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Abstract

Moebius Syndrome, is a rare, non-progressive congenital neuropathological syndrome characterized primarily by the underde-
velopment of the facial (CN VII) and abducens nerve (CN VI). Other features of Moebius Syndrome include facial nerve paresis,
ophthalmoplegias, orthodontic deficiencies (including crowded dentition, swollen and hyperplastic gingiva, dental calculus, etc.),
musculoskeletal abnormalities, and impaired mental function. Due to the rarity of the disorder, very few case studies have been
reported in the literature. This article summarizes the significant features of the disease according to commonalities in reported
cases, along with several newly recognized features cited in recent literature. We have explored the different diagnostic criteria
and the newly recognized imaging modalities that may be used. Understandably, the condition detrimentally affects a patient’s
quality of life; thus, treatment measures have also been outlined. This study aims to provide updated literature on Moebius

Syndrome MBS and improve understanding of the condition.
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Introduction

Moebius syndrome is a rare disorder widely recognized as
“congenital, uni- or bilateral, non-progressive facial weakness
with limited abduction of the eye(s)”.! Individuals affected
with the syndrome usually are unable to smile, close their
mouth, and chew. Moebius Syndrome can also be associated
with other cranial nerves (CN) palsies, including CNs XII, X,
IX, III, VIII, V, 1V, and XI, in order of decreasing frequency.2

Moebius Syndrome was first identified by A. Von Graefe,
who described a case of congenital, combined sixth and seventh
nerve palsies. However, it was in 1888 that Paul Julius Moebius,
a German neurologist, received the honor of the eponym owing
to his insightful reports on the clinical features of the ophthalmople-
gias associated with Moebius Syndrome.” Since then, many newly
recognized clinical manifestations associated with Moebius
Syndrome have emerged, ranging from musculocutaneous to
cardiac and psychiatric complications.'*? Although the etiology
of Moebius Syndrome is vastly unknown, there has been strong
speculation that the syndrome may be associated with an

embryological disruption of the subclavian artery. Other theories
attribute Moebius Syndrome to varying genetic and environmental
factors.®” The article aims to assemble and comprehensively
present updated literature and recent developments on this condi-
tion’s clinical features, diagnosis, and management.

Epidemiology

It is rather difficult to assess the epidemiology of Moebius
Syndrome owing to a lack of expertise, misdiagnosis, and an
absence of regional registries and referral centers.® Studies on
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the Dutch population revealed that the prevalence of Moebius
Syndrome was 0.002% (4/ 189,000) in 1996. A recent survey
by Carta et al. revealed that the prevalence of Moebius
Syndrome was 0.3 per 100,000 live births. Moreover, there
seems to be no gender prediction associated with Moebius
Syndrome nor any weather or climatic factors that may contrib-
ute to the pathogenesis of Moebius Syndrome. It is noteworthy
that the average age of diagnosis of Moebius Syndrome has
decreased from 3.4 years to 2.2 years since the introduction
of MDC at the Bethseda convention in 2007, allowing favor-
able outcomes through early intervention.®

Classic Features & Newly Recognised
Manifestations

Clinical researchers and doctors have documented the clinical
manifestations of Moebius Syndrome over the years. With the
advent of time, Moebius Syndrome has presented with
several other features with the classic clinical phenotype; the
paralysis of CN VII (96%), with either total, partial, unilateral,
or bilateral, and of CN VI (85%), now occurring with a myriad
of newly recognized manifestations.'

As discussed above, the key feature of Moebius Syndrome is
its facial symptoms.” Individuals with Moebius Syndrome
mainly exhibit weakness or complete paralysis of the facial
muscles leading to difficulty swallowing and sucking, underde-
veloped speech, and facial expressions.'

Similarly, the involvement of CNs III, IV, VI, and VII lead
to deficits in ocular motility and neuro visual function.' In addi-
tion, patients often suffer from delayed onset of lacrimation
(between 4-6 months) and may later experience the crocodile
tear phenomenon'® and dry eyes,'' and epiphora.'? Other ocu-
lomotor defects include strabismus, esotropia, V-pattern,
abduction limitation, and refractive errors, with compound
hyperopic astigmatism being the most common type.'* Carta
et al. identified three distinct patterns of ophthalmologic mani-
festations in Moebius Syndrome. Pattern A (41% of cases) con-
sists of orthotopia in the primary position with a complete
defect in both abduction and adduction ocular movements.
The most prevalent Pattern B (50% of cases) presents as a large-
angle esotropia, crossed fixation, and a relative sparing of con-
vergence and adduction. Moreover, Pattern C (9% of cases) pre-
sents a large-angle exotropia in the primary position with
torticollis, absence of convergence, and vertical eye misalign-
ment. These patterns may each characterize the different types
of injuries in the CN VI nucleus and fasciculus.”

Interestingly Ventura et al. found similar demographics in
their study, with the prevalence being 31.8%, 39.4%, and
16.66% for Patterns A, B, and C, respectively.14 Ventura et al.
also observed an unusual eye movement pattern in their sample
where the patients presented with gaze-evoked nystagmus on
upward gaze and an excyclotorsion during the cover test.'*
Other prevalent conditions include bilateral epicanthus and unilat-
eral amblyopia, abnormal binocular vision, stereopsis, suppressive
scotoma, incomplete or defective closure of the eyelids

(lagophthalmos),"*!® and photophobia." Interestingly often in
cases of lagophthalmos, no corneal damage is observed due to a
preserved bells phenomenon. '

Moebius Syndrome has further presented with musculoskel-
etal deformities. These include clubfoot being the most
common symptom, with other features including syndactyly,
brachydactyly, syndactyly, ectrodactyly, acheiria, arthrogrypo-
sis, kyphosis, scoliosis, kypholordosis, absent or rudimentary
fingers or toes, and rib defects.' However, it is interesting to
note that familial cases of Moebius Syndrome usually lack mus-
culoskeletal involvement, with their risk of transmission
roughly 2%.%'> Moebius Syndrome patients may also present
with orthodontic manifestations. Magnifico et al. reported a
high prevalence of lip and palatal clefts, diminished temporo-
mandibular movements, malocclusion with micrognathia, and
excessive maxillary development in Moebius Syndrome
patients.'® Other orthodontic manifestations may include micro-
stomia, tongue malformation, high-arched palate, cleft lip or
cleft palate, bifid uvula, and dental malocclusion.!” Moebius
Syndrome is also markedly characterized by an overall global
delay at one year and impaired speech, motor, and emotional
maturity at two years, normalizing when the child turns three.
Even so, weak cognitive function, poor hand-eye coordination,
and an average IQ may persist until age five. Lifelong cognitive
impairment has also been retained in 10% of the affected
children.'

Apart from the well-established manifestations discussed
above, several new associated presentations have been pre-
sented in recent years. Table 1 highlights some of the prominent
manifestations associated with Moebius Syndrome that have
been reported between 1980 to 2022.

Poland Syndrome Coexisting with Moebius
Syndrome

Poland Syndrome is characterized by unilateral aplasia of the
chest wall (pectoralis major), symbrachydactyly, and webbed
fingers on the same side.’ Other accompanying features of
this syndrome are hypoplasia of the forearm and/or breast,
agenesis of the nipple, rib cage deformities, bilateral epicanthus,
and talipes equinovarus. Stark and Sugarman first identified the
co-occurrence of Moebius Syndrome and Poland Syndrome in
1973.% Statistically, the prevalence of Moebius Syndrome with
Poland Syndrome is 1:500,000. The two diseases’ occurrence
could indicate similar etiologies; however, no substantial link
has been established. Moebius Syndrome has been linked with
various etiologies, whereas Poland Syndrome is increasingly
considered to have a more sporadic origin.” Both syndromes
influence the cosmetic outlook of the affected patient and
hence have a similar treatment approach. Moebius Syndrome
treatment options span around surgical procedures, and Poland
Syndrome requires reparation of the chest wall to reduce morbid-
ity and increase functionality. Depending on the gender, recon-
struction surgery also includes mammoplasty. Both syndromes
aim to achieve symmetry and improve quality of life.”
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Table |. Associated Clinical Manifestations of Moebius Syndrome Observed Between 1980 to 2022.

Cranial
Age/ Nerves

Study Gender  Involved Clinical Manifestation Associated Findings

CARDIOVASCULAR PATHOLOGY

Thapa et al. 2y/M VI, VI Atrial-Septal Defect (ASD) Ejection systolic murmur of Grade llI/VI, fixed

(2009)'® split-second heart sound, and 6 mm ostium
secundum defect seen on CT scan

Bosch-Banyeras ab/M VI, VII, IX, X Dextrocardia in PS-MBS No murmurs detected, Isolated dextrocardia on ECG

etal. (1984)"° & echocardiogram

ENDOCRINE PATHOLOGY

Hashimoto et al. 17y/M I, VI, VI, Pituitary dwarfism and Hypoplastic Highly retarded bone growth, absence of pubertal

(1993)%° viil Optic Disc growth spurt, infantile external genitalia,
small-sized thyroid and pituitary glands, low
testosterone, low GH provocation test results,
and LHrH tests in the prepubertal range. Persistent
pupillary membrane and coloboma of the left optic
nerve, abnormal left pupil shape, severe left ear
deafness, and mild hearing right ear impairment

Kawai et al. 15y6 m/ 1l 1ll, VI, VIl Hypogonadotropic hypogonadism and  Failure of the adolescent growth spurt, secondary

(1990)*' M peripheral neuropathy sexual characteristics absent, hypogonadism,
Low levels of LH, FSH, and testosterone.
Lower motor neuron lesion, subnormal motor
neuron conduction velocity in lower limbs, mild
subsarcolemmal aggregation of mitochondria.

Ichiyama (I995)22 19 m/F i, vi, Vi Premature thelarche Thelarche at ten months and

FSH predominant response to LHrH

OTHER

Tanaka et al. ab/F VI, VI Neurogenic bladder At birth - urinary retention since birth, recurring

(2022)% urinary tract infection.

Two months of age - bladder wall irregularity,
hydronephrosis, and bilateral grade 5
vesicoureteral reflux.

At two years of age - detrusor overactivity and
detrusor-sphincter dyssynergia.

John et al. (20I3)24 I5m/M VI, VI, VIl Dandy-Walker variant and complete ~ Corpus callosum agenesis with inferior vermian
agenesis of the corpus callosum. hypoplasia with the prominent fourth ventricle.

Buccoliero et al. ly/M Vil Splenogonadal fusion and intestinal Abdominal distension, vomiting, bloody stools,

(2011)% intussusception. ileo-ileal intussusception, cryptorchidism.

Freire et al. ab/F VI, VI Ankyloglossia Superior syndrome. Tongue hypomobility, restricted mouth opening

(2019)% (<10 mm), loss of continuity of the palatal shelf,
and absence of oral-nasal communication.

Viteri et al. (2021)*  2y/M Vi, VI, IX Splenogonadal fusion associated with  Splenogonadal fusion, visible mass in the left inguinal
Poland syndrome. region.

Preis et al. (1996)*®  3y/F Vi, VI Goldenhar anomaly with MBS and Bilateral anotia, epidermoid, submucous cleft palate,
Poland syndrome, hypoglossal, and spina bifida occulta at L5, ventricular septal defect,
hypodactyly anomalies. shortened tongue tip, hypodactyly, hypodactyly of

the left hand with absent distal phalanges and an
epidermal cyst on right conjunctiva.

Chen etal. 2021)"7  21yM vil, Vil Early eruption of deciduous teeth. The patient had an early eruption of his deciduous

teeth at the age of 2 months.

He also had other orthodontic manifestations,
including crowded dentition, swollen and
hyperplastic gingiva, dental calculus of degree |,
impacted teeth, dental caries, and a high-arched
palate.

Abbreviations: ab, at birth; d, days; m, months; y, years; M, male; F, female.
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Etiology & Pathogenesis

Although the classic features of Moebius Syndrome are associ-
ated with the agenesis or malformations of CN VI and CN VII
nuclei, its etiology and pathogenesis are largely unknown.*°
The two most widely accepted mechanisms are described
below. These are genetic causes and ischemic insults during
embryogenesis.'

Etiology

Genetic Basis. It is difficult to determine the exact cause of
Moebius Syndrome due to its multifaceted presentations and
manifestations. One study looked for genetic aberrations in
Moebius Syndrome patients, focusing on any de novo muta-
tions, and found that allelic defects in two genes, the
PLXNDI1 and REV3L genes, were causative of a significant
portion of the etiologies.>’ Another significant set of genes
implicated in Moebius Syndrome pathogenesis were labeled
the homeobox family of genes, particularly HOXAI,
HOXBI, and SOX14.*? The likely loci involved in the aberrant
homeobox genes that might be causative of Moebius Syndrome
include 1p22, 3q21-22, 10q21.3-g22.1, and 13q12.2-1345. In
this connection, some have even been labeled as Moebius
Syndrome 1 (13q12.2-q13), Moebius Syndrome 2/ Hereditary
Congenital Facial Paresis 1 viz. HCFP1 (3g21-q22) and
Moebius Syndrome 3 or HCFP2 (10g21.3-g22.1).** Although
most cases of Moebius Syndrome are sporadic, it must be
noted that some familial trend has also been observed, including
autosomal dominant, recessive, and X-linked recessive
inheritance.”

Ischemic & Embryonic Basis. Many researchers have reasoned
that the different sites of defects found in Moebius Syndrome
collectively point to a fault in the embryological stages.® It is
suspected that ischemic damage to the major blood supply of
the developing second pharyngeal arch and the vertebral-basilar
system leads to lasting morphological defects that are represen-
tative of Moebius Syndrome. Hemorrhage, stenosis, or throm-
bosis in the veins of the second pharyngeal arch and facial
arteries can purportedly lead to ischemia in these regions,
resulting in underdeveloped cranial nerves, the hallmark of
Moebius Syndrome.® Another study proposes that interrupted
blood supply in the developing subclavian arteries might also
be involved in the pathogenesis of Moebius Syndrome and
may lead to defects such as aplasia of the pectoralis major,
Sprengel anomaly, and transverse limb defects.® These vascular
insults may be attributed to hypothermic and hypoxic episodes
during embryogenesis.”

Moreover, evidence suggests an association between these
vascular insults and prenatal exposure to teratogens such as
alcohol, cocaine, and ergotamine.2 This has further been
backed by evidence that teratogenesis and abortifacients corre-
late to a higher incidence of Moebius Syndrome. Thalidomide,
a drug well known for its teratogenic effects, has been known to
not only harm the formation of the eye but also to disrupt the

formation of cranial nuclei in the brain stem, resulting in hypo-
plasia of the CN VI and VII, a key feature of Moebius
Syndrome.” Several studies have shown a strong correlation
between misoprostol usage and Moebius Syndrome, which
has been reliably corroborated by decades of research.'®3*
Furthermore, one key factor supporting this view is that the
affected structures commonly originate between 23 to 46 days
of embryonic life, suggesting the embryologic origin of
Moebius Syndrome might be a stronger overall argument as
this is also the period in which teratogenesis affects the
embryo the most.

Moreover, there have been rare cases that report a link
between the usage of artificial reproductive technologies such
as in-vitro fertilization (IVF) and intracytoplasmic sperm injec-
tion (ISCI) and the occurrence of Moebius Syndrome.35 An
interesting finding was made by Pederson et al., who, in a
study on five Moebius Syndrome patients, reported that two
patients were born to mothers with gynecological anomalies
(unicornuate/ bicornuate uterus).*® However, without conclu-
sive information, it is impossible to state the exact etiology of
Moebius Syndrome.

Diagnosis

As the Moebius Syndromes definition varies, so does its diag-
nostic criteria.” Most clinicians diagnose Moebius Syndrome
in the presence of CN VII and VI palsies that can be either bilat-
eral or unilateral and partial or complete.” This aligns with the
recent approach, focusing on defining limits on what constitutes
Moebius Syndrome and demarcating it from other unrelated
diseases such as Duane syndrome, non-congenital abducens
nerve palsy, and metabolic neuropathy. In 2007, an interna-
tional group of researchers at the First Scientific Conference
on Mobius Syndrome In Bethesda, Maryland, set the
minimum diagnostic criteria (MDC) for Moebius Syndrome
as “a congenital, non-progressive facial weakness, coupled
with the inability to abduct one or both eyes”.">*” “Patients
with symptoms similar to Moebius Syndrome who do not
meet the MDc may be termed as Mobius-like cases”.'® With
a working MDC, it has become easier to sort through the liter-
ature and identify cases of Moebius Syndrome, making it easier
for researchers to develop newly recognized classification and
grading systems. However, it is essential to consider the array
of more unique features presented after meeting the MDC
before concluding.

Recent studies are now paying attention to possible causa-
tive genetic patterns for diagnosing Moebius Syndrome.*!
Diagnostics and imaging modalities, such as electromyography,
nerve conduction studies, ultrasonography, and magnetic reso-
nance imaging (MRI), can now be employed when diagnosing
Moebius Syndrome. Electromyography (EMG) and nerve con-
duction studies (NCS) are very effective in diagnosing and dif-
ferentiating Moebius Syndrome from other neuropathic and
myopathic causes of congenital facial weakness.*® Regarding
imaging, MRI provides excellent visualization of abnormalities
in cranial nerves and related structures.>® The bilateral absence
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of facial and abducens nerves can be considered a characteristic
feature of MRI.>°
Other commonly reported anomalies in imaging include:

(i) Brainstem hypoplasia accompanied by straightening
of the floor of the fourth ventricle

Calcification in pons in the region of the nuclei of
cranial nerve VI,

Missing hypoglossal eminence at the medulla
Hypoplasia of the cerebellum may be accompanied by
hypoplasia of extraocular muscles.*

(i)

(iif)
(iv)

Pedraza et al. documented three cases of patients with Moebius
Syndrome and their radiological findings. MRI findings of all three
patients reported alterations in brainstem morphology without
abnormal signal intensity. This finding reflects hypoplasia of the
pons and medulla, supporting the diagnosis.*> However, most
studies reporting MRI findings concerning Moebius Syndrome
used conventional brain MRI methods; hence, these reports are
restricted to cerebellum and brainstem morphology and do not
comment on the visualization of the corresponding cranial
nerves.*! In contrast, Verzijl et al. used high-resolution three-
dimensional T1 (MP rage) and T2 (CISS) weighted MRI scans
to visualize segments of the facial nerve and reported its absence
in a sample of six patients.** A similarly comprehensive study
by Kim et al. in a sample of nine patients concluded that the abdu-
cens and the facial nerves were absent bilaterally in most patients
(n = 6) with Moebius Syndrome. However, the degree of facial
palsy and limited abduction were often asymmetric and variable.*!

Moreover, to the researchers’ surprise, despite showing a
bilateral absence of the abducens nerve on MRI, one of the
patients displayed a unilateral limitation in adduction.*' This
could be due to aberrant innervation by other cranial
nerves.*! This shows that it is impossible to confirm the bilater-
ality of Moebius Syndrome through clinical examination,
further highlighting the need for inculcating the use of MRI

in the workup of suspected cases of Moebius Syndrome.*'
Recently, Sadeghi et al. used the highly sensitive and specific
DTI (diffusion tensor imaging)-driven tensor-based morphom-
etry to identify small areas of volumetric abnormalities in the
brain, characteristic of Moebius Syndrome.*°

Evidence suggests that diagnosing Moebius Syndrome during
the ante-natal period is possible. For example, polyhydramnios
and decreased respiratory movements due to maldevelopment or
destruction of brainstem nuclei can be an indicator.> Yoon et al.
observed this in their case of Moebius Syndrome with polyhydram-
nios, accompanied by decreased fetal motion and no respiratory
movements. The neonate’s CT scan later reported hypoplasia of
the brain stem with numerous calcifications in the medulla, pons,
and mid-brain, characteristic of Moebius Syndrome.** A case by
M. Sherer et al. reported a normal amount of amniotic fluid and
normal fetus swallowing at early gestation but with massive polyhy-
dramnios during the latter part of pregnancy, along with microgna-
thia, absent mandibular movement, and a non-visualized stomach,
which strongly points towards a late in-utero development of
Moebius Syndrome.** Recently, Nguyen et al. were able to use
antenatal MRI imaging to demonstrate several features characteristic
of Moebius syndrome, such as the fattened posterior aspect of the
pons & medulla and tectal beaking, in a fetus who was later diag-
nosed with Moebius syndrome.*> Genetic testing through amnio-
centesis may be done in cases of polyhydramnios and a family
history of Moebius Syndrome to investigate further a pathogenic
variant in the PLXND1 / REV3L / homeobox genes.*®

Grading and Classification

A study by Abramson et al. presented one of the systems often
used to classify and grade Moebius Syndrome.*” The authors
recognized five commonly affected sites, grading each depend-
ing on the abnormalities present or their severity (as shown in
Table 2). The development of such a grading system gives us
several other advantages, including the ease of analysis of man-
agement procedures and comparing patient groups.47

Table 2. the System Devised by Abramson et al. to Classify the Extent of MBS Marked by Morphological Deformities.

3 Bilateral

0 | 2
C (Cranial Incomplete CN Incomplete CN VI and
Nerve) VII hypoplasia VII hypoplasia
L (Lower No deformities Talipes equinovarus,
extremity) syndactyly, ankylosis
U (Upper No deformities Hypoplasia of fingers or
extremity) failure of
differentiation
F (Facial No deformities Cleft palate
structural
anomaly)
T (Thorax) No deformities Scoliosis

Complete CN VI
and VII hypoplasia

Absent phalanges

Ectrodactyly

Micrognathia

Pectoral hypoplasia/
Breast anomaly

Additional nerve hypoplasia If bilateral and equal,
add B after the
numeral (eg, 2B)

Longitudinal or transverse ~ Not applicable
defects

Longitudinal or transverse

failure of formation

Not applicable

Microtia, microphthalmia,
abnormal joint, etc.

Not applicable

Chest wall deformity,
breast, or pectoral
hypoplasia

Not applicable
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However, it may be argued that the defects within Moebius
Syndrome are too diverse to be classified in one system. It will
also be challenging to introduce a definitive grading and classi-
fication system until the debate on the etiology of Moebius
Syndrome is settled. Perhaps the inclusion of the findings
from modern diagnostic modalities such as MRI will help
develop a more inclusive and accurate classification system.

On the other hand, Picciolini et al. have proposed a more
functionality-based approach, utilizing the “Infernational
Classification of Functioning Children and Youth” (ICF-CY)
published by the World Health Organization (WHO). ICF-CY
includes patient functioning, disability, participation in daily
activities, and the impact of the familial and social environment
that may affect a patient instead of focusing solely on the mor-
phology. ICF-CY allows care providers to assess and integrate
complex signs and functions in Moebius Syndrome patients.
These include motor skills, feeding, language, communication,
and cognitive function. Such a protocol may allow ease in
defining treatment plans and planning interventions on an

individual basis, given the frequent and vast impairments the
patients may face in their day-to-day life."

Differential Diagnosis

Several conditions may present features like Moebius Syndrome,
sometimes even concurring. Therefore, it is essential to rule them
out while making a diagnosis. Table 3 mentions the genetics and
inheritance patterns of different conditions they may present with
congenital facial weakness, while Table 4 mentions several other
differential diagnoses for Moebius Syndrome while accounting
for the various Moebius Syndrome features presented over time.

Facial Mimicry and Social Implications

The clinical features of Moebius Syndrome can considerably
affect a patient’s normal functioning and social interactions.
The marginalizing behavior of people, which starts at an early
age, may result in further detrimental effects, possibly leading

Table 3. Differential Diagnosis of Congenital Facial VWeakness Disorders.

NEUROGENIC CONGENITAL FACIAL WEAKNESS

Disorder Athabaskan brainstem Congenital fibrosis of the CHARGE Hereditary Moebius Oculo-auriculo-vertebral
dysgenesis syndrome/ extraocular muscles 3A syndrome®®  congenital syndrome>? spectrum®>
Bosley-Salih-Alorainy with or without facial
syndrome*® extraocular involvement*? paresis type

35!
Gene HOXAI TUBB3 CHD7 HOXBI PLXNDI, REV3L Unknown
Moi AR AD AD AR IC; AD (rare) IC; AD (rare)

NEUROMUSCULAR JUNCTION CONGENITAL FACIAL WEAKNESS

Disorder Congenital myasthenic syndrome 9 Congenital myasthenic Congenital myasthenic syndrome
associated with acetylcholine syndrome 10 ** I'l associated with acetylcholine
receptor deﬁciency54 receptor deficiency®

Gene MUSK DOK7 RAPSN

Moi AR AR AR

MYOPATHIC CONGENITAL FACIAL WEAKNESS

Disorder Carey-Fineman-Ziter = Central core Centronuclear/ Congenital myopathy- Facioscapulohumeral
syndrome®’ disease/ myotubular Zaharieva et al. [201 6](’O muscular dystrophy®'
Multiminicore myopathy®’
disease®®
Gene MYMK RYRI SEPNI BINI' DNM2 MTMI  SCN4A DUX4 SMCHD
Moi AR AD,AR  AD,AR AR AD XLR AR AD AD
MYOPATHIC CONGENITAL FACIAL WEAKNESS
Disorder Myotonic dystrophy, Native American Nemaline myopathy®* ZC4H2-associated
type | ¢ myopathy®3 rare disorders®®
Gene DMPK STAC3 ACTAI KLHL40 NEB TPM2 TPM3 ZC4H2
Moi AD AR AD, AR AR AR AD AD, AR XLR

MIXED/UNKNOWN CONGENITAL FACIAL WEAKNESS

6

Disorder Asymmetric crying facies® KAT6B disorders®”
Gene 22ql | KATéB
Moi IC; AD AD

68 69

Marden-Walker syndrome
PIEZO2
IC; AD

Nablus mask-like facial syndrome
8q22.1
AD

Abbreviations: AD, autosomal dominant; AR, autosomal recessive; XLR, X-linked

recessive; IC, isolated cases.



Monawwer et al

Table 4. Differential Diagnoses for Moebius Syndrome.

Condition To rule out

Cerebral Palsy (CP)

Symptoms of CP are exhibited by a group of disorders that affect the individual’s ability to

move, maintain balance, and posture. Apparent developmental delays, abnormal floppy (or
stiff) muscle tone, and an abnormal posture are signs of CP. In addition, a combination of a
CT scan, MR, EEG, and genetic testing can be done to differentiate between Moebius
Syndrome and CP.”°

Metabolic Myopathies

Individuals with metabolic myopathies lack the enzymes needed to provide energy that makes

muscles contract. Symmetric proximal muscle weakness, malaise, fatigue, and paresthesia
are also possible symptoms. Hence, a muscle tissue biopsy and electromyography or
specific blood tests for markers can be done to rule it out.”’

Acquire facial nerve dysfunction (Bell’s Palsy or
isolated nerve injury)

EMG and NCS will be able to detect the presence of nerve damage since peripheral
neuropathy can alter how the brain reacts to stimuli and cause symptoms like numbness,

tingling, sharp or buzzing sensations. At the same time, Bell’s Palsy may be distinguished
from Moebius Syndrome by its sudden onset, potential recovery, and history of nerve

damage in other acquired CN-7 neuropathies.
These usually present with a history of macrosomia instrumental delivery and facial

Acquired facial palsy from a traumatic delivery

72,73

presentation. In addition, a nerve conduction test may be incorporated to confirm the

presence, narrow down the location of the nerve injury, and determine the severity.
These are caused by a deletion at 22ql |.2. The diagnosis is based on the presence of its
distinct clinical features along with other symptoms. The differential features from Moebius

Velo-cardio-facial syndrome(VCFS) /DiGeorge
syndrome

74,75

Syndrome include cleft palate and cardiac anomalies, thymic hypoplasia,
hypoparathyroidism, and cardiac defects . Patients tend to have a long face with a prominent
upper jaw, an underdeveloped lower jaw, low-set ears, and a prominent nose with narrow
nasal passages. Moreover, their association with immune disorders such as T-cell

dysfunction further differentiate them from Moebius Syndrome.
Diagnosis is made clinically, usually by the age of 10. The symptoms include limited horizontal

Duane syndrome

76

eye movement, retraction of the globe, crossing (or misalignment) of the eyes, and a
compensatory turning of the head. In addition, Duane syndrome patients usually lack facial
nerve palsy features.”’

Hanhart syndrome

Physical features that help distinguish Hanhart syndrome include hypoglossia, hypodactylia,

peromelia, and micrognathia.”®

Charlie M syndrome

It is a disorder of craniofacial dysmorphism that consist of a broad nose, large set ears, and

microcephaly. It is characteristically known as a claw hand deformity and can be ruled out by
its physical findings.”

Klippel-Feil anomaly

The diagnosis is based on the patient’s symptoms, clinical examination, and imaging studies. It

is a fusion of two or more spinal bones in the neck, a short neck, a low hairline, and

torticollis.®

to a lack of confidence, impaired holistic development, and
social withdrawal, often leading to severe psychiatric ill-
nesses.”>*®! Facial and automatic mimicry plays a central role
in emotional processing and social interactions. Upon
viewing a person’s facial expression, an individual’s typical
response, often non-conscious, is activating neural processes
to replicate the perceived expressions. This leads to a better
understanding of their emotions, allowing empathy and
improved social interactions, a phenomenon known as “facial
mimicry.” This process becomes more accurate with age.*?
Thus, the inability of Moebius Syndrome patients to replicate
facial expressions and cues leads them to have difficulty identi-
fying and processing emotions. This, coupled with speech dif-
ficulties, often leads to them being perceived as unintelligent or
unfriendly. This is supported by several studies where the arti-
ficial inhibition of facial movements in normal individuals led
to their decreased ability to recognize emotions.*>

Moreover, due to facial palsy, Moebius Syndrome patients
cannot give facial cues preventing them from participating in
empathetic communications.®* This, along with instances of
social rejection, may lead to limited social interactions,
adversely affecting an individual’s psychological and social
development.®* In addition to the aforementioned, a quantita-
tive study by Briegel on Moebius Syndrome patients reported
a slight tendency towards increased anxiety and depression
and overall low satisfaction with life with low success orienta-
tion and high incidence of suicidal thoughts.®® Similar reports
were published by VanSwearingen et al. on patients with
facial neuromuscular disorders.®*

For this reason, many intervention programs have been pro-
posed to enhance speech and oral competence and improve
their quality of life. These include surgical and medical interven-
tions, as well as different therapeutic and rehabilitative programs
such as respiration control, neuromuscular training, massage,
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meditation-relaxation, and psychological and communication
strategy interventions, including but not limited to the positively
indicated post-surgery FIT-SAT therapy regimen.**"'

Thus, it is crucial to ensure adequate support, counseling,
and clinical intervention for facial palsy and other features
found in Moebius Syndrome patients from an early age to
provide them relief and improve their overall quality of life.
In addition, it is recommended to consult psychologists
throughout the patient’s lifetime with Moebius Syndrome and
to evaluate their mental health from time to time.**

Psychiatric Evaluations & Clinical Diagnosis

It is vital to recognize that the physical limitations of Moebius
Syndrome patients may adversely affect their psychiatric and
clinical evaluations. As suggested by Jacques et al., it might
be difficult for the caregiver to effectively communicate with
Moebius Syndrome patients owing to a fixed gaze, blank
expressions, and speech impediment frequently observed in
Moebius Syndrome.® This may cause a misdiagnosis of a
patient’s condition leading to improper treatment, which
may aggravate the patient’s condition or even give rise to
other complications. The article also stressed the importance
of psychoeducation regarding non-verbal forms of communica-
tion prior to psychiatric evaluations in patients with Moebius
Syndrome.*> Another study revealed that it is common for
physicians and psychiatrists to wrongly diagnose Moebius
Syndrome patients with mental disorders, with actual mental
disorders being present in only 14% of the cases.®!

Treatment, Surgical and Therapeutic Interventions

Moebius Syndrome has widespread effects on the patient’s health
and therefore requires a multisystemic approach to treatment. As
such, much care is needed to ensure that each deficiency is
addressed in a manner that does not worsen a patient’s lifestyle.
Therefore, a multidisciplinary approach is required.

Two of the most life-threatening outcomes of Moebius
Syndrome can be severe dysphagia and aspiration pneumo-
nia.® Therefore, high-risk patients have been suggested to
follow a special diet to minimize the risks.*® Moreover, in
some instances, due to a compromise of the airway, an elective
tracheostomy may be beneficial for patients to allow for easier
breathing and airway clearing.®*® Furthermore, it must be noted
that restoring even a small degree of voluntary facial move-
ments can reap massive improvements in verbal and non-verbal
communication and would solve several everyday problems,
including eating, drinking, and facial animation. Facial
muscle atrophy or aplasia is often treated by transplantation
of a segment of the gracilis muscle of the leg by the procedure
called “Smile surgery”.®' Innervation to this transplanted
muscle segment is usually from neighboring parts of the
facial nerve, which are not affected by Moebius Syndrome or
the contralateral facial nerve. The graft is vascularized by
forming anastomoses between facial vessels and the Vena com-
itans of the Gracillis.®' Care must be taken to preserve the facial

aesthetics of the patients during the procedure. In a study con-
ducted on 12 patients with Moebius Syndrome or Moebius
Syndrome-like presentation, 83.4% of the patients revealed sat-
isfaction with the functional and aesthetic outcomes of the
surgery.®' However, it contrasts with several other studies.
Usually, between three to six months after surgery, the trans-
planted muscle makes its first contractions with several more
months of physiotherapy and neurorchabilitation before the
patient can smile again.*® Even after, the smile is often not sym-
metric, owing to the involvement of the trigeminal nerve in
sensory and motor functions of the face.>> A newly recognized
neurorehabilitation treatment called “FIT-SAT”, which utilizes
the presence of the “mirror neuron system” and the synergistic
coordination between the mouth and the hand, has been proven
to help achieve a more natural and spontaneous smile post-
operation and an overall improved facial functioning as com-
pared to traditional methods such as teeth clenching exercises.*?
FIT-SAT allows effective rehabilitation in the comfort of the
patient’s homes through the provision of audio-visual lec-
tures.®” It must also be noted that the patient’s motivation
drive plays a significant role in the rehabilitation process.®®

It is important to note that the lagophthalmos in Moebius
Syndrome can lead to dry eyes, keratitis, or more severe com-
plications such as corneal ulceration, perforation, and endoph-
thalmitis. Mild cases are usually managed using lubricants
and hygienic measures. However, surgical intervention may
be required in severe or refractory cases.®” The most common
procedure is a gold-weight implant in the upper eyelid.”
This, coupled with muscle grafts (e.g., platysma muscle), can
provide permanent relief.® Tarrsorhaphy is the treatment of
choice for lower eyelid dysfunction.”® Other options include
muscle or fat transfers and fascia slings.”® Staples et al. have
recently proposed a new method of using the deep temporal
nerve for muscle graft transfer.”’ Magli et al. documented the
successful long-term management of lagophthalmos through
blepharoplasty using different grafts.”>

Early diagnosis and corneal protection are also important to
allow for positive outcomes of strabismus correction. Initially,
botulism injections into the medial rectus for abducens nerve
palsy prevent contractures, allowing conjugate gaze. Later, sur-
gical intervention would allow for definitive long-term man-
agement.”>** Different surgical options are available for the
different patterns of strabismus. These include medial rectus
recessions, combined medial rectus muscle recession, lateral
rectus muscle resection, and the transposition of vertical or/
and inferior rectus muscles.”>*® All procedures have shown
successful outcomes and improved abduction function®” in dif-
ferent studies.”>**%® In addition, double-augmented vertical
recti transposition has been proven particularly effective in
cases of large angle deviations.”® Early intervention further
allows positive outcomes, such as the development of some
degree of binocularity.”>** Moreover, medial rectus recessions
alone may be considered a first-line treatment given the low
incidence of complications such as anterior segment ischemia
and new onset vertical strabismus that may occur in other
procedures.”
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Transconjunctival injection of botulinum toxin into the lac-
rimal gland is known to treat crocodile tears successfully.
However, surgical options, including Corda tympani resection
and lacrimal gland temporal lobe resection, are rarely used
due to complications.”® In cases of epiphora, lateral eyelid
tarsal strip procedure (in cases of lid laxity), dacryocystorhinos-
tomy, or Jones tube insertion may improve tear drainage.'?

The course of action for oropharyngeal defects caused by
Moebius Syndrome depends on the extent of the malformation.
Francoli et al. and Sensat et al. provide an excellent account of
treating their patients with orthodontic manifestations of
Moebius Syndrome.'*'°" Treatments may vary widely in
such cases, although surgical procedures have long been per-
formed with notable success. However, using a prosthesis in
the oropharyngeal cavity is generally preferable over invasive,
reconstructive surgery. Moreover, oral healthcare providers
must remember that deficient or deformed digits, if present,
can cause further trouble with oral hygiene.'®!

The widespread nature of defects in Moebius Syndrome
means that it is challenging to address all of the issues with
surgery. It is essential to utilize clinical and electrophysiological
examinations to identify which gross structures are most dys-
functional and to what extent their dysfunction is caused by
loss of innervation, as documented by Terzis et al.'®* Their
study also presents a comprehensive treatment plan based on
findings, which can provide a blueprint for researchers and
doctors alike.'® More conservative treatment measures may
prove effective in helping patients adapt to their lifestyle,
though they may not be curative or significant in the case of
severe congenital deformities. Plastic surgery may be recom-
mended in a few cases, contingent on the patient’s volition.

Conclusion

The rarity of Moebius Syndrome, its strong links with other syn-
dromes like Poland syndrome, and an ever-growing array of clin-
ical features have historically proven barriers to understanding
the syndrome, leading to misdiagnosis and poor management.
By furthering awareness of the intricacies of this condition, it
is hoped that physicians better understand treatment options
and newly recognized diagnostics are incorporated into manage-
ment. Moreover, as the instances of this syndrome are few and
far between chronologically, it is essential to have a review of lit-
erature available for easy reference, along with an emphasis on
reporting any new occurrences. Moebius Syndrome may be
more readily understood in the discussion and dissemination of
literature across almost two centuries. This will hopefully spark
more research into the unknown causes of the syndrome.
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