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Abstract

Congenital loss of innervation to the extra-
ocular muscles (EOMs) can have a profound
effect on the target muscle. This has been well
recognised in Duane’s retraction syndrome.
However, it has been less emphasised in other
congenital oculo-motor disorders. Such
congenital ocular motor defects have been
expanded to include DRS, congenital fibrosis
of EOMs, monocular elevation defect, Mobius
syndrome, as well as several other non-ocular
muscles supplied by cranial nerves such as
facial muscles. Such loss of innervation to
motor muscles can be unified as a defined
clinical entity, which can be labelled as
congenital innervation dysgenesis syndrome
or CID for short. CID may also affect other
muscles supplied by nerves other than the
cranial nerves and may be sensory as well as
motor.
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Introduction

For some time, congenital fibrosis syndrome of
the extra-ocular muscles (CFEOMs) was
considered to be of primary muscle pathology.
However, evidence from multiple sources
suggests that it is a neurological disorder rather
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than primary muscle pathology. This puts
CFEOM in the category of other congenital
ocular muscle disorders, which have a
neurological basis, such as Duane’s retraction
syndrome (DRS), monocular elevation
deficiency (MED) and Mobius syndrome.
Nowadays, many investigators suggest
unifying all these various congenital
oculo-motor disorders into one entity. This
entity may include abnormalities in innervation
affecting cranial nerves and beyond, motor and
may be sensory. For such a collection of
congenital innervation disorders, cranial or
otherwise, the term congenital innervation
dysgenesis syndrome (CID) seems appropriate.

Congenital extra-ocular muscles
disordersCongenital fibrosis syndrome of
the EOMs

CFEOMs are characterised by variable
impairment of horizontal and/or vertical eye
movements and ptosis. It can be unilateral or
bilateral, with the bilateral form being more
common. Additional features include divergent
strabismus and abnormal head position,
especially chin elevation,' see Figure 1.
Attempts at defining subgroups for CFEOM
have been made,*’ but considerable overlap
and intrafamilial variability exists.

Congenital fibrosis syndrome has
traditionally been considered a primary muscle
disorder. Ocular motility restrictions correlate
with muscle hypoplasia, displaced scleral
insertions, and an abnormal muscle
substructure. Histopathologically, this condition
is characterised by degenerative muscle changes
and replacement of muscle fibres with fibrous

tissue.>%”

M3IA3H

Department of
Opthalmology, Milton
Keynes Hospital NHS FT,
Milton Keynes, Bucks, UK

Correspondence: AA Assaf,
Milton Keynes Hospital
NHS FT, Standing Way,
Milton Keynes, Bucks,

MKS5 5LD, UK

Tel: +44 01 90 824 3416,
Fax: +44 01 90 824 3416.
E-mail: a3assaf@
btinternet.com

Received: 15 December
2010

Accepted in revised form:
31 January 2011
Published online: 1 July
2011


http://dx.doi.org/10.1038/eye.2011.38
mailto:a3assaf@btinternet.com
mailto:a3assaf@btinternet.com
http://www.nature.com/eye

CID and CCDDs
AA Assaf

1252

Figure 1 A mother and two children with CFEOM. This condition is usually sporadic and inherited in an autosomal dominant
manner. However, in areas of the world where consanguineous marriages are common, autosomal recessive inheritance is more

common.

Figure 2 A patient with bilateral Duane’s syndrome."®

Recently, CFEOM has been accepted to be of
neurogenic origin rather than primary muscle pathology.
Such congenital loss on innervation is associated with
secondary muscle changes resulting in the clinical and
histological picture seen in CFEOM, see under section
‘Evidence for neurogenic aetiology of CFEOM’ for
details.

Duane’s syndrome

DRS/Stilling-Turk syndrome, is another congenital non-
progressive ocular motility defect. It was first described
by Stilling'® and Turk'. The syndrome is characterised
by limitation or absence of abduction and/or adduction
of the eyes. There is also retraction of the globe and
narrowing of the palpebral fissure on adduction, which is
often associated with elevation or depression of the
globes. When abduction is attempted, one often finds
widening of the palpebral fissure. Duane'? emphasised
that retraction of the adducted involved eye is an
essential feature of this syndrome.

Eye

In humans, pathological studies of DRS have provided
clear evidence that innervational deficiencies can cause
fibrotic muscle changes. Most cases are due to
innervational defects, which correlate with aplasia of the
sixth nerve nucleus and the VI cranial nerve itself.'>'*
In DRS innervation of the lateral rectus is provided by
the oculomotor nerve causing the pathognomonic
co-contraction of the medial and lateral recti with globe
retraction on adduction, Figure 2. Additionally,
synkinesis phenomena seen in ophthalmology, such as
eyelid elevation on attempted abduction have a similar
physiological basis.'?

The evidence for neurogenic aetiology for DRS
was first derived from co-contraction elicited by
electrophysiological studies.'”'® Additionally, the
association of DRS with synkinesis phenomena such
as Marcus Gunn jaw-winking have added further
evidence." Further evidence has been derived from
pathological studies.'**® Recent advances in the imaging
technology have made it easier to detect such subtle
anatomical changes.”



MED (double elevator palsy)

MED or double elevator palsy is characterised by
unilateral loss of elevation in all directions of gaze. This
may be caused by restrictive or paretic causes and may
be congenital or acquired. The term ‘double elevator
palsy’ has now abandoned for the more descriptive the
term of MED. In neurogenic cases, combined palsy of the
inferior oblique and superior rectus muscles is unlikely;
paresis of the superior rectus muscle alone is sufficient to
produce the clinical picture. MED has also been
recognised to be associated with disorders of innervation
beside that of anatomical abnormalities. This has been
observed in acquired paralysis resulting in MED.*>#

A significant number of patients with congenital MED
are associated with synkinesis phenomena such as
Marcus Gunn jaw-winking.**** Additionally, Olson and
Scott® found dissociated vertical deviation was

present in 29% of MED patients, perhaps suggesting
innervational rather than anatomical aetiology.

MGoébius syndrome

Mobius syndrome is a heterogeneous clinical disorder,
which includes congenital facial palsy with impairment
of ocular abduction. The wide clinical spectrum and
multiple areas of brainstem involvement in patients with
Mobius syndrome have led to an early understanding
that Mobius syndrome is a developmental disorder of the
brainstem rather than an isolated cranial nerve
developmental disorder.

The ocular motility disturbances in Mobius syndrome
are frequently bizarre and asymmetrical, resembling
more of a congenital fibrosis pattern than cranial nerve
palsies.” In a study of 37 patients with facial paresis by
Verzijl et al,*” 97% had bilateral and 3% had unilateral
ocular abduction weakness. Further analysis showed
isolated abducens nerve palsy in 9%, a conjugate
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horizontal gaze paresis in 48%, features of DRS in 34%,
and congenital fibrosis of the extraocular muscles in 9%.

Evidence for neurogenic aetiology of CFEOM

Recent evidence has suggested that normal intra-uterine
development of the innervation of the extra-ocular
muscles (EOMs) is of critical importance for normal
development of these muscles themselves.?® Preservation
of normal muscle fibre anatomy requires normal patterns
of innervation, thus CID of EOMs can result in abnormal
muscle structure, which depends on the stage and the
extent of such innervational defects. Moreover,
experimental denervation of extraocular muscles by
ocular motor nerve sectioning, for instance, produces
histological changes, which resemble primary ocular
myopathies.”?*° Histological examination may therefore
be unreliable in distinguishing neurogenic from
myopathic ocular muscle weakness.

Co-contraction phenomenon resulting in globe
retraction has also been described in patients with
CFEOM. Cibis®" appears to be the first to describe an
association between CFEOM and co-contraction in a
family with three patients using electromyographic
evidence. Later, this co-contraction phenomenon was
also described by Assaf*® (Figure 3).

In another case report, Simonsz et al*> found that
normal contraction of the superior recti using
succinylcholine in a patient with CFEOM, which was
only compatible with a supranuclear or mis-directional
cause. Brodsky et al*® described a case of innervational
misdirection in a patient with CFEOM. Furthermore,
electro-myographic studies in Moébius syndrome, the
ocular motility disturbances of which resemble that of
CFEOM than a muscle palsy,*® have shown patterns
suggesting of supra-nuclear origin.>**®

Patients with CFEOM commonly have variable angle
strabismus.*® Purely mechanical factors appear

Figure 3 A patient with bilateral CFEOM. Notice the retraction of the globe on adduction and the widening of the palpebral fissure
on abduction in left eye. Without the vertical gaze abnormalities, this patient would be diagnosed as Duane’s syndrome.*
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insufficient to explain this variability, which more likely
reflects innervational disturbances. Furthermore, the
degree of limitation of ocular movements in some
patients did not always correlate with the degree of
tightness of the agonist or antagonist muscle, as
indicated by the intraoperative forced duction test.*>*'

Nystagmus is another indicator of central ocular motor
disturbance in cases of CFEOM. Cases of nystagmus
have been described to be associated in patients of
CFEOM.**® Results of neuro-imaging have only been
reported in a relatively small numbers of patients with
CFEOM. Abnormalities such as cerebellar hypoplasia*®
and asymmetrical ventricular size” further hint at the
possibility of brain malformation.

Based on the above, Assaf*® argued that cases of
CFEOM have neurogenic aetiology similar to that of DRS
but involving the III cranial nerve complex. Thus,
CFEOM may share anatomical similarities with DRS, but
results from CID of the III cranial nerve complex. Ptosis,
loss of up- and downgaze, pupilloplegia, and all the
findings discussed above in patients with CFEOM would
suggest the involvement of the third nerve nuclei and the
supranuclear structures involved in the central control of
vertical eye movements. In humans, burst neurons for
vertical gaze are located in the rostral interstitial nucleus
of the medial longitudinal fascicle.®® Lesions of this
nucleus or its efferents to the oculomotor subnuclei cause
vertical eye movement restrictions with variable
involvement of up- and downward gaze. The nearby
nucleus of Cajal participates in the control of vertical

Primary position

pursuit movements, mediates vestibular input to the
oculomotor nuclei, and functions as a neural integrator of
vertical and torsional gaze. The anatomical proximity of
these structures suggests a shared vulnerability to
congenital malformations, which may involve the nuclei
themselves and their connections. The complexity of the
functional interactions between supranuclear structures
and the ocular motor nerves may account for the highly
variable expressions of vertical and horizontal gaze
abnormalities in CFEOM.*?

Such innervational abnormalities are compounded by
secondary changes in muscle structure. Therefore,
mechanical factors could contribute to some of the
motility disturbances associated with CFEOM. Tightness
of the inferior recti, for instance, may cause convergence
on attempted upgaze in a similar fashion as the increased
tension of co-contracting horizontal recti causes up-and
downshoot phenomena in DRS, Figure 4.

To confirm the above findings, Engle et al*” described
an oculomotor nerve and muscle abnormalities in a case
of CFEOM. The investigators described complete absence
of the superior division of the III cranial nerve in an
autopsy of a patient with CFEOM.

The studies proposing a neurogenic aetiology for
CFEOM are summarised in Table 1.

It is accepted that DRS and MED or double elevator
palsy are due to CID of the EOMs. CID of the lateral
rectus muscle, as seen in DRS, can result in abnormal
muscle structure, loss of muscle function, co-contraction,
and contraction against a tight muscle. Furthermore, it

Figure 4 A patient with CFEOM. Notice the adduction of both eyes on attempted elevation.

Eye
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Table 1 Studies suggested that CFEOM might be of neurogenic in aetiology

Author Year Clinical study—number of patients

Cibis* 1984 3 Patients using electromyographic evidence

Simonsz* 1988 1 Patient using pharmacological evidence

Brodsky et al* 1989 1 Patient, innervational misdirection

Assaf*® 1992, 1997 8* (9)° Patients using clinical evidence and radiological findings
Gillies et al’ 1995 5 Patients, radiological findings

Engle et al®” 1997 1 Autopsy and 2 muscle biopsies, anatomical findings

Table 2 Clinical classification of the ocular motor CID syndrome depending of the gaze affected®

Type A Type B Type C
Type I: 1A IB IC
purely horizontal Add—Duane type B ABd—Duane type A Both—Duane type C9
Type II: A 1B 1c
purely vertical Up—commonest Down Both—up and down
Type III: IIA 111B 1Ic
horizontal + vertical Elevation + horizontal Depression -+ horizontal Elevation and depression + horizontal

has been suggested that Mobius syndrome is supra-
nuclear in origin.** Similarly, in view of the above
discussion CFEOM can be added to this category of CID,
in this instance involving the III cranial nerve and its
supra-nuclear complex. These innervational defects
affect the vertical, and to a lesser degree the horizontal,
eye movements.

Congenital innervation disorders syndromes
CID syndrome

For such congenital ocular motor abnormalities
associated with congenital loss/abnormality of
innervation described above, Assaf*® proposed the term
of CID syndrome. He suggested the features of this
syndrome to include:

Congenital defect in the innervation EOMs.

Present since birth, and non-progressive.

Unilateral or bilateral.

Findings are not explained by purely isolated oculo-

motor nerve palsy/palsies.

Anatomical muscle changes, including tight muscle.

e Can be associated with synkinesis phenomena and/or
co-contraction.

e Abnormal head posture is common.

Assaf in his above publication proposed to integrate
CFEOM, DRS, and MED into one category called CID
and proposed a clinical classification for such conditions
(Table 2).

Congenital cranial dysinnervation disorders (CCDDs)

Later, Gutowski et al*® proposed the term of CCDDs.
They define these disorders include CFEOM, congenital
ptosis, Duane’s syndrome, Duane radial ray syndrome,
horizontal gaze palsy with progressive scoliosis
(HGPPS), and Mobius syndrome. The CCDDs would
also encompass developmental disorders of non-ocular
cranial nerves, such as congenital familial facial
weakness. They summarised the features of the CCDDs
as follows:

e Congenital, non-progressive abnormalities of cranial
musculature that result from developmental abnorm-
alities of one or more cranial nerves with primary or
secondary muscle dysinnervation.

e Primary may result from absence of normal muscle
innervation. Secondary may occur from aberrant
muscle innervation during development by branches
of other nerves.

e May be associated with secondary muscle pathology
and/or other orbital and bony structural
abnormalities.

e Predominantly vertical ocular motility defects are
likely to result from abnormalities in development of
oculomotor and trochlear nerves and/or nuclei
(CFEOM variants and congenital ptosis).

e Predominantly horizontal ocular motility defects are
likely to result from abnormalities in the development
of the abducens nerve and/or nucleus (Duane’s
syndrome and HGPPS).

o Predominately facial weakness is likely to result from
abnormal development of facial nerve and/or nucleus,

Eye
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sometimes with associated ocular motor abnormalities
(congenital facial weakness and Mobius syndrome).

The investigators suggested that in addition to DRS and
CFEQM, it is also possible that familial HGPPS and at
least some forms of Mobius syndrome result from
developmental dysinnervation.*® Traboulsi*' suggested
that CCDDs might involve cranial sensory as well as
motor nerves, Figure 5. Recently, Kolling et al*?
congenital Brown’s syndrome is caused by missing
fourth cranial nerve in some cases, which put it in the

indicated

category of congenital dysinnervation. This fits into
Assaf assertion that CID can occur in congenital non-
progressive ocular motility disorders not explained by
purely isolated oculo-motor nerve palsy.*®

The above description of CCDDs is more or less the
same as the CID described by Assaf a few years earlier.
To CID the investigators of CCDDs added ptosis, Mobius
syndrome, and HGPPS. However, it is well known that
ptosis is a feature of CFEOM (see definition of the
CFEOM above) and Mobius syndrome has been known
to have neural aetiology for some time.>*** Moreover, in
his original paper on the CID*® Assaf alluded to M¢bius
syndrome, quoting it as supporting evidence for the CID
syndrome. Additionally, the HGPPS is not a CCDD per
say; it associated with scoliosis because of innervational
disorder of the muscles of the spine. Thus, it is a case
of CID involving the ocular and spinal muscles.
Furthermore, although the HGPPS is genetic it is progres-
sive and associated with progressive ophthalmoplegia
and progressive scoliosis, which is against the definition
of CCDDs and are defined as non-progressive.

Congenital Cranial Dysinnervation Disorders |
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Figure 5 Clinical syndromes in CCDDs and corresponding
cranial nerves. Responsible gene names are given in italics. The
three lines and arrows in the bottom part of the illustration
indicate associations in individual case reports or minority of
patients with known syndromes. All conditions listed in this
diagram are congenital. *Mobius’ syndrome can also involve
cranial nerves 9 and 12 (see Traboulsi).*!
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Therefore, CID and CCDDs syndromes are essentially
the same. The term CID rather than CDDDs might be
preferable for the following reasons:

o This was the original description of the congenital
dysinnervation syndrome in 1998,
preceding that of the CCDDs.

o CID may occur beyond the cranial motor nerves and
may occur in other parts of the body, thus a more
general and encompassing name of CID seems more
appropriate than CCDDs, which localise it to cranial
nerves for no logical reason.

several years

CID affects various cranial motor, and perhaps sensory,
nerves resulting in a variety of clinical pictures. It may
also affect motor and perhaps non-motor innervations in
other parts of the body beyond the cranial nerves. The
description of the effects in such pathology is beyond the
scope of an ophthalmologist.

Genetics of congenital strabismus

Congenital strabismus in humans can result from
mutations in a number of genes, including PHOX2A,*
SALL4*** HOXA1* ROBO03,*” and KIF21A*® that are
essential to the normal development of brainstem motor
neurons or axons. The genetics of CID ocular motility
defects affecting cranial nerves (CCDDs) have been
studied extensively by various investigators particularly
Dr Engel and collaborators at Harvard. These were found
to arise from mutations in any of the above of genes.
The PHOX2A and KIF21A genes appear to affect
development of the midbrain oculomotor and/or
trochlear axis, and mutations result in abnormalities of
both vertical and horizontal gaze. On the other hand
SALL4, ROBO3, and HOXAI affect development of the
pontine abducens axis, and mutations result in primary
abnormalities of horizontal gaze. The underlying gene
defects lead to errors at various developmental stage and
locations along the developing neuroaxis, including
predicted errors in hindbrain segmentation (HOXA1),
motoneuron specification (PHOX2A), and axon targeting
(CFEOM1, ROBO3).*

Congenital fibrosis syndrome of the EOM

To date, three genetic CFEOMs loci have been identified
and three clinical phenotypes have been delineated,
CFEOM 1-3.

CFEOMT1 has autosomal dominant inheritance with
full penetrance and minimal variation in expression has
been mapped to the centromeric region of chromosome
12.5%52 Tt has also now been demonstrated that CFEOMI
results from heterozygous mutations in the KIF21A gene
encoding a kinesin motor protein.*®



CFEOM?2 is an autosomal recessive disorder, mapped
to chromosome 11g13.1.711.55* Later, this was shown to
result from mutations in the PHOX2A gene.** PHOX2A
and its close relative, PHOX2B, are homeodomain
transcription factor genes with identical homeodomains.
They have similar expression patterns restricted to
several classes of differentiating neurons in the central
and peripheral nervous system.’>*® PHOX2A is
expressed at E9 in the proliferating oculomotor and
trochlear motor neuron precursors in mice®® supporting
the hypothesis that CFEOM2 results from abnormal
development of the oculomotor and, possibly, trochlear
nerves.*

CFEOMS3 is an autosomal dominant disorder with
variable expression and probably incomplete penetrance.
The gene in CFEOM3 maps to markers on 16p24.2-
£24.3.57°® The CFEOM3 pedigrees are typically a
dominant trait with wider phenotypic variability than
found in CFEOM1 and CFEOM2. In some families all
affected individuals have CFEOM3,%®” and in other
families some affected individuals have CFEOM3 and
some have CFEOM1.%”

Duane’s syndrome

Genetic studies of autosomal dominant DRS led to the
identification of CHN1 as a DRS gene.>® It is suggested
that human CHN1 mutations alter the development of
abducens and, to a lesser extent, oculomotor axons.®

DRS without systemic associations

To date, only one genetic locus has been mapped. The
DURS?2 locus on chromosome 2q31 was established by
linkage analysis of a large dominant DRS pedigree.®' The
DURSTI locus is assumed to reflect disruption of a gene
for isolated DRS and is defined by cytogenetic
abnormalities of 8q12.2-8g21.2.>%* The chromosome

8 break point was found to occur between exons 1 and 2
of a carboxypeptidase gene, CPA6 (CPAH), which is
hypothesised to have a role in peptide processing in the
brain.®

DRS with systemic associations

Of the various malformation syndromes, associated with
DRS, Duane radial ray syndrome has been genetically
mapped. It is inherited as dominant and with incomplete
penetrance. This condition has been mapped to
chromosome 20** and results from heterozygous
nonsense frame shift, and deletion mutations in
SALL4.***> The SALL4 gene has also been implicated in
DRS associated with Holt-Oram and acro-renal-ocular
syndromes.®® Additionally, linkage analysis of pedigrees
with Bosley-Salih—Alorainy syndrome (a condition with
Bilateral DRS and systemic findings) localised the gene to
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chromosome 7p15.2, encompassing the HOXA gene
cluster.*

Mobius syndrome

Most cases are sporadic
Three Mobius syndrome loci have been mapped: MBS1
to 13q12.2-q13,%° MBS2 to 3q21-g22,%” and MBS 3 to
10921.3-q22.1.®

Tischfield et al*® reported horizontal gaze palsy and
facial weakness in consanguineous patients with
recessive HOXA1 mutations. However, in another
pedigree study by Dumars et al* no mutations were
detected in the genes PHOX2A, HOXA1, and KIF21A.

Horizontal gaze palsy with progressive scoliosis

Horizontal gaze palsy with progressive scoliosis maps to
chromosome 117° and results from homozygous or
compound heterozygous mutations in ROB03.*””! The
nature and distribution of these mutations suggest that
horizontal gaze palsy with progressive scoliosis results
from the complete loss of ROB03 function.

Neural imaging in congenital innervational disorders

Neuroanatomic abnormalities are often missed on
routine intracranial MR imaging, which frequently
shows no overt structural malformations of the brain.
However, the advent of high-resolution images (MRI) has
resulted in better visualisation of neural structures. Thus,
it became possible to show hypoplasia or absence of the
oculomotor nerves and involved extraocular muscles in
patients with CID, see Figure 6.”2 Such changes included
absence or hypoplasia of various oculo-motor nerves,
hypoplasia and reduction in the size of the EOMs and
even bony orbital changes.”>”¢

Congenital fibrosis syndrome of the EOM

Assaf*® documented neurological findings in CFEOM
patients using the CT and MRI scans. In his study of eight
patients with CFEOM, in one case the CT-scan indicated
agenesis of superior rectus in both eyes. Another case
had mental retardation with delayed milestones of
development with the MRI suggesting possible cerebellar
hypoplasia.

Another early study on radiological imaging of
CFEOM patients using CT scan was conducted by Gillies
et al.” The investigators studied five patients with
CFEOM and some normal family members. They have
documented reduction in size of the extraocular muscles,
particularly the superior recti with intracranial
ventricular asymmetry in three of five patients examined,

Eye
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Figure 6 Fiesta MRI in some CCDDs entities demonstrating hypoplasia of the sub-arachoind oculomotor nerve (CN3). (a) Normal
subject. (b) DRS linked to chromosome 2 (DURS2). (c) Congenital oculomotor palsy. (d) Congenital fibrosis of the EOMs type I

(CFEOM 1) (see Demer).”?

and abnormality in shape of the eye globes in two
patients.

Several studies have documented abnormalities in
EOMs or their nerve supply in cases of CFEOM using
high-resolution MRI studies. Such studies showed
hypoplasia of the oculomotor nerve and EOMs,””®°
sometimes with absence of the abducens nerve.*

These imaging studies confirmed the proposed
aetiology of CFEOM being of neurogenic with secondary
muscle changes, rather than primary muscle pathology.

Duane’s syndrome

Similarly, several studies using high-resolution MRI
exhibited absence or hypoplasia of CN6 in the orbit or
brainstem regions,’*#" often with mild hypoplasia and
apparent misdirection of CN3 to the lateral rectus
muscle. High-resolution MRI can non-invasively
demonstrate LR muscle size and distinguish DRS from
chronic abducens palsy in uncertain cases. The LR
muscle in abducens palsy exhibits profound atrophy.
However, the sparing of the LR in DRS from denervation
atrophy despite absence of normal abducens innervation
suggests existence of alternative LR innervation.®” It can
also be used to distinguish DRS from lateral rectus

Eye

muscle palsy in paediatric patients.®* However, the
CN6 can be present in some patients with Duane’s type II
and IIL.%°

Mobius syndrome

Studies in patients with Mobius syndrome using
high-resolution image studies demonstrated brain stem
hypoplasia in the region of the sixth and the seventh
nerve complexes with or without other posterior fossa
abnormalities.®*®® Pedraza et al*® MRI study on
patients with Mobius syndrome also showed marked
hypoplasia of extraocular muscles and intraorbital motor
nerves.

Such radiologic findings supported the notion that
Mobius syndrome is part of a more complex congenital
anomaly of the posterior fossa and suggests that the
diagnosis of Mobius syndrome correlates with the
clinical and neurophysiologic findings.

Conclusions

The understanding of congenital strabismus has been
significantly enhanced over the past 2 decades. The
grounds were already laid by the works of various



investigators, which culminated in Dr Engle group
papers in 1997 on finding anatomical evidence for
congenital dysinnervation in CFEOM (please see

Table 2). Assaf proposed to join several congenital
innervational ocular motility disorders into one
syndrome and he proposed the name of the CID. Later,
Gutowski et al*® added to the CID isolated ptosis (which
is part of the CFEOM) and facial diplegia (which is part
of Mobius syndrome) and HGPPS and introduced the
term CCDDs. This will not be the end of story since no
doubt CID occurs in the eye muscles, facial muscles and
beyond.

Beside the above two exciting areas developments
occurred in this topic. First, significant advances
occurred in the understanding genetics of congenital
strabismus, which opened the door on the development
of some aspects of the developing brain. Second, the
introduction of high-resolution MRI allowed the study of
cranial nerves courses and supplied muscles in more
details. Several studies by various investigators were
conducted in this field, which confirmed the clinical
notions introduced earlier by various investigators on the
aetiology of congenital strabismus.
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