premotor cortex, 
which is important for motor planning. The VL nucleus 
receives afferent fibers from the cerebellum and basal 
ganglia and sends the efferent fibers to the frontal 
cortex and primary motor cortex, which is important for 
movement and motor planning [16, 17]. 

The sensory relay nuclei consist of the ventral 
posterior medial (VPM) and ventral posterior lateral 
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(VPL) nuclei, the medial geniculate nucleus (MGN), 
and the lateral geniculate nucleus (LGN) (Figure 2). 
Somatosensory information from the orofacial region is 
relayed at the VPM, whereas information from the body 
is relayed at the VPL. The MGN is responsible for 
processing sensory information related to hearing, 
while the LGN is important for vision. Specific relay 
nuclei comprise the ventral tier of the lateral nuclear 
group. Specific relay nuclei have reciprocal 
connections with the sensory or motor cortex. 
Association nuclei indirectly receive sensory and motor 
information via a relay in other thalamic nuclei and 
various brain regions. Association nuclei consist of the 
dorsomedial nucleus (DMN), lateral dorsal nucleus 
(LDN), lateral posterior nucleus (LPN), and pulvinar 
nucleus [16, 17]. 

In order to understand the circuit between the 
thalamus and cortex, it is also convenient to divide the 
thalamus into dorsal and ventral regions according to 
its embryonic origin. The dorsal division consists of the 
nuclei within which are relay cells projecting to the 
cerebral cortex. The ventral division of the thalamus 
comprises the reticular nucleus and the ventral part of 
the LGN, both of which do not project to the cerebral 
cortex. The thalamic reticular nucleus gives out fibers 
to the thalamic relay cells in the dorsal division of the 
thalamus [18]. The dorsal part of LGN is included in the 
dorsal division of the thalamus and thus has 
connections with the cerebral cortex. So, only the relay 
nuclei in the dorsal division of the thalamus have direct 
connections with the cerebral cortex. 

 
Figure 1: Motor relay nuclei of the thalamus. 

 

 
Figure 2: Sensory relay nuclei of the thalamus. 
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5. PATHWAYS BETWEEN THALAMUS AND 
CEREBRAL CORTEX 

There are two main pathways between the 
thalamus and cerebral cortex, namely the 
thalamocortical pathways and corticothalamic 
pathways. Both pathways are further classified into two 
classes, which are driver (feedforward) and modulator 
(feedback) projections (Figure 2). The driver pathways 
transport the input between the neurons, while the 
modulator pathways regulate the driver information 
accordingly (Figure 3) [18]. The thalamocortical 
pathways involve projections from the thalamus to 
various areas of the cerebral cortex, including the 
motor cortex [19, 20]. The corticothalamic pathways 
involve projections from the cerebral cortex to the 
thalamus, helping modulate sensory information and 
motor responses.  

The cerebral cortex is organized into six layers that 
contain specific types of neurons according to their 
pathways [21]. The corticothalamic pathways are 
associated with layers V and VI of the cerebral cortices. 
The corticothalamic pathways from layer V are 
considered as feedforward (driver), whereas the 
corticothalamic pathways from layer VI are described 
as feedback (modulator) routes. However, the other 
layers of the cerebral cortex may also contain some 
input from the thalamus depending on the cortical area 
and the thalamic nuclei involved in that circuit [22]. The 
thalamocortical pathways involve three classes of 
neurons in the thalamic relay nuclei, namely, core, 
intralaminar, and matrix neurons. The core 

thalamocortical pathway is known as a driver 
(feedforward), while the matrix thalamocortical pathway 
is considered a modulator (feedback) projection [22]. 
Core neurons project into the middle layers of the 
cortex and innervate a single or several cortical 
regions. Matrix neurons project diffusely to superficial 
cortical layers, including layer I (Figure 3) [18]. 

One of the feedforward pathways includes the 
cortico-thalamo-cortical (transthalamic corticocortical) 
pathways. In the trans thalamic corticocortical circuit, 
there are two types of thalamic relay nuclei, which are 
first order nuclei and higher order nuclei. The first-order 
nuclei receive information from the subcortical course, 
whereas the higher-order nuclei receive input from a 
cortical area. Examples of the first-order nucleus and 
the higher-order nucleus are the lateral geniculate 
nucleus and pulvinar, respectively [18]. Thalamic motor 
nuclei, namely ventral anterior and ventral lateral 
nuclei, are organized in a mosaic pattern by input from 
basal ganglia and deep cerebellar nuclei. First-order 
nuclei zones receive the input from the cerebellum, 
while the higher-order nuclei zones receive the 
innervation from layer V of the motor cortex and also 
from the basal ganglia. 

The feedback pathway from the cerebral cortex to 
the thalamus involves two types of corticothalamic 
neurons, distinctively the neurons from layer VI and 
layer V of the cerebral cortex. Corticothalamic neurons 
from layer VI are small, pyramidal cells with narrow 
vertical dendrites. Upon leaving the cortex, their axons 
give off a few branches that surround the dendritic area 

 
Figure 3: Summary of the pathways between the thalamus and cerebral cortex (adapted from Sherman & Guillery [23]).  
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of the cell in the same layer VI. Their main axons 
descend subcortically to reach the thalamus only. They 
enter a confined area of the dorsal thalamic nucleus in 
a topographic manner, according to the related cortical 
region. In contrast, the corticothalamic neurons from 
layer V are large, pyramidal cells with a thick dendrite. 
Their axons give off collaterals that can initially ascend 
up to the cortical levels III and IV, then descend 
subcortically. Their subcortical target structures include 
not only the thalamus but also the brain stem and 
spinal cord [24,25]. The morphological differences of 
these neurons could also explain the unique relation 
between the cells in the thalamic nuclei and the 
associated individual areas of the cortex. 

6. BIOCHEMICAL SUBSTRATE OF THALAMO-
CORTICAL PATHWAYS 

On another note, there is a difference in the amount 
and types of calcium-binding proteins 
(calbindin/parvalbumin/calretinin) in the thalamic nuclei. 
Even though the biochemical implication of these 
proteins is unknown, they portray some significant 
associations. Parvalbumin is associated with the 
sensory and motor pathways and is highly targeted to a 
distinct cortical region. However, the calbindin is 
related to the subcortical pathways and less specific to 
the cerebral cortices. Pathways associated with 
parvalbumin sink deep into layers III and IV of the 
cerebral cortices, whereas the pathways containing the 
calbindin protein project onto the superficial cortical 
layers of I, II, and III.  

Thalamic nuclei with an abundance of calbindin are 
found to be lacking parvalbumin and vice versa. 
Intralaminar neurons, however, contain a mixture of 
calbindin and parvalbumin. These findings are 
beneficial in the study of the synchronization between 
thalamo-cortical circuits [24, 26]. Pathways between 
the thalamus and cerebral cortex can also be classified 
according to the neurotransmitter involved.  

The thalamo-cortical pathway is also known as the 
Glutamatergic pathway, which is the feed forward route 
[18]. Glutamate is the main excitatory neurotransmitter 
in the human central nervous system. The 
corticothalamic pathway is also known as the 
GABAergic pathway, which is the feedback track. 
Gamma-aminobutyric acid (GABA) is the main 
inhibitory neurotransmitter in the mammalian central 
nervous system. Thalamic relay cells are 
glutamatergic, whereas the reticular cells and 
interneurons are GABAergic [18]. Interneurons and 

reticular cells provide inhibitory information to the relay 
cells. The neurodegenerative disorder could be due to 
the impact of some disturbance in the receptor 
activities. Hence, modulating the pathways involving 
the glutamate receptor might be a therapeutic 
approach to these diseases [27]. The balance between 
excitatory and inhibitory activities is critical for normal 
neuronal function. 

7. PATHOGENESIS OF MOTOR IMPAIRMENT IN 
CEREBRAL PALSY 

In individuals with CP, motor pathways can be 
disrupted due to various forms of brain injury, such as 
periventricular leukomalacia, hypoxic-ischemic 
encephalopathy, or brain malformations. Periventricular 
leukomalacia is characterized by the death of small 
areas of brain tissue around the ventricles, leading to 
the loss of white matter, primarily affecting the motor 
pathways. Periventricular leukomalacia is a specific 
type of white matter abnormality in patients with 
"ventriculomegaly with irregular outlines of the trigone 
and body of the lateral ventricle, a small amount of 
periventricular white matter, deep prominent cerebral 
sulci, and periventricular signal defects of low intensity 
on T1-weighted images and high intensity on T2-
weighted MRI images" [28, 29]. Hypoxic-ischemic 
encephalopathy occurs due to oxygen deprivation 
around the time of birth. It can cause widespread brain 
damage, affecting both the thalamus and motor cortex, 
leading to various forms of CP [28, 30]. Brain 
malformations are abnormal brain development that 
can directly impact the formation and function of motor 
pathways, leading to motor deficits.  

The specific biochemical pathways contributing to 
motor dysfunctions in CP are diverse and involve 
various aspects of neurodevelopment, 
neurotransmission, inflammation, and metabolic 
processes. Some deep mechanistic insights into how 
specific biochemical pathways contribute to motor 
dysfunction in CP include neuroinflammation, oxidative 
stress, excitotoxicity, altered GABAergic signaling, 
abnormal extracellular matrix, and lack of maternal 
growth factor [31]. The pathway for neuroinflammation 
involves the activation of microglia and astrocytes, 
leading to the release of pro-inflammatory cytokines 
and reactive oxygen species (ROS) [32]. Compared to 
controls, CP patients had higher levels of five growth 
factors (GFs) (NGF-β, EGF, GDF-15, G-CSF, and 
BMP-9) and one anti-inflammatory cytokine (IL-10), as 
well as eight pro-inflammatory cytokines (IFN-γ, GM-
CSF, TNF-α, IL-2, IL-4, IL-6, IL-17A, and IL-12) [33]. 
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These inflammatory mediators can cause neuronal 
injury and disrupt the development of motor pathways, 
leading to motor dysfunction. Persistent inflammation is 
linked to altered synaptic plasticity and neuronal 
network formation, affecting motor control [34]. 
Excessive inflammatory cytokines cause cell apoptosis, 
leading to hypoxic ischaemic conditions [31]. It was 
previously established that hemodynamic pathways 
and oxidative stress were important factors in the 
pathophysiology of brain damage in preterm newborns 
prior to 32-week gestation [35]. Premature babies are 
particularly vulnerable to oxidative damage because of 
an imbalance caused by excess free radicals and low 
levels of antioxidant enzymes, including glutathione 
reductase, superoxide dismutase, catalase, and 
glutathione peroxidase [35]. Compared to healthy 
control, GABAergic receptor binding potential was 
increased in CP within the paracentral lobule, cingulate 
cortex, visual cortex, and cerebellum despite significant 
grey matter volume reduction, whereas the receptor 
binding potential was diffusely decreased in the 
prefrontal, temporal, parietal, and subcortical nuclei 
[36].  

Lesions in the grey matter may also contribute to 
cerebral palsy, which includes motor cortex 
dysfunction, thalamic dysfunction, and subcortical 
damage [37]. For motor cortex dysfunction, lesions in 
the motor cortex can result in spasticity, where muscles 
are continuously contracted. This makes movement 
difficult and can cause stiffness. For thalamic 
dysfunction, damage to the thalamus can result in 
altered sensory processing, affecting motor planning 
and execution. The thalamus' role as a sensory relay is 
crucial for coordinated movement. For subcortical 
damage, injury to subcortical areas like the basal 
ganglia can lead to dyskinetic CP, characterized by 
involuntary movements, such as dystonia (twisting 
movements) and athetosis (slow, writhing movements). 

8. FINDINGS OF MOTOR PATHWAY DISRUPTIONS 
BETWEEN THALAMUS AND CEREBRAL CORTEX 
IN CEREBRAL PALSY 

As mentioned earlier, the motor pathways between 
the thalamus and cerebral cortex in individuals with CP 
could be disrupted or damaged due to various forms of 
brain injury, such as periventricular leukomalacia, 
hypoxic-ischemic encephalopathy, or brain 
malformations [38]. Thalamocortical pathway damage 
can affect the relay of sensory and motor information, 
contributing to the impaired motor function seen in CP. 
The thalamus might receive and send distorted signals 

to the motor cortex. Corticothalamic pathway 
alterations could impair the feedback mechanism 
essential for fine-tuning motor activities. 

Based on a systematic review of neuroimaging in 
cerebral palsy by Korzeniewski et al. [28], the majority 
of cerebral palsy patients (83%) have some abnormal 
radiological findings, with the white matter disruption 
(including motor pathways) being the most common 
cause. However, about 17% of the patients have no 
abnormal findings on MRI or computed tomography 
(CT) scans. Other common radiological findings in 
cerebral palsy include ventriculomegaly, cerebrospinal 
fluid space abnormalities, and brain atrophy, whereas 
solely grey matter damage is the rarest. The diagnosis 
of CP is primarily based on the patient's clinical 
presentation. Neuroimaging is not mandatory to 
diagnose cerebral palsy; however, it provides 
significant value in the study of the etiology and 
pathogenesis of the disease. Neuroimaging, which 
includes magnetic resonance imaging (MRI) or 
computed tomography (CT) scan, was suggested by 
The American Academy of Neurology for all cases of 
cerebral palsy of unknown cause [28,39]. In diffusion 
MRI, the motor pathways disruption can be 
quantitatively analyzed using the tractography method 
and then reported in terms of connectivity or 
connection probability index. In functional MRI, the 
motor pathways can be reported as functional 
connectivity, as mentioned in the subsequent sections. 

Mahanna et al. [40] showed the involvement of 
superior, anterior, and posterior thalamic radiation 
disruption in cerebral palsy based on a diffusion MRI 
study on the thalamocortical pathways in CP patients. 
Zhang et al. [41] performed a diffusion tensor imaging 
(DTI) study investigating the topological characteristics 
in bilateral spastic cerebral palsy. For the motor 
cortices, they discovered that only the reduction in 
connectivity to left premotor cortex 2 (left middle frontal 
gyrus) and right premotor cortex 3 (right inferior frontal 
gyrus pars triangularis) in spastic cerebral palsy 
revealed a significant difference with the healthy 
children. A possible factor for this result could be 
associated with the thalamic GABAergic pathways. In 
principle, the increased activity of the thalamic 
GABAergic pathway would result in fewer connections 
between the thalamus and motor cortices due to its 
inhibitory GABA effect. However, some damage to the 
GABAergic pathway resulted in reduced inhibition, thus 
increasing the connection probability indices between 
the thalamus and the motor cortices [42,43]. An 
increase in thalamic connectivity could also be 
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regarded as the compensatory mechanism in the 
lesioned brain. 

Two hemiplegic spastic CP patients in the diffusion 
MRI study by Mukhtar et al. [44] showed the 
connectivity pattern of distribution that corresponded to 
their clinical presentation. It was evident from the 
substantially lower values of connection probability 
indices in one hemisphere that the patients had 
unilateral brain lesions causing the contralateral motor 
impairment, as evidenced by their neurological 
examination findings. Both unilateral spastic cerebral 
palsy patients in the current study were born preterm. 
This would impose a higher risk for these patients to 
develop perinatal stroke, leading to a decrease in the 
thalamo-cortical connectivity. 

Several studies have agreed that brain connectivity 
in spastic cerebral palsy was variable, consistent with 
the findings of the current study [45-47]. Simon-
Martinez et al. [48] reported that the abnormal 
functional connectivity was also dependent on the 
corticospinal tract wiring in individuals rather than 
specific across all unilateral CP populations. They 
performed a functional MRI study on the connectivity 
between the primary motor cortex, premotor cortex, 
supplementary motor area, and primary somatosensory 
areas in unilateral cerebral palsy. They found that the 
group with contralateral corticospinal tract lesions 
showed higher connectivity between the primary motor 
cortex and premotor cortices. Meanwhile, the bilateral 
corticospinal tract lesion group showed higher 
connectivity in the other region, between the primary 
motor cortex and somatosensory association areas in 
the dominant hemisphere. 

In the study by Mukhtar et al. [44], it was found that 
decreased connection probability indices (CPI) 
between the thalamus and motor cortices showed that 
these pathways faded away in cerebral palsy patients. 
This finding was supported by Burton et al. [49] study 
that stated the thalamocortical pathways were "absent 
or diminished" in the spastic diplegic cerebral palsy and 
was superseded by higher intracortical connections. 
They performed a functional MRI study on the motor 
and somatosensory areas in the spastic diplegic 
cerebral palsy. Abnormal motor connectivity in cerebral 
palsy was attributed to the white matter insult causing 
injury to the subplate neurons during the third trimester 
period [49, 50]. The subplate is described as the 
temporary layer below the cortical plate and comprises 
subplate neurons and extracellular matrix. Subplate 
neurons play a key role in the establishment of the 

thalamocortical axons and the first neuronal pathway 
between the thalamus and layer IV of the cerebral 
cortex [51]. Hence, the damage of the subplate 
neurons may suppress the formation of the 
thalamocortical axons in cerebral palsy patients and 
could explain the least connection probability indices 
between the thalamus and some motor cortices in the 
current study. The decreased CPI value could also be 
related to some distortion in the MRI images of the 
respective patients. 

The variability of clinical presentation of cerebral 
palsy reflects different regions of brain injury related to 
its function. Hence, a study on impaired brain 
structures is vital because the anatomical connectivity 
in the brain reflects the motor functions in CP [52,53]. 
Understanding the specific motor pathway disruption in 
cerebral palsy is important in deciding the appropriate 
treatment strategies for CP patients. The rehabilitation 
treatment must be tailored to the specific condition to 
improve motor functions in CP patients [54]. 

Diffusion MRI enables the motor pathways in terms 
of white matter tracts to be visualized and analyzed in 
vivo. It provides both qualitative and quantitative 
measures of the integrity of white matter. This MRI 
modality can be considered a diagnostic and 
prognostic tool for various neurological conditions. The 
current study provided evidence that the white matter 
tracts in these pathways were mostly disrupted in 
cerebral palsy implicated in motor impairment. The 
current work also revealed the uniqueness of the brain 
wiring in cerebral palsy in accordance with the patient's 
clinical presentation. These findings added up to the 
understanding of the pathophysiology of motor 
disability in spastic cerebral palsy patients. It can offer 
input towards targeted therapy and rehabilitation to 
improve the motor functions of cerebral palsy patients. 
The thalamus, particularly the lateral motor nuclei as 
well as the ventral anterior and ventral intermediate 
nuclei, is a target for deep brain stimulation in cerebral 
palsy [55]. The thalamus was also found to be a target 
for the treatment of repetitive transcranial magnetic 
stimulation (rTMS) to improve motor function in 
cerebral palsy [41]. Perhaps the patients could 
experience some improvement in daily activities, 
especially with the reduction in spasticity of upper and 
lower limbs, following treatment and therapy. 

9. CONCLUSION 

This review focuses on the motor pathways 
between the thalamus and cerebral cortex in CP, a 
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neurodevelopmental disorder that impairs motor 
functions due to brain lesions. It is essential to 
investigate the integrity of motor tracts between the 
thalamus and cerebral cortex in CP patients to 
correlate with their symptoms of motor impairment as it 
involves processing and transmitting motor signals to 
the cortex [56]. CP's impact on motor pathways, 
particularly the corticospinal, thalamocortical, and 
corticothalamic tracts, leads to various motor deficits 
classified into spastic, ataxic, and dyskinetic subtypes. 
The role of the thalamus as a motor relay station is 
very crucial in these pathways because conditions like 
periventricular leukomalacia or hypoxic-ischemic 
encephalopathy result in motor impairments. Advanced 
imaging techniques like diffusion MRI and functional 
MRI have shown altered connectivity in CP, 
highlighting the importance of these pathways in 
understanding and treating CP.  

These pathways illustrate the complexity of the 
underlying mechanisms contributing to motor 
dysfunction in CP. A deeper understanding of the 
additional biochemical pathways can guide therapeutic 
strategies to modulate these processes to improve 
motor function in individuals with cerebral palsy. 
Significant efforts have been directed towards 
enhancing the accurate diagnosis of CP in early 
childhood, hence implementing early interventions to 
improve functional outcomes [5]. To effectively target 
early intervention in CP prevention, it is essential to 
comprehend all of the pathways involved in cerebral 
palsy. Currently, a few methods have been identified to 
reduce the risk of developing CP, including the 
administration of magnesium sulfate to mothers in 
preterm labor and hypothermia therapy in full-term 
newborns with moderate neonatal encephalopathy [31]. 

Findings of the advanced MRI modalities suggest 
that targeted therapies, such as deep brain stimulation 
and repetitive transcranial magnetic stimulation, could 
improve motor functions in CP patients by addressing 
specific pathway disruptions. Since there has been 
considerable intervention for motor outcomes in CP, 
other measures should also be performed to improve 
non-motor symptoms, such as speech, behavioral, 
cognitive, or intellectual outcomes. Hence, a holistic 
approach is crucial and needed to assist these special 
needs children for a better future. 
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LIST OF ABBREVIATIONS 

CP = cerebral palsy 

CPI = connection probability indices 

CT = computed topography 

DMN = dorsomedial nucleus 

DTI = diffusion tensor imaging 

LDN = lateral dorsal nucleus 

LGN = lateral geniculate nucleus 

LPN = lateral posterior nucleus 

MGN = medial geniculate nucleus 

MRI = magnetic resonance imaging 

rTMS = repetitive transcranial magnetic stimulation 

VA = ventral anterior 

VL = ventral lateral 

VPL = ventral posterior lateral 

VPM = ventral posterior medial 
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