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A B S T R A C T

Objectives: Multiple sclerosis (MS) is a neurodegenerative, autoimmune inflammatory illness with diverse 
symptoms, including movement disorders (MDs). Thus, we aimed to identify the prevalence and radiological 
findings of movement disorders (MDs) experienced by patients with multiple sclerosis (PwMS).
Materials and methods: We conducted a cross-sectional study on MS patients who reported MDs between 
September 2022 and March 2024. We reported the MRI findings of movement disorders that occur in PwMS.
Results: Among 330 screened MS patients, 76 (58 % female, mean age 27.76 years) had MDs. All patients showed 
periventricular lesions, with significant percentages displaying juxtacortical (92 %), cortical (32 %), frontal 
subcortical (44 %), and lentiform nucleus lesions (43 %). Parietal, temporal, and occipital subcortical lesions 
were less common. Bilateral lesions were prevalent across most subcortical areas, notably in the frontal 
subcortical region (69.7 %). Less frequently affected areas included the caudate nucleus, internal capsule, 
thalamus, and subthalamus, with varying laterality. Infratentorial lesions, mainly in the pons (66.2 %), also 
involved the midbrain and cerebellum, with a balanced left-right distribution. Peri-ependymal brainstem lesions 
occurred in 38.1 %, and cervical spine abnormalities in 80.3 %.
Conclusions: This study emphasizes the frequency and radiological features of MDs in PwMS. The MRI results 
indicate a widespread and varied distribution of lesions, which aligns with the range of clinical symptoms 
observed in MS patients.

1. Introduction

The central nervous system is affected by MS, a chronic autoimmune 
disease that damages axons and causes myelin to be lost. Among the 
leading causes of non-traumatic neurological damage in young people, it 
requires special attention. The latest estimate of MS cases is 2.8 million 
globally, with a prevalence rate of 35.9 per 100,000 individuals in 2020 
[1,2]. Symptoms that patients may experience include numbness, motor 
weakness, vision problems, unsteadiness of gait, dizziness, bladder is
sues, tiredness, and depression [3]. Research has linked demyelinating 
diseases (DDs) to movement disorders (MDs) [4]. In the past, MDs were 
thought to be uncommon in people with multiple sclerosis (MS) [5]. The 
precise incidence and prevalence of movement disorders in multiple 

sclerosis remain ambiguous due to the predominance of retrospective 
investigations, which are primarily derived from brief case series or 
review papers [6]. Some movement problems, such tonic spasms and 
paroxysmal focal dystonia, are very indicative of multiple sclerosis and 
may even be the first sign of the disease. If multiple sclerosis is not 
promptly recognized as a potential cause of a newly reported MD, the 
initiation of disease-modifying therapy (DMT) may be missed [7].

Movement abnormalities frequently arise as a consequence of the 
demyelinating or neurodegenerative processes associated with multiple 
sclerosis. This connection may be evaluated on a case-by-case basis 
because of the varied mechanisms and trajectories involved [8]. MS 
plaques affecting the extrapyramidal pathway at various levels can 
cause MDs in MS patients, leading to aberrant neural plasticity [5]. A 
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prior study identified human anti-basal ganglia antibodies in the patient 
presented. This observation supported a potential causal connection 
between MD and MS [9]. Multiple subcortical grey matter comprises 
myelinated fibers, and plaques associated with movement problems are 
predominantly located in the striatum, pallidum, thalamus, and most 
frequently, the brainstem. Nonetheless, in most documented instances, a 
correlation between the location of plaques and movement abnormal
ities, including dystonia, was not established [8,10]. MDs can appear 
shortly after spinal or brainstem/cerebellar relapses, and in some cases, 
they may even be the first symptom of an MS relapse [7]. MDs, such as 
ataxia, tremors, and restless legs syndrome (RLS), are acknowledged in 
PwMS. However, their radiological correlations remain largely unex
plored. Most of the current literature is based on small case series or 
retrospective studies, weakening the evidence and the ability to draw a 
firm conclusion. In addition to that, correlating specific lesion locations 
with the onset or type of MDs in PwMS has not been thoroughly inves
tigated. Conducting this study will address these gaps, enriching the 
literature with evidence regarding the prevalence and radiological 
findings associated with MDs noted in a well-defined cohort of MS 
patients.

2. Subjects and methods

2.1. Study design and setting

We conducted a single-center cross-sectional study on diagnosed 
multiple sclerosis patients who had movement disorders during their 
disease course. Those patients were either admitted to our institution or 
followed up in our outpatient clinic at Al-Azhar University Hospitals (Al- 
Hussein and El-Sayed Galal hospitals) between September 2022 and 
March 2024.

2.2. Ethical considerations

All procedures performed in studies involving study participants 
were in accordance with the institutional and/or national research 
committee’s ethical standards, as well as the 1975 Helsinki Declaration 
and its later amendments or comparable ethical standards [11]. We 
obtained written-informed consent from all the patients included in the 
study.

We carried out this study based on the recommendations of the 
ethical committee. The Institutional Review Board (IRB) number was 
Neuro-Med._0000044. The study was registered with the Clinical Trials 
Registry under the registration number (NCT05973929). Prior to the 
study processing, all participants received clear illustrations of all clin
ical interventions.

2.3. Participants selection and data collection

Apart from the screened 320 MS patients, this cross-sectional study 
included 76 patients with MS who had MD, with a mean age of 27.7 
years, and a majority of women (58 %). Those 76 patients were included 
if: 

1. Diagnosed with MS based on the revised McDonald criteria (2017).
2. Presented with MDs during their disease course, either linked to MS 

relapse or occurring independently.

Additionally, we excluded patients with: 

1. Conditions mimicking MS-associated MDs, such as systemic lupus, 
overlap syndromes, CNS infections, or Behçet’s disease.

2. Systemic illnesses causing MDs, such as hepatic failure, renal failure, 
or hyperthyroidism.

3. Primary movement disorders or other neurodegenerative diseases 
unrelated to MS.

We conducted a clinical evaluation of all included patients, which 
encompassed a comprehensive general and neurological history and 
examination, along with demographic information such as age, sex, 
occupation, education level, marital status, and co-morbid medical 
conditions. Also, we obtained the MS history for each case (including the 
MS onset and the MS type).

Participants underwent a magnetic resonance imaging (MRI) scan 
using a closed Philips Achieva 1.5 Tesla. All patients were radiologically 
evaluated using MRI on brain and spine using 1.5 Tesla scanner and 
when needed intravenous contrast (Gadolinium) has been used to 
highlight the lesions. This test can illustrate the nature and the distri
bution of the lesions for differential diagnosis, balancing between lesion 
detection sensitivity and accessibility, particularly in resource-limited 
settings like ours.

The MRI Brain studied sequences were axial T1 weighted image 
without contrast (and post-contrast when needed), axial T2 weighted 
image, axial fluid-attenuated inversion recovery (FLAIR) sequence for 
lesion detection and lesion load estimation, sagittal FLAIR sequence for 
better evaluation of lesion location in reference to the lateral ventricle, 
and axial Double inversion recovery for detection of cortical lesions.

The MRI Spine sequences were sagittal T1 without contrast (and 
post-contrast when needed), sagittal T2 weighted image, axial T2 
weighted image, and sagittal STIR (Short tau or short TI inversion re
covery)/ proton density for better lesion visualization.

MRI lesions were reported as either supratentorial, infratentorial, or 
spinal. We reported the MRI lesions detected in all mentioned MRI se
quences, especially T2 sequence (which showed infratentorial lesions 
better) or the FLAIR sequence (which showed supratentorial lesions 
better) [13].

The 1.5 tesla MRI is the most widely used in Egypt. We addressed the 
interobserver variability, assigning two independent neuro-radiologists 
with extensive experience in MS imaging for lesion interpretation. 
Additionally, a consensus was reached on the conflict to ensure accuracy 
and reliability in reporting.

2.4. Sample size calculation

We calculated the sample size for movement disorders, specifically 
abnormal or involuntary movements, in a clinically and radiologically 
presented sample of multiple sclerosis patients. Based on reported 
similar data in Abboud et al. [7]. To be able to reject the null hypothesis 
with 90 % power at the α = 0.05 level using one-way analysis of variance 
and test ratio, and with a 15 % dropout rate considered, we found that 
the minimum sample size was 57 people. We used G*Power software 
version 3.1.2 for Microsoft Windows to calculate the sample size [14].

2.5. Statistical analysis

We summarized all assessment data, including demographics, using 
descriptive techniques specific to the data type. We summarized the 
quantitative variables using the following parameters: mean, standard 
deviation, and the 2-sided 95 % confidence interval (CI) of the mean, 
median, minimum, and maximum. We summarized the qualitative 
variables using the following parameters: the number of non-missing 
data, counts, and percentages. We used independent t-tests in the non- 
paired comparison. We used the chi-square test for categorical data 
analysis. We conducted all data analyses using SPSS version 25.0 [15]. 
P-values <0.05 were specified as the threshold for statistical 
significance.

3. Results

3.1. Demographic characteristics

We screened 320 MS patients in total, including 76 patients of them 
with MDs in our cross-sectional study. The mean age was 27.76 years, 
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with a majority of female patients (58 %) and relapsing-remitting MS 
character (83 %) with mild disability (median EDSS score 2). Most pa
tients were free of comorbidities, students (34 %), unmarried (57 %), 
and resided in urban areas (84 %). The baseline characteristics are 
shown in detail in Table 1.

3.2. Movement disorders (MDs) characteristics

Among the 76 participants included, 64.5 % (49) had one MD, 34.2 
% [26] had two MDs, and 1.3 % had three MDs, as shown in Fig. 1.

Ataxia was the most common 1st occurring MD was ataxia (42 %), 
followed by extensor spasms (17 %), tremors (13 %), RLS (11 %), and 
epilepsy (5.3 %). Notably, chorea, dystonic tremors, and fasciculations 
were absent in this group. Other MDs were infrequent, including spas
ticity, nystagmus, and functional MDs, which were present each in two 
cases (2.6 %). Additionally, dystonia. PHKD, HFS and pseudo athetosis 
were noticed each in one case (1.3 %), as shown in Table 2.

Participants with a second MD displayed a distinct pattern of MD 
frequency. While MDs like ataxia, extensor spasms, tremors, and RLS 
showed lower prevalence compared to the 1st MD group with 6.6 %, 3.9 
%, 7.9 %, and 5.3 %, respectively, they continued to be the most pre
sented MDs in the second group. Unlike the absence in the1st group, 
fasciculations were presented in two cases in the second group (2.6 %). 
Additionally, nystagmus and functional MDs were absent. Other than 
that, the rest of the MDs were reported individually, each in one case 
(1.3 %), as shown in Table 2.

3.3. MRI findings in the included participants

Fig. 2 shows the sum and frequency of magnetic resonance imaging 
(MRI) results in Multiple Sclerosis (MS) patients with MDs. The details 
were as follows:

3.3.1. General MRI findings for supratentorial area in MS patients
All patients (100 %) exhibited periventricular lesions, while a sub

stantial proportion displayed cortical (32 %), juxtacortical (92 %), 
frontal subcortical (44 %) and lentiform nucleus (43 %) lesions. Parietal 
subcortical, temporal subcortical, and occipital subcortical involvement 
were less frequent, occurring in 38 %, 24 %, and 27 % of patients, 
respectively. Regarding laterality, bilateral lesions were common in 
most subcortical regions, with the frontal, parietal and temporal 
subcortical areas showing the highest prevalence of bilateral involve
ment (69.7 %), (51.7 %) and (13 %), respectively. In contrast, the oc
cipital subcortical area was dominant on the right side (52.6 %). 
Additionally, the caudate nucleus and internal capsule displayed left and 
left posterior limb laterality with (50 %) and (42.8 %), respectively 
despite affecting smaller percentage of patients. Thalamus lesions were 
present in third of the patients whereas subthalamus involvement was 
only present in three cases. Notably, corona radiata and corpus callosum 
lesions were present in 6.6 % of patients, with left predominance of 
corona radiata. Deep cortical and cortical lesions were rare, affecting 
only 2.6 % and 5.3 % of patients, respectively. The complete details are 

Table 1 
Demographic characteristics of MS patients. It summarizes key details such 
as age, gender, marital status, and comorbidities for the study population.

Demographic Characteristic N = 76
1Age, [years] 27.76 ± 9.392
Gender ​

Female 44 (58 %)
Male 32 (42 %)

Rural/ Urban ​
Rural 12 (16 %)
Urban 64 (84 %)

Occupation ​
Not working 8 (11 %)
Housewife 17 (22 %)
Student 26 (34 %)
Working 25 (33 %)

Marital status ​
Divorced 3 (3.9 %)
Married 30 (39 %)
Single 43 (57 %)

Comorbidity ​
No 68 (89 %)
DM 2 (2.6 %)
Smoking 6 (7.9 %)

MS history ​
MS type ​
RRMS 62 (83 %)
SPMS 11 (15 %)
PPMS 2 (2.7 %)
2Total disease duration (months) 30 [12 - 62]
2EDSS* 2 [1 - 8]

1 Mean ± SD. 2Median [IQR]. * Median [range]. 
MS; multiple sclerosis. EDSS, Expanding disability status scale. SPMSS; 

secondary- progressive Multiple Sclerosis. RRMS; relapsing-remitting Multi
ple Sclerosis. PPMS; primary-progressive Multiple Sclerosis.

Fig. 1. Frequency distribution of MDs among participants, illustrating the number and types.
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described in Table 3.

3.3.2. General MRI findings for infratentorial and spine cervical areas in 
MS patients

The data showed a high prevalence of infratentorial lesions, with the 
pons being the most commonly affected area (66.2 %), followed by the 
middle cerebellar peduncle (MCP) (61.8 %), the infratentorial peri 
ependymal brain stem (31.6 %) and midbrain (26.3 %). Notably, there 
was a relatively balanced distribution of lesions between the left and 
right hemispheres in most infratentorial regions, with slight left pre
dominance. Regarding the cervical spine, MRI evidence of lesions was 
found in 80.3 % of patients. The complete details are described in 
Table 4.

3.4. Association between the different areas of MRI lesions and MDs 
occurrence (either 1st or 2nd MD)

3.4.1. Association between supratentorial areas and MD occurrence
While there are numerical differences in the meantime to the first 

MD occurrence between groups with and without lesions in various 
brain regions, none of these differences reached statistical significance, 

as shown in Table 5. This suggests that the location of the supratentorial 
lesion does not significantly influence the timing of the initial MD onset 
in this patient cohort.

The supra tentorial cortical area is associated with a significantly 
later onset of the second MD compared to those without lesions (mean 
73.67 months vs. 27.74 months, P = 0.016). However, this finding is 
based on a small subset of 9 patients with both supratentorial cortical 
lesions and a second MD. As such, it may reflect variability due to 
limited sample size rather than an actual delay effect. Further studies 
with larger cohorts are needed to confirm or refute this observation. 
Additionally, no significant differences for other brain regions were 
found, as shown in Table 5.

3.4.2. Association between infratentorial areas and MD occurrence
No significant difference was observed between the first MD occur

rence and groups with and without lesions in various infratentorial brain 
regions, as shown in Table 6. This suggests that the location of the 
Infratentorial lesion does not significantly influence the timing of the 
initial MD onset in this patient cohort.

The Infratentorial pontine area was associated with a significantly 
earlier onset of the second MD compared to those without lesions in this 
area (mean 30.2 months vs. 73.25 months, P = 0.031). There was also a 
significant difference concerning the infratentorial cerebellar vermis 
lesions, where we noted later onset in patients with lesions compared to 
those without (mean 121.5 months vs 37 months, P = 0.016). However, 
this also can be attributed to the sample size of patients having both 2nd 

MD and infratentorial cerebellar vermis lesions. There were no signifi
cant differences for other brain regions, as shown in Table 6.

4. Discussion

Movement problems are thought to be less common in people with 
MS than others [4]. The true frequency and incidence of MS and MDs are 
unclear because most previous research on the subject has relied on 
retrospective studies, small case series, or review papers [6]. Resources 
that assess MDs in MS vary in terms of clinical features as well as reliable 
prevalence statistics [4,7,16]. The link between the two occurrences 
could be causal or coincidental [5]. Certain MDs have symptoms that 
clearly suggest the presence of MS, prompting an immediate diagnosis 
and treatment. PwMS often have problems with their movements [16]. 
PwMS may have abnormal neuronal plasticity due to MS plaques that 
impact the extrapyramidal pathway at different levels [5]. MDs can 
manifest soon after a relapse in the spinal cord or the brainstem/cer
ebellar region, and in rare instances, they can even be the initial sign of a 
relapse in MS [7]. Thus, in this study, we aim to determine the MRI 
characteristics of movement disorders in patients with MS (PwMS).

4.1. Main findings

We included 76 MS patients, with a prevalence rate (76/320 = 23.75 
%), while the prevalence rate of Abboud et.al., study was (60/198 =
30.3 %) [7]. This can be attributed to different study populations and 
methodologies. The mean age of the studies group was 27.7 years, 58 % 
of whom were female. In our study, we observed the total percentages of 
most prevalent MDs in PwMS were 48 % for ataxia, 21 % for tremors, 
and 15 % of the cohort displayed RLS and tremors were. Also, the total 
percentage of extensor spasms were present in 21 % of PwMS.

4.2. Movement disorder characteristics

Most of the MDs reported in our study (either 1st MD or 2nd MD) 
occurred in early MS. Abboud et al. had previously noted this result [7]. 
Ataxia was the most common MD in our study. This result aligns with the 
retrospective study that describes MDs in MS and other demyelinating 
diseases [17]. Studies reporting the prevalence of ataxia in patients with 
MS are lacking. However, studies suggest that ataxia can occur at a 

Table 2 
Prevalence and distribution of different movement disorders (MDs) observed 
among participants, categorized by frequency and type.

1st MD 2nd MD
MD N = 76 N = 76

Extensor spasm ​ ​
No 63 (83 %) 73 (96 %)
yes 13 (17 %) 3 (3.9 %)

Ataxia ​ ​
No 44 (58 %) 71 (93 %)
yes 32 (42 %) 5 (6.6 %)

RLS ​ ​
No 68 (89 %) 72 (95 %)
yes 8 (11 %) 4 (5.3 %)

Tremors ​ ​
No 66 (87 %) 70 (92 %)
yes 10 (13 %) 6 (7.9 %)

Chorea ​ ​
No 76 (100 %) 75 (99 %)
yes 0 1 (1.3 %)

Dystonia ​ ​
No 75 (99 %) 75 (99 %)
yes 1 (1.3 %) 1 (1.3 %)

Dystonic tremors (DT) ​ ​
No 76 (100 %) 75 (99 %)
yes 0 1 (1.3 %)

Epilepsy ​ ​
No 72 (95 %) 75 (99 %)
yes 4 (5.3 %) 1 (1.3 %)

Spasticity ​ ​
No 74 (97 %) 75 (99 %)
yes 2 (2.6 %) 1 (1.3 %)

PHKD ​ ​
No 75 (99 %) 75 (99 %)
yes 1 (1.3 %) 1 (1.3 %)

HFS ​ ​
No 75 (99 %) 75 (99 %)
yes 1 (1.3 %) 1 (1.3 %)

functional MD ​ ​
No 74 (97 %) 76 (100 %)
yes 2 (2.6 %) 0

pseudoathetosis ​ ​
No 75 (99 %) 75 (99 %)
yes 1 (1.3 %) 1 (1.3 %)

Nystagmus ​ ​
No 74 (97 %) 76 (100 %)
yes 2 (2.6 %) 0

fasciculation ​ ​
No 0 74 (97 %)
yes 0 2 (2.6 %)

1n ( %)
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prevalence rate of up to 80 %, with symptoms being more common in 
patients with progressive disease [18,19]. However, other studies 
showed that RLS is the commonest demyelination-related movement 
disorder [7]. Furthermore, one study reported that tremors were more 
prevalent in MS, with reported prevalence percentages ranging between 
25 % and 58 % in PwMS [20]. Our study found that the total RLS had a 
prevalence of just 15 % among individuals with MS. However, the 
prevalence of RLS in PwMS aligns with the previous research, which 
ranging from 13 % to 65 % [21–23].

4.3. Interpretations for the study MRI findings

Our study MRI scans revealed that all MS patients had periven
tricular lesions, confirming the typical imaging pattern associated with 
the disease. The presence of periventricular lesion (PVL) has been 
considered a hallmark of multiple sclerosis as mentioned in the Revised 
McDonald Criteria for Multiple Sclerosis [12]. Juxtacortical lesions were 
also highly prevalent (92 %), which aligns with the known predilection 
of MS for white matter regions adjacent to the cortex. Subcortical lesions 
were observed in various regions, with the frontal subcortical area 
showing the highest bilateral involvement (69.7 %), emphasizing the 
extensive and multifocal nature of MS pathology [24].

Interestingly, a significant proportion of patients exhibited lesions in 
the lentiform nucleus (43 %) and other deep gray matter structures, 
though the caudate nucleus, internal capsule, thalamus, and sub
thalamus were less frequently affected. This distribution suggests a 
predilection for both white and gray matter involvement in MS, which 
may contribute to the diverse clinical manifestations observed in these 
patients [25]. Those affected areas also reported in prior studies [8]. 
Lesions in the corona radiata were relatively uncommon, seen in only 
6.6 % of patients, predominantly on the left side, indicating a possible 
lateralization preference in lesion development [25]. The presence of 
infratentorial lesions was notably high, with the pons being the most 
frequently affected area (66.2 %). The involvement of the midbrain and 
cerebellum, including its various components, further highlights the 
widespread nature of MS lesions beyond the supratentorial regions. The 
balanced distribution of lesions between the left and right hemispheres 
in most infratentorial regions suggests a more symmetrical involvement 
pattern in these areas in our cohort [25]. This observation goes with 
similar results of previous studies that showed a higher prevalence of 
brain stem and cervical spine lesions [26,27]. Peri ependymal brain stem 

lesions were present in 38.1 % of cases, which could be indicative of the 
disease’s tendency to affect periventricular regions extending into the 
brainstem. The high prevalence of cervical spine lesions (80.3 %) un
derscores the significant spinal involvement in MS, contributing to the 
clinical symptoms of weakness, sensory disturbances, and gait abnor
malities frequently observed in these patients [25]. Gait ataxia is usually 
caused by injury to the anterior lobe of the cerebellum [28].

Overall, these findings reflect the heterogeneous and widespread 
nature of MS pathology, affecting multiple brain and spinal cord regions. 
This extensive lesion distribution correlates with the diverse and often 
severe clinical symptoms seen in MS patients, highlighting the need for 
comprehensive and individualized diagnostic and therapeutic 
approaches.

The association of pontine and cerebellar vermis lesions with earlier 
onset of the second MD (p = 0.03 and p = 0.02, respectively) suggests 
specific infratentorial regions may play a critical role in MD progression. 
Identifying these associations could aid in predicting clinical trajectories 
and tailoring interventions. The observed delay in the second MD onset 
in patients with supratentorial cortical lesions (mean 73.67 months vs. 
27.74 months) was unexpected. While this may reflect protective or 
modulatory mechanisms, it is more likely due to the small sample size (n 
= 9), necessitating cautious interpretation and further research.

4.4. Strengths of the study

This study provides a thorough examination of MDs in a well-defined 
cohort of MS patients, which is not well-covered in the literature. Also, 
only a few studies in the world discussed this topic and, to the best of our 
knowledge, this is the first study in our region to discuss this research 
topic. This integrated approach enhances our understanding of the 
relationship between clinical symptoms and neuroimaging results. The 
study includes a variety of movement disorders, such as ataxia, tremors, 
RLS, alongside MRI findings. This diversity offers a broad perspective on 
the range of symptoms associated with MS. By performing a thorough 
radiographic evaluation of MDs in PwMS, our observational study in
tends to fill this knowledge gap. We intend to better understand the 
pathophysiology of MDs by studying the correlation between certain 
radiological findings and the degree and kind of these abnormalities. If 
we publicize this information, PwMS may benefit from earlier diagnosis, 
more tailored treatments, and better results.

Fig. 2. Comprehensive lesion map summarizing the distribution of MRI findings in MS patients with MDs, including supratentorial, infratentorial, and spinal regions, 
for enhanced visualization.
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4.5. Limitations of the study

The relatively small sample size of 76 patients may limit the gener
alizability of the findings. A larger cohort could provide more robust 
data and enhance the study’s power. The study’s cross-sectional nature 
limits the ability to assess changes over time and may not capture the 

progression of symptoms, radiological findings, or the impact of treat
ment. The lack of higher Tesla MRI machines may have reduced sensi
tivity for detecting smaller lesions, particularly in cortical or deep gray 
matter regions. Addressing these limitations in future studies is essential 
to refine our understanding of MDs in MS.

4.6. Recommendations

Future research should involve larger sample sizes to validate these 
findings and enhance reliability. Longitudinal studies are recommended 
to track the progression of movement disorders over time and evaluate 
the effects of different treatments. Use higher Tesla MRI or other MRI 
modalities such as functional MRI, e.g., Single-photon emission 
computed tomography (SPECT), to show different areas of the brain and 
their metabolism (hypo or hypermetabolism). Also, we can use MRI 
tractography to show the fibers of each tract and concisely present it to 
the MD.

Table 3 
MRI findings in supratentorial regions. It highlights the prevalence of lesions 
in specific areas, such as periventricular and cortical regions.

Lesion site N = 76

supra tentorial periventricular 76 (100 %) ​
supra tentorial cortical 24 (32 %) ​
supra tentorial Juxtacortical 70 (92 %) ​
Are there supratentorial specific areas 75 (99 %) ​
lentiform nucleus 33 (43 %) ​
lentiform laterality (side) (n = 33) ​ ​
Bilateral ​ 17 (51.5 %)
Left ​ 13 (39.4 %)
Right ​ 3 (9.1 %)
frontal subcortical 33 (44 %) ​
frontal subcortical laterality (n = 33) ​ ​
Bilateral ​ 23 (69.7 %)
Left ​ 7 (21.2 %)
Right ​ 3 (9.1 %)
parietal subcortical 29 (38 %) ​
parietal subcortical laterality (n = 29) ​ ​
Bilateral ​ 15 (51.7 %)
Left ​ 4 (13.8 %)
Right ​ 10 (34.5 %)
temporal subcortical 18 (24 %) ​
temporal subcortical laterality (n = 18) ​ ​
Bilateral ​ 10 (13 %)
Left ​ 3 (3.9 %)
Right ​ 5 (6.6 %)
occipital subcortical 19 (27 %) ​
occipital subcortical laterality (n = 19) ​ ​
Bilateral ​ 3 (15.8 %)
Left ​ 6 (31.6 %)
Right ​ 10 (52.6 %)
caudate nucleus 4 (5.3 %) ​
Caudate nucleus laterality (n = 4) ​ ​
Bilateral ​ 1 (25 %)
Left ​ 2 (50 %)
Right ​ 1 (25 %)
internal capsule 7 (9.2 %) ​
which part of internal capsule and laterality (n =

7)
​ ​

left genu ​ 1 (14.3 %)
left posterior limb ​ 3 (42.8 %)
posterior limb ​ 1 (14.3 %)
right anterior limb ​ 1 (14.3 %)
right posterior limb ​ 1 (14.3 %)
Thalamus 23 (30 %) ​
thalamus laterality (n = 23) ​ ​
Bilateral ​ 9 (39.1 %)
Left ​ 6 (26.1 %)
Right ​ 8 (34.8 %)
Subthalamus 3 (3.9 %) ​
Subthalamus laterality (n = 3) ​ ​
Bilateral ​ 1 (33.3 %)
Right ​ 2 (66.7 %)
corona radiata (n = 5) 5 (6.6 %) ​
corona radiata laterality ​ ​
Bilateral ​ 1 (20 %)
Left ​ 4 (80 %)
corpus callosum 5 (6.6 %) ​
deep cortical lesions 2 (2.6 %) ​
deep cortical lesion side (n = 2) ​ ​
right parietal ​ 1 (50 %)
right temporal ​ 1 (50 %)
cortical lesions 4 (5.3 %) ​
cortical lesions laterality (n = 4) ​ ​
Frontal ​ 2 (50 %)
parietal and temporal ​ 2 (50 %)
1 n ( %) ​ ​

Table 4 
MRI findings in infratentorial and cervical spine regions. It showed cases’ lesion 
distribution in areas such as the midbrain, pons, medulla, cerebellum, and spinal 
cord.

Lesion site Overall 
(N=76)

infratentorial mid brain lesions 20 (26.3 %) ​
infratentorial mid brain lesions laterality (N¼20) ​ ​

bilateral ​ 7 (35 %)
left ​ 8 (40 %)
right ​ 5 (25 %)

infratentorial pontine lesions 49 (66.2 %) ​
infratentorial pontine lesions laterality (N¼49) ​ ​

bilateral ​ 16 (32.6 
%)

left ​ 17 (34.7 
%)

right ​ 16 (32.6 
%)

infratentorial medullary lesions 8 (10.7 %) ​
infratentorial medullary lesions laterality (N¼8) ​ ​

bilateral ​ 2 (25 %)
left ​ 3 (37.5 %)
right ​ 3 (37.5 %)

infratentorial crus cerebri lesions 6 (7.9 %) ​
infratentorial crus cerebri laterality (N¼6) ​ ​

bilateral ​ 1 (16.7 %)
left ​ 4 (66.6 %)
right ​ 1 (16.7 %)

infratentorial superior cerebellar peduncle (SCP) 
lesions

1 (1.3 %) ​

infratentorial middle cerebellar peduncle (MCP) 
lesions

47 (61.8 %) ​

infratentorial MCP lesions laterality (N¼47) ​ ​
bilateral ​ 26 (55.3 

%)
left ​ 17 36.2 

%)
right ​ 4 (8.5 %)

infratentorial inferior cerebellar peduncle (ICP) 
lesions

8 (10.5 %) ​

infratentorial ICP lesions laterality (N¼8) ​ ​
left ​ 3 (37.5 %)
right ​ 5 (62.5 %)

infratentorial cerebellar hemisphere lesions 24 (31.6 %) ​
infratentorial cerebellar hemisphere lesions 

laterality (N¼24)
​ ​

bilateral ​ 11 (45.9 
%)

Left ​ 5 (33.3 %)
right ​ 8 (33.3 %)

infratentorial cerebellar vermis lesions 5 (6.6 %) ​
infratentorial peri ependymal brain stem lesions 24 (31.6 %) ​
Are there any MRI spine cervical lesions 61 (80.3 %) ​
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5. Conclusion

This study highlights the prevalence and radiological characteristics 
of movement disorders in PwMS. MRI findings confirm extensive and 
heterogeneous lesion distribution, which correlates with the diverse 
clinical symptoms seen in MS patients. Further longitudinal studies are 
required to detect structural lesions that are related to MDs develop
ment. Also, higher Tesla MRI machines are recommended to visualize 
small lesions in the cortex or grey matter.
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included patients.

Table 5 
Statistical associations between supratentorial lesions and the onset of the 1st or 
2nd MD, emphasizing significant results.

Association between Supratentorial areas and 1st MD occurrence

Supratentorial areas 1st MD occurrence (months), 
mean ± SD

Yes No P-value

Supra tentorial cortical 25.25 ±
33.736

15.5 ± 28.481 0.195

Supra tentorial Juxtacortical 18.91 ±
30.749

14.67 ±
27.449

0.745

Lentiform nucleus 18.21 ±
27.85

18.86 ±
32.469

0.927

Frontal subcortical 22.91 ±
36.678

15.43 ±
24.649

0.295

Parietal subcortical 15.83 ±
29.122

20.28 ±
31.279

0.538

Temporal subcortical 15.72 ±
25.745

19.47 ±
31.802

0.651

Occipital subcortical 23.05 ±
30.696

17.1 ± 30.4 0.573

Caudate nucleus 6.25 ±
11.843

19.26 ±
30.957

0.408

Internal capsule 18 ±
21.641

18.64 ±
31.224

0.958

Thalamus 20.57 ±
29.71

17.72 ±
30.871

0.71

Subthalamus 7.33 ±
12.702

19.04 ± 30.82 0.516

Corona radiata 14.6 ±
19.178

18.86 ±
31.065

0.764

Corpus callosum 5.6 ± 6.95 19.49 ± 31.17 0.326
Deep cortical lesions 7 ± 4.243 18.89 ±

30.703
0.588

Cortical lesions 10.5 ±
12.369

19.03 ±
31.032

0.588

Association between Supratentorial areas and 2nd MD occurrence
Supratentorial areas 2nd MD occurrence (months), 

mean ± SD
Yes No P-value

Supra tentorial cortical 73.67 ±
65.736

27.74 ± 29.663 0.016

Lentiform nucleus 51.85 ±
29.663

34.4 ± 44.612 0.351

Frontal subcortical 31.7 ±
41.899

48.5 ± 51.835 0.389

Parietal subcortical 37.9 ±
36.189

45.06 ± 54.866 0.715

Temporal subcortical 66.56 ±
49.021

31.11 ± 44.964 0.069

Occipital subcortical 33.78 ±
44.435

46.6 ± 50.8 0.395

Caudate nucleus 57 ±
29.698

41.38 ± 49.782 0.669

Internal capsule 60.67 ±
54.784

40.32 ± 48.382 0.502

Thalamus 37.91 ±
42.35

45.47 ± 53.018 0.694

Corpus callosum 7 ± 1.414 45.23 ± 49.224 0.29

Table 6 
Statistical associations between infratentorial lesions and the onset of the 1st or 
2nd MD, highlighting relevant findings.

Association between Infratentorial areas and 1st MD occurrence

Infratentorial lesions 1st MD occurrence 
(months), mean ±
SD

Yes `No P-value

Infratentorial mid brain lesions 15.7 ±
29.106

19.61 
±30.98

0.624

Infratentorial pontine lesions 18.2 ±
30.525

13 ±
19.395

0.441

Infratentorial medullary lesions 13.38 
±

16.535

18.82 
±

31.701

0.635

Infratentorial crus cerebri lesions 8.83 ±
8.931

19.41 
±

31.413

0.416

Infratentorial middle cerebellar peduncle 
(MCP) lesions

18.66 
±

28.793

18.45 
±

33.258

0.977

Infratentorial inferior cerebellar peduncle 
(ICP) lesions

14.38 
±

26.398

19.07 
±

30.924

0.682

Infratentorial cerebellar hemisphere 
lesions

22.29 
±

39.517

16.87 
±

25.324

0.473

Infratentorial cerebellar vermis lesions 28.8 ±
61.642

17.97 
±

27.79

0.447

Infratentorial peri ependymal brain stem 
lesions

28.29 
±

37.373

13.03 
±

27.747

0.068

Association between Infratentorial areas and 2nd MD occurrence
Infratentorial lesions 2nd MD 

occurrence 
(months)
Yes No P- 

value
Infratentorial mid brain lesions 22.57 

±

41.052

49.14 
±

49.736

0.215

Infratentorial pontine lesions 30.2 ±
44.949

73.25 
±

45.219

0.031

Infratentorial medullary lesions 25.5 ±
27.577

43.72 
±

50.787

0.625

Infratentorial middle cerebellar peduncle (MCP) 
lesions

46.58 
±

49.921

33.89 
±

46.702

0.527

Infratentorial inferior cerebellar peduncle (ICP) 
lesions

67.5 ±
54.415

38.33 
±

47.315

0.273

Infratentorial cerebellar hemisphere lesions 52.88 
±

49.623

38.35 
±

48.584

0.484

Infratentorial cerebellar vermis lesions 121.5 
±

14.849

37.48 
±

45.14

0.016

Infratentorial peri ependymal brain stem 
lesions

39.22 
±

40.613

44.21 
±

54.017

0.815
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