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1 Introduction 

 
1.1 Cerebral Palsy 

 
Cerebral palsy is the most common cause of spastic movement disorders in 

children(1,2).  Our  understanding  of  the  etiology  of  the  disease  has  been  greatly 

advanced by the development of magnetic resonance imaging (MRI), which allows 

the identification of the underlying structural changes in the brain(5, 6), giving 

information on topography as well as the extent and potential timing of the 

causative lesion(7, 8, 9). 

 
1.1.1 Definition of Cerebral Palsy: 

 

Cerebral palsy (CP) describes a group of disorders of the development of 

movement and posture, causing impaired function, due to non-progressive 

disturbances occurs in the developing fetal or infant brain. The motor disorders are 

often accompanied by disturbances of cognition, communication, perception, 

behaviour and epilepsy(10). 

 
1.1.2 Epidemiology: 

 

Cerebral palsy (CP) is the most prevalent cause of motor disorder in childhood(10). 

The incidence of CP is about 2 per 1000 live births(11). The prevalence increases 

with lower birth weight and higher immaturity(11). Studies of the patterns of 

cerebral palsy in relation to birth weight show that very low birth weight (VLBW) 

newborns, i.e., weighing less than 1500 grams, are between 20 and 80 times more 

likely to have cerebral palsy than newborns with a birth weight of more than 2500 

grams(11). Epidemiologic data has shown that with the advanced care in neonatal 

medicine, the incidence and severity of CP in premature VLBW newborns in 

Europe(3) and northern America(4)is decreasing. The majority of children affected 

with CP survive into adulthood, but life expectancy is negatively affected by the 

presence of severe function impairment and retardation(14). 
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1.1.3 Etiology: 

 
 

Cerebral palsy is caused by a wide spectrum of developmental and acquired 

abnormalities of the immature brain(27). The etiology of CP is extensive, ranging 

from prenatal and perinatal events to postnatal insults(15, 16, 17, 18, 19). The pattern of 

brain lesions that leads to CP depends on the stage of brain development(8). 

Cortical neurogenesis and brain lesions which are characterized by 

maldevelopment of the brain; they predominantly take place(8) during the first and 

second trimester. During the early 3rd trimester, periventricular white matter is 

especially affected. Toward the end of the 3rd trimester, gray matter appears to be 

more vulnerable, whether it is a cortical or deep gray matter, such as ganglia and 

thalamus. During the first and second trimester, patterns develop usually in utero, 

whereas at the third trimester the lesions can be acquired in or ex utero(25). These 

different patterns are indicated in (Tab.1). 

 
Even after neuroimaging and metabolic investigation, CP remains without 

identification or clear etiology in around 15% of children(14). 

Tab. 1. Pattern of brain lesions relative to the stage of brain development(8)
. 

1st+2nd trimester 

Maldevelopment 

3rd trimester lesion 

Disorders of migration  Early/mid 3rd trimester White 

Lissencephaly matter  

Pachygyria Intracranial hemorrhage  

Heterotopias Periventricular leukomalacia  

 Periventricular infarction  

 Thromboembolic lesions  

 Multicystic encephalomalacia  

Disorders of proliferation  Late 3rd trimester Gray 

Hemimegalencephaly matter  

Cortical dysplasia Basal ganglia/thalamus lesions  

Disorders of organization  Cortico-subcortical lesion  

Schizencephaly Thromboembolic lesions  

Polymicrogyria Multicystic encephalomalacia  

Hydranencephaly   

Anencephaly   
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1.1.4 Classification of Cerebral Palsy: 

 
 

1.1.4.1 Subtypes of Cerebral Palsy: 

Cerebral palsy is usually evident in the first 12 to 18 months of life. The early 

indicators of the presence of motor disability include: delay in the appearance of 

the motor milestones, exaggerated or persistent primitive reflexes(14, 19, 20), early 

hand preference, asymmetric motor function and abnormalities of muscle tone(14). 

Cerebral palsy, according to European classification, can be divided into four major 

types (Tab.2): spastic (bilateral or unilateral) 50%, dyskinetic (dystonic or chorea- 

athetotic) 20%, ataxic 10% and mixed 20%(14, 22). Serial neurodevelopmental 

evaluations are often required for proper classification of the subtype. 

Tab. 2. Classification of cerebral palsy(11)
. 

Spastic type:                                                                                                    

Spastic CP is characterized by at least two of the following: 

• Abnormal pattern of posture and/or movement 

• Increased tone (not necessarily constant) 

• Pathological reflexes (increased reflexes: hyperreflexia and/or pyramidal signs 

e.g. Babinski response). 

Spastic bilateral CP: Limbs of both sides of the body are involved. 

Spastic unilateral CP: Limbs on one side of the body are involved. 

Dyskinetic type:                                                                                           

Dyskinetic CP is dominated by both: 

• Abnormal pattern of posture and/or movement 

• Involuntary, uncontrolled, recurring movement 

Dyskinetic CP may be either dystonic CP or chorea-athetotic CP: 

Dystonic CP is dominated by both: 

Hypokinesia (reduced activity) 

Hypertonia (tone usually increased) 

Chorea-athetotic CP is dominated by both: 

Hyperkinesia (increased activity) 

Hypotonia (decreased tone) 

Ataxic type:                                                                                                       

Ataxic type is characterized by both: 

• Abnormal pattern of posture and/or movement 

• Loss of muscular coordination so that movements are performed with abnorm  

al force, rhythm and accuracy. 
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In general, neurological abnormalities identified as the spastic present during 

sleep and do not change with activity or emotional stress. A child with spastic 

cerebral palsy is typically prone to developing earlier contractures and having 

more frequent problems than does a child with dyskinetic CP(14). In the dyskinetic 

form, the movements typically begin after the second year of life and progress 

slowly for several years, persisting into adulthood(14). They involve the upper 

extremities more frequently than the lower extremities(14). Oral-motor dysfunction 

and tongue thrusting are common symptoms(14). These movements show marked 

variability depending on the state of the individual; they are decreased during 

relaxation and sleep and increased during anxiety and stress(14). Dyskinetic forms 

tend to occur typically in term infants with perinatal asphyxia or kernicterus(14). 

Children with a combination of spastic and dyskinetic types are labelled  as  

having a mixed type(14). 

Children with the ataxic type usually due to damage of the cerebellum in prenatal 

time (88)(e.g., fetal alcohol syndrome). 

 
1.1.4.2 Severity of Cerebral Palsy According to Gross Motor 

Function Classification System (GMFCS): 

 
The most commonly used classification of gross motor function in children with CP 

is the G ross Motor F unction C lassification S ystem (GMFCS). This system a very 

simple and well-recognized classification of mobility in CP, was introduced  by  

Palisano and Rosenbaum in 1997(27, 33, 34, 35). According to the system, function is 

divided into five levels; children in Level I have the most  independent  motor  

function and children in Level V have the least(26). Distinction between the levels is 

thought to be clinically meaningful and is based on  functional  abilities  and  

limitation (i.e., self-initiated movement, sitting, transfers and need for hand-held 

mobility devices such as walkers or wheeled mobility)(14, 26,  33,  34,  35)(Tab.3).  Each  level 

of the GMFCS provides functional descriptions for five age bands: before 2, 2 to 4,     

4 to 6, 6 to 12 and 12 to 18 years. 
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Tab. 3. Gross Motor Function Classification System (GMFCS) Levels 1-5 at age 6-12 

years(36). 

 

GMFCS Level I:  

Children walk indoors and outdoors and climb stairs without limitation. 

Children perform gross motor skills, including, running and jumping; 

but speed, balance and coordination are impaired. 
 

 

GMFCS Level II:  

Children walk indoors and outdoors and climb stairs holding onto a 

railing but experience limitations walking on uneven surfaces, in 

crowds and for long distances. 

 

 

GMFCS Level III:  

Children walk indoors or outdoors on a level surface with an assistance 

mobility device and may climb stairs holding onto a railing. Children 

may use wheelchair mobility when traveling for a long distance. 

 

 

GMFCS Level IV:  

Children use methods of mobility that usually require adult assistance. 

They may continue to walk for short distances with physical 

assistance at home but rely more on wheeled mobility outdoors. 

 
 

 

GMFCS Level V:  

All areas of motor function are limited. Children have no means of 

independent mobility and are transported by an adult. There is an 

inability to maintain anti-gravity head and trunk posture. 

 

The following curves (FIG.1) are useful for monitoring the development of motor 

function in children with CP and predicting future outcomes. They are useful for 

identification a child's developmental status at a specific point in time in relation to 

the age and gross motor function. If the GMFCS-level is known, the prediction of a 

young person's expected function can be made with some confidence (14). 

The vertical lines on the gross motor curves indicate the point at which 90% of 

final gross motor is likely to be achieved. The GMFCS becomes more reliable in 

older age groups starting at 6-12 age band(27). A child who is between 2 and 4 

years old may be on the upswing of their gross motor curve, a child who is 6-12 

years old may be on a stable plateau of gross motor function, and a youth between 

12 and 18 years may be on a descending curve of gross function(27). 
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FIG. 1. Gross motor curves. The curves provide information about the predicted average 

development in groups designated by the GMFCS(21). 

 

1.2 Periventricular Leukomalacia (PVL): 

 
1.2.1 Definition of Periventricular Leukomalacia: 

 
 

Periventricular Leukomalacia (PVL) is caused by a hypoxic-ischemic damage to 

white matter in premature infants(28). PVL is the most important factor of CNS 

morbidity in very low birth weight infants (<1500 grams) and occurs mainly 

between 26-34 weeks of gestational age before myelination of oligodendrocytes 

and myelin basic protein(32). PVL is occasionally reported to occur in full-term 

infants. 

 
1.2.2 Pathology of Periventricular Leukomalacia: 

 
 

Periventricular leukomalacia is a primary arterial ischemic injury to white matter. 
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It is expected that the predisposing factors are as follows(31, 29): 

1. Vascular immaturity in the deep WM 

2. Vulnerability of differentiation glia, particularly pre-oligodendrocytes, to 

glutamate and cytokines 

During hypotensive episodes, hypoxic-ischemic insults in the arterial end-zones 

may cause a lesion of immature white matter(27). The pathology of this lesion is 

necrosis of all cell types and axonal pathways coursing adjacent to the ventricles 

with or without cyst formation(27). Microscopically, there is axonal and cellular 

coagulative necrosis, which is separated from the ventricles by glial tissue 

produced by the reformed cytoplasm of the reactive astrocyte, microglial 

activation, foam cell infiltration, reactive astrogliosis and neovasculation. 

A perifocal edema may present as softening of the adjacent tissue(31). 

The lesions of PVL are classically bilateral, measure 2-6 mm in diameter, and are 

within 15 mm of the ventricular wall(30). The most common locations are anterior to 

the frontal horn (FIG 2, 3), angels of the lateral ventricles at the level of the 

foramen of Monro, and lateral regions of the trigone and occipital horn, including 

the optic radiation(30). The relationship of these widespread lesions in the 

periventricular region, is unclear. In the extreme cases, necrotic foci extend from 

the periventricular sites for a variable distance into the centrum semiovale, rarely 

as far as the subcortical white matter(30). In the chronic stage, the entire white 

matter may have undergone multiple cavity formations, in contrast to preserved 

cerebral cortex and deep grey nuclei(30). In the course of absorption, the lesion 

becomes cystic cavitation clustering around the lateral ventricles which contain cell 

debris (FIG.4, 5, 6) and finally a ventricular enlargement is seen(29, 31). This leads to 

a reduction in the volume of the brain with enlargement of the lateral ventricles 

and a thin corpus callosum. 

 
 
 

FIG. 2. Periventricular leukomalacia (PVL), 

note the multiple white spots (necrotic 

foci) in periventricular white matter(29). 
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FIG. 3. Macroscopic appearance of the PVL 

lesions. There are white opaque lesions in 

the periventricular white matter in this 

brain 29 days after birth(29). 

 
 
 
 
 
 
 
 
 

 
FIG. 4. Periventricular leukomalacia. Note 

the dilated ventricles and reduced white 

matter volume(29). 

 
 
 
 
 
 
 
 
 
 

FIG. 5. PVL Coronal section of the 

cerebrum. 

Note the two components of the lesion, 

deep focal areas of cystic necrosis and 

more diffuse cerebral white matter 

injury(29). 
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FIG. 6. Multicystic leukomalacia present in 

the brain of a neonate at the time of 

death (three days of age). There is 

marked destruction of the white matter(29). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1.2.3 Pathophysiology of Periventricular Leukomalacia: 

 
 

We know that in PVL, the necrosis of white matter occurs mostly near the lateral 

ventricles, where the corticospinal tract runs. The corticospinal tract, which carries 

the motor information from the brain to the rest of the body, originates from 

pyramidal cells in layer V of the cerebral primary motor cortex. It consists of axons 

of the upper motor pathway which extend downward from the upper motor 

neurons and from the corona radiata. These axons descend passing through the 

posterior limb of the internal capsule and transverse dorsal and lateral the external 

angle of the lateral ventricle and run then through the midbrain, where the fibers 

concerned to the upper body are situated medially while those concerned to the 

lower body are placed laterally. They travel down through the cerebral peduncle 

and then spinal cord(45). The injury to these axons produces the typical clinical 

picture of spastic cerebral palsy, in which the most prominent motor impairment is 

in the legs(27)(FIG.7). 



18  

FIG. 7. shows the motor tract. Dark thick 

arrow shows the motor tract originates 

from motor cortex. Thin black arrow shows 

motor tract descending through the internal 

capsule. White arrow shows motor tract 

descending through cerebral peduncle and 

then through pons and finally through 

spinal cord(81). 

 
 
 
 
 
 
 
 
 
 
 
 

 

1.3 The Role of Imaging in PVL: 

 

1.3.1 The Role of Ultrasound in PVL: 

 
In the acute phase of PVL, the early sonographic sign of periventricular white 

matter injury is the periventricular flare; an area shows loss of normal parenchymal 

echoes. The more severely damaged tissue shows edema as an echogenic zone. 

The timing of cavitation varies but typically appears on ultrasound 2 to 4 weeks 

after injury(38) (FIG. 8). 
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FIG. 8. (a) Coronal ultrasound view from 
preterm infant at 5 days of age. Note the 
increase echogenicity within periventricular 
white matter(46). 

FIG. 8. (b) Coronal ultrasound from the 
same infants 2 weeks later. Note the 
evolution to diffuse cyst formation(46). 

 
 

1.3.2 The Role of MRI in PVL: 

 
MR imaging techniques have been used as the gold standard in documenting 

periventricular white matter lesions(73). The typical MR imaging findings by PVL are 

(28, 38): 

1- increased signal intensity, i.e., gliosis in the periventricular white matter on T2- 

weighted and on Flair (FIG.9.(a)). Similar changes (increased signal intensity) can 

occur due to metabolic and inflammatory changes, for example, the 

leukodystrophy. In leukodystrophy, the lateral ventricle is curved and not cornered 

extracted. In PVL, the gliosis is adjacent to the posterior horn and the lateral 

ventricles and leads to cornered edged attraction of the lateral ventricles (FIG.9. 

(b)). 

2- ventricular enlargement with an irregular outline of the body and trigone of the 

lateral ventricles (FIG.9(c)). 

3- thinning of the corpus callosum, most commonly the posterior body, splenium, 

and isthmus (FIG.9(d)). 

4- abnormally and delayed myelination. 

5- reduced quantity of white matter, always at the trigone but in severe 

cases involving the whole centrum ovale. 
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a b 
 

FIG. 9. (a) MRI axial flair, five years old-child 

with bilateral spastic cerebral palsy, note 

the increased signal intensity in the 

periventricular white matter. 

FIG. 9. (b) MRI axial flair, the same 

patient, the lateral ventricles are 

extended and atypical configured. 

 
 

  
c 

FIG. 9. (c) MRI flair axial, 18 months-old 

infants with CP, GMFCS grade IV. Note the 

ventricular enlargement with an irregular 

outline of the lateral ventricles. 

d 

FIG. 9. (d) MRI sagittal T1-weighted, note 

the thinning of the corpus callosum and 

the reduced quantity of white matter. 
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1.4 Previous Clinical Studies: 

 

E. Melhem et al. (2000) established that the severity of the motor impairment in 

children with PVL correlates with the mean lateral ventricular volumes which could   

be used as an indirect predictor of motor and cognitive outcome in children with 

spastic CP and PVL. The patients in this study were classified according to the    

motor deficit into three groups: mild, moderate and marked motor impairment(39). 

Another study G. Serdaroglu et al. (2004) showed that the PVL grades III and IV, 

gliosis numbers over three, thinning of the corpus callosum  and  presence  of  

cortical atrophy were risk factors for developmental delay in patients with cerebral 

palsy. The patients in this study were classified according to the motor deficit into  

four groups: normal, mild, moderate and marked motor impairment(40). 

A third study in USA, A. Panigrahy et al.(2005) showed a positive correlation 

between the thickness of the mid-body of the corpus callosum and the volume of 

cerebral white matter in children with cerebral palsy, which was significantly less in 

the spastic cerebral palsy group than in the two other groups of children (groups of 

hypotonia and group of no specific neuromotor abnormality). A correlation with the 

severity of CP was not carried out, and all children with CP were grouped 

together(41). 

G. Cioni et al. (1999) have studied the correlation between visual function and 

neurodevelopmental outcome in children with PVL. The visual impairment was the 

most important variable in determining the neurodevelopmental scores of these 

infants, more than their motor disability and the extent of their lesions on MRI(42). In 

this study, the correlation between MRI-findings and motor disability was not 

carried out. 

A study from S. Fukuda et al. (2010) showed that the volume of thalami is reduced 

in infants with PVL compared with the other group infants. A correlation between 

the severity of CP and the volume of thalami was also not carried out(43). 

A study from Panigraphy (2001) did not show any correlation between the gliosis 

and the clinical neuromotor abnormality(41). A study from Fedrizzi (1996) shows 

lacks of correlation between T2 prolongation in the affected periventricular white 

matter and the severity of neuropsychologic deficit(74) too. 



22  

2 Aim of the Study: 

 
Until now, existing studies in patients with PVL and cerebral palsy could not clarify 

the relationship between the severity of damage in the cerebral MRI and the 

severity of motor deficit, as it is now based on GMFCS levels. If we find a 

correlation between a surrogate parameter and the gross motor function level, we 

can predict the future of the motor performance of the patient far before the 

completion of the 2nd year of life, that would be useful for facilitating the dialogue 

between doctors, therapists and parents and for planning of intensive motor in the 

early years of motor development. The aim of this study was to answer the 

following questions: 

• is there any correlation between GMFCS level and the MRI-findings? 

1. corpus callosum: length of corpus callosum, thickness of genu, thickness and 

location of the thinnest part of corpus callosum 

2. brainstem (diameter of midbrain, cerebral peduncles and pons) 

3. lateral ventricles 

4. gliosis 

5. existence of small porencephalic cysts 

6. existence of microhemorrhages 

• Which MRI-parameter correlates most likely with GMFCS level? 

 

3 Methods: 

 

3.1 Study Design: 

This is a retrospective data analysis of existing patient's data. The MRI 

examinations were exclusively performed in the Institute of Clinical Radiology 

Campus Grosshadern (Director of the Institute: Prof. Dr. med. M. Reiser) under the 

medical supervision of Prof. Dr. med. B. Ertl-Wagner (neuroradiologist). The clinical 

data was assessed at the Department of Pediatric Neurology at Dr. Von Hauner 

Children's Hospital, University of Munich (Director: Prof. Dr. med. Dr. sci. nat. C. 

Klein), under the supervision of Prof. Dr. med. F. Heinen and at the kbo Children's 

Centre in Munich, (Prof. Dr. med. V. Mall). The study was performed with permission 

of the local ethics committee (Ethikkommission der LMU München, Projekt-Nr: 500- 

11). 
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3.2 Subjects: 

 
All patients with periventricular white matter hyperintensities on cranial MRI- 

examination from October 2003 to April 2011 were reviewed for the following 

clinical data (Tab.4). 

 
 

Tab. 4. Clinical Data of the patients in our study.  

Identification number 

Date of birth 

Gestational age at birth (weeks) 

Date of MRI/corrected age at the date of MRI-examination 

Type of CP: bilateral/unilateral 

spastic CP/mixed type 

Severity of CP according to GMFCS (I-V) 

Existence of hemorrhage, hydrocephalus, shunt, porencephaly or brain malformation 

Existence of other diseases, e.g. connatal infection. 

 

In order to improve patient's data quality; we have excluded all patients with: 

� Clinical picture of unilateral cerebral palsy 

� Patients less than 12 months of age at the date of MRI examination. Because 

it is not possible to distinguish the premyelinated periventricular white 

matter hyperintensity from abnormal periventricular white matter 

hyperintensity 

� Patients with perinatal brain damage other than PVL (e.g. hemorrhage, 

porencephaly, hydrocephalus with or without VP-Shunt) and patients with 

brain malformation (e.g. Septo-optic dysplasia) 

� Patients with periventricular hyperintensity related to other diseases (e.g. 

congenital CMV infection) 

To know if the severity of prematurity may influence the severity of CP, we have 

divided the patients according to gestational age at delivery into 4 subgroups: 

extremely preterm (<28 weeks), very preterm (28 to <32 weeks), moderate to late 

preterm (32 to < 37 weeks) and term infants > 37 weeks(89)(Tab.5). 

Tab. 5. Groups of patients according to gestational age at delivery.    

Extremely preterm Very preterm Moderate to late preterm Term infants 

<28 weeks 28 to < 32 weeks (32 to < 37 weeks) > 37 weeks 
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3.3 MRI-Protocol: 

All patients who met the clinical and MR imaging criteria and underwent a standard 

pediatric brain MRI: axial flair, axial and sagittal T2-weighted and axial T1- 

weighted, were included in our study. 

Tab. 6. MRI-parameters; which were measured in our study.  

Study of the corpus 

callosum 

Midsagittal T2-weighted image 

anterior-posterior diameter of the skull in cm 

 length of the corpus callosum (FIG.10) in cm 

thickness of the genu (FIG.10) in mm 

location of the thinnest point of corpus callosum (FIG.17) 

thickness of the corpus callosum at its thinnest point (FIG.10) 

in mm 

Study of the brainstem Midsagittal T2-weighted image  

craniocaudal diameter of the pons (FIG.10) in mm 

transverse diameter of the midbrain (FIG.10) in mm 

Axial T1-weighted image  

axial diameter of the midbrain (FIG.11) in mm 

axial diameter of the cerebral peduncles (FIG.11) on both sides 

in mm 

Study of the lateral 

ventricle 

Axial T2-weighted image  

grade of extension of the lateral ventricle (I-V) (FIG.12) 

width of the posterior horn of the lateral ventricle at its widest 

point (FIG.13 a) on both sides in mm 

distance between lateral ventricles and cortex (FIG.13 b) on 

both sides in mm 

distance between lateral-extraction of lateral ventricles and 

cortex (FIG.13 b) on both sides in mm 

depth of lateral extraction of lateral ventricles (FIG.13 c) on 

both sides in mm 

Study of the gliosis  Axial flair image  

gliosis grade I-V grade (FIG.14) 

width of the gliosis (FIG.15 a) on both sides in mm 

distance between the gliosis and the cortex (FIG.15 b) on both 

sides in mm 

Study of porencephalic 

cyst 

existence of small porencephalic cysts "black holes"on axial 

flair: yes/ no (FIG.16 a) 

Study of 

microhemorrhages 

existence of microhemorrhages on T2*-Weighted gradient 

echo sequence (yes/ no) (FIG.16 b) 
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The MRI parameters were manually measured from the cerebral MRI by the same 

board certified neuroradiologist who was unaware of the clinical findings (Tab. 6). 

The neuroradiologist has measured the length of the corpus callosum from the 

anteriormost aspect of the genu to the posteriormost aspect of the splenium and 

the thickness of the genu (FIG.10). Similar to Witelson's scheme; the corpus 

callosum was divided into 7 subregions: 1, rostrum; 2, genu; 3, rostral body; 4, 

anterior midbody; 5, posterior midbody; 6, isthmus; 7, splenium (FIG.17). 

According to the above scheme, she has determined the location of the thinnest 

point of corpus callosum and measured it. 

The transverse diameter of the midbrain and the craniocaudal diameter of the 

pons were measured by using midline sagittal T2-weighted images (FIG.10). The 

axial diameters of midbrain and cerebral peduncles were measured by using axial 

T1-weighted image (FIG.11). 

By using axial images T2-weighted distance between lateral ventricles and cortex 

(FIG.13 a), distance between lateral-extraction of lateral ventricles and cortex 

(FIG.13 b) and the depth of lateral extraction of lateral ventricles (FIG.13 c) were 

measured. Right and left hemispheric involvement were measured separately and 

merged. 

By using axial flair image; the neuroradiologist has measured the width of the 

gliosis and the distance between the gliosis and the cortex. 

By using axial flair, she has determined the existence of small porencephalic cysts 

and by using T2*-Weighted gradient echo sequence, she has determined the 

existence of microhemorrhages. She has rated the quality of the investigation (i.e. 

existence of artefacts) and the existence of other norm variation (e.g. arachnoid 

cyst) or malformation (Dandy-Walker syndrome). 

As in our study the participant age at the time of MRI ranged from 12 to 212 

months, the greatest anterior-posterior diameter of the skull from the inner table of 

the frontal bone to the inner table of the occipital bone was measured. Similar to 

Barkovich(91)  the ratios of the length of the corpus callosum, transverse diameter of 

midbrain, diameter of the pons and width of lateral ventricles were determined by 

dividing them by the anteroposterior (AP) diameter of the skull. As the ratios of 

thickness of genu, diameter of pons, diameters of midbrain to AP diameter of the 

skull were too small, we have these ratios 10 times doubled. 

The neuroradiologist have classified the width of the LV (FIG.12) and the width of 

the gliosis according to the optic view into 5 grades with grade 1 the least and 

grade 5 the most grade (FIG.14). She has rated the quality of the investigation (i.e. 
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existence of artefacts) and the existence of other norm variation (e.g. arachnoid 

cyst) or malformation (Dandy-Walker syndrome). 

FIG. 10. Midsagittal T2-weighted image. 

MRI-parameters: 

anterior-posterior diameter of the skull 

(arrow number 1), length of corpus 

callosum (arrow number 2), thickness of 

the genu of the corpus callosum (arrow 

number 3), thickness of the corpus 

callosum at its thinnest point (arrow 

number 4), craniocaudal diameter of the 

pons (arrow number 6), transverse 

diameter of the midbrain (arrow number 7). 

 
 
 
 

FIG. 11. Axial T1-weighted images. Axial 

diameter of the cerebral peduncles (left 

arrow number 1) and right (arrow number 

2). Axial diameter of the midbrain (arrow 

number 3). 

 
 
 
 
 
 
 

 

a b c d e 

 

FIG. 12. Axial T2-weighted MR images: show the optic classification of the extension of 
the lateral ventricle according to the width with grade 1 the least and grade 5 the most 

grade. a: grade 1, b: grade 2, c: grade 3, d: grade 4, e: grade 5. 
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FIG. 13. Axial T2-weighted MR images show: a: width of the posterior horn of the lateral 
ventricle (right, left) at its widest point, b: distance between the lateral ventricles and the 
cortex (right, left) (arrow number 1), distance between the lateral extraction of the 
ventricles and the cortex (right, left) (arrow number 2). c: depth of lateral extraction of 
lateral ventricles. 

 
 
 

 

a b c d 

 
FIG. 14. Axial flair MRI: optic classification of the grade of the gliosis: a, gliosis grade 2; b, 
gliosis grade 3; c, gliosis grade 4; d, gliosis grade 5. 
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a b a b 

 

 
FIG. 15. Axial flair MRI. a, Width of the gliosis 
on the right and on the left; b, distance 
between the gliosis and the cortex on the 
right and on the left. 

 
FIG. 16. a, axial flair shows a small 
porencephalic cyst. b, axial T2*-weighted 
gradient echo sequence shows the deposits 
of microhemorrhages in a patient with PVL. 

 
 
 
 
 

 

 
 

 
 
 

FIG. 17. Witelson's scheme(44, 61). Corpus callosum 
subregions: 1, rostrum; 2, genu; 3, rostral body; 
4, anterior midbody; 5, posterior midbody; 6, 
isthmus; 7, splenium; AP: length of anterior- 
posterior line. 

FIG. 18. Transcallosal fiber tracts from a single 
male subject overlaid onto individual anatomical 
reference images. Reconstruction of all callosal 
fibers comprising bundles projecting into the 
prefrontal lobe (coded in green), premotor and 
supplementary motor areas (light blue), primary 
motor cortex (dark blue), primary sensory cortex 
(red), parietal lobe (orange), occipital lobe 
(yellow), and temporal lobe (violet). (D and E) 
sagittal and oblique views of callosal fiber tracts 
that project into the primary motor cortex(61). 
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3.4 Statistical Analysis: 

 

Statistical analysis was performed using SPSS Program (IBM SPSS Statistic Version 

20, Illinois, USA). Using the descriptive statistic, we have measured the distribution 

of the patients according to gestational age and according to the severity of 

cerebral palsy using circle graph. We have used the Pearson rank Correlation to 

measure the correlation between the following variables (Tab.7). A p -value of 

less 

than 0,05 was taken as significant(48). 
 

Tab. 7. Correlation between the following variables  

Severity of CP  Gestational age 

Corrected age at the time of MRI 

MRI-findings 

Correlation between right and left of MRI-findings  

Gestational age  MRI-findings 

 
We have measured the mean value, median, standard deviation and 95% 

confidence interval of the above parameters at the different levels of GMFCS using 

box plot, linear, scatter plot and error bar diagrams. 

 
 
 

 
 
 

 
 
 
 

 

 

4 Results: 

 
4.1 Total Cohort Characteristics: 

Out of 89 screened patients, we have found 50 children (27 males, 23 females) 

between the age of 12 months and 17 years fulfilled the criteria of bilateral spastic 

cerebral palsy and MRI finding of PVL (FIG.19). 

Perfectly negative 

Weakly negative 

Perfectly positive 

    

 

+1,0 

Strongly positive +0,8 

Moderately positive +0,5 

Weakly positive +0,2 

No association 0,0 

-0,2 

Moderately negative -0,5 

Strongly negative -0,8 

-1,0 
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Tab. 9. The descriptive statistic of patients in our study  

Variable Minimal Maximal Mean SD 

Gestational age at time of birth (weeks) 26 39 31,80 3,08 

Age at time of MRI (months) 12 212 69,66 60,17 

Anterior-Posterior diameter of Skull (cm) 15 22 17,02 1,43 

Axial diameter of the midbrain (mm) 9 17 12,72 1,85 

Axial diameter of cerebral peduncles on the left (mm) 9 17 12,11 1,8 

Axial diameter of cerebral peduncles on the right (mm) 10 16 12,02 1,56 

Craniocaudal diameter of pons (mm) 12 27 21,24 3,05 

Sagittal diameter of midbrain (mm) 8 15 10,47 1,38 

Grade of gliosis 1 to 5 2 5 3,10 1,04 

Width of gliosis on the left (mm) 2 16 8,17 3,57 

Width of gliosis on the right (mm) 2 18 8,39 3,91 

Grade of extension of LV 1 to 5 1 5 2,18 1,16 

Width of posterior horn of LV on the left (mm) 4 25 11,67 4,49 

Width of posterior horn of LV on the right (mm) 4 22 10,48 3,7 

Depth of extraction of LV on the left (mm) 0 5,0 1,86 1,26 

Depth of extraction of LV on the right (mm) 0 4,5 1,51 1,23 

Distance between extraction of LV and Cortex on the left (mm) 0 15,0 4,35 3,49 

Distance between extraction of LV and Cortex on the right (mm) 0 11,0 4,17 3,26 

Distance between LV- Cortex on the left (mm) 0 6,5 1,81 1,52 

Distance between LV- Cortex on the right (mm) 0 6,5 1,69 1,51 

Distance between gliosis and Cortex on the left (mm) 0 18,0 1,69 2,68 

Distance between gliosis and Cortex on the right (mm) 0 5,0 1,36 1,27 

Length of CC (cm) 4 7 5,71 0,76 

Thickness of the thinnest part of CC (mm) 0,5 4,5 1,89 0,88 

Thickness of genu (mm) 1 13 7,69 2,64 

Existence of small porencephalic cyst 0 1 ,34 0,48 

Existence of microhemorrhage in 0 1 0,06 0,25 

Artifact1to 5 1 4 1,28 0,76 

 
 

Tab. 10. Correlation between the following variables and gestational age and 

GMFCS according to Pearson's rank correlation 

Gestational 

age 

GMFCS Level 

r Value p Value r Value p Value 

Date of MRI -0,078 0,59 -0,14 0,29 

GMFCS -0,23 0,11   

 

Brainstem 

Axial diameter of midbrain/anterior-posterior diameter of the skull X 10 0,21 0,15 -0,21 0,14 

Sagittal diameter of midbrain/anterior-posterior diameter of the skull X 10 0,27 0,11 -0,48 <0,001 

Sagittal craniocaudal diameter of pons/anterior-posterior diameter of the skull X 10 0,1 0,48 -0,2 0,17 

Diameter of cerebral peduncle/anterior-posterior diameter of the skull 0,2 0,18 -0,41 <0,05 

Measurement of 

corpus callosum 

Length of CC/anterior-posterior diameter of the skull -0,14 0,34 -0,43 <0,001 

Thickness of genu/ anterior-posterior diameter of the skull X 10 -0,12 0,4 -0,5 <0,001 

Thickness of the thinnest part of CC -0,12 0,41 -0,48 <0,001 

 
Measurement of 

gliosis 

Grade of gliosis -0,16 0,28 0,27 0,06 

Width of gliosis on both sides 0,29 <0,05 0,15 0,29 

Distances between gliosis on both sides and cortex -0,19 0,19 -0,46 <0,001 

Measurement of 

Lateral ventricle 

Grade of LV- extension 0,14 0,32 0,5 <0,001 

Distances between LV on both sides and cortex 0,01 0,96 -0,54 <0,001 

Distances between extraction of LV on both sides and cortex -0,13 0,4 -0,04 0,77 

Width of posterior horn on both sides/anterior-posterior diameter of the skull -0,14 0,32 0,44 <0,001 

Depth of extraction of LV on both sides -0,2 0,17 0,57 <0,001 

Existence of small porencephalic cyst 0,1 0,48 0,2 0,17 

Existence of microhemorrhage -0,16 0,44 0,27 0,17 
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FIG. 19. Flow diagram for determination of patients' collective. 

Other diseases (e.g. brain malformation, connatal infections). 

 
4.2 Subgroups Data of Patients according to GMFCS Level: 

 

42 children (84%) have spastic cerebral palsy, and 8 children (16%) have mixed 

type (spastic and dyskinetic cerebral palsy). 

The most common levels of cerebral palsy according to GMFCS in our study were  

level I and II (26%), followed by level III (22%) then level IV (20%). The least 

common level of cerebral palsy was level V (6%). 

We did not find a significant correlation between the severity of BS-CP and the type 

of CP (spastic/mixed). However, at level IV of cerebral palsy 30% of the patients 

have mixed type of cerebral palsy and at level V 33%. 

 
 

FIG. 20. Distribution of patients according to 

GMFCS 

 

 

Bilateral cerebral 
palsy with PVL 

n= 50 
 

Hydrocephalus 
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Tab. 11. Distribution of patients according to type of CP by GMFCS  

 totals GMFCS I GMFCS II GMFCS III GMFCS 

IV 

GMFCS V 

N 50 13 13 11 10 3 

Mixed Type 8 1 1 2 3 1 

Percent 16% 8% 8% 18% 30% 33% 

r and p r =0,25 p =0,78 

 
 
 

4.2.1 Correlation between GMFCS Level and gestational Age at 

Birth: 

 
The gestational age at birth (mean 31,80 ― 3,08 weeks) ranged from 26-39 weeks. 

The severity of BS-CP according to GMFCS located by term infants between level I 

and III (FIG 22). The severity V was only found in preterm infants, who were born 

between 28 to <32 weeks. 

 
 
 
 
 

 

FIG. 21. Box plot of patients according to 

GMFCS by gestational age. 

FIG. 22. Distribution of severity of GMFCS 

according to groups of gestational age. 

 
 

4.2.2 Correlation between GMFCS Level and Age at MRI 

examination: 



33  

We did not find a significant correlation between the corrected age at which the 

MRI was carried out and the severity of cerebral palsy. In patients with least 

severity of CP (level I), the mean age at which the MRI was carried out, was with 

99,92 months (SD 56,17) relative late in comparison to the other patients. 

 
 

Tab. 12. Descriptive statistical of age at the time of MRI by GMFCS  

Age at the time of 

MRI (months) 

total GMFCS I GMFCS II GMFCS III GMFCS IV GMFCS V 

N 50 13 13 11 10 3 

Mean 69,66 99,92 49,92 60,73 65,7 70 

Median 46 86 28 37 35 33 

Min. 12 30 14 16 12 12 

Max. 212 212 180 178 202 165 

SD 60,17 56,17 50,91 54,12 72,54 82,94 

r and p r=-0,14 p =0,29 

 

4.2.3 Correlation between GMFCS Level and MRI-findings: 

 

4.2.3.1 Study of Corpus Callosum: 

 
 

4.2.3.1.1 Study of Length of Corpus Callosum: 

The relationship between the severity of CP and the ratio of length of the corpus 

callosum to the anterior-posterior diameter of the skull (Min. 0,26, Max. 0,4, Mean 

0,34, SD 0,36) shows moderately significant  negative  correlation  with  the 

increasing severity of CP with significant difference between GMFCS level V (0,27 ± 

0,21) and GMFCS level I (0,35 ± 0,26) (FIG.23). 

Tab. 13. Descriptive statistic of severity of cerebral palsy by length of corpus callosum  

  Length of Corpus callosum (cm) /anterior-posterior diameter of skull (cm)  

 Total GMFCS I GMFCS II GMFCS III GMFCS IV GMFCS V 

N 50 13 13 11 10 3 

Minimal 0,26 0,32 0,27 0,29 0,26 0,26 

Maximal 0,40 0,40 0,38 0,40 0,38 0,30 

Mean 0,34 0,35 0,33 0,34 0,32 0,27 

Median 0,33 0,34 0,33 0,35 0,32 0,27 

SD 0,04 0,03 0,03 0,04 0,03 0,02 

95% CI  0,34-0,37 0,32-0,36 0,32-0,37 0,30-0,34 0,23-0,33 

r and p r= -0,43 p <0,001 
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FIG. 23. Ratio of length of corpus callosum 

(95% CI) to AP diameter of the skull by 

GMFCS. 

 
 
 
 
 
 
 
 
 
 
 

 

4.2.3.1.2 Study of Genu of Corpus Callosum: 

 

The relationship between the severity of CP and the ratio of thickness of  the genu   

to the anterior-posterior diameter of skull X 10 (Min. 0,06, Max.0,68, Mean 0,45, SD 

0,15) shows moderately significant  negative  correlation  with  the  increasing 

severity of CP. We have also found that ratio of thickness of the  genu  to  AP 

diameter of the skull in GMFCS level IV group (0,31±0,17) is significantly smaller  

than in GMFCS I (0,55± 0,06)(FIG.24). 

Tab. 14. Descriptive statistic of severity of cerebral palsy by thickness of genu  

  Thickness of genu (mm)/ anterior-posterior diameter of skull (mm) X10  

 Total GMFCS I GMFCS II GMFCS III GMFCS IV GMFCS V 

N 50 13 13 11 10 3 

Minimal 0,06 0,46 0,10 0,36 0,06 0,29 

Maximal 0,68 0,67 0,68 0,61 0,53 0,39 

Mean 0,45 0,55 0,45 0,50 0,31 0,35 

Median 0,49 0,56 0,48 0,52 0,3 0,38 

SD 0,15 0,06 0,16 0,09 0,17 0,06 

r and p r= -0,50 p <0,001 
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FIG.24. Ratio of thickness of the genu to the 

AP diameter of skull X 10 (95% CI) by 

GMFCS. 

 
 
 
 
 
 
 
 
 
 
 

 

4.2.3.1.3 Study of Thickness of thinnest Part of Corpus Callosum: 

 

The relationship between the severity of CP and thickness of the thinnest part of 

the corpus callosum (Min.0,5, Max.4,5, Mean 1,89, SD 0,88) shows moderately 

significant negative correlations with the increasing severity of CP. 

The mean thickness of the thinnest part of the corpus callosum showed a gradual 

decrease with the increasing severity of CP (Tab.15). We have also found that the 

thickness of the thinnest part of the corpus callosum in GMFCS  level  I  groups 

(2,46± 0,59) is significantly greater than in GMFCS III (1,68±0,56) and IV groups 

(1,35±0,78)(FIG.26). 

 
 

 
Tab. 15. Descriptive statistic of GMFCS by thickness of the thinnest part of corpus 

callosum 

  Thickness of the thinnest part of Corpus callosum (mm)  

 Total GMFCS I GMFCS II GMFCS III GMFCS IV GMFCS V 

N 50 13 13 11 10 3 

Minimal 0,5 1,5 0,5 1 0,5 0,5 

Maximal 4,5 3 4,5 2,5 3 2 

Mean 1,89 2,46 2,04 1,68 1,35 1,33 

Median 2 2,50 2,00 1,50 1,00 1,50 

SD 0,88 0,59 1,11 0,56 0,78 0,76 

95% CI  2,10-2,82 1,37-2,71 1,31-2,06 0,79-1,91 -,56-3,23 

r and p r= -,48 p <0,001 
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a b c 

FIG. 25. MRI mid-sagittal T1- 

weighted. 

Correlation between the 

corpus callosum and the 

severity of cerebral palsy 

according to GMFCS. a: a 4 

years-old boy with CP GMFCS 

level   I,   preterm   29-weeks 
d e 

infants. b: 2 years-old girl 

with CP GMFCS level II, she 
was born at 28 weeks. c: 2 years-old boy with CP GMFCS level III, he was 28 weeks 

preterm. d: 5 years-old girl with CP GMFCS level IV, e:3 years-old boy with CP GMFCS 

level V. Note that the corpus callosum is fully developed at all levels of CP according to 

GMFCS. It is especially thinner in patients at levels IV and V of GMFCS. 

 

FIG. 26. Thickness of the thinnest part of 

corpus callosum (95% CI) by GMFCS. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.2.3.1.4 Study of Location of thinnest Part of Corpus Callosum: 

The focal thinning of corpus callosum in our study is almost always (92%) present 

at the junction between the body of corpus callosum and splenium (isthmus). In 
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58% present at posterior midbody of corpus callosum and in 32% at the anterior 

midbody of corpus callosum. We have also noticed that the thinnest part of corpus 

callosum is located in all patients with CP severity V at isthmus, posterior and 

anterior midbody, and in CP severity IV 70% of patients have atrophy at posterior 

midbody (FIG.27). 

 
 

 

FIG. 27. Distribution of location of thinnest 

part of corpus callosum 

FIG. 28. Distribution of location of thinnest 

part of corpus callosum by patients with CP 

according to GMFCS 

Tab.16. Location of the thinnest part of CC in  patients with CP 
  

Location of the 

thinnest part of CC 

GMFCS 

I    

n=13 

GMFCS 

II 

n=13 

GMFCS 

III 

n=11 

GMFCS 

IV 

n=10 

GMFCS 

V 

n=3 

total 

 

n=50 

Percent 

100% 

Rostral body 1 0 0 0 0 1 2% 

Posterior midbody 0 0 1 1 0 2 4% 

Isthmus 10 3 5 1 0 19 38% 

Isthmus and posterior 
midbody 

0 1 1 1 0 3 6% 

Isthmus, posterior and 
anterior midbody 

0 3 3 4 3 13 26% 

Isthmus, posterior 
midbody and splenium 

2 4 1 1 0 8 16% 

Global 0 2 0 2 0 4 8% 

r and p  r= 0,51    p <0,001  
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4.2.3.1.5 Study of Correlation between all Parameters of Corpus 

Callosum: 

 
We have found a significant moderately positive correlation between length of 

corpus callosum and the thickness of genu (r=0,59, p <0,001), between length of 

corpus callosum and the thickness of thinnest part of corpus callosum (r=0,50, p 

<0,001) and between thickness of genu and thickness of thinnest part of corpus 

callosum (r=0,65, p <0,001)(FIG.29). 

 
FIG.29. Scatter plot of length of corpus 

callosum and thickness of thinnest part of 

of corpus callosum, thickness of genu and 

length of corpus callosum, thickness of 

thinnest part of corpus callosum and 

thickness of genu 
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a b c 

 
 
 
 
 
 
 
 
 

 
f 

d e 

 

FIG.30. MRI show location of thinnest part of corpus callosum. a.: 11 years old girl with 

GMFCS I, she was a premature infant at 36 weeks. Note that the thinning of CC is at 

rostral body. b.: 15 years old girl with CP GMFCS level III, she was born at 32 weeks, she 

has also speech delay. Note that the thinning of the CC is at posterior midbody. c: 10 

years old girl with GMFCS I, she was premature 29 weeks. Note the thinning of the CC at 

isthmus. d: 14 years old girl with CP GMFCS level IV, she was 31 weeks preterm infants, 

the thinning of CC is at the posterior midbody and isthmus. e: 5 years old boy with CP 

GMFCS level I, he was premature infants at 33 weeks, note that the thinning of the CC 

located at Isthmus, posterior midbody and splenium. f: 15 months old boy with CP GMFCS 

level IV, he was twins 34 weeks. Note that the thinning of CC is global. 

 
4.2.3.2 Study of Brainstem: 

 
 

4.2.3.2.1 Study of Midbrain: 

 

We did not find a significant correlation or significant difference with the ratio of 

axial diameter of midbrain to the AP diameter of the skull X10 (Min. 0,51, 

Max.1,06, Mean 0,75, SD 0,1) by GMFCS (FIG.31). 
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Tab.17. Descriptive statistic of ratio of axial diameter of midbrain(mm) /anterior posterior 

diameter of skull (mm) X10 by GMFCS 

Ratio of diameter of 

midbrain axial 

(mm)/anterior posterior 

diameter of skull 

(mm)X10 

Total GMFCS I GMFCS II GMFCS III GMFCS IV GMFCS V 

Number 50 13 13 11 10 3 

Minimal 0,51 0,61 0,55 0,63 0,58 0,51 

Maximal 1,06 1,06 0,93 0,9 0,88 0,7 

Mean 0,75 0,77 0,74 0,77 0,74 0,62 

Median 0,75 0,76 0,74 0,77 0,76 0,66 

SD 0,1 0,12 0,1 0,08 0,08 0,1 

r and p   r=-0,21 p=0,14  

 

We have found a significant moderate negative correlation between the ratio of 

diameter of midbrain sagittal to anterior posterior diameter of skull X10 (Min. 0,47, 

Max. 0,76, Mean 0,62, SD 0,06) and GMFCS without a significant difference 

between GMFCS groups (FIG.32). 

 
 

Tab.18. Descriptive statistic of ratio of sagittal diameter of midbrain(mm) /anterior 

posterior diameter of skull (mm) X10 by GMFCS 

Ratio of diameter of 

midbrain sagittal (mm)/ 

anterior posterior 

diameter of skull 

(mm)X10 

Total GMFCS I GMFCS II GMFCS III GMFCS IV GMFCS V 

Number 36 10 8 8 7 3 

Minimal 0,47 0,56 0,55 0,55 0,47 0,57 

Maximal 0,76 0,76 0,64 0,71 0,64 0,60 

Mean 0,62 0,67 0,61 0,62 0,58 0,59 

Median 0,62 0,68 0,62 0,60 0,57 0,59 

SD 0,06 0,57 0,03 0,06 0,06 0,02 

95% CI  0,62-0,71 0,58-0,63 0,57-0,67 0,52-0,64 0,55-0,62 

r and p   r=-,48 p<0,001  
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FIG. 31. Mean ratio of diameter of midbrain 

axial to AP diameter of skull X10 by GMFCS 

(95% CI) 

FIG. 32. Mean ratio of diameter of midbrain 

sagittal to AP diameter of skull X10 by 

GMFCS (95% CI) 

 

FIG.33. MRI T1-sagittal show 

the atrophy of midbrain 

according to GMFCS. a.5 

years old boy with CP 

severity I, note the full 

developed midbrain. b.1 

year old boy with CP 

severity V, note the atrophy 

a b of the midbrain. 
 
 

 

4.2.3.2.2 Study of Cerebral Peduncles: 

 

There is a significant moderate negative correlation between the severity of CP 

and the ratio of axial diameter of both cerebral peduncles (Min. 0,11, Max. 0,17, 

Mean 0,14, SD 0,01) to AP diameter of skull without a significant difference 

between GMFCS groups (FIG.34). 
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4.2.3.2.3 Study of Pons: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIG.34. Mean ratio of axial diameter of 

cerebral peduncles to AP diameter of skull 

(95% CI) by GMFCS 

 
 

We  have not found a significant correlation between the  severity of CP and the   

ratio of craniocaudal diameter of pons (Min. 0,07, Max.0,16, Mean 0,13, SD 0,02) to 

AP diameter of skull. We did not found a significant difference in this ratio between 

GMFCS- Level groups. The mean ratio of craniocaudal diameter of pons to AP 

diameter of skull shows a decrease in the mean value between GMFCS II  and  

GMFCS III (FIG.35). 

Tab.19. Descriptive statistic of ratio of axial diameter of cerebral peduncles (mm)/ AP 

diameter of skull (mm) by GMFCS 

Ratio of axial 

diameter of 

cerebral 

peduncles / AP 

diameter of 

skull 

Total GMFCS I GMFCS II GMFCS III GMFCS IV GMFCS V 

Number 46 11 11 11 10 3 

Minimal 0,11 0,14 0,12 0,13 0,12 0,11 

Maximal 0,17 0,16 0,16 0,17 0,16 0,13 

Mean 0,14 0,15 0,14 0,15 0,14 0,12 

Median 0,14 0,15 0,14 0,14 0,14 0,13 

SD 0,01 0 0,01 0,01 0,01 0,01 

r and p   r=-,41 p<0,05  
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Tab.20. Descriptive statistic of ratio of craniocaudal diameter of pons (mm) to AP diameter 

of skull (mm) by GMFCS 

Ratio of craniocaudal 

diameter of Pons to 

AP diameter of skull 

Total GMFCS I GMFCS II GMFCS III GMFCS IV GMFCS V 

Number 46 11 11 11 10 3 

Minimal 0,07 0,12 0,12 0,11 0,07 0,10 

Maximal 0,16 0,15 0,14 0,14 0,16 0,14 

Mean 0,13 0,13 0,13 0,12 0,12 0,12 

Median 0,12 0,13 0,13 0,12 0,13 0,11 

SD 0,02 0,01 0,01 0,01 0,03 0,02 

95% CI  0,12-0,14 0,12-0,13 0,12-0,13 0,11-0,14 0,07-0,17 

r and p   r=-,20 p=,17 

 

FIG.35. Mean ratio of craniocaudal diameter 

of pons axial to AP diameter of skull by 

GMFCS (95% CI) 

 
 
 
 
 
 
 
 
 
 
 
 
 

4.2.3.3 Study of Lateral Ventricles: 

 

4.2.3.3.1 Study of Grade of Extension of Lateral Ventricles: 

 

We have found a significant positive moderate correlation between the grade of 

extension of lateral ventricles (Skala I-V) and GMFCS. 

There was a clearly increase in the mean grade of extension of lateral ventricle 

between CP level I (Min 1, Max 3) and CP level IV (Min. 2, Max. 5) (Tab.21) with 

significant difference between GMFCS I and IV (FIG.37). At severity III of CP on we 

have beginning to find grade IV of LV-Extension and at severity IV of cerebral palsy  

on we have beginning to find grade V of LV- Extension (FIG.36). 
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Tab.21. Descriptive statistic of grade of extension of lateral ventricle by GMFCS  

Grade of extension 

of lateral ventricle 

Total 

n=50 

GMFCS I 

n=13 

GMFCS II 

n=13 

GMFCS III 

n=11 

GMFCS IV 

n=10 

GMFCS V 

n=3 

Minimal 1 1 1 1 2 1 

Maximal 5 3 3 4 5 5 

Mean 2,18 1,54 1,77 2,36 3,2 2,67 

Median 2 1 2 2 3 2 

SD 1,16 0,66 0,83 1,03 1,23 2,08 

r and p r= 0,5 p <0,001 

 
 

 

 
FIG.36. Distribution of grade of extension of 

LV according to severity of CP 

FIG.37. Mean grade of extension of lateral 

ventricle (95% CI) by GMFCS 

 

4.2.3.3.2 Study of Width of Posterior Horn of Lateral Ventricles: 

 

We have found a significant positive moderate correlation between the ratio of 

width of both posterior horn of lateral ventricle/AP diameter of skull and GMFCS 

(Tab.22). 

There was also a significant difference in the mean ratio of width of posterior horn / 

AP diameter of skull between GMFCS levels I (0,1±0,03 ) and GMFCS level IV 

(0,16±0,04 )(FIG.38). 
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Tab.22. Descriptive statistic of ratio of width of posterior horn of lateral ventricle (mm) to 

AP diameter of skull (mm) by GMFCS 

Ratio of width of both Total GMFCS I GMFCS II GMFCS III GMFCS IV GMFCS V 

posterior horns of n=50 n=13 n=13 n=11 n=10 n=3 

lateral ventricle/ AP       

diameter of skull       

Minimal 0,05 0,06 0,05 0,08 0,12 0,07 

Maximal 0,25 0,15 0,20 0,22 0,24 0,25 

Mean 0,13 0,10 0,12 0,14 0,16 0,14 

Median 0,13 0,10 0,14 0,13 0,16 0,11 

SD 0,05 0,03 0,05 0,04 0,04 0,09 

95% CI  0,08-0,12 0,09-0,15 0,11-0,17 0,14-0,19 -0,09-0,38 

r and p   r= 0,44 p <0,001  

 

 

FIG.38. Mean ratio of width of posterior 

horn of lateral ventricle to AP diameter of 

skull (95% CI) by GMFCS 

 
 
 
 
 
 
 
 
 
 
 
 

4.2.3.3.3 Study of Depth of Extraction of Lateral Ventricle: 

 

We have found a significant positive moderate correlation between the depth of 

extraction of lateral ventricle on both sides and GMFCS. 

The mean depth of extraction of the lateral ventricle (Min. 0, Max. 9, Mean 3,37. SD 

2,38) increases with GMFCS levels on both sides between level I and IV (Tab.23).  

This diameter was significantly smaller in GMFCS level I (1,78±1,79) than in GMFCS 

level IV (5,45±2,6) and V (5,17±0,29) and in GMFCS level II (2,58±2,23) than in  

level V (5,17±0,29) (FIG.39). 
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4.2.3.3.4 Study of Distance between Lateral Ventricle and Cortex: 

Whereas there was a significant moderate negative  correlation  between  the  

severity of cerebral palsy and the distance between lateral ventricle and cortex,      

this distance was significantly greater in GMFCS level I group (6,15± 2,3) than in 

GMFCS level III (2,91± 2,28) and IV (1,6± 3,24) (FIG.40). However the mean of this 

distance (Min.0, Max. 13) decreases steadily with the increasing severity of the 

cerebral palsy (Tab.24). 

Tab.23. Descriptive statistic of depth of extraction of lateral ventricle (mm) by GMFCS 

level 

Depth of the extraction 

of lateral ventricle on 

both sides 

Total 

n=50 

GMFCS I 

n=13 

GMFCS II 

n=13 

GMFCS III 

n=11 

GMFCS IV 

n=10 

GMFCS V 

n=3 

Minimal 0 0 0 1 0 5 

Maximal 9 4 7 6 9 5,5 

Mean 3,37 1,78 2,58 3,82 5,45 5,17 

Median 3,5 2 2 4 5 5 

SD 2,38 1,79 2,23 1,47 2,6 0,29 

95% CI  0,70-2,87 1,23-3,93 2,83-4,81 3,59-7,31 4,45-5,88 

r and p  r= 0,57 p <0,001  

FIG. 39. Mean depth of extraction of lateral 

ventricle (95%CI) by GMFCS 

 
 
 
 
 
 
 
 
 
 
 
 

Tab.24. Descriptive statistic 

GMFCS 

of distance between lateral ventricle and cortex (mm) by 

Distance between 

lateral ventricle and 

cortex 

Total 

n=50 

GMFCS I 

n=13 

GMFCS II 

n=13 

GMFCS III 

n=11 

GMFCS IV 

n=10 

GMFCS V 

n=3 

Minimal 0 4 0 0 0 0 
Maximal 13 13 6 7 10 3 

Mean 3,5 6,15 3,3 2,91 1,6 1,33 
Median 3,5 6 4 2 0 1 

SD 3 2,3 2,59 2,28 3,24 1,53 
r and p  r=-0,54  p<0,001   
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FIG.40. Mean distance between lateral 

ventricle and cortex (95% CI) by GMFCS 

 
 
 
 
 
 
 
 
 
 
 
 
 

4.2.3.3.5 Study of Distance between Extraction of Lateral Ventricle 

and Cortex: 

 
The distance between the extraction of LV and the cortex show no significant 

correlation (FIG.41) with the GMFCS level (Tab.25). 

Tab.25. Descriptive statistic of distance between extraction of lateral ventricle (mm) by 

GMFCS 

Distance between the 

extraction of LV and cortex 

Total 

n=48 

GMFCS I 

n=13 

GMFCS II 

n=12 

GMFCS III 

n=10 

GMFCS IV 

n=10 

GMFCS V 

n=3 

Minimal 0 0 0 3 0 8 

Maximal 25 25 22 25 14 11 

Mean 8,75 8,27 9,83 10,1 6,35 10 

Median 9 9 10,5 8,25 6 11 

SD 6,54 8,88 6,11 6,48 4,42 1,73 

r and p r= -0,04 p=0,77 

 
FIG.41. Distance between extraction of 

lateral ventricle and cortex by GMFCS (95% 

CI) 
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4.2.3.4 Study of Gliosis: 

 
 

4.2.3.4.1 Study of Grade of Gliosis: 

 

We did not find a significant correlation between the grade of gliosis (Min. 2, Max. 

5, Mean 3,1, SD 1,04) and the severity of cerebral palsy (Tab.26). 

 
 

Tab.26. Descriptive statistic of grade of gliosis by GMFCS  

Grade of gliosis Total 

n=50 

GMFCS I 

n=13 

GMFCS II 

n=13 

GMFCS III 

n=11 

GMFCS IV 

n=10 

GMFCS V 

n=3 

Minimal 2 2 2 2 2 2 

Maximal 5 4 5 4 5 5 

Mean 3,1 2,62 3,38 2,73 3,6 3,67 

Median 3 2 3 3 4 4 

SD 1,04 0,87 1,04 0,79 1,08 1,53 

r and p r= 0,27 p= 0,06 

 
 

 

FIG.42. Distribution of grade of gliosis 

according to severity of CP 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

4.2.3.4.2 Study of Width of Gliosis: 

 

We did not find a significant correlation between the width of gliosis and the 

severity of cerebral palsy (Tab.27). 
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Tab.27. Descriptive statistic of width of gliosis on both sides (mm) by GMFCS 

Width of the gliosis Total 

n=50 

GMFCS I 

n=13 

GMFCS II 

n=13 

GMFCS III 

n=11 

GMFCS IV 

n=10 

GMFCS V 

n=3 

Minimal 4 8 11,5 8 4 6 

Maximal 33 26 33 22 29 26 

Mean 16,56 13,77 19,23 14,27 18,9 17,67 

Median 14,5 12 19 14 19 21 

SD 7,21 6,85 7,09 4,5 8,52 10,41 

r and p r=0,15 p=0,29 

 
 
 

 
FIG.43. Width of gliosis by GMFCS (95% CI) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.2.3.4.3 Study of the Distance between Gliosis and Cortex: 

 

The correlation between the severity of CP and distance between gliosis and cortex 

(Min. 0, Max. 20,5, Mean 3,05, SD 3,56) was significant moderate negative  

correlation (Tab.28). At level V of CP was the distance in all cases 0. The mean 

distance shows a gradual decrease with the increasing severity of cerebral palsy    

with a slight increase between level II and III. This  distance  was  significantly 

smaller in GMFCS level V (0) group than in GMFCS level I, II and III groups (FIG.44). 
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Tab.28. Descriptive statistic of distance between gliosis and cortex (mm) by GMFCS 

Distance between 

gliosis and cortex 

Total 

n=50 

GMFCS I 

n=13 

GMFCS II 

n=13 

GMFCS III 

n=11 

GMFCS IV 

n=10 

GMFCS V 

n=3 

Minimal 0 0 0 0 0 0 

Maximal 20,5 20,5 10 6 6 0 

Mean 3,05 5,62 2,81 2,86 1,15 0 

Median 2,75 4,5 3 3 0 0 

SD 3,56 5,09 2,91 1,52 1,92 0 

r and p r= -0,46 p=0,001 

 

 

FIG.44. Mean distance between gliosis and 

cortex (95% CI) by GMFCS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.2.3.5 Small Porencephalic Cysts in MRI (“black holes”): 

 

17 patients (34%) in our study have black holes (i.e small porencephalic cysts) 

(FIG.45). 

We have not found a significant correlation between the severity of cerebral palsy 

and the existence of small porencephalic cysts on MRI (r=0,12 ,p= 0,17). At level 

IV of cerebral palsy the frequency of patients with black holes on MRI was with 70% 

the highest among the patients(Tab.29). 
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FIG.45. Existence of small porencephalic FIG.46. Distribution of small porencephalic 

cysts in our study cysts according to GMFCS 
 
 
 

Tab.29. Descriptive statistic of existence of small porencephalic cysts on MRI by GMFCS  

Small porencephalic 

cysts 

Total 

n=50 

GMFCS I 

n=13 

GMFCS II 

n=13 

GMFCS II 

n=11 

GMFCS IV 

n=10 

GMFCS V 

n=3 

Mean 0,34 0,23 0,38 0,09 0,7 O,33 

SD 0,48 0,44 0,5 0,3 0,48 0,58 

r and p r=0,20 p =0,17 

 

4.2.3.6 Microhemorrhages on T2*-weighted gradient echo MRI: 

 

3 patients in our study (11%) have microhemorrhage  on T2*-weighted gradient  

echo MRI. 2 patients of them have CP level IV and 1 patient has CP level III   

(Tab.30). 

Tab.30. Descriptive statistic 

GMFCS 

of existence of microhemorrhages on T2*-Weighted MRI by 

Existence of 

hemorrhage on T2*- 

weighted GER 

Total 

n=27 

GMFCS I 

n=4 

GMFCS II 

n=8 

GMFCS III 

n=7 

GMFCS IV 

n=6 

GMFCS V 

n=2 

yes 3 0 0 1 2 0 

no 24 4 8 6 4 2 

SD 0,32 0 0 0,3 0,42 0 

r and p  r=,27 p=0,17  
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FIG.47. Existence of microhemorrhages on 

T2*-weighted gradient echo MR in our study 

 
FIG.48. Existence of microhemorrhages on 

T2*-weighted gradient echo MR according 

to severity of cerebral palsy 

 

4.2.4 Correlation between left and right of MRI-findings: 

 

We have found a highly significant positive correlation between the left and right 

findings of MRI in the patients in our study(FIG.49). 

Tab. 31. Correlation between right and left-findings on MRI 
Correlation between right and left total r p 

Axial diameter of cerebral peduncles 46 0,91 <0,001 
Extension of the posterior horn of the lateral ventricles 50 0,78 <0,001 

Distance between Cortex and LV 49 0,96 <0,001 
Distance between cortex and extension of LV 49 0,91 <0,001 

Depth of the edge of LV extraction 50 0,83 <0,001 
Width of gliosis 50 0,86 <0,001 

Distance between gliosis and cortex 50 0,57 <0,001 
 

  

 
FIG.49. Scatter plots show correlation between right and left-findings on MRI 
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4.3 Subgroups Data of Patients according to gestational age: 

 

45 (90%) of the participants were premature infants (gestational age less than 37 

weeks) and 5 (10%) were born at term. Mean gestational age at birth was 31,8 

weeks (SD 3,08 weeks), median 32 weeks (range: 26-39 weeks). We have found 2 

patients (4%) with gestational age<28 weeks, 22 patients (44%) between 28 to < 

32 weeks, 21 patients (42%) between 32 to< 37 weeks and 5 patients (10%) at the 

age >37 weeks (FIG.50). 

 
FIG.50. Distribution of patients 

according to gestational age 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.3.1 Correlation between Gestational age and MRI-findings: 

 
 

4.3.1.1 Study of Corpus callosum: 

 
 

We did not find any significant correlation between the following measurements of 

corpus callosum (length of corpus callosum/anterior posterior diameter of skull, 

thickness of genu/ anterior posterior diameter of the skull X 10, thickness of 

thinnest part of corpus callosum) and gestational age at birth. 

 
4.3.1.2 Study of Brainstem: 

 
 

We did not find any correlation between the following measurements of brainstem 

( axial and sagittal diameter of midbrain /anterior posterior diameter of skull X 10, 

craniocaudal diameter of pons/ anterior posterior diameter of skull X 10 and 
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diameter of cerebral peduncle on both sides/ anterior posterior diameter of skull) 

and gestational age at birth. 

 
4.3.1.3 Study of lateral ventricle: 

 
 

We did not find any correlation between gestational age at birth and all parameters 

of lateral ventricles. However grade V of extension of lateral ventricle exist only by 

preterm infants with gestational age 28 to < 32 weeks at birth. 

 
4.3.1.4 Study of gliosis: 

 

We did not find a correlation between the gestational age at birth and grade of 

gliosis and the distance between gliosis and cortex on both sides. However we 

have found a slight positive correlation between the width of gliosis on both sides 

and gestational age at birth. 

 
4.3.1.5 Small Porencephalic cysts in MRI (“black holes”): 

 

The existence of porencephalic cysts (mean 0,34, SD 0,48) achieves its peak 

between 32 to < 37 gestational weeks at birth. 

 
4.3.1.6 Microhemorrhages on T2*-weighted gradient echo MRI: 

 

The 3 patients (11%) who have microhemorrhages on T2*-weighted gradient-echo 

MR images were premature infants between 28 to < 32 gestational weeks at birth. 
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Tab. 32. Correlation between Gestational age and MRI-findings  r p 

Study of corpus 

callosum 

Length of CC/anterior posterior diameter of 
the skull 

-0,14 0,34 

Thickness of genu/ anterior 
diameter of the skull X 10 

posterior -0,12 0,4 

Thickness of thinnest part of CC -0,12 0,41 

     Study of Brainstem  Axial diameter of midbrain/anterior 
posterior diameter of the skull X 10 

0,21 0,15 

Sagittal diameter of midbrain/anterior 
posterior diameter of the skull X 10 

0,27 0,11 

Sagittal craniocaudal diameter of 
pons/anterior posterior diameter of the 
skull X 10 

0,1 0,48 

Diameter of cerebral peduncle on both 
sides/anterior posterior diameter of the 
skull 

0,2 0,18 

Study of lateral 

ventricles 

Grade of LV- extension 0,14 0,32 

Distance between LV on both sides and 
cortex 

0,01 0,96 

Distance between extraction of LV on both 
sides and cortex 

-0,13 0,4 

Width of posterior horn on both 
sides/anterior posterior diameter of the 
skull 

-0,14 0,32 

Depth of extraction of LV on both sides -0,2 0,17 

  Study of gliosis  Grade of gliosis -0,16 0,28 

Width of gliosis on both sides 0,29 <0,05 

Distance between gliosis on both sides and 
cortex 

-0,19 0,19 

Study of porencephalic cysts 0,1 0,48 

Study of Microhemorrhages on T2*-weighted gradient echo MRI -0,16 0,44 
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5. Discussion: 

 
It is proposed that structural MRI should be considered to clarify the association 

between brain morphology and function qualitative and quantitative 

approaches(92,94). 

 
5.1 Total Cohort: 

 

Until now, there is a lack of valid tools for assessing brain lesions severity and its 

correlation to the severity of function deficit in patients with CP(92). 

 
In a recent study from (Fiori et al.,2015)(92), they tried to develop a  semi-  

quantitative MRI scale in children with CP  due to PWM lesions.  Their study included 

a subgroup of mild to moderately impaired children with CP with a cohort from 34 

patients. In their study only children with Flair images were included. In our study,  

we have included all subgroups of mild, moderate to severe forms of CP with a  

cohort of 50 patients. We  have tried to develop  an easily applicable parameter  

which can be measured by using T2 weighted MRI sequences. 

 
Since we expected a higher validity when the study oriented within a 

homogeneous patient-group, we have included purely patients with CP due to 

PWM. That could be a possible limitation of the present study, while it permits only 

a partial representation for the children with CP. Further studies in a larger cohort, 

and with different type of brain lesions are required. 

 
To allow a wide age-independent application of the parameters, we have included 

individual with CP until age of 212 months, starting with 12 months when the brain 

has reached a good level of maturation (95). For this reason, we have used the ratios 

of the parameters to the diameter of the skull, except for the depth of the 

extraction of lateral ventricles. 

 
The most common severity grade of cerebral palsy  in our patients was the  level I 

and II with equal rate (26%). These results are in agreement with those of a study 

from (Beckung et al.,2000)(23), which showed that most of the children with cerebral 

palsy were classified according to GMFCS at level I and level II (38% and 22% 
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respectively). Level III in our study was with (22%) higher than that in the previous 

study (8%) and level V with (6%) was less common (15%). That could be due to the 

exclusion of the patients with hemorrhage and hydrocephalus, whom usually have 

more severity forms of CP. 

 
Although there were no relations between the age at which the MRI was carried out 

and the severity of cerebral palsy, the mean age at the time of MRI was with (69,66 

months) relative late, especially in patients with level I (99,92 months), that could    

be related to the low compliance of children under 6 years of age for MRI and the 

need to do it under anesthesia, which makes many parents refuse it. 

 
5.2 GMFCS Level and MRI-findings: 

 
To our knowledge, this study is the first to detect the depth of extraction of the 

lateral ventricle as a quantitative marker of the severity of motor impairment in 

children with BS-CP. 

 
We have confirmed, the use of the depth of extraction of the lateral ventricle to 

distinguish between patients at GMFCS level I and IV, I and V and between II and V. 

We have also found a relevant difference in the grade of extension of LV between 

GMFCS levels I, II and GMFCS level IV. 

The quantitative assessment of the mean ratio of width of the posterior horn/ AP 

diameter of the skull showed us with 95% CI a significant difference  between 

patients with CP at GMFCS level I (0,08- 0,12%) and at GMFCS level IV (0,14- 

0,19%). 

We have also found a moderate significant negative correlation between the 

severity of cerebral palsy and the distance between lateral ventricle and cortex. 

However, we did not find any correlation between the distance between the 

extraction of LV and the cortex and the severity of CP. 

 
It is interesting to know that, when the ratio of the length of the corpus callosum to 

the diameter of the skull by a patient with BS-CP is ≥ 0,34 %; we can say with 95% 

confidence that he could not have GMFCS V. When  this ratio is lower than  0,33%  

the patient had no GMFCS level I with 95% CI. 
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By messing the mean of the thinnest part of the corpus callosum, we could 

differentiate between GMFCS level I and III and between GMFCS level I and IV. 

Further researches are needed to support our results and to find the difference in 

brain lesions at the other groups of GMFCS. 

 
The focal thinning of the corpus callosum presents in (92%) of patients at the 

isthmus, in 58% at posterior midbody and in 32% at the anterior midbody of the 

corpus callosum which emphasized that the callosal motor fibers cross the corpus 

callosum in isthmus and posterior body. This finding is consistent with previous 

reports from (Wahl M. et al.,2007) (60) and from (Hofer et al.,2006)(61). 

The anterior part of the corpus callosum (rostral body) which connects the 

prefrontal cortex was the least affected (2%) in our study (preterm 36 weeks, 

GMFCS level I), whereas the splenium which contains, fibers come from the visual 

and visual-association areas of the cortex, was in 16% affected in our study. 

 
All the measurements of the corpus callosum show clear correlation with each 

other's, which suggested that the corpus callosum was complete atrophic. In all 

patients of this study, the corpus callosum was fully developed. It is known, that 

the formation of the corpus callosum completed by 18-20 gestational weeks. Since 

PVL is a white matter injury during the late second or the early third trimester of 

pregnancy, it could explain that in all patients of this study, the corpus callosum 

was fully developed but atrophic and emphasis the hypotheses that the insult of 

the white matter has happened after the formation of the corpus callosum (i.e. 

after 20 gestational weeks)(41, 62). 

 
Following brain injury, MR imaging has detected tract changes. Within descending 

tracts at 4 weeks after the ischemic- insult T2-hypointensity was reported. Whereas 

after 10-14 weeks permanent T2-hyperintensity changes were observed followed 

by stem atrophy over months to years(66). In one study from (Lama et al.,2010) in 

neonatal rats with unilateral cerebral infarction, there was evidence for axonal 

changes in the first days to weeks following injury(64). It was demonstrated that 

post cerebral- ischemic insult in the neonatal brain a degeneration of the 

descending corticospinal tract, notably the cerebral peduncle, can be observed(64). 

In a recent study from (Domi et al., 2009) it was noticed an increase in intensity in 
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diffusion weighted images within the cerebral peduncle in patients with the poor 

outcome(67) after cerebral ischemic insult. 

 
In our study, we have found a significant moderate negative correlation between 

the ratio of diameter of midbrain (sagittal) to the AP diameter of skull, diameter of 

cerebral peduncles and severity of cerebral palsy with no clear difference at the 

GMFCS-levels. We did not find a clear correlation with the axial diameter of 

midbrain. 

 
As pons is a white matter tract transmit the motor fibers to the face and body(58), 

we consider the secondary degeneration of the cerebral white matter tracts, which 

happened in PVL, could result in pons hypoplasia(56). (Argyropoulou et al.,2003)(57) 

and (S. Yoshida et al.,2007)(56) have found that the AP diameter of the pons was 

significantly smaller in premature infants with PVL than in the control group. Our 

study showed no relevant correlation with the severity of CP. 

 
In our study, we did not find a correlation between the severity of cerebral palsy 

and the grade of gliosis or between severity of CP and width of gliosis. 

But, we  have  found  a  significant  negative  moderate  correlation  between  the 

severity of CP and distance between gliosis and cortex. This distance was 0 by all  

patients with severity V of CP and was significantly smaller in  GMFCS  level  V group  

than in GMFCS level groups (I, II, III) and significantly greater in GMFCS level I than      

in other groups. 

 
Porencephalic cysts were detected in 34% of patients. They were observed more 

frequently at the level IV of cerebral palsy. However, there was no correlation 

between the presence of porencephalic cysts and increased severity of cerebral 

palsy. 

 
There was no relation between the severity of CP and the existence of 

microhemorrhages on gradient-echo T2*-weighted MR images. However, the 

existence of microhemmorhage was more frequently at the level IV and III of CP. 

 
We have found a highly significant positive correlation between the left and right 

findings of MRI in the patients in our study. A study from (Loukia et al.,2009)(87)
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showed that MRI-findings were bilateral and symmetric in all patients with PVL with 

increased gray matter volume in specific areas (putamen, thalamus, lingual gyrus, 

frontal superior gyrus and superior cingulata gyrus), decreased white matter 

volume and increased total CSF volume(87). 

 
5.3 Gestational age: 

 

In our study 90% of the participants were preterm infants, and 10% were born at 

term. This result does not contradict the idea that PVL is a form of hypoxic- 

ischemic damage of the immature brain, but it suggested that PVL in term infants 

may reflect a cerebral injury occurred in utero(76, 77, 78). The largest number of 

patients (44%) were preterm infants born at the early 3rd trimester (28 to<32 

gestational weeks). These result are in agreement with the studies of (Okumura et 

al., 1997) (79) who has reported that PVL is less likely to occur at the late third of the 

trimester. 

 
The severity of cerebral palsy shows in our study no significant correlation with 

gestational age at birth. Whereas term infants show a slight to moderate form of 

cerebral palsy (I-III), patients with the highest form of severity (level V) were all   

born at the early stage of 3rd trimester (28 to< 32 weeks). A similar finding was 

observed in a study from (Okumura et al.,1997)(79) which indicated that PVL shows 

milder form in term infants than those born around early stage of 3rd trimester, 

indicating that brain injury in term infants, which may occur in utero, while it is less 

severe, does not result in preterm birth(79). 

 
We have found a slight correlation between gestational age at birth and width of 

gliosis. Otherwise, we did not find any other correlation with the other MRI-findings 

(corpus callosum, midbrain, pons, cerebral peduncles, lateral ventricles, gliosis, 

small porencephalic cyst and microhemorrhage). These results are in agreement 

with (Melhem et al., 2000(39)) who has reported no correlation between gestational 

age and the lateral ventricular volumes, and in contrast to other studies, which 

showed, that ventricular dilation and thinning of the corpus callosum were the 

most frequent abnormalities on MRI(84, 85) in preterm infants. 

However, we have found that grade V of extension of the lateral ventricle exists 

only by preterm infants between 28 to< 32 weeks. 
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The existence of small porencephalic cysts (34%), which is known to be a form of a 

focal defect of cerebral substance due to localized cerebral insult in gestation, 

achieves its peak in our study at the mid-third trimester (32 to< 37 weeks). 

 
The gradient-echo T2*-weighted MR image, which is quite sensitive to changes 

caused by blood breakdown products such as hemosiderin and ferritin(27), shows 

microbleeds in (11% ) of our patients. All of them were premature at the early 

stage of third trimester 28 to< 32 gestational age, which could be related to the 

immaturity of vascular system at these groups of patients. 
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6. Conclusion: 

 
In conclusion, this study has tried to find an easy quantitative marker in MRI, which 

might be applied by clinicians to predict the clinical outcome in children with BS-CP. 

 
We have demonstrated quantitatively that the measurements of lateral ventricle, 

corpus callosum and midbrain are useful tools in determining the prognosis of CP. 

We did not find any evidence that gliosis, small porencephalic cysts or microbleeds 

are helpful in determining the severity of CP. 

 
We determined the use of the depth of extraction of the lateral ventricle to  

distinguish between patients at GMFCS level I and IV, I and V and between II and V. 

 
When the ratio of the length of the corpus callosum to the diameter of the skull  by    

a patient with BS-CP is ≥ 0,34 %, we can say with 95% CI that he could not have 

GMFCS V. When this ratio is lower than 0,33% the  patient had no GMFCS level  I  

with 95% CI. 

 
The quantitative assessment of the mean ratio of width of the posterior horn/ AP 

diameter of the skull allowed us with 95% CI to differentiate between GMFCS I  

(0,08- 0,12%) and IV (0,14-0,19%). 

 
The grade of extension of LV allowed us with 95% CI to differentiate  between  

GMFCS levels I, II and GMFCS level IV. 

 
However, other studies will be required to establish the validation and applicability 

of this method in a larger cohort of children with CP with brain lesions other than 

PWM. 



63  

Zusammenfassung 

 
Das Ziel der Studie war es, einen einfach quantitativen Marker in der MRT zu 

identifizieren, der eine sichere Prognose bei Kindern mit BS-CP erlaubt. 

 
Im Rahmen dieser quantitativen Studie konnten wir zeigen, dass die Messungen 

der lateralen Ventrikel, des Corpus callosum und des Mittelhirns sinnvolle 

Instrumente sind um die Prognose der CP einzuschätzen. 

 
Das Vorliegen einer Gliose, porenzephaler Zysten oder Mikroblutungen waren 

dagegen nicht mit dem Schwergrad der CP assoziiert. 

 
Des Weiteren untersuchten wir den Nutzen der Tiefe der Extraktion des lateralen 

Ventrikels mit Hinblick auf die Einstufung der Patienten in GMFCS I und IV, I und V 

und II und V. 

 
Bei einem Verhältnis der Länge des Corpus callosum zu dem Durchmesser des 

Schädels von ≥ 0,34%, liegt mit einem 95% KI kein GMFCS V vor. Wenn dieses 

Verhältnis weniger als 0,33% hat der Patient keine GMFCS I mit 95% KI. 

 
Die quantitative Messung des Verhältnis von Breite des Hinterhorn zu AP 

Durchmesser des Schädels erlaubt uns mit 95% KI zwischen GMFCS I (0,08- 0,12%) 

und IV (0,14-0,19%) zu unterscheiden. 

 
Der Grad der Erweiterung der LV erlaubt uns, mit 95% KI zu  unterscheiden  

zwischen GMFCS I, II und GMFCS IV. 

 
Allerdings werden weitere Studien benötigt, Um die Validierung und Anwendbarkeit 

dieses Verfahren zu etablieren. Auch werden weiter Studien an größeren Gruppen 

von Kindern mit CP mit Gehirnläsionen anders als PWM benötigt. 
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70 16 12 12 12 21 11 1 6 9 ,0 ,0 ,0 ,0 3,0 3,0 2 7 6 2,5 2,5 6 2,5 8 1 0 0 1 

91 18 11 13 14 27 12 1 7 5 ,0 ,0 ,0 ,0 2,5 2,5 2 5 5 2,0 2,0 6 2,5 9 1 0 0 1 

32 17 14 12 12 22 12 1 7 10 ,0 ,0 ,0 ,0 3,0 2,0 4 12 12 1,0 1,0 6 1,5 8 1 1 0 1 

61 22 15 17 15 25 15 1 9 11 2,5 1,5 9,0 9,0 3,0 3,0 4 15 11 ,0 ,0 7 3,0 10 1 1 0 1 

2 16 17 . . . . 2 12 12 2,2 1,5 6,0 10,0 3,0 3,0 4 13 13 2,0 2,5 6 1,5 9 1 1 0 4 

25 17 16 14 13 20 . 2 16 9 2,0 1,0 9,5 8,0 3,0 2,0 3 6 7 1,5 2,0 7 3,0 10 1 0 0 1 

95 20 15 14 14 25 12 2 12 6 2,5 1,5 5,0 7,0 2,0 2,0 2 5 5 1,5 1,5 6 2,0 13 1 0 . 1 

35 18 14 14 15 27 11 3 13 13 2,5 ,5 5,5 4,5 2,0 2,0 2 5 4 1,0 2,0 7 3,0 10 1 0 0 2 

49 17 13 13 13 22 13 1 6 5 ,0 ,0 ,0 ,0 6,5 6,5 3 2 11 18,0 2,5 6 3,0 11 1 0 . 1 

78 16 11 12 12 19 11 1 6 5 ,0 ,0 ,0 ,0 4,0 3,0 2 6 6 2,0 2,5 5 2,0 9 1 0 0 1 

93 18 11 14 13 21 10 1 11 8 ,0 ,0 ,0 ,0 3,5 3,5 2 4 4 5,0 5,0 6 2,0 10 1 0 0 1 

79 16 12 12 11 19 11 2 13 10 1,5 ,5 5,0 4,0 4,0 3,0 2 5 4 3,0 3,0 6 3,0 10 1 0 0 1 

4 19 15 . . . . 2 13 6 2,5 1,0 15,0 10,0 2,5 2,5 2 6 3 4,0 3,0 7 3,0 9 1 0 0 1 

28 17 13 12 11 20 . 1 9 9 1,0 1,0 7,0 6,0 3,0 3,0 3 8 8 2,0 2,0 6 3,0 7 2 0 0 1 

57 20 15 14 13 25 12 1 6 7 ,0 ,0 ,0 ,0 ,0 ,0 5 10 14 ,0 ,0 6 ,5 2 2 1 0 1 

68 16 11 10 10 20 10 1 4 4 2,0 1,0 7,0 5,0 2,0 2,0 4 10 10 1,5 1,5 5 1,5 8 2 0 0 1 

81 16 11 11 11 23 10 1 7 7 1,0 1,0 3,0 6,0 ,0 ,0 5 16 17 ,0 ,0 5 1,0 7 2 1 0 1 

14 17 13 . . . . 2 13 14 ,0 ,0 ,0 ,0 2,5 2,5 2 7 7 1,5 1,5 6 1,0 8 2 0 0 1 

34 16 15 13 12 23 10 3 16 16 2,5 4,5 4,0 2,0 ,0 ,0 4 11 18 ,0 ,0 5 2,0 8 2 1 0 2 

26 18 14 13 12 21 . 1 9 6 1,0 1,0 5,5 4,5 2,5 2,5 4 11 10 2,5 2,0 6 1,5 8 2 1 0 1 

73 16 11 11 11 19 10 1 6 7 ,5 ,5 3,0 4,5 3,0 3,0 3 9 10 3,0 3,0 6 2,0 7 2 0 0 1 

3 16 12 . . . . 2 12 12 1,0 ,0 11,0 11,0 3,0 3,0 2 6 6 5,0 5,0 6 4,5 9 2 0 0 1 

20 19 16 14 14 25 . 2 12 14 1,5 1,5 5,0 6,0 3,0 3,0 2 7 7 2,0 1,0 7 3,5 10 2 0 0 2 

82 18 10 10 12 21 10 3 13 14 2,0 1,5 ,0 ,0 ,0 ,0 4 13 13 ,0 ,0 5 1,5 3 2 1 0 1 

76 18 13 13 12 22 11 3 12 13 3,5 3,5 7,5 7,0 2,0 1,0 3 6 6 ,5 ,5 7 2,5 12 2 0 0 1 

55 16 10 12 12 21 9 2 11 11 1,0 1,0 6,0 7,0 1,0 1,0 3 6 6 1,0 1,0 6 2,0 9 2 0 0 1 

33 17 13 12 12 19 11 3 16 12 1,0 1,0 3,0 ,0 ,0 ,0 4 12 10 ,0 ,0 5 1,0 6 3 0 0 1 

47 16 12 11 12 21 9 4 16 13 2,5 2,5 6,5 7,5 3,0 4,0 2 5 5 3,0 3,0 6 2,0 9 3 0 0 1 

30 18 16 15 15 25 . 1 9 5 2,5 2,5 3,5 4,0 1,5 1,0 2 8 7 1,5 1,0 6 1,5 11 3 0 0 1 

77 16 12 11 12 21 11 1 8 9 2,5 1,5 . 1,5 1,0 1,0 4 9 10 1,0 1,0 5 2,0 10 3 0 0 1 

53 16 12 11 10 18 10 2 12 8 2,0 1,0 4,0 5,0 1,0 1,0 3 6 7 2,0 2,0 5 2,5 8 3 0 0 1 

39 16 13 11 11 20 9 2 10 10 ,5 ,5 6,5 6,5 2,0 3,0 2 4 4 2,0 2,0 6 1,0 7 3 0 0 1 

62 17 12 12 12 20 12 2 10 12 3,0 3,0 7,0 6,0 1,5 1,0 3 7 7 1,5 1,5 6 2,5 9 3 1 0 1 

21 20 14 17 16 24 . 2 14 12 2,5 1,5 2,5 2,0 1,0 1,0 2 6 6 1,0 1,0 7 1,5 11 3 0 0 2 

16 15 13 11 11 17 . 3 14 14 2,0 2,0 14,0 11,0 3,5 3,0 2 5 5 1,5 1,5 6 1,5 8 3 0 0 1 

74 18 11 11 11 20 10 4 23 15 2,5 2,5 3,0 3,0 1,0 1,0 3 10 10 1,0 1,0 7 1,0 7 3 0 1 1 

58 17 13 11 10 19 9 2 10 10 1,5 1,5 3,0 3,0 ,5 ,0 3 9 7 1,5 1,5 5 2,0 7 3 0 0 1 

52 16 12 10 11 22 9 2 14 11 ,0 ,0 ,0 ,0 ,0 ,0 5 13 13 ,0 ,0 5 1,0 3 4 1 0 1 

98 16 9 10 10 18 10 4 13 12 2,0 2,0 3,0 4,0 ,0 ,0 5 15 14 ,0 ,0 4 1,0 3 4 0 0 1 

29 16 14 12 12 25 . 2 10 10 3,0 2,0 4,5 4,5 1,0 1,0 4 9 11 1,0 1,0 5 1,5 5 4 1 0 1 

44 16 12 11 11 20 9 2 9 10 2,0 2,5 2,0 ,5 ,0 0 4 14 15 1,0 ,5 5 1,0 7 4 1 0 1 

65 18 14 14 14 27 11 2 14 13 4,0 3,0 6,0 8,0 5,0 5,0 2 5 5 3,0 3,0 7 2,0 8 4 0 0 4 

24 17 12 10 11 21 . 3 16 14 3,0 1,5 2,0 3,0 ,0 ,0 4 13 12 ,0 ,0 5 1,0 5 4 1 0 1 

18 19 14 14 14 25 . 3 17 16 2,5 2,5 6,0 6,0 2,0 2,0 3 8 8 1,0 1,0 7 3,0 10 4 1 0 2 

92 17 13 12 12 19 8 4 11 11 4,5 4,0 4,0 3,0 ,0 ,0 3 7 6 ,0 ,0 5 2,0 9 4 1 0 1 

94 16 12 10 10 16 10 5 16 14 3,0 4,0 3,0 2,0 ,0 ,0 4 9 9 ,0 ,0 5 ,5 2 4 1 1 1 

66 16 11 9 10 12 9 5 25 15 5,0 4,0 1,0 1,0 ,0 ,0 2 2 2 ,0 ,0 5 ,5 1 4 0 1 1 

40 15 10 10 10 21 9 1 6 5 3,0 2,0 5,5 5,5 1,5 1,5 5 12 14 ,0 ,0 4 1,5 6 5 0 0 1 

46 19 13 12 12 21 11 2 10 10 3,5 1,5 5,0 6,0 1,0 ,0 4 10 11 ,0 ,0 6 2,0 7 5 1 0 4 

36 18 9 10 10 18 10 5 22 22 2,5 3,0 4,0 4,0 ,0 ,0 2 3 3 ,0 ,0 5 ,5 5 5 0 0 1 

Tot 

al 

50 50 50 46 46 36 50 50 50 50 50 48 50 50 50 50 50 50 50 50 50 50 50 50 50 48 50 
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