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Abstract

Microcephalies vary widely in clinical severity and in morphology. The purpose of this study is 

to determine the frequency of disproportion between the size of the cerebrum and the size of 

midbrain and hindbrain structures in infants and children with microcephaly, as analysis of such 

disproportions might aid understanding of these disorders and facilitate testing for specific genetic 

causes. The relative sizes of the forebrain, each component of the brain stem, and vermis and 

hemispheres of the cerebellum were analyzed visually on magnetic resonance (MR) images of 110 

microcephalic patients. A disproportionally large cerebellum, compared with the cerebrum, was 

found in 50 cases (45.5%), a proportional cerebellum in 49 cases (44.5%), and a disproportionally 

small cerebellum in 11 cases (10%). Proportional cerebella were most common in mild (86%) 

and moderate (55%) microcephaly patients, whereas disproportionately large cerebella were most 

common in severe (57%) and moderate (32%) microcephaly. Disproportionately small cerebella 

were seen only in moderate (13%) and severe (9%) microcephaly. As genes are expressed at 

different times in cerebral and cerebellar development, it is postulated that analysis of relative 

cerebellar and brain stem size may be useful in the initial analysis of microcephaly by MR images 

both to categorize and to help determine likely genetic causes.
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Introduction

Primary microcephaly was originally described as a congenitally small but architecturally 

normal brain, with affected patients having nonprogressive mild intellectual disability.1,2 

Recent studies have revealed that primary microcephaly has heterogeneous clinical, 

radiologic, and genetic features.3-5 Simplified gyral patterns are common in primary 

microcephaly; it is likely that simplified sulcation is a result of diminished cell proliferation 

in the outer subventricular zone6 and decreased white matter volume.3,7 The cause of 
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primary microcephaly has been presumed to be genetic in most cases and, with recent 

progresses in genetics, several genes have been described in primary microcephaly patients.3 

Although primary microcephalic patients show variable imaging phenotypes, few have 

obvious brain anomalies other than simplification of the gyral pattern and hypoplasia 

of the corpus callosum—mutation of WDR62 is associated with cortical malformations,8 

ARFGEF2 mutations have associated periventricular heterotopias3—that are specific enough 

to allow suggestion of a specific genotype based on imaging findings. Some reports have 

described a disproportionately small cerebellum and/or brain stem in primary microcephalic 

patients.7-15 However, most of these reports described a small numbers of patients, and 

specific mutations were not described. Although occasional reports have described patients 

with primary microcephaly associated with a cerebellum that is small in proportion to the 

cerebrum,16-20 details about relative size proportionality between the forebrain (cerebrum) 

and hindbrain (cerebellum and brain stem) have not been critically examined. Studies of 

large numbers of patients are often useful to gain a better understanding of the range 

and incidence of findings in specific disorders and the frequency/significance of associated 

findings. In this study, magnetic resonance (MR) scans of 110 patients with clinically 

diagnosed primary microcephaly were retrospectively reviewed to analyze variations in 

the relative size proportion between the cerebrum and the mid-hindbrain structures. The 

goal was to determine whether an initial segregation of affected patients on the basis of 

these proportions might facilitate the classification of primary microcephalies. In addition, 

because timing of gene expression differs at any one time in the cerebrum as compared with 

the cerebellum, these imaging differences may be useful for guiding genetic analyses.

Materials and Methods

Subjects

A list of MR imaging studies of patients with primary microcephaly was acquired from a 

study of patients ascertained in a study of the genetics of epilepsy and from the personal 

teaching file of the senior author (J.B.; acquired over 25 years). This review of MR images 

was approved by our Institutional Review Board. Clinical data were limited on many of 

the scans retrieved from the teaching file. All patients were referred for imaging after 

being clinically diagnosed with primary microcephaly by head circumference measurements 

during the first 6 months of life. In this study, primary microcephaly is defined as the 

head size of more than two standard deviations below the mean head circumference for 

age during the first 6 months in order to distinguish it from postnatal microcephaly, which 

is defined as having normal to slightly small head size at birth and developing severe 

microcephaly during the first 1 to 2 years. A total of 110 patients with primary microcephaly 

were identified. The sex and age at the time of imaging were as follows: 51 males and 54 

females, ranging in age from 1-day to 34-year-olds (Table 1; no information about sex or 

age was available for the remaining five patients). Of the 110 patients, 13 patients were 

related to other patients in the study, coming from a total of 6 pedigrees. Four patients were 

born to consanguineous parents (consanguineous: intermarriage among relatives within the 

third degree). Evidence of brain damage, resulting from an ischemic or infectious event, 

metabolic disease, or generalized cerebral malformation (such as diffuse polymicrogyria, 

lissencephaly, or holoprosencephaly) was a cause to exclude patients from this series. 
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Normal cortex may sometimes appear abnormally thick in very small brains. As thick 

cortex (lissencephaly) was a cause for exclusion from the study, the cortices were measured 

to determine whether there was a case of increased cortical thickness, that is, cortices 

measuring 4 mm or more in thickness were eliminated that patient from the study. The 

MR scans were obtained in many locations over many years, resulting in variable imaging 

protocols; all examinations in this study included at least one sagittal imaging sequence with 

section thickness of 5 mm or less and one axial imaging sequence with sections of 5 mm 

or less. All patients were studied with both T1-weighted and T2-weighted sequences, and 

89.1% had sequences performed in three orthogonal planes (coronal section were available 

in 98 examinations); therefore, the imaging data were considered adequate. In many cases, 

extremely limited or even nonexistent clinical information was available on the subjects of 

the study. This paucity precluded any analysis of genetics, presentation, or outcome; as a 

result, this study focuses exclusively on imaging findings, and in particular, on relative sizes 

of supratentorial and infratentorial structures.

Normal comparison data of cerebral and cerebellar size for this study were obtained by 

assessing craniofacial ratios and posterior fossa contents in age-matched normocephalic 

infants and children imaged by MR for indications that should not affect head or brain 

size (Fig. 1A, B). These included headaches, ophthalmologic disorders, febrile seizures, and 

suspected infections, or trauma. The ages of patients ranged from 3 months to 5 years at the 

time of their MR scan. The presence of any brain abnormality on the MR images excluded 

those patients as a control. Normal neonatal images for comparison were obtained from the 

medical literature.21-23

MR Analysis

As the majority of the studies were performed before color-coded fractional anisotropy (FA) 

maps or diffusion tractography was available, and because the pathways in the brain stem 

are very difficult to analyze in microcephalic patients, diffusion imaging was not a part of 

this study. Imaging assessment in the patient group was based on agreement between two 

neuroradiologists (Y.A. and J.B.) who reviewed the images. Each neuroradiologist made 

initial evaluations independently, and disagreements regarding the final conclusion were 

resolved by consensus. The absence of volumetric data sets in the majority of studies 

precluded quantification of brain volumes. In addition, linear measurements were felt to be 

unreliable because of the small sizes of the structures, the variation in ages of the patients, 

and the inability to ensure that images were acquired in exactly the same plane. Therefore, 

only significant, grossly evident deviations from normal that could be detected by visual 

analysis were considered as abnormal.

Posterior Fossa Structures

Cerebellum.—Cerebellar size was visually compared with that of the cerebrum in each 

patient, using images in both coronal and sagittal planes. The size of the cerebellar vermis 

was visually assessed on the midline sagittal image and compared with the cerebrum on that 

same image. The size of the cerebellar hemisphere was assessed on both parasagittal and 

coronal images in the same manner. If the cerebellar vermis and hemisphere sizes were not 

of similar proportions to each another as on normal controls, each structure was evaluated in 
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detail and individually compared with the cerebrum. We divided the cerebellar size of each 

patient into one of three categories as compared with the cerebrum: proportional (in which 

the size of the cerebellum compared with cerebral size with not distinguishable from that of 

a normal, age-matched brain by visual inspection), disproportionally large (the size of the 

cerebellum compared with the cerebrum was obviously larger than in age-matched controls 

by visual inspection), and disproportionally small (the size of the cerebellum compared with 

the cerebrum was obviously smaller than in age-matched controls by visual inspection). 

If the proportional sizes of structures were judged to be only slightly larger or slightly 

smaller than normal, they were considered normal; therefore, the number of cases with 

disproportionality of size among the structures was almost certainly underestimated.

Brain stem.—We evaluated the brain stem components individually; the morphologic 

features of each portion of the brain stem (midbrain, pons, and medulla) were assessed 

on sagittal and axial images, as was the relative size of each portion, as compared with 

adjacent segments of brain stem and cerebellum according to the system of Doherty et al24 

(Fig. 1). The anteroposterior length of the overall brain stem was compared with that of 

the cerebellar vermis24—proportional to cerebellum, disproportionately large compared with 

the cerebellum, or disproportionately small compared with the cerebellum—and compared 

with age-matched controls. The relative rostrocaudal lengths of the midline midbrain, pons, 

and medulla were compared with each other and age-matched controls, and judged as 

proportionate, disproportionally large, or disproportionally small. If images were adequate, 

the medullary pyramids were assessed on axial images to see if they were symmetrical and 

appropriately sized compared with age-matched controls.

Microcephaly

Degree of microcephaly was analyzed by analysis of the craniofacial ratio on midsagittal 

images, using the method of Adachi et al.7 Using this method, each patient was classified 

into one of three categories: mild, moderate, or extreme microcephaly.

Statistical Analysis

Correlations of the degree of microcephaly with the size of cerebellum were assessed by 

computing the Spearman correlation coefficient test; p values below 0.05 were considerate 

significant. Because callosal anomalies have been described in some microcephalies,7 the 

Fisher exact test was used to assess whether there was a significant difference in the 

frequency of callosal agenesis among patients with proportionate cerebellum, as compared 

with those with disproportionally large or small cerebellum.

Results

Posterior Fossa Contents

In 110 primary microcephaly patients, we identified a disproportionally large cerebellum, 

compared with the cerebrum, in 50 cases (45.5%, Fig. 2A), a proportional cerebellum in 49 

cases (44.5%, Fig. 3A), and a disproportionally small cerebellum in 11 cases(10%, Fig. 4A). 

Results of the cases are summarized in Tables 2 and 3.
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Of the 50 patients with a disproportionally large cerebellum, 47 patients had all portions 

of the brain stem (midbrain, pons, and medulla) proportional to cerebellum (Fig. 2A). In 

three patients, the ventral pons was proportional to the cerebrum (Fig. 2B) whereas the 

midbrain, dorsal pons, and medulla were proportional to cerebellum; the individual brain 

stem structures appeared morphologically normal.

Of the 49 patients with a cerebellum proportional to the small cerebrum, all structures 

(brain stem, cerebellum, and cerebrum) were proportional in 43 patients (88%, Fig. 

3A). Three patients had a disproportionally small pons compared with the cerebrum and 

cerebellum (Fig. 3B); all were profoundly microcephalic. The pons was short and thin 

in one patient, with the ventral portion being particularly small. Agenesis of the corpus 

callosum with interhemispheric cyst was found in this patient (Fig. 3B). In two patients with 

a disproportionally small pons, the ventral portion was much smaller than the dorsal portion, 

which appeared relatively spared. One patient with microcephaly and proportionally small 

cerebellum had a small midbrain, but the size of the pons and medulla were proportional 

to the cerebellum. A disproportionally large pons, with proportional ventral and dorsal 

portions, was identified in one patient (Fig. 3C). One extremely microcephalic patient had a 

relatively large midbrain and medulla; however, the pons, especially the dorsal portion, was 

small.

In the 11 patients with a disproportionally small cerebellum (Fig. 4A, Table 3), 3 

patients had brain stem components that were proportional to one another in size 

and morphologically normal. The brain stem was proportional to the cerebrum in one 

patient, proportional to cerebellum in one patient (Fig. 4A), and intermediate in size 

(disproportionally small compared with cerebrum and disproportionally large compared 

with cerebellum) in one patient. Eight patients of this group had a disproportionally 

small pons compared with the midbrain and medulla. The midbrain and medulla were 

proportional to the cerebrum, while the pons was proportional to the cerebellum, in 5 

patients (Fig. 4B). In two patients (who were siblings), the midbrain and medulla were 

proportional to the cerebrum, whereas the pons was small with respect to the midbrain and 

medulla but disproportionately large compared with the cerebellum (Fig. 4C). The ventral 

pons was particularly small in both cases. In one patient, the midbrain and medulla were 

disproportionally small compared with the cerebrum, whereas being disproportionally large 

compared with the cerebellum. The pons of this patient was small but roughly proportionate 

to the cerebellum.

Relationship between the Degree of Microcephaly and the Relative Size of the Cerebellum

Our cohort consisted of 7 mild, 38 moderate, and 65 extreme microcephaly cases. In 

the seven cases of mild microcephaly, one patient (14%) had a disproportionally large 

cerebellum and six (86%) had cerebellum proportional to the cerebrum, but none had 

a disproportionally small cerebellum. In 38 moderate microcephaly patients, 12 patients 

(32%) had a disproportionally large cerebellum, 21 patients (55%) had a proportional 

cerebellum, and 5 patients (13%) had a disproportionally small cerebellum. Of the 

65 extremely microcephalic patients, 37 patients (57%) had a disproportionally large 

cerebellum, 22 patients (34%) had a proportional cerebellum, and 6 patients (9%) had 
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a disproportionally small cerebellum. Assessment with the Spearman rank correlation 

test showed no significant correlation between the degree of microcephaly and relative 

size of the cerebellum to the cerebrum (r = −0.47, p < 0.0001). The Fisher exact test 

showed no significant difference in frequency of callosal agenesis in comparisons among 

the three groups (disproportionally large, proportionally small, and disproportionally small 

cerebellum) (p = 0.12).

Of the 11 patients with a disproportionally small cerebellum, 5 patients had moderate 

microcephaly and 6 patients had extreme microcephaly. Two of these patients were siblings 

without consanguinity. Neither obvious family history nor consanguinity was found in 

the other nine patients. Corpus callosum was absent in two patients: one was moderately 

microcephalic, whereas the other patient was extremely microcephalic.

Discussion

The most interesting result in this study is that the relative size of posterior fossa structures, 

as compared with the cerebrum, varies considerably in primary microcephalic brains and is, 

overall, independent of cerebral size; the relative size of posterior fossa structures did not 

vary with degree of microcephaly. This result is not surprising for the following two reasons: 

(1) although some gene protein products important for cerebral development also function in 

brain stem and cerebellar development, others do not; and (2) those gene products involved 

in both forebrain and hindbrain development are often expressed at different times.3,25,26 

The development of the cerebellum extends over a longer period, from the early embryonic 

period through the first postnatal years. Indeed, at birth, cerebellar granular neurons are 

still proliferating in the external granular layer of the cerebellar cortex. They subsequently 

migrate inward through the marginal and Purkinje cortical layers to form the granular 

cell layer of the cerebellar cortex.24-26 MAL expression of genes that are involved in 

hindbrain growth during late fetal or early postnatal development could, therefore, cause 

primary microcephaly with disproportionate hindbrain involvement. Indeed, such a situation 

was recently described in primary microcephaly with pontocerebellar hypoplasia due to 

CHMP1A mutations.27 As a result of these relationships and timings, it is likely that 

some degree of specificity will be found between relative supratentorial and infratentorial 

involvement in primary microcephaly and their genetic causes. The relative proportion of 

cerebral and cerebellar size may, therefore, become a good criterion to use to classify the 

primary microcephalies and help guide which genes to test.

Although a great deal of progress has been made in the understanding of genetic causes of 

primary microcephaly, it has not yet been sufficient to justify a purely genetic classification. 

As understanding of genetics has progressed, it has become clear that mutations of different 

genes can cause the same syndrome, and that different mutations of the same gene can 

result in different syndromes. Indeed, it was recently demonstrated that duplication of 

the gene AKT3 results in megalencephaly,28 while deletion of the same gene results 

in postnatal microcephaly.29 In addition, because molecular pathways function by the 

sequential, coordinated activity of multiple molecules encoded by different genes, mutations 

of different genes in the pathway can result in the malfunction of a critical intermediate 

protein and, therefore, in the same phenotype (e.g., mutations of both hamartin and tuberin 
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cause the tuberous sclerosis complex and somatic mosaic mutations of both PI3K and 

AKT3 can cause hemimegalencephaly30). Thus, in the future, the optimal classification will 

not be based on genes but on metabolic pathways and molecular mechanisms of protein 

action. Such classifications will open new areas of research, as knowledge of molecular 

pathways will open up opportunities for intervention. Table 4 shows brief breakdown 

regarding correlations between the genotype and characteristic imaging findings known in 

microcephalies at the present point.28-35

Some authors distinguish patients born with normal to slightly small head size and 

developing severe microcephaly in the first 1 to 2 years after birth (called “postnatal 

microcephaly” and including microcephalies because of TSEN54, TESN2, TSEN34, 
FOXG1, CASK, and CHMP1A27-32) from microcephaly caused by abnormal proliferation 

or apoptosis (primary microcephaly).3 The focus of our project was on patients who had 

head circumferences smaller than two standard deviations below the mean before the age of 

6 months; we did not attempt to segregate primary from postnatal microcephalies because 

of lack of sufficient clinical information in so many of our patients. However, most of 

the patients in our study were noted to have microcephaly by more than two standard 

deviations at birth or in the early neonatal period, and therefore would be classified as 

having primary microcephaly3; this observation may explain the relatively small number 

of patients with disproportionately small cerebella in our cohort, as the postmigratory 

period of the cerebrum is a time of granular neuron proliferation and migration in the 

cerebellum. In support of this concept, it is interesting to note that microcephaly with 

disproportionally small cerebellum is frequently found in postnatal microcephaly patients.3 

Although the processes that interfere with normal brain development in late gestation or 

the early postnatal period remain poorly understood, this observation likely reflects the 

fact that a disproportionate amount of cerebellar growth occurs in postnatal period, so that 

the cerebellum is disproportionately affected when growth is disrupted in that period. In 

contrast, the disproportionately small cerebellum found in several primary microcephaly 

patients in our study might reflect impaired expression of genes that have stronger effect on 

cerebellum than cerebrum in earlier developmental periods.

The differentiation of the different types of primary microcephaly by size proportionality 

between cerebrum and posterior fossa structures is of clinical value, not only to guide 

genetic analyses but also for the prognostic information. Primary microcephaly has, until 

recently, been thought to have a benign prognosis, with patients usually exhibiting only 

mild developmental retardation.1,2 However, along with the increase in reports of primary 

microcephaly, an increasing number of microcephalic patients with disproportionally small 

posterior fossa structures have been reported,9-15 manifesting varying severity of clinical 

outcome, as well as variable inheritance patterns. Posterior fossa contents in primary 

microcephaly patients should be carefully analyzed, along with the degree of microcephaly, 

gyration, and presence of other associated malformations, to consider the prognosis and 

potential genetic causes.

Studies of larger numbers of patients are often useful to gain a better understanding of the 

disorder including the prognosis. In our study, the cerebellar size was disproportional to that 

of the cerebrum in more than half of the patients. The cerebellum was disproportionally 
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large compared with the cerebrum in 45%, suggesting involvement of genes that affect 

cerebral growth more than that of the cerebellum. A disproportionally small cerebellum 

was identified in 11 microcephalic patients (10%) with variable sizes and malformations 

of the cerebral hemispheres. Although clinical information was limited, no lethal forms 

were identified in this group. Of the 11 patients, 2 patients had corpus callosum agenesis. 

However, this associated malformation was detected in four patients with a disproportionally 

large or a proportional cerebellum. Previous reports have described corpus callosum 

anomalies with a few types of primary microcephaly, including those with NDE1, TBR1, 

and EOMES mutations and in MOPD (microcephaly with osteodysplastic primordial 

dwarfism) patients with or without small posterior fossa contents.30-33,36,37 Although these 

reports described cerebellar size briefly, the relative size proportion compared with cerebrum 

was not evaluated in detail. We found no significant association between the frequency of 

callosal agenesis and relative cerebellar size in any of our three groups (disproportionally 

large, proportionally small, and disproportionally small cerebellum).

It has been reported that most patients with pontine hypoplasia as an isolated brain 

stem malformation had microcephaly with proportionate or disproportionate cerebellar 

hypoplasia.38 In our study, pontine hypoplasia was frequently associated with abnormalities 

of the cerebellum, both with and without other brain stem malformations. In three patients 

having a disproportionally small pons, the other posterior fossa structures (cerebellum, 

midbrain and medulla) were proportional to cerebrum. In five patients, the pons was 

proportional to a hypoplastic cerebellum. As crossing pontine axons and decussating middle 

cerebellar peduncle axons make up a substantial volume of the pons, this observation is not 

unexpected. However, the pons was disproportionally small compared with the cerebrum, 

while less severely involved than the cerebellum, in two patients. These strikingly different 

patterns suggest that pontine abnormalities can result from more than one process and 

should be reported independently from those of the cerebellum. One might speculate that 

different structures in the pons are affected, implying that different genes or different 

pathways are involved in these different patterns of involvement. These different patterns 

might be sorted out through the use of MR diffusion tractography, which has helped better 

understand other brain stem disorders, such as pontine tegmental cap dysplasia.39,40

Although we have little clinical data concerning most of the patients analyzed in this 

study, a few general comments can be made. Patients with disproportionately large or 

proportionate cerebella were less severely affected than those with disproportionately 

small cerebella, and patients with larger brain stems had better outcomes than those with 

smaller brain stems. Patients with postnatal microcephaly (e.g., from CHMP1A, CASK, 

or FOXG1 mutations27,41,42) often have poor neurodevelopmental outcomes after normal 

early postnatal development. More substantial information awaits new studies focused upon 

specific genetic disorders.

One limitation of this study is that the size proportionality between forebrain and mid-

hindbrain structures was assessed visually rather than by quantitative measurements. 

Although the volumetric studies would be definitive, volumetric data were not available 

in the majority of our studies, and a large number of studies were essential to assess 

the patterns. Linear measurements would have been inadequate because of the complex, 
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three-dimensional shapes of the structures involved, the small sizes of the structures, the 

obliquity of imaging planes, and variable slice thickness of these multi-institution studies 

of extremely small heads. Both volumetric and linear measurements would suffer from 

the small size of the structures, the variable severity of the microcephaly, and the absence 

of established norms for age. Finally, visual assessment was adequate for the analysis of 

relative sizes of structures to determine the category they belong to, which was the purpose 

of this study. With this study establishing the significance of relative sizes of structures in 

the microcephalic brain, it may be useful to add volumetric analysis to future cases as part 

of the imaging work-up of these infants. Another limitation was the variable and limited 

clinical and genetic data available on the subjects in the study (other than the diagnosis 

of primary microcephaly, which was the reason for examination), resulting from the MR 

images being obtained from numerous sources in various locations during many years. For 

this reason, our evaluations focused on imaging findings. Finally, because many of the 

patients examined were ascertained from a study of epilepsy, our study may suffer from 

some degree of selection bias. Despite this potential bias, the information gained from this 

study is new and valid.

Conclusions

We retrospectively reviewed MR images of 110 patients with clinically diagnosed primary 

microcephaly and analyzed variations in the size proportion between the forebrain and the 

mid-hindbrain structures. The relative size of posterior fossa structures varies considerably 

in microcephalic brains; the degree of hypoplasia of posterior fossa structures did not 

vary with degree of microcephaly. The relationship between size of the cerebrum and 

mid-hindbrain structures could be a useful criterion to use to classify microcephalic patients.
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Fig. 1. 
(A) Cerebro–cerebellar ratios in a normal 1-month-old. Sagittal T1-weighted image shows 

cerebellar vermis extending from inferior colliculus (upper white arrow) to the level of the 

obex (lower white arrow). The A–P diameter of the pons (vertical white line) is significantly 

larger than that of the midbrain and medulla. The rostrocaudal length of the midbrain (upper 

black line) is roughly the same as the rostrocaudal length of the medulla (inferior pons to 

obex, lower black line). The length of the pons is nearly twice that of the medulla and 

midbrain at birth, but increases to double the rostrocaudal lengths of the midbrain and 

medulla by age of 2 years (adapted to the system of Doherty et al24). (B) Cerebro–cerebellar 

ratios in a normal 1-month-old. Coronal T1-weighted image at the level of the nodulus of the 

vermis (arrow), which is the best point to see the cerebellar hemispheres and fissures. The 

area of the cerebrum is slightly more than double the area of the cerebellum.
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Fig. 2. 
(A) Disproportionately large cerebella. Sagittal T1-weighted image (of a 9-month-old 

child) shows extreme microcephaly with disproportionally large posterior fossa contents. 

Ventral pons is slightly small. Midbrain and medulla are proportional to cerebellum. 

(B) Disproportionately large cerebella. Sagittal T1-weighted image (8-month-old) shows 

moderate microcephaly with disproportionally large cerebellum. The ventral pons is 

proportional to the cerebrum, whereas the midbrain, dorsal pons, and medulla are 

proportional to cerebellum.
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Fig. 3. 
(A) Proportional cerebella. Sagittal T1-weighted image shows moderate microcephaly 

with proportional posterior fossa contents. (B) Proportional cerebella. A 5-day-old infant 

with profound microcephaly. Midsagittal T1-weighted image shows extremely small 

brain. Pons is short, thin, and disproportionally small compared with the cerebrum 

and cerebellum. Midbrain and medulla were disproportionally large compared with both 

cerebrum and cerebellum. (C) Proportional cerebella. Midsagittal T1-weighted image (a 

1-day-old infant) shows cerebellum, midbrain, and medulla proportional to cerebrum. Pons 

is disproportionally large.
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Fig. 4. 
(A) Disproportionately small cerebellum. Sagittal T1-weighted image (a 7-month-old child) 

shows severe microcephaly with disproportionally small posterior fossa contents. Brain stem 

is morphologically normal and proportional to cerebellum. (B) Disproportionately small 

cerebellum. Midsagittal T1-weighted image (6-month-old) shows severe microcephaly with 

disproportionally small cerebellum. The midbrain and medulla were proportional to the 

cerebrum. The pons was proportional to the cerebellum (small compared with midbrain 

and medulla). (C) Disproportionately small cerebellum. Sagittal T1-weighted image (a 

3-year-old child) shows moderate microcephaly with disproportionally small cerebellum. 

The midbrain and medulla are proportional to the cerebrum. The pons was small compared 

with the midbrain and medulla, but disproportionally large compared with the cerebellum.
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Table 1

Age distribution of patients with primary microcephaly

Age Female Male Unknown Total

0–1 mo 12 14 26

1–2 mo 4 4

3–6 mo 9 3 12

7–12 mo 8 9 17

13–24 mo 4 3 7

2–3 y 5 3 8

3–6 y 6 10 16

6 y or more 9 6 1 16

Unknown 0 0 4 4

Total 53 52 5 110

Note: The table summarizes the sex and age at the time of imaging. No information about sex or age was available for the five patients.
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Table 3

Size proportionality of the brain stem in patients with disproportionally small cerebellum

Each structure of brain stem (midbrain,
pons, and medulla) was proportionate

 Proportional to cerebellum 1

 Proportional to cerebrum 1

 Intermediate size
a 1

Pons was disproportionally small compared
with midbrain and medulla

 Midbrain and medulla: proportional to cerebrum; pons: proportional to cerebellum 5

 Midbrain and medulla: proportional to cerebrum; pons: intermediate size
2
a

 Midbrain and medulla: intermediate size
b
; pons: proportional to cerebellum

1

Note: The table summarizes the breakdown of patients with microcephaly with disproportionally small cerebellum.

a
Siblings.

b
intermediate size: disproportionally small compared with cerebrum, disproportionally large compared with cerebellum.
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