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Abstract

- Orkun Sarioglu? - Handan Guleryuz'

Achondroplasia is the most common hereditary form of dwarfism and is characterized by short stature, macrocephaly and various
skeletal abnormalities. The phenotypic changes are mainly related to the inhibition of endochondral bone growth. Besides the
several commonly known physical features that are characteristic of this syndrome, achondroplasia can affect the central nervous
system. The impact on the central nervous system can cause some important clinical conditions. Thus, awareness of detailed
neuroimaging features is helpful for the follow-up and management of complications. Although the neuroimaging findings in
children with achondroplasia have been noted recently, no literature has specifically reviewed these findings extensively.
Radiologists should be familiar of these findings because they have an important role in the diagnosis of achondroplasia and
the recognition of complications. The aim of this pictorial essay is to review and systematize the distinctive characteristics and
abnormalities of the central nervous system and the calvarium in children with achondroplasia.
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Introduction

Achondroplasia, which is the most common skeletal dysplasia, is
characterized by disproportionately short stature with thizomelic
shortening of the extremities. Specific mutations of the fibroblast
growth factor receptor 3 (FGFR3) gene cause defective endo-
chondral bone growth [1]. Various mutations in the FGFR3 gene
are also responsible for a number of disorders such as
hypochondroplasia, thanatophoric dysplasia, Crouzon syndrome
and Muenke syndrome [2]. The phenotypic changes are mainly
related to the inhibition of endochondral bone growth.

Achondroplasia can lead to various neurologic and
otorhinolaryngologic risks and symptoms including motor de-
lays, hydrocephalus, obstructive apnea, otitis media, sinusitis,
dental malocclusion and cervical myelopathy [2—5].

Many neuroimaging findings as well as skull base abnor-
malities are associated with achondroplasia. Although many

P4 Fatma Ceren Sarioglu
drcerenunal @ gmail.com

Department of Radiology, Division of Pediatric Radiology,
Dokuz Eylul University School of Medicine,
35340 Balcova, Izmir, Turkey

Department of Radiology, Tepecik Training and Research Hospital,
Health Sciences University, Izmir, Turkey

articles describe brain findings of hypochondroplasia and
thanatophoric dysplasia, the neuroimaging findings in chil-
dren with achondroplasia have only recently drawn more at-
tention [6—8]. The neuroimaging findings in achondroplasia
and its complications or symptoms are summarized in Table 1.
To understand the implications of brain and calvarial involve-
ment of achondroplasia, familiarity with the anatomical
changes is essential. In this pictorial essay, we review several
imaging features in children with achondroplasia that should
be carefully evaluated in neuroimaging studies.

Skull

Macrocephaly with prominent forehead, midface
hypoplasia and skull asymmetry

Macrocephaly, which is defined as a head circumference more
than two standard deviations above the mean value for a given
age and gender, is a common phenotypic feature of achondro-
plasia (Fig. 1). Frontal and parietal bossing is demonstrated in
children with achondroplasia who have macrocephaly.
Ventriculomegaly and enlarged subarachnoid spaces are often
associated with the delay in closure of the sutures and
macrocephaly [2, 9].
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Table 1 The neuroimaging findings and associated clinical conditions in achondroplasia
Imaging feature Associated clinical condition
Calvarium Macrocephaly with prominent forehead Hydrocephalus
Midface hypoplasia Dental malocclusion, speech difficulties
Skull asymmetry Craniosynostosis
Short clivus and narrowing of the skull base Hydrocephalus, increased intracranial pressure
Foreshortening of the carotid canals
Temporal bone changes Otitis media, hearing loss, apnea
Poor development of mastoid air cells
Towering of petrous ridge
Vertically orientated geniculate ganglion
Downward oval window
Horizontally orientated scutum
Ossicular anomalies
Brain Ventriculomegaly Macrocephaly, increased intracranial pressure

Enlarged subarachnoid spaces

Enlarged suprasellar cistern + empty sella
Decreased optic nerve-base angle
Vertically orientated straight sinus
Increased tentorial angle

Prominent emissary veins and meningeal vessels

Temporal lobe anomalies
Deep transverse sulcus or sagittal cleft
Incomplete hippocampal inversion

Macrocephaly, increased intracranial pressure
Pituitary-related endocrine dysfunction

Seizures, cognitive deficits

Oversulcation of mesial temporal lobe and calcar avis
Abnormal triangular shape of the temporal horn of lateral ventricle

Loss of differentiation of gray white matter

Megalencephaly and temporal lobe enlargement

Craniocervical junction Narrowing of foramen magnum
Myelopathy

Neurologic, respiratory, cardiopulmonary symptoms

Midface hypoplasia occurs as a result of impaired endo-
chondral bone formation and is characterized by depressed
nasal bridge, maxillary hypoplasia and prominent forehead.
Mandibular growth is spared because intramembranous ossi-
fication is the predominant development mechanism of the
mandible [2, 3]. Hypoplastic midface can cause several clini-
cal symptoms such as dental malocclusion, speech difficulties
and upper respiratory tract obstruction [3]. Three-dimensional
images are useful to demonstrate this finding (Fig. 2).

Fig. 1 Macrocephaly and
prominent forehead in a 7-year-
old girl with achondroplasia. a, b
Lateral (a) and anteroposterior (b)
skull radiographs show
macrocephaly with frontal and
parietal bossing
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Skull asymmetry, which might be related to craniosynos-
tosis, is better demonstrated on axial or coronal sections
(Fig. 3). Crouzon syndrome and thanatophoric dysplasia,
which are some of the FGFR3 gene mutations, are the well-
known disorders associated with craniosynostosis. However,
it is not uncommon in achondroplasia [2]. Motor retardation is
reported in children with achondroplasia who have skull
asymmetry [9].
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Short clivus and narrowing of the skull base and
foreshortening of the carotid canals

Short clivus and narrowing of the skull base are crucial find-
ings that require special attention while evaluating the intra-
cranial structures (Fig. 4). Narrowing of the skull base alters
the cerebrospinal fluid dynamics and induces venous outflow
obstruction because of reduction in the jugular foramen diam-
eter. This mechanism leads to increased intracranial venous
pressure, ventriculomegaly and macrocephaly [10].

The carotid canal normally lies forward and medially in the
petrous part of the temporal bone till it reaches the lateral side
of the clivus. The normal size of the carotid canals varies
depending on age, gender, ethnicity and genetic factors. The
foreshortened carotid canals manifest as a result of hypoplastic
skull base in children with achondroplasia. Additionally, the
distal ends of the carotid canals tend to locate more closely to
each other in the midline [11] (Fig. 4). Cobb et al. [11] report-
ed that the average distance between the distal ends of the
internal acoustic canals in achondroplasia was 48.0 mm,
whereas it was 67.0 mm in non-achondroplastic patients.
There has not been any report on whether this finding is asso-
ciated with the carotid artery stenosis.

Temporal bone anomalies

Squamous and tympanic parts of the temporal bone develop
by intramembranous ossification, whereas petrous and mas-
toid parts ossify endochondrally [12]. Middle ear ossicles also
undergo endochondral ossification [11]. The temporal bone
findings in achondroplasia are associated with endochondral
ossification defects. The otolaryngologic complications in-
clude apnea, because of upper airway obstruction, and otitis
media, which might be accompanied by hearing loss and de-
layed speech [4].

* Poor development of mastoid air cells: Mastoid air cells
are not well-pneumatized without mastoid sclerosis in
achondroplasia [11] (Fig. 5).

Fig. 2 Midface hypoplasia and
depressed nasal bridge in a 6-
year-old girl with achondroplasia.
a, b Sagittal (a) and three-
dimensional reconstructed (b) T1-
weighted MR images (repetition
time/echo time: 500/15 ms) show
the depressed nasal bridge
(arrow) with prominent forehead
and hypoplastic midface

Fig. 3 Skull asymmetry in an 8-year-old boy with achondroplasia. Axial
CT demonstrates subtle asymmetrical bulging of the right frontal bone.
The child does not have craniosynostosis

* Towering of petrous ridge: The upward tilted position of
the medial part of the petrous bone, when compared to the
lateral part, causes a characteristic “tower-like appear-
ance” on coronal slices [11] (Fig. 6). Internal acoustic
canals also locate more vertically because of the upward
tilting of the petrous bone.

* Vertically orientated geniculate ganglion: The labyrin-
thine segment of the facial nerve courses anterolaterally
from the internal auditory canal and superior to the co-
chlea until it reaches the geniculate ganglion. At the ge-
niculate ganglion, the facial nerve turns posteriorly to be-
come the tympanic segment. The normal position of the
geniculate ganglion is horizontal to the petrous bone. The
angle between the tympanic and the labyrinthine segment
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Fig. 4 Short clivus and narrowing of the skull base and foreshortening of
carotid canals in a 14-year-old boy with achondroplasia. a Axial CT
image shows the short clivus with narrowing of the skull base (short
white arrow) and foreshortened carotid canals (long white arrows).
Note the narrowing of the jugular foramen (long black arrow) and

of the facial nerve is obtuse. In children with achondroplasia,
it locates vertically because of the more vertical orientation of
the internal acoustic canals and the angle narrows (Fig. 7). A
rotation of the cochlea might also be associated [11].

*  Downward oval window: The oval window opens to the
vestibule of the inner ear. The vestibule is rotated because
of the abnormal position of the petrous apex and so the
oval window faces downward [11] (Fig. 8).

* Horizontally orientated scutum: The appearance of the
normal scutum is a vertical bony spur that extends inferi-
orly from the superior wall of the external auditory canal. In

Fig.5 Poor development of mastoid air cells in the same 14-year-old boy
as in Fig. 4. Axial CT image demonstrates the poor mastoid aeration
(arrows)
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enlarged mastoid emissary vein (short black arrow). The distal ends of
the carotid canals are located more closely to each other. b Axial CT
image of a gender- and age-matched normal child for comparison
shows the normal appearance of the skull base

achondroplasia, the external acoustic canals rotate as well as
the internal acoustic canals. As a result, the scutum locates
horizontally [11] (Fig. 8).

* Ossicular anomalies: There have been no reports that the
ossicles change in size or shape in children with achon-
droplasia. However, rotation can also affect the ossicles,
especially the body of the malleus and the long process of
the incus. It causes a “broad ice-cream cone” appearance
[11] (Fig. 9). Additionally, the mobility of the ossicles can
decrease [13]. It might be related to the rotation of the
ossicles and recurrent otitis media. The ossicular anoma-
lies can lead to hearing loss.

Brain
Ventriculomegaly and enlarged subarachnoid spaces

Ventriculomegaly and enlarged subarachnoid spaces are typ-
ical brain imaging features of achondroplasia (Fig. 10). A
number of studies proposed that the main mechanisms for
ventriculomegaly in people with achondroplasia are venous
congestion secondary to stenosis at the level of the jugular
foramen or thoracic inlet. Foramen magnum stenosis is anoth-
er cause for ventriculomegaly with obstruction of the basal
cisterns, brainstem distortion, and blockage of the fourth-
ventricle outlet [10, 14]. Impaired venous drainage at the skull
base and chronic dural venous hypertension also lead to the
enlargement of subarachnoid spaces [14, 15]. The presence of
transependymal cerebrospinal fluid edema should also be ob-
served for decompensated hydrocephalus because it might
require ventriculoperitoneal shunt immediately.
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Fig.6 Petrous ridge towering in a 15-year-old girl with achondroplasia. a reconstructed CT image of a normal child for comparison shows the
Coronal CT reconstruction shows the upward tilting of the petrous bone normal appearance of the petrous ridge and orientation of the internal
and vertical rotation of internal acoustic canals (arrows). b Coronal acoustic canals

Fig. 7 Vertically orientated
geniculate ganglion in the same
15-year-old girl as in Fig. 6. a
Coronal CT reconstruction of the
geniculate ganglion shows the
narrow angle with a vertical
orientation of the geniculate
ganglion. b Coronal reconstructed
CT image of the geniculate
ganglion of a normal child for
comparison shows the normal
appearance of the geniculate

ganglion

Enlarged suprasellar cistern and decreased optic Optic nerve-base angle also decreases in achondropla-

nerve-base angle sia (Fig. 11). The obtuse angle formed by the intersec-
tion of a line between the plane of the cribriform plate

An enlarged suprasellar cistern is a result of the same mecha-  and the optic tract is between 140° and 160° in normal

nism as enlargement of the subarachnoid spaces (Fig. 11).  people [9]. The angle was reported as varying 115° to
Empty sella can accompany this finding [9]. Children might ~ 140° in people with achondroplasia [9, 16]. There is no
present with pituitary-related endocrine dysfunction  evidence whether this finding causes the visual
symptoms. symptoms.

Fig. 8 Downward oval window
and horizontally orientated
scutum in the same 15-year-old
girl as in Fig. 6. a Coronal CT
reconstruction demonstrates the
more vertical position of the oval
window (black arrow) and the
more horizontal position of the
scutum (white arrow). b Coronal
reconstruction of CT image in a
normal child for comparison
shows the normal appearance of
the oval window and scutum
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Fig. 9 Broad ice-cream cone sign
in the same 15-year-old girl as in
Fig. 6. a Coronal CT
reconstruction demonstrates that
the incus appears thicker and
shorter, namely as a "broad ice-
cream cone" (arrow), from the
rotation of ossicles. b Coronal
reconstructed CT image of a
normal child for comparison
shows a normal ice-cream cone
appearance

Vertically orientated straight sinus and increased
tentorial angle

Straight sinus and tentorium are more vertical in achondropla-
sia [9] (Fig. 11). The tentorial angle is measured between a
line connecting the nasion with the tuberculum sella and the
angle of the straight sinus. Normally, it should measure be-
tween 27° and 52° [17]. The angle was found to be between
55° and 70° in people with achondroplasia [9].

Prominent emissary veins and meningeal vessels

The prominent emissary and meningeal vessels are important
findings that should be evaluated prior to surgery in children
with achondroplasia. T2-weighted gradient echo MR

Fig. 10 Ventriculomegaly and enlarged subarachnoid spaces in a 15-
month-old boy with achondroplasia. Axial T2-weighted MR image
(repetition time/echo time: 5,500/100 ms) shows the ventriculomegaly
and prominent subarachnoid spaces in both frontal and parietal regions
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sequence is helpful to recognize this finding (Fig. 12). A num-
ber of studies reported that the prominent emissary veins were
caused by the narrowing of the foramen magnum and jugular
foramen [5, 18]. Conversely, a recent study [8] suggested that
there was no significant correlation between the severity of
foramen magnum stenosis, stenosis of jugular foramina, and
enlargement of emissary veins and meningeal vessels.

Temporal lobe anomalies

Temporal lobe anomalies and accompanying seizures are well-
documented findings in other FGFR3-related disorders such as
hypochondroplasia and thanatophoric dysplasia. They have also
been described in people with achondroplasia [6, 19].

* Deep transverse sulcus or sagittal cleft: Deep transverse
sulcus of the mesial temporal lobe was reported in all
children in a study by Manikkam et al. [6], which evalu-
ated the temporal lobe anomalies in 13 children with
achondroplasia. Axial MR images are more helpful to
demonstrate “deep transverse sulcus,” whereas sagittal
images can also be used to recognize this deep sulcus with
an alternative definition as “sagittal cleft" (Fig. 13). The
finding was also described for other FGFR3 disorders
including hypochondroplasia and thanatophoric dysplasia
[20].

* Incomplete hippocampal inversion: Incomplete hippo-
campal inversion was found as the second most prevalent
finding in 92% of children with achondroplasia [6]. The
FGFR3 gene has an important role in hippocampal devel-
opment [21]. In normal hippocampal development, the
hippocampal formation inverts within the medial temporal
lobe [22]. The appearance of an incomplete hippocampal
rotation is characterized by the verticalization of the infe-
rior temporal sulcus on coronal MR images (Fig. 14). It
should not be forgotten that the finding can vary individ-
ually [22]. Additionally, the size and signal intensity of the
hippocampus on MR images can be normal even if the
normal hippocampal inversion is absent [23].
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Fig. 11 Enlarged suprasellar cistern, decreased optic nerve-base angle, cistern (star) with a decreased optic nerve-base angle (dashed lines).
vertically orientated straight sinus, and increased tentorial angle in a 7- Straight sinus is more vertical (dotted lines). b Sagittal T1-weighted
year-old boy with achondroplasia. a Sagittal T1-weighted MR image MR image of a normal child for comparison shows normal appearances
(repetition time/echo time: 500/15 ms) shows the enlarged suprasellar of these findings

Fig. 12 Prominent meningeal
vessels in a 10-year-old boy with
achondroplasia. a Axial T2-
weighted MR image (repetition
time/echo time: 5,500/100 ms)
shows that the meningeal vessels
as slightly enlarged (arrows) in
enlarged subarachnoid spaces. b
Susceptibility-weighted MR
imaging on axial plane
demonstrates the prominent
meningeal vessels conspicuously

*  Oversulcation of the mesial temporal lobe and avis, which is produced by the calcarine sulcus, is a
calcar avis: The oversulcation of the mesial temporal term to define the medial wall of the occipital horn of
lobe was found as a common finding with a frequency the lateral ventricle. The oversulcation of the mesial
of 85% in children with achondroplasia [6]. Calcar temporal lobe can be determined on both coronal and

Fig. 13 Deep transverse sulcus
and sagittal cleft in the mesial
temporal lobe in a 14-month-old
boy with achondroplasia. a Axial
T2-weighted MR image
(repetition time/echo time [TR/
TE]: 5,500/100 ms) shows a deep
transverse sulcus within the left
mesial temporal lobe (arrows). b
Sagittal T1-weighted MR image
(TR/TE: 500/15 ms)
demonstrates the deep transverse
sulcus as a cleft (arrows)
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Fig. 14 Incomplete hippocampal
inversion in an §-year-old boy
with achondroplasia. a Coronal
T2-weighted MR image
(repetition time/echo time [TR/
TE]: 5,500/100 ms) shows
bilateral incomplete hippocampal
inversion (arrows). The finding is
more demonstrative on the right
side. b Coronal T2-weighted MR
image (TR/TE: 5,500/100 ms) of
a normal child for comparison
shows the normal appearance of
the hippocampi

Fig. 15 Oversulcation of mesial
temporal lobe and calcar avis in
the same 14-month-old boy as in
Fig. 13. a Axial T1-weighted MR
image (repetition time/echo time
[TR/TE]: 500/15 ms) shows
oversulcation of the mesial
temporal lobe (long arrow) and
extension of the oversulcation to
the calcar avis (short arrow). b
Axial T1-weighted MR image
(TR/TE: 500/15 ms) of a normal
child for comparison shows the
normal sulcation pattern of the
mesial temporal lobe and calcar
avis

axial images. Axial images are also useful in evaluat-
ing the extent of oversulcation to the calcar avis
(Fig. 15). The frequency of oversulcation of the calcar
avis (69%) was found to be less than the oversulcation
of mesial temporal lobe [6]. Although abnormal
sulcation is also a well-known finding in

thanatophoric dysplasia, there are some differences
between these conditions. The inferior aspect of the
temporal lobe is typically involved in thanatophoric
dysplasia, whereas the medial aspects of the temporal
and occipital lobes are more characteristic locations in
achondroplasia [19].

Fig. 16 Abnormal triangular shape of the temporal horn in an 11-year-old
girl with achondroplasia. a Axial T2-weighted MR image (repetition
time/echo time [TR/TE]: 5,500/100 ms) shows triangular shape of the
temporal horns of the lateral ventricles (white arrows). Note the deep
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transverse sulcus (black arrow). b Axial T2-weighted MR image (TR/
TE: 5,500/100 ms) of a normal child for comparison shows the normal
morphology of the temporal horns of the lateral ventricles
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Fig. 17 Loss of gray—white matter differentiation in a 9-year-old boy with
achondroplasia. Axial T2-weighted MR image (repetition time/echo time:
5,500/100 ms) demonstrates a loss of gray—white matter differentiation of
the mesial temporal lobe (arrow). The finding is subtle

* Abnormal triangular shape of the temporal horn of
lateral ventricle: Abnormal triangular shape was ob-
served in 46% of the children with achondroplasia [6].
The triangular shape of part of the lateral ventricular might
be related to dysplastic changes and the transverse sulcus
of the mesial temporal lobe (Fig. 16). The triangular mor-
phology of the temporal horn can be observed on axial
images.

* Loss of gray—white matter differentiation: Loss of the
gray—white matter differentiation has been demonstrated

Fig. 18 Megalencephaly and
temporal lobe enlargement in a 2-
year-old boy with achondroplasia.
a, b Axial T2-weighted MR
images (TR/TE: 5,500/100 ms) at
the level of the basal ganglia (a)
and mesencephalon (b) show an
increased brain volume. The
finding is more noticeable within
the temporal lobes

in achondroplasia [6]. Cortical thickening and loss of the
gray—white matter differentiation can be observed on axial
and coronal MR images (Fig. 17).

* Megalencephaly and temporal lobe enlargement:
Megalencephaly is defined as excessive cerebral growth
[24]. Ventriculomegaly generally accompanies this find-
ing. Although megalencephaly is reported to be a relative-
ly less common condition with a frequency of 38% [6], it
might be an early neurologic finding of achondroplasia
and cause cognitive deficits in some children [25].
Assessing this finding is sometimes problematic because
the other brain findings in achondroplasia including
macrocephaly, frontal and parietal bossing, and enlarged
subarachnoid spaces can cause the brain to seem relatively
small. The temporal lobe enlargement is defined as an
overgrowth of the surface of the temporal lobe beyond
the border of the adjacent frontal and parietal lobes on
coronal images [6] (Fig. 18).

Craniocervical junction
Narrowing of the foramen magnum

Narrowing of the foramen magnum is a characteristic finding of
achondroplasia. An abnormal placement and premature fusion of
the posterior synchondroses also lead to foramen magnum ste-
nosis as well as the endochondral ossification defects [10]. In a
recent study by Bosemani et al. [8], the foramen magnum surface
area was approximately 6 times and the jugular foramen surface
area 10 times smaller in children with achondroplasia when com-
pared to age-matched controls. The findings can cause hydro-
cephalus and prominent emissary and meningeal veins. Besides
this, one of the most severe consequences of the foramen mag-
num narrowing is cervicomedullary compression [10]. It is
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Fig. 19 Narrowing of the
foramen magnum in a 4-year-old
boy with achondroplasia. a Axial
CT image shows the narrowing of
the foramen magnum (arrows). b
Sagittal T1-weighted MR image
(repetition time/echo time: 500/
15 ms) demonstrates the
narrowing of the foramen
magnum, and the compression of
the medulla and upper cervical
spinal cord in this child (arrow).
Ventricular dilatation is also seen

associated with severe morbidity and even sudden death, espe-
cially in children 4 years or younger [10]. Both CT and MR
images can be used to measure foramen magnum dimensions
(Fig. 19). While performing imaging, the head and neck position
is sometimes not suitable for optimal assessment of the foramen
magnum because of the increased head size and accompanying
neurologic deficits. Reformatted images obtained parallel to the
plane between the basion and opisthion provide more accurate
measurements.

Myelopathy

Myelopathy of the upper cervical spinal cord is a frequent
finding in achondroplasia. The clinical symptoms of the upper
cervical spinal cord injury have a wide spectrum range from
neck pain to neurologic disability, and respiratory and cardio-
pulmonary complications [26]. Although the narrowing of the
foramen magnum is a characteristic finding of achondroplasia,
there has been no consensus whether this narrowing is the
main cause of cervical myelopathy in childhood [27-29].
The atlanto-axial instability that is usually associated with os
odontoideum has also been reported as a responsible factor for
cervical spinal cord injury symptoms [30]. Radiography of the
cervical spine (flexion and extension), CT scanning and MR

Fig. 20 Myelopathy in a 6-year-
old girl with achondroplasia. a, b
Sagittal (a) and axial (b) T2-
weighted MR images (repetition
time/echo time: 5,500/100 ms)
show the high signal intensity
within the medulla and upper
cervical spinal cord (arrows). The
finding is compatible with
myelomalacia
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imaging can be used as diagnostic tools in cases of suspicion
for atlanto-axial instability. Os odontoideum can be recog-
nized easily on CT scan and plain radiographs. It is seen as
an ossicle with rounded, cortical borders that is separated by a
variable gap from the odontoid process. MR imaging demon-
strates the myelopathic signal changes in the cervical spine
rather than bone abnormalities. Dynamic MR imaging studies
provide valuable information about the postural-induced
atlanto-axial instability. In addition to the radiologic tools,
polysomnography is also recommended because most chil-
dren with achondroplasia also have apnea [31].
Myelomalacia is seen as high-signal intensity on T2-
weighted images (Fig. 20). Intramedullary cystic changes,
which indicate the cystic myelomalacia, can also be seen,
especially in untreated children. High-signal-intensity lesions
in the cervical spinal cord have also been described without
the accompanying compression or atlanto-axial instability in
children with achondroplasia [7]. In a study of postmortem
neuropathological changes in cases of confirmed achondro-
plasia, histological changes in the cervical spinal cord were
found similar to those of traumatic central cord syndrome
[26]. They supposed that these changes might occur because
of arterial insufficiency rather than direct impact. Radiologists
should note that the pathological signal changes in the spinal
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cord can occur even if significant clinical symptoms,
narrowing of the foramen magnum, and signs for atlanto-
axial instability are not present [5].

Conclusion

The neuroimaging and craniofacial findings described here
are not uncommon in achondroplasia. Radiologists should
be aware of these findings because they have an important
role in the diagnosis of achondroplasia and the recognition
of complications.
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