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ABSTRACT

BACKGROUND AND PURPOSE: Objective and quantitative data to define cerebellar vermis and/or brain stem hypoplasia in chil-
dren are lacking. Our aim was to provide MR imaging biometric references for the cerebellar vermis and brain stem from a large
cohort of children with normal cerebellums.

MATERIALS AND METHODS: The MR imaging data were retrospectively selected from our hospital data base from January 1,
2014, to December 31, 2017. All MR imaging examinations of children between 1 day and 15 years of age, including midline sagittal
sections, were included. Children with a clinical history or MR imaging abnormalities that may affect the posterior fossa were
excluded. We manually measured four 2D parameters: vermian height, anterior-posterior diameter of the vermis, anterior-poste-
rior diameter of the midbrain-pons junction, and anterior-posterior midpons diameter. The inter- and intraobserver agreement
was evaluated.

RESULTS: Seven hundred eighteen children were included (372 boys and 346 girls), from 1 day to 15 years of age. Normal values
(third to 97th percentiles) were provided for each parameter. The vermis parameters showed a rapid growth phase during the first
year, a slower growth until the fifth year, and finally a near-plateau phase. The brain stem parameters showed more progressive
growth. The intra- and interobserver agreement was excellent for all parameters.

CONCLUSIONS: We provide reference biometric data of the vermis and the brain stem using simple and reproducible measure-
ments that are easy to use in daily practice. The relevance of these 2D measurements should be further validated in diseases asso-
ciated with cerebellar abnormalities.

ABBREVIATIONS: APD-MP ¼ anterior-posterior diameter at the midbrain-pons junction; APD-P ¼ anterior-posterior midpons diameter; APD-V ¼ anterior-
posterior diameter of vermis; H-V ¼ vermian height; ICC ¼ intraclass correlation coefficient

The important role of the cerebellum in nonmotor functions
has been confirmed in recent studies performed in healthy

subjects.1,2 In this setting, the diagnosis of cerebellar hypoplasia is
essential, particularly in children with mental retardation in
whom impairment in cerebellar cognitive functions is frequently
observed.3 Cerebellar hypoplasia has been further associated with
impairment in reasoning, spatial recognition, language, timing of
the speech, and disorders of personality.4-6

Even if different methods of volumetry and segmentation
have already been reported in the literature,7-9 the interpreta-
tion of the vermis as normal or pathologic in daily routine is
only based on subjective criteria. Because morphologic varia-
tions and changes occur throughout infancy, this subjective
approach may be inappropriate to state the normality of the ver-
mis or to claim the diagnosis of vermian hypoplasia, which is
defined as a small, harmonious vermis with fissures of normal
width.10 Pons hypoplasia has been also described in association
with vermis abnormalities in specific syndromes such as ponto-
cerebellar hypoplasia.11

To our knowledge, no reference data have been published
that can be easily used in daily practice to define vermis or pons
hypoplasia. The aim of our study was to provide reference bio-
metric data of the vermis and brain stem from a large cohort of
children with normal cerebellums and brain stems to increase
the accuracy of MR imaging for the diagnosis of vermis and/or
pons hypoplasia.
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MATERIALS AND METHODS
Population
The protocol has been approved by our institutional review
board. Given the retrospective nature of the study, informed con-
sent from the parents was not required. The MR imaging data
were nonconsecutive cases selected retrospectively from our hos-
pital data base from January 1, 2014, to December 31, 2017.

MR imaging examinations of children between 1 day and
15 years of age, including midline sagittal sections from 2D or 3D
T1- or T2-weighted sequences, were included. All children in the
present study had no self- or parent-reported clinical history of
cognitive disorders or mental illness that could have a potential
impact on the cognitive status and cerebellum alteration. We also
excluded all patients with a history or symptoms that may be re-
sponsible for or associated with cerebellar abnormalities: prema-
turity (birth at,37weeks of amenorrhea according to the World
Health Organization), metabolic disorder, neuropsychological
disorder, hypoxic pathology, cerebellar syndrome, autistic syn-
drome, axial hypotonia, delayed acquisition, posterior fossa pa-
thology, and posterior fossa or midline malformation. All MR
images were reviewed by a board-certified pediatric neuroradiol-
ogist to ensure that there were no posterior fossa abnormalities.
Mass effect, signal abnormalities, vermian or pons hypoplasia, at-
rophy, and other midline malformations were sought, and if pres-
ent, the corresponding data were excluded. The MR imaging data
that did not allow precise measurements because of unsatisfac-
tory quality were also excluded.

MR Imaging Analysis
All acquisitions were performed on a 1.5T MR imaging scanner
(Ingenia; Philips Healthcare, Best, the Netherlands). Midline

sagittal sections were obtained from 2D sagittal T1- or T2-
weighted sequences or reconstructed from 3D T1-weighted
sequences (section thickness,#3mm).

All measurements were performed by a board-certified neu-
roradiologist. Simple 2D measurements were manually per-
formed on a sagittal section passing through the midsagittal
plane and were defined as follows: 1) The height of the vermis
(H-V) was the largest craniocaudal diameter of the vermis; 2)
the anterior-posterior diameter of the vermis (APD-V) was the
largest anterior-posterior diameter of the vermis passing
through the tip of the V4; 3) the anterior-posterior diameter of
the midbrain-pons junction (APD-MP) was measured perpen-
dicular to the major axis of the brain stem passing through the
midbrain-pons junction; and 4) the anterior-posterior midpons
diameter (APD-P) was measured perpendicular to the major
axis of the brain stem passing through the middle of the pons
(Fig 1).

To evaluate the interobserver reproducibility, a second sen-
ior neuroradiologist performed the measurements independ-
ently on a sample of 50 children randomly selected. Each
radiologist was unaware of the results obtained by the other
one. Moreover, to evaluate the intraobserver reproducibility,
the first reader repeated the measurements on the same sample
after 1 month.

Statistical Analysis
We first assessed the intra- and interobserver reproducibility of
measurements of the cerebellar vermis by calculating the intra-
class correlation coefficient (ICC) and using the Bland-Altman
method on a random sample of 50 patients. The ICCs were esti-
mated using a 2-way random-effects model (absolute agreement),
and 95% confidence intervals were obtained using bootstrap
methods (2000 bootstrap samples). ICC values,0.5, between 0.5
and 0.75, between 0.75 and 0.9, and .0.90 were interpreted as
poor, moderate, good, and excellent reproducibility.12 According
to the Bland Altman method,13 we calculated the mean bias as
well as the limits of agreement between readers. The remaining
data analyses were performed on the overall study sample to pro-
vide age-specific reference intervals (“normal ranges”) for each

FIG 1. Illustration of the 2D measurements of the cerebellar vermis
and the brain stem. H-V indicates the largest craniocaudal diameter
of the vermis; APD-V, the largest anterior-posterior diameter of the
vermis passing through the tip of the V4; APD-MP, perpendicular to
the major axis of the brain stem passing through the midbrain-pons
junction; APD-P, perpendicular to the major axis of the brain stem
passing through the middle of the pons.

Table 1: Distribution of the study population by age and sex
(n = 718)

Age Class
(yr)

Boys
(n = 372)

Girls
(n = 346)

All
(n = 718)

Younger than 1 58 56 114
1–2 37 32 69
2–3 39 28 67
3–4 31 22 53
4–5 27 23 50
5–6 20 21 41
6–7 30 18 48
7–8 17 17 34
8–9 9 16 25
9–10 16 12 28
10–11 10 12 22
11–12 11 14 25
12–13 11 18 29
13–14 13 20 33
14–15 17 19 36
15–16 26 18 44
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measurement of the cerebellar vermis. To appreciate the shape of

the relationship between age and each measurement of interest

and to investigate the necessity to provide age-specific reference

intervals by sex, we used a nonparametric smoothing technique

(LOESS regression). Age-specific reference intervals for each

measurement of interest were constructed from the parametric

method proposed by Royston and Wright,14 providing smooth

centile curves and explicit formulae for the centile estimates. This

method has been previously applied to provide reference biomet-

ric data of the corpus callosum in MR imaging in children15 and

is one of the methods recommended by the World Health

Organization Multicenter Growth Reference Study Group.

Further details about this method are available in the On-line

Appendix. All analyses were com-

puted using R statistical and comput-

ing software, Version 3.4.3 (http://

www.r-project.org/).

RESULTS
We included 718 children (372 boys
and 346 girls), from 6days to 15 years
of age. The distribution of the number
of children as a function of age and
sex is described in Table 1. Table 2
shows the indications of MR imaging
for the children included in the study.
Measurements were performed on T2
images in 331 children and on T1
images in 387. The average time to
complete the 4 measurements was
1minute.

The 7 models built were normal,
and the 7 measurements needed prior
Box-Cox transformation. The equa-
tions for estimating the reference
values for the different parameters are
presented in Table 3. Smoothing
curves of the different parameters are
depicted in Fig 2. For each parameter,
reference values (from the third, me-
dian, and 97th percentiles) are depicted
in Fig 3 and summarized in On-line
Table 1. Model adequacy was satisfied
for all models (On-line Figs 1 and 2).
The curves showed similar growth in
girls and boys. Vermis parameters (H-
V, APD-V) showed a very rapid
growth phase during the first year, then
a slower growth until the fourth year,
and finally a near-plateau phase. Brain
stem parameters showed a different
growth pattern, more progressive, with
relatively rapid growth during the first
4 years and then slower thereafter. The
values of these parameters were higher
in boys except for APD-MP, which

demonstrated similar values in both sexes. As shown in Table 4,
the intraobserver agreement was excellent for each parameter, with
an ICC ranging from 0.916 to 0. 994. The interobserver agreement
was good to excellent, with an ICC ranging from 0.846 for APD-P
to 0.981 for H-V. Intra- and interobserver agreement did not sig-
nificantly differ for measurements performed on T1 or T2 images
(On-line Table 2).

DISCUSSION
Our study used a simple method, easily reproducible in daily
practice in a large cohort of children with normal vermes and
brain stems. Findings showed an important growth of the ver-
mian parameters during the first year, while the brain stem

Table 2: Indications for brain MR imaging in the study population (n = 718)
Diseases Prevalence

Epilepsy 123 (17.2%)
Supratentorial, suprasellar, or optic tumors 65 (9%)
Ocular globe pathology 56 (7.7%)
Suspicion of pituitary lesion (staturo-pondéral growth retardation, obesity,
and so forth)

55 (7.6%)

Encephalitis, mastoiditis, meningitis, endocarditis, otitis, or empyema 52 (7.3%)
Extracerebral tumor or histiocytosis or blood disease 40 (5.6%)
Cranial trauma 37 (5.2%)
Spinal or medullary pathology, scoliosis, low back pain 36 (5%)
Supratentorial benign lesion (arachnoid cyst, pineal cyst, interhemispheric
cyst, and so forth)

32 (4.4%)

Extracerebral or supratentorial vascular malformation 28 (3.9%)
Extracerebral venous-lymphatic malformation 26 (3.6%)
Isolated cervicofacial pathology (cervical mass, velar insufficiency, and
so forth)

21 (2.9%)

Cyst or nasal root mass 19 (2.6%)
Headache 15 (2.1%)
Deafness 10 (1.4%)
Others 103 (14.5%)

Table 3: Equation for estimating reference values for the different parametersa

Equations
H-V girls m ¼ 443 574:11 � 97 540:24

ffiffiffiffi
X

p
� 231 497:89X3

s ¼ 104 925:72 � 37 776:52X

H-V boys
m ¼ 707 969:47 � 45 502:94 logX � 538 257:55X3

s ¼ 200 387:18 � 82 416:42X

APD-V girls m ¼ 585:75 � 336:12X3

s ¼ 121:27

APD-V boys m ¼ 1 083:91 � 689:41X3

s ¼ 226:61

APD-P girls m ¼ 38:13 � 2 logX � 10:21X3

s ¼ 4:09

APD-P boys m ¼ 83:63 � 6:40 logX � 31:23X3

s ¼ 12:09 � 4:71X

APD-MP m ¼ 5:98 þ 0:053X�0:05 � 1:31X

s ¼ 0:48
aWith X ¼ exp T� T 1

Tn � T1
logr

n o
, where T denotes the age, T1 and Tn denote minimum and maximum ages, respec-

tively, and r is a preselected constant for which a suitable value is .01. All measurements needed prior Box-Cox
transformation. The values of APD-MP were similar in both sexes.
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parameters grew gradually. The values of these parameters were
higher in boys except for APD-MP, for which the values were
similar in both sexes.

To our knowledge, this is the first reference biometric data for
the vermis and the brain stem in children. Previous studies
assessed normal MR imaging biometric data of the posterior fossa
in the fetus,7,16-18 and quantitative methods have already been
used to diagnose vermis hypoplasia, but no MR imaging biomet-
ric data of the normal cerebellum and brain stem have been
reported before. Makris et al9 described a surface-based parcella-
tion of the human cerebellar cortex and provide cerebellar surface
and volumetry from 10 volunteer subjects with a good-to-excel-
lent reproducibility. This method integrated automated and
semiautomated and manual procedures using postprocessing
software. Joyal et al19 suggested measuring the area of the ver-
mis from a single midsagittal section, but reproducibility has
not been studed. In addition, both studies were performed in
the adult population, and their methodology is not easy to apply
in daily practice. Our 2D measurements have the advantage of
being highly reproducible, easy, and fast to perform. An interac-
tive tool derived from the biometric models has been created
and is available on-line (http://ci2c.fr/vermis.php) to facilitate
its application.

Data about the growth of the cerebellum during childhood
are scarce. During fetal life, the cerebellum has a long period of
development that makes it particularly vulnerable to prenatal

disorders, including genetic or metabolic diseases, toxins, or
infections.20-22 In early stages, perturbations of the expression of
genes involved in cerebellar patterning or abnormal proliferation
and migration produce a wide spectrum of abnormal phenotypes
from agenesis to minor abnormalities such as hypoplasia or
abnormal cerebellar foliation. The fastest development is
observed for the vermis and the cerebellum in comparison with
other brain structures in the third trimester of pregnancy.17 Their
growth is multiplied by 2 between the 20th and the 35th week of
development.23 As the proliferation and migration of granular
cells continue during the first postnatal months, the last granular
cell migration occurs in humans at about 18months of age. In
line with previous studies suggesting further proliferation and
neuronal migration in the cerebellum during the postnatal pe-
riod,20,24,25 our data show the persistence of a rapid growth of the
vermis during the first year of life.

Cerebellar hypoplasia has been described in many conditions
associated with mental retardation.3-5,26 In this setting, morpho-
logic variations may disclose underlying structural and functional
impairment of cerebellar structures potentially involved in cogni-
tive functions. Advanced MR imaging techniques such as DTI-
based tractography have emphasized the anatomic relationship
between the cerebellum and the other structures of the central
nervous system involved in nonmotor functions,27 especially den-
tato-thalamo-cortical fibers and fibers connecting the cerebellum
to visuospatial, cognitive, and memory-related areas, in healthy

FIG 2. Smoothed curves of the different parameters (H-V, APD-V, APD-P, APD-MP) by age and sex.
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FIG 3. Reference intervals (third, 50th, 97th) for the different parameters (H-V, APD-V, APD-P, APD-MP). The values of APD-MP are similar in
both sexes.

Table 4: Inter- and intraobserver agreement for cerebellar vermis and brain stem parameters

Parameter

Intraobserver Agreement Interobserver Agreement

Mean Bias
95% Limits of
Agreement ICC (95% CI) Mean Bias

95% Limits of
Agreement ICC (95% CI)

H-V 0.156 0.869, 1.181 0.994 (0.982–0.998) –0.302 –2.129, 1.525 0.981 (0.948–0.991)
APD-V 0.332 1.831, 2.494 0.941 (0.878–0.970) 0.242 –2.851, 3.335 0.893 (0.799–0.948)
APD-P 0.100 –1.161, 1.361 0.916 (0.854–0.953) 0.088 1.704, 1.880 0.846 (0.674–0.944)
APD-MP 0.052 –0.729, 0.833 0.988 (0.978–0.994) 0.188 –1.238, 1.614 0.959 (0.918–0.978)
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subjects.27-29 Furthermore, in children with cerebellar hypoplasia,
impairment of cerebellar white matter tracts has been observed in
preliminary studies.30 These structural data have been strength-
ened by functional MR imaging studies exploring the anatomo-
functional segmentation of the cerebellum.1 These studies
highlighted a limbic area corresponding to lobules VI and VII,31

left lateralization of the activation on visuospatial tasks, right acti-
vation in linguistic and working memory tasks,2 and activation of
the anterior lobes in language articulation, whereas the posterior
lobules were activated in silent langage.32

Our study has some limitations. First, our study popula-
tion consisted of nonconsecutive cases examined retrospec-
tively. We acknowledge that while effort was made to exclude
children with posterior fossa abnormalities, we included chil-
dren with pathologies that could potentially affect the cere-
bellum despite a macroscopically normal appearance on MR
imaging. For children older than 6 years of age, our results
should be confirmed by larger trials imaging strictly healthy
children. Although measurements have been performed on
different MR images, this feature did not significantly affect
their reliability. Finally, our global measurements do not
allow detecting a focal cerebellar hypoplasia involving a sin-
gle lobe or lobule. Further studies are necessary to confirm
the accuracy of our biometric data when applied to the evalu-
ation of children with vermian hypoplasia and other poste-
rior fossa abnormalities.

CONCLUSIONS
We provide reference biometric data of the vermis and the brain
stem using simple and reproducible measurements that are easy
to use in daily practice. Our results show a more important
growth of the vermian parameters during the first year of life,
while the brain stem parameters grow gradually. The rele-
vance of these 2D measurements should be further validated
in diseases associated with cerebellar abnormalities responsi-
ble for developmental disorders of so-called higher cerebellar
functions.
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