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Abstract

Objective: Juvenile myoclonic epilepsy (JME) is an idiopathic generalized epilepsy syndrome with age-dependent onset. The corpus callosum (CC), the
largest commissural pathway connecting the two cerebral hemispheres, has been reported to undergo structural alterations in epilepsy. However, data regarding
morphometric CC changes in JME patients and their prognostic implications remain limited. This study aimed to determine whether regional differences exist
in CC morphometric measurements in JME patients and whether these measurements have prognostic value.

Methods: Magnetic resonance imaging scans of 40 JME patients and 20 age- and sex-matched healthy controls were evaluated. CC measurements were
obtained from midsagittal T1-weighted images and included the anterior-posterior (A-P) diameter and the perpendicular diameters of the genu, truncus, and
splenium.

Results: A total of 40 patients with JME and 20 healthy controls were included. The genu thickness of the CC was significantly reduced in patients compared
with controls, whereas the truncus, splenium, and A-P diameters did not differ. In sex-based analyses, male patients showed a greater A-P diameter than female
patients, while no sex differences were observed among controls. No correlations were identified between CC measurements and age, disease duration, seizure
type, or seizure frequency. Patients receiving polytherapy and patients treated with valproic acid exhibited significantly larger A-P diameters than patients
receiving monotherapy and patients treated with levetiracetam, respectively.

Conclusion: JME is associated with region-specific structural alterations of the CC, particularly a reduced thickness of the genu. These changes appear
unrelated to clinical severity markers such as seizure type, frequency, or disease duration, suggesting a predominantly developmental or genetic basis. The
enlarged A-P diameter observed in male patients and those receiving valproic acid or polytherapy may reflect sex- or treatment-related influences on callosal
morphology. Further prospective studies using advanced imaging modalities are needed to clarify the clinical significance of these findings.
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INTRODUCTION

Juvenile myoclonic epilepsy (JME), a common idiopathic generalized epilepsy syndrome, typically emerges during adolescence and
is characterized by irregular, arrhythmic myoclonic jerks that often occur shortly after awakening, and is associated with a genetic
predisposition and a generally favorable response to antiseizure medications. Generalized tonic-clonic seizures (GTCS) are frequently
reported, while absence seizures occur less commonly. Electroencephalography classically demonstrates generalized spike-and-wave or
polyspike-wave discharges, and photosensitivity is frequently observed.!

The corpus callosum (CC), the largest commissural fiber tract, plays a critical role in interhemispheric integration of motor, sensory,
and cognitive functions. Its subregions—genu, truncus, isthmus, and splenium—may exhibit structural variability due to variations in
myelination, developmental anomalies, and demographic or clinical factors.**

The CC has been implicated in seizure propagation, with callosotomy studies suggesting involvement in both excitatory and inhibitory
interhemispheric mechanisms. Although neuroimaging is not required for the diagnosis of JME in neurologically normal patients, increasing
evidence indicates structural and functional abnormalities within the thalamocortical and frontal networks. Advanced imaging modalities
have reported alterations in cortical gray matter, frontal lobe organization, CC morphology, and broader white matter connectivity.”!!
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While CC abnormalities have been described in several epilepsy
syndromes,'*!'* morphometric changes specific to JME remain
insufficiently characterized. This study aimed to evaluate regional
CC morphometry in JME and to explore potential associations
with clinical characteristics.

METHODS

This study was approved by the University of Health Sciences
Tiirkiye, Ankara Training and Research Hospital Clinical Research
Ethics Committee (approval no: 390/2020, date: 20.08.2020). Forty
patients with JME aged >20 years who were followed at a tertiary
epilepsy clinic and 20 age- and sex-matched healthy controls were
included. Exclusion criteria were age <20 years (due to incomplete
CC development), use of non-antiepileptic drugs, intellectual
disability, comorbid conditions, alcohol or substance use, and
refusal to participate. Written informed consent was obtained. JME
diagnosis was based on the 1989 the International League Against
Epilepsy classification and the 2011 Avignon and the 2012 The
Hague consensus criteria.""® Clinical and demographic data (age,
sex, age at onset, disease duration, seizure type and frequency, and
antiepileptic drugs) were recorded for patients; only demographic
data were collected from controls.

Magnetic resonance imaging (MRI) scans with 3D T1-weighted
sequences were used to obtain midsagittal images of the CC.
Measurements included anterior-posterior (A-P) perpendicular
diameters of the genu, truncus, and splenium. The maximum CC
length was measured on midsagittal slices, with perpendicular
lines used to obtain regional diameters. All measurements were
manually performed by the same researcher.

Statistical Analysis

Data were analyzed using SPSS. Categorical variables were
expressed as counts and percentages; continuous variables were
expressed as meantstandard deviation or median (minimum-
maximum). Normality was assessed by visual inspection and the
Kolmogorov-Smirnov and Shapiro-Wilk tests. Non-normally
distributed data were compared using the Mann-Whitney U or
Kruskal-Wallis tests; normally distributed data were compared
using the independent t-test or analysis of variance. The chi-
squared test was applied to categorical variables. Correlations
between numerical variables were examined using Spearman’s
rank correlation test. A p-value 0.05 was considered significant.

MAIN POINTS

* This study investigated the morphometry of the segments of the corpus
callosum (CC).

* These measurements were compared between juvenile myoclonic
epilepsy (JME) patients and a healthy population.

* The results showed that the CC anterior-posterior diameter was thinner
in females than in males.

* JME patients showed thinning of the CC genu, and no relationship was
found between the morphological measurements of the CC segments and
disease duration, age at onset, seizure type, or seizure frequency.

RESULTS

The study population was divided into two groups: patients (n=40)
and controls (n=20). The patient group ranged in age from 21 to 47
years (mean age, 33.1 years) and consisted of 28 females and 12
males. The control group comprised 13 females and 7 males, with
ages ranging from 20 to 50 years (mean age, 34.1 years). There
were no statistically significant differences between the groups in
age or gender distribution (p>0.05). In the patient group (n=40),
the disease duration ranged from 3 to 40 years, with a mean of 18.2
years. The age at first seizure in the patient group ranged from 2 to
30 years, with a mean of 14.7 years. In the patient group (n=40),
23 patients (57.5%) exhibited GTCS combined with myoclonus
and absence seizures, while 17 patients (42.5%) had GTCS and
myoclonus without absence seizures (Table 1).

Regarding antiseizure medications, 20 patients (50%) were using
levetiracetam (LEV), 24 (60%) valproic acid (VPA), and 3 (7.5%)
lamotrigine (LTG). Median daily doses were 1000 mg for both LEV
and VPA, and 150 mg for LTG (Table 1). Patients were classified
according to seizure frequency, as detailed in Table 2.

Among those with myoclonic seizures, 55% were seizure-free
during follow-up. Seventy-five percent of patients with GTCS
were seizure-free. Among those with absence seizures, 60.9%
were seizure-free. Full seizure frequency distributions are shown
in Table 2.

The MRI measurements of the CC were compared between the
patient and control groups, revealing a statistically significant
difference in the genu measurements (p<0.05). These findings are
presented in Table 3 and illustrated in Figure 1.

Table 1. Demographic and clinical characteristics of the study groups

Patient group Control  p-value
group
Age (years) 33.1+7.6 34.1£8.7  0.648
Gender (female/male) (n) 28/12 13/7 0.922
Seizure type (n) (myoclonus/
GTCS/absence) 40/40/23
Dls‘ease duration (years) [mean 18.2 (3-40)
(min-max)]
Age at first seizure (years) 147 (2-30)

[mean (min-max)]

Drug, mg (median dose, min-max)

LEV (n=20) 1000 (500-2000)
VPA (n=24) 1000 (250-1500)
LTG (n=3) 150 (25-200)

GTCS: Generalized tonic-clonic seizures, LEV: Levetiracetam, VPA: Valproic acid,
LTG: Lamotrigine

Table 2. Seizure frequency distribution in the patient group

GTCS (n=40) Myoclonus (n=40) Absence (n=23)

Seizure-free 30 (75%) 22 (55%) 14 (60.9%)
<1 seizure/ o o o
month 7 (17.5%) 7 (17.5%) 7 (30.4%)
<1 seizure/week 3 (7.5%) 5(12.5%) 1 (4.3%)
>2 seizures/week - 6 (15%) 1 (4.3%)

GTCS: Generalized tonic-clonic seizures
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In the control group, no sex-related differences were identified in
CC measurements. In the patient group, males had a significantly
larger A-P diameter than females (p=0.037), while measurements
ofthe genu, truncus, and splenium showed no sex-based differences
(Table 4 and Figure 2). No significant correlations were observed
between age and CC morphometric parameters in either patients or
controls (p>0.05).

When patients were classified as receiving monotherapy (n=33) or
polytherapy (n=7), the polytherapy group exhibited a significantly
larger A-P diameter (p=0.005). No significant group differences
were found in measurements of the genu, truncus, or splenium
(Table 5).

When CC measurements were analyzed by medication type, the
thicknesses of the genu, truncus, and splenium did not differ
between LEV (n=13) and VPA (n=17) users. However, patients
receiving VPA had a significantly greater A-P diameter (p=0.041;
Table 6).

In the patient group, potential correlations between disease duration
and segmental CC measurements on MRI were investigated,
no statistically significant relationships were found (p>0.05).
Similarly, no significant correlations were found between age
at onset and the segmental CC measurements on MRI (p>0.05).
Potential associations between seizure types (GTCS/myoclonus/
absence) and segmental CC measurements on MRI were also
investigated, revealing no statistically significant relationships
(p>0.05).

Table 3. Mean+SD of the MRI measurements and p-values based on the
patient and control groups

DISCUSSION

The CC, the largest commissural pathway, demonstrates
morphological variability influenced by factors such as myelination,
axonal loss, developmental anomalies, genetics, and demographic
characteristics, including age and sex.'!® Structural CC alterations,
particularly in regions responsible for interhemispheric motor
network integration, have been previously documented in JME."
However, studies specifically assessing sex-related differences
in CC morphology within JME cohorts are lacking, as most
previous investigations have focused on comparisons between
JME patients and healthy controls.""® Given that sex-related

Table 4. Corpus callosum measurements by sex (patient group)

Patient Female (n=28) Male (n=12) p-value
MRI-genu 2221 16.50 0.156
MRI-turuncus 20.09 21.46 0.734
MRI-splenium 18.91 24.21 0.189
MRI-A-P 17.98 26.38 0.037

MRI: Magnetic resonance imaging, A-P: Anterior-posterior

MRI measurements in female and male patients
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Control’s splenium 10.6x1.2 in the patient group
Patient’s A-P 66.645.1 0.84 MRI: Magnetic resonance imaging, A-P: Anterior-posterior
Control’s A-P 66.5+4.5 Table 5. Corpus callosum measurements in monotherapy vs polytherapy
SD: Standard deviation, MRI: Magnetic resonance imaging, A-P: Anterior-posterior Polytherapy (n=7) Monotherapy (n=33) p-value
MRI-genu 20.86 20.42 0.929
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Figure 1. Comparison of MRI measurements between the patient and control
groups
MRI: Magnetic resonance imaging, A-P: Anterior-posterior

MRI: Magnetic resonance imaging, A-P: Anterior-posterior

Table 6. Corpus callosum measurements in patients using LEV vs VPA

LEV (n=13) VPA (n=17) p-value
MRI-genu 13.96 16.68 0.455
MRI-turuncus 15.38 15.59 0.942
MRI-splenium 14.54 16.24 0.598
MRI-A-P 11.81 18.32 0.041

LEV: Levetiracetam, VPA: Valproic acid, MRI: Magnetic resonance imaging, A-P:
Anterior-posterior




variations in CC thickness and white matter microstructure are
well established in healthy populations,?®?! the evaluation of sex-
specific CC morphology within JME constitutes an important
but underexplored area. In our study, male patients exhibited a
significantly greater anteroposterior (A-P) diameter than female
patients; no such difference was observed among controls. This
suggests that, beyond biological sex, disease-related factors may
contribute to callosal variation in JME.

The CC has been implicated in seizure generalization, and
corpus callosotomy has been shown to reduce seizure frequency
in refractory epilepsy.”?? Conversely, the occurrence of seizures
following CC sectioning, or in cases of CC agenesis, suggests a
possible inhibitory role for the CC.*?*?* Neuroimaging studies
have also demonstrated CC abnormalities in epilepsy, including
reduced size and altered white matter integrity.”®* Further
evidence indicates that the genu may be a key pathway for seizure
propagation.?*

Recent findings linking CC atrophy with neuronal dysfunction
support this notion. Sandoval Karamian et al.” reported a reduced
size of the genu in newborns with genetic epilepsies, suggesting
that white matter abnormalities may be a common feature in
genetically mediated epilepsies. The smaller genu measurements
observed in our JME cohort are consistent with a potential genetic
contribution.

The relationship between CC structure and cognitive function has
also been explored. Atkinson et al.* reported that CC areas were
smaller in epilepsy patients and correlated with 1Q but not with
memory or language dominance. JME, characterized by genetic
predisposition and age-specific onset, has been associated with
structural abnormalities in thalamocortical and frontal networks.?’
Diffusion MRI studies revealed altered microstructural connectivity
in the anterior CC and widespread loss of white matter integrity
in JME, potentially explaining frontal cognitive dysfunction.?%
Anastasopoulou et al.!! further suggested that callosal abnormalities
may distinguish JME from other generalized epilepsies.

While monotherapy remains the standard initial approach to
epilepsy management, polytherapy is required for adequate seizure
control in more complex cases. Increased antiepileptic drug
burden has been reported to influence large-scale neural network
organization and white matter microstructure.’?’ Therefore,
assessing CC morphology across treatment subgroups may
illuminate both disease-related structural changes and treatment-
response dynamics. To date, no human studies have directly
compared CC morphometry between patients treated with VPA and
those treated with LEV. However, experimental evidence indicates
that VPA exposure can affect myelination and brain volumetry,?
and CC morphology has been associated with treatment response
in epilepsy.?’ The larger A-P diameter observed in VPA-treated
and polytherapy patients in our cohort may thus reflect treatment-
related effects, longer disease duration, greater seizure burden,
or complex interactions among these factors. Evaluating CC
morphology in JME with respect to sex and antiseizure medication
type addresses a notable gap in the current literature.

Importantly, our study demonstrated a significantly reduced genu
thickness in JME patients compared with controls; however, these
differences were not associated with disease duration, seizure

type, or seizure frequency. This supports the hypothesis that CC
alterations in JME are predominantly neurodevelopmental or
genetic rather than secondary to chronic epilepsy.?*3° Prior research
on this topic has produced mixed findings. Volumetric studies
generally report no association between CC size and clinical
features,? consistent with our results. In contrast, diffusion-based
studies have identified subtle anterior callosal abnormalities
associated with longer disease duration, suggesting that progressive
microstructural changes may occur in a subset of patients.?®*? These
divergent findings likely arise from methodological differences,
including variations in imaging modalities (macrostructural vs.
microstructural), patient characteristics, and analytic approaches.
Overall, the evidence suggests that CC alterations in JME are
primarily determined by genetic or developmental factors, although
secondary microstructural changes related to disease progression
cannot be entirely ruled out.

The absence of correlations between CC morphology and clinical
variables in our cohort raises important questions about the temporal
evolution of white matter abnormalities in JME, specifically
whether they precede seizure onset or emerge over the course of the
disease. Future research integrating advanced neuroimaging, larger
cohorts, genetic analysis, and neuropsychological assessment is
necessary to clarify these mechanisms. Such studies may improve
prognostic stratification, inform individualized treatment planning,
and support earlier identification of at-risk individuals.

Study Limitations

Participants with comorbid conditions were excluded from the
study due to the potential confounding effects on the measurements.
Additionally, incorporating genetic and psychological evaluations
could further enhance the robustness of our findings.

CONCLUSION

This study demonstrated region-specific alterations in the CC in
patients with JME, characterized by reduced genu measurements
and increased CC A-P diameter in specific subgroups. These
findings suggest that CC involvement in JME may reflect a
multifactorial process influenced by biological factors, such as sex,
as well as treatment-related characteristics, including antiepileptic
drug exposure and polytherapy. The absence of associations
between CC morphology and clinical variables, including disease
duration and seizure features, supports the possibility that callosal
alterations may be related to underlying neurodevelopmental
or genetic mechanisms rather than acquired effects of epilepsy.
Given the retrospective design and limited subgroup sample
sizes, these results should be interpreted cautiously. Prospective
studies incorporating advanced imaging methods, larger cohorts,
and genetic and cognitive assessments are warranted to clarify the
clinical significance of CC changes and determine whether CC
morphology may serve as a structural marker in JME.
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