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The Evaluation of Basal Ganglia in Pediatric Patients with
Cerebral Palsy Using Magnetic Resonance Histogram Analysis

Serebral Palsili Pediatrik Hastalarda Bazal Ganglionlarin Manyetik
Rezonans Histogram Analizi Kullanilarak Degerlendirilmesi
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Oz

Konvansiyonel manyetik rezonans goriintileme (MRG)
gorintiilerinde bazal ganglionlarda patolojik sinyal degisiklikleri
olmayan serebral palsili (SP) hastalarda MRG histogramini
kullanarak bazal ganglionlardaki degisiklikleri tespit etmeyi
amagladik. Serebral palsili 40 c¢ocuk ve beyin MRG
incelemesinde anlamli intrakraniyal bulgusu olmayan 60 ¢ocugun
goriintiileri retrospektif olarak degerlendirildi. Ortalama, varyans,
carpiklik, basiklik, 1. yiizdelik (P), 10. P, 50. P, 90. P ve 99. P
histogram parametreleri her hasta ve kontrol grubu i¢in talamus,
lentiform ve kaudat nukleuslardan tanimlanan alanlarda
hesaplandi ve her vaka i¢in ayr1 ayr1 degerlendirildi. Talamustan
elde edilen histogram parametrelerinin ortalama, basiklik ve 50.
P degerleri agisindan gruplar arasinda anlamli fark bulundu
(sirastyla p=0.001, p=0.002, p=0.025). Lentiform gekirdeklerden
elde edilen histogram parametrelerinin ortalama, g¢arpiklik,
basiklik ve 1. P degerleri arasinda anlamli bir fark bulunmustur
(swrastyla p=0.021, p=0.005, p=0.015, p=0.035). Nukleus
kaudatustan elde edilen histogram parametrelerinin ortalama,
basiklik, 90. P ve 99. P degerleri arasinda anlamli farklilik tespit
edildi (swrastyla p=0.002, p=0.03, p=0.004, p=0.042). Doku
analizi, serebral palsili hastalarda bazal ganglionlar ve
talamustaki farkliliklart  gosterebilecek objektif — 6zellikler
iretebilir. Doku analizi, konvansiyonel MRG goriintiilerinde
patolojik sinyal degisikligi olmayan SP'li hastalarda bazal
ganglionlardaki degisiklikleri tanimlayabilir.

Anahtar Kelimeler: Bazal Ganglionlar, Doku Analizi, Serebral
Palsi, Talamus

Abstract

The aim of this study is to detect changes in the basal ganglia using
magnetic resonance imaging (MRI) histogram in patients with
cerebral palsy (CP) who do not have pathological signal changes in
the basal ganglia on conventional MRI images. A retrospective
evaluation was made of the images of 40 children with CP and 60
children with no significant intracranial findings on brain MRI
examination. The histogram parameters of mean, variance,
skewness, kurtosis, 1st percentile (P), 10th P, 50th P, 90th P and
99th P were calculated for each patient and control group on the
areas identified in the head of the thalamus, lentiform nucleus and
nucleus caudatus and these were evaluated separately for each case.
A significant difference was found between the groups in terms of
the mean, kurtosis and 50th P values of histogram parameters
obtained from the thalamus (p=0.001, p=0.002, p=0.025,
respectively). A significant difference was found between the mean,
skewness, kurtosis and 1st P values of histogram parameters
obtained from the lentiform nuclei (p=0.021, p=0.005, p=0.015,
p=0.035, respectively). A significant difference was found between
the mean, kurtosis, 90th P and 99th P values of the histogram
parameters obtained from the head section of the nucleus caudatus
(p=0.002, p=0.03, p=0.004, p=0.042, respectively). Texture analysis
can produce objective features that may indicate differences in the
basal ganglia and thalamus in patients with CP. Texture analysis can
identify changes in the basal ganglia in patients with CP who do not
have pathological signal changes on conventional MRI images.
Keywords: Basal ganglia, Texture analysis, Cerebral palsy,
Thalamus

Introduction

Cerebral palsy (CP) is a condition that occurs
with permanent disorders in motor functions, mostly
in infants with very low birth weight (<1500 g),
resulting from damage to the immature brain (1).
Although the prevalence of CP varies with different
birth weights and gestational ages, it is
approximately 2 to 3 per 1,000 live births (2). CP is
considered a clinical condition rather than an
etiological diagnosis (3), and may present with many
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problems such as hearing, vision, learning disorders
and epilepsy (4,5).

Different cerebral abnormalities have been
observed on magnetic resonance imaging (MRI) in
children with CP. Deep gray nuclei and the cortex
may be affected. Gray matter damage occurs in
approximately 14% to 22% of children with CP (6).
Gray matter damage is associated with perinatal
hypoxia-ischemia/hypotension, and in some
etiological cases, it may also occur in infection,
kernicterus, bleeding and hypoglycemia (7).

The importance of MRI as neuroimaging in the
diagnosis of CP is increasing (8). The MRI
classification system for children with CP has been
used qualitatively to indicate maldevelopments,
predominant white matter injuries, predominant gray
matter injuries, miscellaneous and normal findings
).

The aim of this study was to detect changes in the
basal ganglia using MRI histogram in patients with
CP who do not have pathological signal changes in
the basal ganglia on conventional MRI images.



Mugla Sitki Kogman Universitesi Tip Dergisi 2024;11(2):97-101 Orijinal Makale/Original Article
Medical Journal of Mugla Sitki Kocman University 2024;11(2):97-101 Dogan et al.
Doi: 10.47572/muskutd.1440247

Material and Method hydrocephalus, meningitis (both septic and
tuberculous), and encephalitis.
The study population included children who

were admitted to Sanliurfa Training and Research MRI examination and histogram analysis
Hospital Pediatric Neurology Outpatient Clinic and All patients participating in the study underwent
had clinical features compatible with CP, such as brain MRI. All the brain MRI scans were performed
sensory disorders accompanied by movement and on a 3T unit (Siemens Magnetom Skyra, Erlangen,
posture disorders between January 2022 and June Germany) using a head coil. T1, T2, T2 tirm TRA
2023. CP is a neurological disease that develops in dark-fluid sequences were acquired. The T1 se tra
the childhood age group and involves movement sequence was TR: 370 ms and TE: 11 ms. The T2 se
control, posture disorders, disorder of cognition, tra sequence was TR: 4540 ms and TE: 109 ms. The
communication, perception, behavior and seizures T2 tirm TRA dark fluid sequence was TR: 9140 ms
secondary to developing brain damage. In our study, and TE: 81 ms.
40 patients and 60 control groups were included. The images of 40 children with CP and 60
When post hoc power analysis was performed, children with no significant intracranial findings on
power=0.99 was found when alpha=0.05 and effect brain MRI examination were retrospectively
size 1.157 were taken. (Gpower 3.1 software was evaluated. The collected MRI images were then
used.) reviewed using ‘“Radiant DICOM Viewer 2020.2.3”
software.
Inclusion criteria For image analysis, a single observer, (M.D.)
Children aged>2 years with non-progressive with 10 years of experience in radiology, evaluated
posture or movement disorders due to a lesion in the the axial slice brain MRI images of each case using
brain during the prenatal, perinatal, or postnatal the same window settings (window level 20 and
period, who were diagnosed with CP. A group of window width 380). The axial image showing the
patients with normal basal ganglia and thalamus basal ganglia was identified and registered. The
despite white matter involvement on conventional registered images were then opened using “qMaZda
MRI was included. v4.6” software.
The histogram parameters of mean, variance,
Exclusion criteria skewness, kurtosis, 1st percentile (P), 10th P, 50th P,
Cases with neurodegenerative disease, brain 90th P and 99th P were calculated for each patient
tumor, psychomotor retardation due to genetic and control group over the areas identified in the
causes, movement disorders caused by muscle or head of the thalamus, lentiform nucleus and nucleus
peripheral motor neuron disease, brain abscess, caudatus and these were evaluated separately for

each case (Figure 1).
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Figure 1. 5-year-old male patient with cerebral palsy. (A) Ventricular level on T2-weighted axial brain MRI image.
(B) Two-dimensional segmentation of the thalamus (RED), lentiform nucleus (GREEN) and head of the nucleus
caudatus (BLUE) from the same level using qMazda V.6 software. (C) Quantitative values of the histogram
parameters of the area determined in image B.

Approval for this study was granted by the Statistical analysis
Harran University Medical FEthics Committee Statistical analyses were performed using SPSS
(decision no: 23.23.32, dated: 11.12.2023). All the version 22.0 software (IBM Inc, Armonk, NY,
study procedures were in compliance with the USA). The conformity of numerical data to normal
Declaration of Helsinki. distribution was assessed with the Kolmogorov-

Smirnov and Shapiro-Wilk tests. Descriptive
statistics were stated as meantstandard deviation
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values for numerical data showing normal
distribution, and as median with minimum-
maximum values for numerical data not showing
normal distribution. The Independent Student’s t-
test and Mann Whitney U-test were used for
intergroup comparisons. A value of p<0.05 was
considered statistically significant.

Results

The images of 40 children with CP and 60
children in the control group were evaluated. The CP
group comprised 22 boys and 18 girls with a mean
age of 7.58+3.45 years, and the control group
comprised 35 boys and 25 girls with a mean age of

8.142.48 years. No significant difference was found
between the patient and control groups in terms of
age and gender (p=0.410, p=0.742, respectively)
(Table 1).

In the brain MRI images of the patient and
control groups, histogram analyses were performed
from the thalamus, lentiform nucleus and nucleus
caudatus. A significant difference was determined
between the groups in respect of the mean, kurtosis
and 50th P values of the histogram parameters
obtained from thalamus (p=0.001, p=0.002,
p=0.025, respectively) (Table 2). In the
measurements made in the thalamus, mean and 50th
p values were found to be low and kurtosis value was
found to be high in CP patients.

Table 1. Age and gender distribution of the patient and control groups.

CP (n=40) Control (n=60) p
Age 7.58+3.45 8.1+2.48 0.410*
Sex
Male, n (%) 22 (55) 35(58.3) 0,742
Female, n (%) 18 (45) 25 (41.6) )

aIndependent samples T Test. *Pearson Chi square test. CP: Cerebral Palsy. Data are presented as meanstandard deviation or number (%).

Table 2. Histogram parameters and comparison of images obtained from Thalamus in patients and control group.

CP (n=40) Control (n=60) p
Mean 78.7+£10.2 89.4+10.1 0.001*
Variance 39.1+11.2 41.1£12.1 0.1952
Skewness -0.15(-1.1-0.13) -0.11 (-1 -0.16) 0.085°
Kurtosis -0.388 (-0.12 - 0.62) -0.50 (-0.32- 0.81) 0.002°
1th P 60.2+9.5 62.2+9.41 0.1232
10th P 68.9£10.5 74.249.1 0.069*
50th P 79.8+10.2 88.5+9.5 0.025*
90th P 91.2+11.5 96.5+10.1 0.065*
99th P 97.2+10.1 101+11.2 0.089*

*Independent samples T Test. "Mann-Whitney U test. CP: Cerebral Palsy. Data are presented as meantstandard deviation or median

(minimum - maximum).

A significant difference was found between the
mean, skewness, kurtosis and Ist P values of the
histogram parameters obtained from the lentiform
nuclei (p=0.021, p=0.005, p=0.015, p=0.035,
respectively) (Table 3). In the measurements
performed in the lentiform nuclei, mean, skewness
and 1st p values were found to be low and kurtosis
value was found to be high in CP patients.

A significant difference was found between the
mean, kurtosis, 90th P and 99th P values of the
histogram parameters obtained from the head section
of the nucleus caudatus (p=0.002, p=0.03, p=0.004,
p=0.042, respectively) (Table 4). In the head section
of the Nucleus Caudatus mean, 90th P and 99th P
values were found to be low and kurtosis value was
found to be high in CP patients.

Table 3. Histogram parameters and comparison of images obtained from Lentiform Nucleus in patients and control

group.
CP (n=40) Control (n=60) p
Mean 75.6£9.8 84.5£10 0.021*
Variance 45.2+12.2 40.5+11.8 0.3202
Skewness -0.3(-0.51-0.21) -0.11 (-0.31 - 0.8) 0.005>
Kurtosis -0.3(-0.4--0.11) -0.45 (-0.78 - -0.25) 0.015>
1th P 61+8.5 69+9.2 0.035*
10th P 66.2+10.1 74.2+8.9 0.089*
50th P 75.2+8.2 83.1+8.8 0.075*
90th P 88.9+10.2 96+10.3 0.065*
99th P 100+9.8 101£11.2 0.165*

“Independent samples T Test. "Mann-Whitney U test. CP: Cerebral Palsy. Data are presented as meantstandard deviation or median (minimum

- maximum).

99



Mugla Sitki Kogman Universitesi Tip Dergisi 2024;11(2):97-101

Medical Journal of Mugla Sitki Kocman University 2024;11(2):97-101

Doi: 10.47572/muskutd. 1440247

Orijinal Makale/Original Article
Dogan et al.

Table 4. Histogram parameters and comparison of the images obtained from the head section of the Nucleus

Caudatus in the patient and control groups.

CP (n=40) Control (n=60) P

Mean 77.6+9.6 88+10.1 0.002*

Variance 42.4+11.8 39.4+10.1 0.2522

Skewness -0.15 (-0.31-0.1) -0.14 (-0.28 - 0.11) 0.075°

Kurtosis -0.49 (-0.82--0.12) -0.72 (-1.1 —-0.32) 0.030°

1th P 63+7.7 66+8.1 0.0822

10th P 67.1£9.9 72.1+8.9 0.078*

50th P 78.1+£7.9 8.2+£7.2 0.120*

90th P 82.2+12.1 97.2+11.2 0.004*

99th P 95.4+9.7 103+13.1 0.042*
AIndependent samples T Test. "Mann-Whitney U test. CP: Cerebral Palsy. Data are presented as meantstandard deviation or median (minimum
- maximum).
Discussion undetectable MRI differences in the basal ganglia

This study, using tissue analysis, also revealed
effects at the lentiform, caudate nucleus and
thalamus levels of patients with CP, which cannot be
visually detected with conventional MRI.

Genetic and metabolic causes should be
investigated in CP patients whose history is not clear
or in whom atypical clinical features are observed.
In cases where etiology cannot be determined, MRI,
which is considered the most predictive tool, is used
to detect risk (10).

Traditional and advanced techniques have been
described regarding brain MRI findings in children
with CP (11). Histogram-based statistics, an
advanced technique, measure the global distribution
of pixels/voxels of gray level tones (12—14). The
MRI findings have been reported to be abnormal in
86% of CP cases. Periventricular white matter
damage is the most common finding at the rate of
56%, followed by deep gray matter damage at 18%
(9). This study is the first to have investigated
whether the basal ganglia are involved in CP patients
with white matter involvement using MRI histogram

analysis.
Quantitative imaging features can be derived
from  MRI-based texture analysis (TA),

encompassing a variety of characteristics. The first-
order statistical feature, often referred to as a
histogram, involves the distribution of voxel
densities within the region of interest. This
distribution is based on fundamental properties such
as skewness, kurtosis, entropy, and energy of grey
level density. Based on the TA results of the patient
and control groups in the current study, these
differences were thought to be an indicator of
heterogeneity in the brain parenchyma of CP patients
(15). Statistical calculations can be made from the
histogram. The mean gives the average intensity
level of the image, variance gives the roughness of
the image, skewness defines the symmetry of the
histogram, and kurtosis defines its flatness (16).
Sarioglu et al. (15) made this possible by using
MRI-based TA of the basal ganglia and thalamus for
the accurate diagnosis of moderate to severe hypoxic
ischemic encephalopathy in newborns. TA may
provide objective features that can reveal visually

100

and thalamus of perinatal asphyxiated newborns.
Wang et al. (17) reported that histogram analysis
would be wuseful in the demonstration of
hypoglycemic encephalopathy in the neonatal
period. Suoranta et al. (16) performed 3D TA of
bilateral thalamus, amygdala, hippocampus, caudate
nucleus and putamen of 16 patients with progressive
myoclonic epilepsy type 1 and 16 healthy control
subjects. There were reported to be significant
textural differences in progressive myoclonic
epilepsy type 1 patients compared to the control
group, especially in the thalamus and right putamen.
Valdés et al. (18) suggested that basal ganglia TA
can be used to evaluate blood-brain integrity in small
vessel disease. The results of the current study
showed that patients with CP had lower mean values
in the thalamus, lentiform and caudate nuclei than
the control group. This demonstrated lower tissue
density in the thalamus, lentiform and caudate nuclei
in patients with CP than in healthy control subjects.

The current study patients with CP had higher
kurtosis values in the thalamus, lentiform and
caudate nuclei than the control group. This showed
that the flatness of the thalamus, lentiform and
caudate nucleus tissue in patients with CP was
greater than in the healthy control subjects.

The patients with CP were found to have lower
skewness values in the lentiform nucleus than the
control group, thereby demonstrating lesser
histogram symmetry of the tissue in the lentiform
nucleus in patients with CP than in the healthy
control group.

Baykara et al. (19) demonstrated significant
differences between patients with functional
neurological disorder and healthy control subjects
using histogram analysis of the amygdala. Johns et
al. (20) found that basal ganglia tissue properties
differ significantly in patients with amyotrophic
lateral sclerosis. Bhattacharya et al. (21) compared
the changes in corpus callosum in progressive
supranuclear palsy using three different tissue
analyses using T2-weighted MRI. These were gray
level co-occurrence matrix, local binary pattern, and
oriented Gaussian derivative filter-bank. It was
hypothesized that progressive supranuclear palsy
may cause non-selectable loss of tissue structure of
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the corpus callosum. The results of that study
revealed that local binary pattern TA was superior to
other TA methods.

The primary limitation of this study was the
retrospective design. A second limitation was that
sequences may have variability in non-normalizable
parameters, such as TR and TE values. There is a
need for further studies to be conducted with
different protocols to confirm these results.
However, as there has been no similar study before,
the results of this study can be considered of value in
contributing to the literature. In addition, TA
application is both simple and applicable to many
imaging modalities.

Conclusion

Texture analysis can produce objective features
that may indicate differences in the basal ganglia and
thalamus in patients with CP with white matter
involvement. The results of this study showed many
statistically significant tissue parameters between
the healthy control group and the patients with CP in
the lentiform, caudate nucleus and thalamus.

Conlflict of interest statement
There is no conflict of interest in our study.

Ethics Committee Approval: Approval was
obtained from the Harran University Medical Ethics

Committee  (decision no: 23.23.32, dated:
11.12.2023).

Funding: No funding.

References

1. Grether JK, Nelson KB, Emery ES, et al. Prenatal and
perinatal factors and cerebral palsy in very low birth weight
infants. J Pediatr. 1996;128(3):407-14.

2. Blair E, Watson L. Epidemiology of cerebral palsy. Semin
Fetal Neonatal Med. 2006;11(2):117-25.

3. Te Velde A, Morgan C, Novak I, et al. Early diagnosis and
classification of cerebral palsy: an historical perspective and
barriers to an early diagnosis. J Clin Med. 2019;8(10):1599.

4. Bax M, Goldstein M, Rosenbaum P, et al. Proposed definition
and classification of cerebral palsy, April 2005. Dev Med
Child Neurol. 2005;47(8):571-6.

5. McGuire DO, Tian LH, Yeargin-Allsopp M, et al. Prevalence
of cerebral palsy, intellectual disability, hearing loss, and
blindness, National Health Interview Survey, 2009-2016.
Disabil Health J. 2019;12(3):443-51.

101

10.

11.

12.

13.

14.

15.

17.

18.

19.

20.

21.

Reid SM, Dagia CD, Ditchfield MR, et al. Population-based
studies of brain imaging patterns in cerebral palsy. Dev Med
Child Neurol. 2014;56(3):222-32.

Kuenzle C, Baenziger O, Martin E, et al. Prognostic value of
early mr imaging in term infants with severe perinatal
asphyxia. Neuropediatrics. 1994;25(4):191-200.

Ashwal S, Russman BS, Blasco PA, et al. Practice parameter:
diagnostic assessment of the child with cerebral palsy: report
of the Quality Standards Subcommittee of the American
Academy of Neurology and the Practice Committee of the
Child Neurology Society. Neurology. 2004;62(6):851-63.
Himmelmann K, Horber V, De La Cruz J, et al. MRI
classification system (MRICS) for children with cerebral
palsy: development, reliability, and recommendations. Dev
Med Child Neurol. 2017;59(1):57-64.

Novak I, Morgan C, Adde L, et al. Early, accurate diagnosis
and early intervention in cerebral palsy: advances in
diagnosis and treatment. JAMA Pediatr. 2017;171(9):897—
907.

Krigeloh-Mann I, Horber V. The role of magnetic resonance
imaging in elucidating the pathogenesis of cerebral palsy: A
systematic review. Dev Med Child Neurol. 2007;49(2):144—
S1.

Castellano G, Bonilha L, Li LM, et al. Texture analysis of
medical images. Clin Radiol. 2004;59(12):1061-9.

Baykara M, Koca TT, Demirel A, et al. Magnetic resonance
imaging evaluation of the median nerve using histogram
analysis in carpal tunnel syndrome. Neurol Sci Neurophysiol.
2018;35(3):145-50.

Ganeshan B, Miles KA, Young RCD, et al. Hepatic entropy
and uniformity: additional parameters that can potentially
increase the effectiveness of contrast enhancement during
abdominal CT. Clin Radiol. 2007;62(8):761-8.

Sarioglu FC, Sarioglu O, Guleryuz H, et al. The role of MRI-
based texture analysis to predict the severity of brain injury
in neonates with perinatal asphyxia. Br J Radiol.
2022;95(1132):20210128.

. Suoranta S, Holli-Helenius K, Koskenkorva P, et al. 3D

texture analysis reveals imperceptible mri textural alterations
in the thalamus and putamen in progressive myoclonic
epilepsy type 1, EPMI1. Reddy H, editor. PLoS One.
2013;8(7):¢69905.

Wang R, X1 Y, Xu H, et al. The texture analysis of MRI
diffusion-weighted imaging for predicting prognosis of
neonatal hypoglycemic encephalopathy. Chinese J Gen Pract.
2022;6:367-75.

Valdés Hernandez MDC, Gonzalez-Castro V, Chappell FM,
et al. Application of texture analysis to study small vessel
disease and blood-brain barrier integrity. Front Neurol.
2017;8:327.

Baykara M, Baykara S, Atmaca M. Magnetic resonance
imaging histogram analysis of amygdala in functional
neurological disorder: Histogram Analysis of Amygdala in
Functional ~Neurological Disorder. Psychiatry Res
Neuroimaging. 2022;323:111487.

Johns SLM, Ishaque A, Khan M, et al. Quantifying changes
on susceptibility weighted images in amyotrophic lateral
sclerosis using MRI texture analysis. Amyotroph Lateral
Scler Front Degener. 2019;20(5-6):396-403.

Bhattacharya D, Vengalil SK, Sinha N, et al. Structural MRI
based texture analysis of corpus callosum in patients with
Progressive Supraneuclear Palsy. In: TENCON 2019 - 2019
IEEE Region 10 Conference (TENCON). Kochi, India:
IEEE; 2019. p. 441-6.



