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Embryology and etiology

In the first six weeks of embryologic development many structures of the body are
being formed, including different facial parts, such as the mandible, maxilla, orbit,
ears, facial nerve and soft tissue. A disturbance in embryogenesis could lead to
a unilateral or bilateral underdevelopment of these facial structures and can be
characterized as craniofacial microsomia (CFM). CFM is a relatively rare congenital
disorder with an incidence of 1:3000 to 1:5000 live births (1-4). Both, the type and
severity of the hypoplastic structures varies largely among patients. The exact
origin of CFM is unknown.

The affected structures in patients with CFM are related to the first and second
pharyngeal arches. These pharyngeal arches are subdivided in a pouch, arch, a
groove, and a membrane. Each arch is comprised by three layers, the endoderm,
mesenchyme and the ectoderm. The mesenchyme originates from the ectomesen-
chyme and mesoderm which is formed by neural crest cells that migrate from the
neural tube during neurulation to the arches (see figure 1.1). The first pharyngeal
arch forms the zygoma, maxilla, mandible, masticatory muscles, trigeminal nerve,
anterior auricle and the malleolus and incus. The second pharyngeal arch forms
the facial musculature and nerve, the auricle, stapes and the hyoid bone (see figure
1.2 &1.3).

Various theories on the etiology of CFM have been proposed including a hemor-
rhage of the stapedial artery, environmental factors such as vasoactive medica-
tion use of the mother, or an error in neural crest cells differentiation/migration
(2, 5, 6). Poswillo showed in 1973, by using animal models, that a hemorrhage
of the stapedial artery can lead to underdevelopment of the structures derived
from the first and second pharyngeal arches. A more severe clinical presentation
with underdevelopment of multiple structures, including muscles, multiple facial
bones and nerves might be explained from the severity of the hemorrhage. None-
theless, the bilateral presentation and expanded phenotypes cannot be explained
by this theory. Another pathogenic model for the development of CFM is an error
in migration or differentiation of the neural crest cells into the first and second
pharyngeal arches (7, 8). Neural crest cells are essential in the development of
various craniofacial and extracraniofacial structures. Genetic defects, teratogens
and environmental factors, such as elevated embryonic glucose levels, might cause
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apoptosis of neural crest cells or errors in development (9, 10). This could lead to a
hypoplasia of the structures that are related to CFM. The phenotypical character-
istics of patients with CFM are heterogeneous and might show overlap with other
developmental disorders such as VACTERL (vertebral defects, anal atresia, cardiac
defects, tracheo-esophageal fistula, renal anomalies, and limb abnormalities) or
CHARGE syndrome (coloboma, heart defects, atresia choanae, growth retardation,
genital abnormalities, and ear abnormalities) (5).

In recent years, genetic studies on CFM have focused on identifying genes/loci
for CFM. Beleza-Meireles et al. performed comparative genomic hybridization mi-
croarray studies of 22 patients with CFM and identified a variety of copy-number
variations (CNVs) in the 22q11 region which may contribute to CFM (11). Silva et al.
performed cytological analysis on 23 patients with CFM and found karyological
abnormalities in three patients, including one patient with mosaicism (mos47,XX-
~+mar/46,XX) (12). FISH analyses on 22q11 and 5p microdeletions did not show
any abnormalities. The variety in chromosomal abnormalities highlight the het-
erogeneity of CFM, according to the authors (12). To further study the genetic
pathogenesis, the first genome-wide association study on CFM with additional
whole genome sequencing was performed by Zhang et al. in 2016 (13). A total of
939 patients with CFM and 2012 controls were studied. Thirteen loci and eleven
genes (SHROOM3, DCAKD, NID2, PARD3B, ROBO1, ARID3B, KLF12, FGF3, EPAST,
EDNRB, FRMD4A) were considered associated with CFM; all playing a role in neural
crest cell development and vasculogenesis. Additional whole genome sequencing
in 21 patients with CFM showed loss-of-function mutations in the associated loci.
This is the first study linking candidate genes for CFM to the presumed biological
pathophysiological mechanism of CFM, namely neural crest cell migration and dif-
ferentiation (13). As previously delineated, an error in neural crest cell migration or
differentiation might lead to the facial characteristics of CFM but could also cause
congenital malformations of extracraniofacial structures.

Ll
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Figure 1.1: Pharyngeal arches and neural crest cells (adapted from Sze et al. 2002 (14))

Dorsal

Ventral

A. Embryonic pharyngeal arches (I-VI) - lateral view

B. Formation of neural crest cells from the neural plate folds as its forms the neural tube -
coronal view

Figure 1.2: Derivatives from the first pharyngeal arches (adapted from Sze et al.
2002 (14))

ST—

Left: the mesenchyme forms the squamous temporal bone (ST), zygoma, maxilla, mandible by the Meckel's
cartilage (MC) and the malleus (M), incus (1), and greater wing of the sphenoid bone.

Right: muscles for mastication originate from the first pharyngeal arch, including temporal (T), masseter
(M), pterygoids (P), anterior belly of the digastric muscle (ABD), mylohyoid muscle (MH), tensor tympani
muscle (TT) and the tensor veli palatini muscle.
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Figure 1.3: Derivatives from the second pharyngeal arches (adapted from Sze et al.
2002 (14))

Left: cartilage derivatives, including the stapes (S), styloid process (SP), stylohyoid ligament (SL) and the
hyoid bone (H)

Right: facial musculature, including orbicular muscle of the eye (OE) and mouth (OM), occipitofrontal muscle
(OF), nasal muscle (N), buccinator (B), auricular muscle (A), stapedius muscle (S), posterior belly of the
digastric muscle (PBD) and the stylohyoid muscle (SH), and the levator muscle of the upper lip and the
zygomatic muscles.

Phenotypical characteristics and classification

A variety of names has been used to describe patients with craniofacial microso-
mia. This includes hemifacial microsomia, oculo-auriculo-vertebral spectrum of
dysplasia, first and second pharyngeal arch syndrome, and Goldenhar syndrome.
Goldenhar syndrome was originally described by Maurice Goldenhar in 1952 and
consisted of an association of malformations of the ear, eye and mandible (15). In
literature, Goldenhar syndrome is often defined as mandibular dysostosis with
epibulbar dermoids and vertebral anomalies. Gorlin et al. used a different triad
in 1963, and concluded that the Goldenhar syndrome consists of epibulbar- or
lipodermoids, auricular appendices or pretragal fistulas, and vertebral anomalies
(16). In a case series, he firstly described oculo-auriculo-vertebral dysplasia as a
distinct entity and a variant of hemifacial microsomia, consisting of the Golden-
har triad with characteristics of hemifacial microsomia (16). Gorlin, together with
Pindborg, also introduced the term hemifacial microsomia which is characterized

13
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by hypoplasia of the ears, mandible and oral structures (17). Nowadays, research
showed that these separate entities are not present when studying large groups of
patients with CFM (18). The term Goldenhar syndrome is often used as a subjective
term to describe patients with a more severe form of facial hypoplasia (19). CFM
could rather be seen as a spectrum or continuum of anomalies, varying in type
and severity. In this thesis, the term craniofacial microsomia is used as the authors
believe this encompasses the syndrome best as bilateral involvement is present in
up to thirty percent of the patients (20).

Various classification systems have been developed for CFM. A comprehensive
phenotypical classification system makes it possible to assess patients in a stan-
dard manner and could be used to create reliable and reproducible data for doc-
umentation. Pruzansky segregated three grades of mandibular hypoplasia, based
on the morphology of the ramus and condyle in 1969 (21). A type | mandible has
a normal morphology of the ramus but the condyle and ramus are smaller. In a
type Il mandible, the ramus, condyle and sigmoid notch are distorted in shape and
size. The most severe form, type lll, has a severely hypoplastic ramus and absent
temporomandibular joint. Kaban et al. modified the classification and subdivided
the type Il mandible in IIA and IIB. In type IlA, the positioning of the deformed
joint is adequate for symmetrical opening of the mandible, whereas in type IIB the
temporomandibular joint is malpositioned (figure 1.4) (22, 23). Many other classifi-
cation systems have been developed, but failed to be versatile, easy and accurate
to use in clinical practice (24). The O.M.E.N.S. classification, developed by Vento
et al in 1991 and which includes the Pruzanksy-Kaban classification, is currently
the standard classification that is used to grade patients with CFM (25). Each item
of the O.M.E.N.S., an acronym for Orbital asymmetry, Mandibular hypoplasia, Ear
deformity, Nerve dysfunction, Soft tissue deficiency, is scored on a scale from O
to 3 or 4. The 'plus’ category, by using a ‘+' sign, was added by Horgan et al. in
1995 to note the presence of associated extracraniofacial anomalies (6). Scoring is
based on radiographic assessment as well as physical examination. Gougoutas et
al. (24), and later modified by Birgfeld et al. (20), created a pictorial representation
of the O.M.E.N.S.-Plus classification to enable usage in a clinical setting and rapidly
characterize the severity of CFM by circling the appropriate images (see figure 1.5
&1.6). Besides the global assessment, a detailed assessment was added to include
preauricular tags, facial tags, preauricular pits, epibulbar dermoids, colobomas of
the iris, and tongue malformations (20).

14
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Figure 1.4: Pruzansky-Kaban classification of the mandible in craniofacial microso-

mia (adapted from Kaban et al. 1988 (22))

Figure 1.5: Global Assessment of the modified pictorial OMENS-Plus classification
system (adapted from Birgfeld et al. 2011 (20))
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Figure 1.6: Detailed Assessment of the modified pictorial OMENS-Plus classifica-
tion system (adapted from Birgfeld et al. 2011 (20))
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The term craniofacial microsomia suggests that the anomalies occurring in patients
are restricted to the head and neck. Nonetheless, anomalies of other organs, so
called extracraniofacial anomalies, are common in CFM (17, 26, 27). Up to 55%
of the patients have extracraniofacial anomalies, sometimes referred to as the
‘expanded spectrum’ of CFM as described earlier in this introduction (6). These
anomalies include anomalies in various tracts such as cardiovascular, renal, cen-
tral nervous system, skeletal, gastro-intestinal or pulmonary. Awareness for these
anomalies is required to timely diagnose the anomaly if present and, if needed,
treat it in an early state.

Historically, the link between vertebral anomalies and CFM is relatively well known
due to the Goldenhar syndrome and the oculo-auriculo-vertebral spectrum. In

these entities, vertebral anomalies are part of the triad of symptoms. Nonetheless,
literature on the variation in type, severity and prevalence on extracraniofacial
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anomalies in CFM is scarce. The available literature is mostly based on case series
including a relatively small group of patients.

Some risk factors for the presence of extracraniofacial anomalies in CFM are known.
Patients with a more severe form of CFM, represented by a higher O.M.E.N.S. score,
are more frequently diagnosed with extracraniofacial anomalies (6) and patients
with an extracraniofacial anomaly are prone to have additional anomalies in other
tracts too (18, 26). A more detailed assessment on the risk factors for the presence
of extracraniofacial anomalies could help determine a potential screening protocol
for these anomalies.

Identifying characteristics and risk factors for associated disorders in patients with
CFM help to increase the quality of care for these patients. The heterogeneity of
the syndrome and the absence of diagnostic criteria make it challenging to com-
pare patients with CFM. Use of diagnostic criteria could help to create comparable
outcomes between different craniofacial centers and thereby improving research
and care. Development of such criteria is challenging due to the heterogeneity of
the disorder and the large overlap with other syndromes. Recently, two sets of
criteria have been developed for clinical research, including the ICHOM and FACIAL
criteria (28, 29). Both criteria were developed based on consensus among experts.
Comparison of both criteria and studying the sensitivity could enhance implemen-
tation of these criteria and improve comparison of research on CFM.

Mandibular hypoplasia is one of the most familiar characteristics of CFM. Unilateral
mandibular hypoplasia leads to a rotation of the mandible to the affected side,
causing the chin to deviate (30, 31). The degree of chin point deviation is related to
the severity of facial asymmetry (32, 33). This asymmetry, in CFM often caused by
mandibular hypoplasia, could lead to functional difficulties with breathing, feeding
or aesthetics that warrant treatment. The timing of treatment of facial asymme-
try is debated in literature (34-38). Early treatment could lead to better function
and less aesthetic concerns, but secondary surgery later in life might be needed
if the asymmetry is progressive due to surgical trauma and scar tissue (39-41).
Research on the potential progressiveness of CFM could determine optimal timing
of treatment.

17
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Besides mandibular hypoplasia, facial nerve palsy and facial soft tissue deficiency
are well known characteristics of CFM and items of the O.M.E.N.S. classification.
Nonetheless, other cranial nerves or facial muscles might be affected too. Velopha-
ryngeal dysfunction, defined as the inability to adequately close the velopharyngeal
sphincter, is seen in patients with CFM and a cleft lip/palate, but also in up to 15% of
the CFM patients without a cleft lip/palate (42). The pathophysiologic mechanism
is unknown, but underdevelopment of muscles or nerves related to the first and
second pharyngeal arches might play a role. To further investigate the relationship
between CFM and velopharyngeal dysfunction studies with larger sample size could
help to determine risk factors and the potential need for screening.

Management of patients

Clinical characteristics of CFM vary largely in both type and severity of the affected
structures. As the treatment options and needs are different for each patient, an
individual, patient specific, approach is needed. Various specialists are involved
in the care for patients with CFM, including ENT-surgeons, genetics, maxillofacial
surgeons, paediatric, plastic surgeons, psychologists, ophthalmologists, ortho-
dontists, and speech and language therapists. As treatments could influence out-
come of other treatments later in life, coordination of the care process between
specialists is essential. Therefore, care for patients in CFM should be performed
in a multidisciplinary setting.

Improvement of the care process for patients with CFM could be achieved by de-
velopment of an evidence-based clinical guideline. It is a framework for clinical de-
cision-making and supports best practices. It contains recommendations intended
to optimize patient care, based on a systematic review of the available evidence.
Other facets, including potential benefits and harms or alternative options are
taken into account. Development of such a document helps to increase the quality
of care for patients internationally. A translation of such guideline in ‘non-medical’
language helps patients to acquire information about CFM, the potential treatment
options, and improves the process of shared-decision making.

18

170424_Renkema_BNW-def.indd 18 13-06-2024 21:45



Aims of this thesis

Studying the phenotype of CFM and its variations could identify factors that war-
rant screening or treatment. By recognizing these factors, the quality of care for
patients with CFM might increase. As most studies on CFM include a limited number
of patients it is difficult to study the extensiveness of the clinical variability in
detail and research potential risk factors. A multicenter collaboration, including
the craniofacial centers of Rotterdam, London, Boston, Toronto and Seattle was
setup to increase the number of patients that can be studied. Besides researching
the phenotype, this thesis aims to improve the quality of care by providing recom-
mendations for clinical care. Establishing an optimal treatment algorithm in CFM is
difficult due to the wide variety in clinical presentation, variable treatment options,
and limited evidence-based treatment options. Nonetheless, an evidence-based
clinical guideline helps to optimally organize care for CFM.

The overall aim of this thesis is to research the phenotypical characteristics of
patients with CFM and provide recommendations for future management of these
patients. Therefore, the following research questions were formulated:

1. What type of extracraniofacial anomalies occur in CFM and what is their prev-
alence?

2. Which patients with CFM are at risk for extracraniofacial anomalies?

3. What is the sensitivity of the available diagnostic criteria in a real-life dataset
and what are characteristics of patients with CFM that do not meet these cri-
teria?

4. What is the relation between mandibular and facial soft tissue hypoplasia on
chin point deviation in CFM and does chin point deviation change during growth?

5. What is the prevalence of velopharyngeal dysfunction in CFM with and without
cleft lip/palate and are there differences in clinical presentation compared to
patients with isolated cleft lip/palate?

6. What knowledge on CFM has been discovered is the last decade and does this
provide evidence for recommendations for clinical care?

7. What is the best treatment for the different facets of care in CFM based on the
available literature?

19
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Outline of this thesis

This thesis consists of several parts. In part Il the phenotypical characteristics of
CFM are studied. Chapters 2 to 6 addresses the expanded spectrum of CFM. All
types, prevalence rates and risk factors for extracraniofacial anomalies are studied
in these chapters. In chapter 2 a systematic search of literature on vertebral anom-
alies in CFM is performed, followed by a retrospective cohort study on vertebral
anomalies in CFM in chapter 3. The type and prevalence of central nervous system
anomalies is studied in a systematic review of literature in chapter 4. Chapter 5
researches the types and risk factors for extracraniofacial anomalies in CFM. A
more detailed assessment of limb anomalies in CFM is performed in chapter 6.
Chapter 7 aims to investigate the potential relationship between velopharyngeal
dysfunction and CFM. This may shed light on the extensiveness of the syndrome as
craniofacial nerves and muscles that are not primarily part of ‘CFM spectrum’ play
a role in adequate velopharyngeal closure. In chapter 8 the available diagnostic
criteria in CFM are studied, as such criteria might be helpful for future research
on CFM. In the last chapter of part Il, chapter 9, the potential progressiveness of
facial asymmetry in CFM is studied by researching deviation of the chin point over
time in patients with unilateral CFM.

Part Il of this thesis addresses management of patients with CFM. In chapter 10
all literature on CFM published in the last decade is reviewed, followed by clini-
cal recommendations based on the literature. The final chapter, chapter 11, is a
summary of the European Clinical Guideline for CFM, in which evidence-based
recommendations are made. This encompasses recommendations for screening,
diagnostics and treatment for all different medical specialties that are involved in
the care for patients with CFM.

Part IV and V are respectively the general discussion and (Dutch) summary. The
possible answers to the questions of this thesis are discussed in the general discus-

sion. Strengths, limitations as well as clinical implications are deliberated. Lastly,
suggestions for future research are made.
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Part I

Phenotypical characteristics
of craniofacial microsomia
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Vertebral anomalies in
craniofacial microsomia
a systematic review

Based on:

Ruben W. Renkema, Cornelia J.J.M. Caron, Irene M.J. Mathijssen, Eppo B. Wolvius,
David J. Dunaway, Christopher R. Forrest, Bonnie L. Padwa, Maarten J. Koudstaal.
Vertebral anomalies in craniofacial microsomia: a systematic review, International
Journal of Oral and Maxillofacial Surgery. 2017 Oct;46(10):1319-1329. doi: 10.1016/].
ijom.2017.04.025. Epub 2017 Jun 29. PMID: 28669484,
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Abstract

Craniofacial microsomia is characterized by a heterogeneous underdevelopment
of the facial structures arising from the first and second branchial arches, but
extracraniofacial malformations such as vertebral anomalies also occur. This sys-
tematic review provides an overview of the literature on the type and prevalence
of vertebral anomalies found in patients with craniofacial microsomia. A systematic
search was conducted and data of number of patients, patient characteristics, type
and prevalence of vertebral anomalies and other associations between craniofa-
cial microsomia and vertebral anomalies were extracted. Thirty-one articles were
included. Seventeen articles described both the prevalence and type of vertebral
anomalies in craniofacial microsomia, five articles described solely the type of
vertebral anomalies in craniofacial microsomia and nine articles reported solely the
prevalence of vertebral anomalies in craniofacial microsomia. Most often reported
vertebral anomalies in craniofacial microsomia include: hemivertebrae, blockverte-
brae, scoliosis/kyphoscoliosis and spina bifida. These anomalies are mostly present
in the cervical and thoracic spine and ribs. The prevalence of vertebral anomalies in
craniofacial microsomia varies from 12% to 79%. To diagnose vertebral anomalies
early in patients with craniofacial microsomia, further research should focus on
determining which patients with craniofacial microsomia are at risk of vertebral
anomalies.

26

170424_Renkema_BNW-def.indd 26 13-06-2024 21:45



Introduction

Craniofacial microsomia (CFM) is a heterogeneous disorder, causing a wide variety
of facial malformations ranging in severity (1, 43-46). After cleft lip and palate, CFM
is the most common congenital craniofacial disorder, with an incidence of 1:3000
to 1:5000 live births (1, 3, 4, 47). The craniofacial anomalies found in CFM are be-
lieved to be related to the first and second branchial arches (1, 43, 44). In CFM the
mandible, zygoma, external and middle ear, facial musculature, facial nerve, and
soft tissues can be affected. Although ear deformities are part of CFM, isolated
microtia is generally not regarded as CFM (16, 44). However, it is still discussed
whether isolated microtia might be a minor form of CFM (4, 44).

CFM is primarily known for its craniofacial malformations, but extracranial mani-
festations, such as vertebral, renal, heart, central nervous system, lung and gastro-
intestinal defects may occur as well (6,16, 17, 25, 46, 48-50). Goldenhar reported
what he believed to be a specific variant of CFM; these patients have the clinical
features of CFM in combination with epibulbar dermoids and vertebral anomalies
(16, 51). However, Vento and colleagues documented no association between these
anomalies and refuted the existence of this variant (25). More recently Tuin et al.
attempted to differentiate Goldenhar syndrome from craniofacial microsomia and
concluded that the term Goldenhar syndrome was inconsequential (19). The most
frequently seen vertebral anomalies in patients with CFM are hemivertebrae, fusion
of vertebrae, scoliosis, accessory vertebrae, occipitalization of the atlas and spina
bifida (1, 52).

Several terms are used for CFM, such as oculo-auriculo-vertebral spectrum, hemifa-
cial microsomia, lateral facial dysplasia, first and second branchial arch syndrome.
Presumably, these conditions are part of the CFM spectrum (19, 26, 53, 54). In this
manuscript we will refer to the deformity by CFM, as this is currently most often
used in literature.

The exact origin of CFM is unknown. The most widely accepted theory is that CFM is
the result of a disturbance in the embryologic development of the first and second
branchial arches, during the first six weeks of gestation (16, 45, 49). During these
first six weeks of embryologic development, both the skull and spine are formed
(49). Therefore, a common pathogenic mechanism is likely to be the basis of both
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craniofacial and vertebral malformations in patients with CFM. Although the precise
link between the facial and vertebral malformations has not been clarified, the defi-
ciency presumably occurs during vertebral somite formation, resulting in incorrect
formation of the vertebrae and the skull (55). This may lead to congenital scoliosis
or instability of the cervical spine (55-57). Instability of the cervical spine may also
be the result of abnormal development of ligamentous structures and could cause
compression of the spinal cord during movement (55). The clinical presentation
of vertebral instability is largely variable and may or may not be associated with
signs or symptoms (55). Symptoms of cervical spine instability include neck pain,
torticollis or limited neck movement, and neurological symptoms may occur if there
is compression of the spinal column or vertebral artery (55, 58). The cerebellum
and cranial nerves can be involved, which may lead to a wide range of neurologic
symptoms, including ataxia, coordination disturbances and diplopia (55). Basilar
impression, which is associated with cervicovertebral anomalies, can cause similar
symptoms (59, 60). Excessive cervical spine manipulation, which may be induced
by sports activities, may result in spinal cord impingement in patients with unrec-
ognized cervical instability (61). Besides the possible neurological effects, fusion or
underdevelopment of the vertebrae could also result in fractures of the ankylosed
segments or in progressive scoliosis (62-67). It is important to keep these, often
asymptomatic, vertebral anomalies in mind when performing surgery, as cervical
spine instability can put these patients at risk for spinal cord injury during intuba-
tion or surgical manipulation (68-71).

Since vertebral anomalies occur in CFM patients and may cause serious complica-
tions, it is important that clinicians are aware of the possible anomalies and their
consequences. The aim of this systematic review is to study the available literature
on vertebral anomalies and the respective prevalence's found in patients with CFM.

Methods

Search strategy

This study was guided by the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement (72). A systematic search of the literature
was performed to identify papers focusing on CFM and its synonyms combined with
synonyms for spinal and central nervous system anomalies. The search was con-
ducted in embase.com, medline in Ovid, Cochrane central, web of science, PubMed
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(articles not yet indexed in Medline) and Google Scholar (most relevant articles)
from inception until 21 June 2016. Results were limited to human studies written in
English. No date limits were applied, but conference abstracts, letters, notes and
editorials were excluded. See the online appendix for the full search strategies of
all databases.

The studies were independently selected by two researchers (R.W.R. and C.J.J.M.C.).
Titles and abstracts were screened for relevance based on the inclusion and ex-
clusion criteria. Studies concerning CFM in relation to vertebral anomalies were
further reviewed. Studies were included when prevalence and/or type of vertebral
anomalies in CFM were mentioned. The studies had to be original studies. Case
reports were excluded. Although there is still debate on whether isolated microtia
is a form of CFM, we consider it to be a different entity for the purpose of this
study. Therefore, studies describing solely patients with isolated microtia were not
included. However, from papers describing both patients with microtia and CFM,
data was extracted concerning the CFM patients.

Data extraction

A table with predetermined characteristics was made prior to full text review of
the articles. All papers were graded on quality of evidence using the Oxford Centre
for Evidence-Based medicine (CEBM) criteria. Data on the number of patients,
inclusion criteria of the studies, Prevalence of vertebral anomalies in CFM, type of
vertebral anomalies and other correlations between CFM and vertebral anomalies,
were extracted when available.

Results

Study selection

In total 6034 articles were identified after the initial search and after including ar-
ticles identified through reference list searching. After removing duplicate articles,
3646 articles were examined based on title and abstract. In total 3467 articles
were excluded as a result of not meeting the inclusion criteria. The remaining
179 articles were reviewed full-text, leaving thirty-one articles to be included for
review. Twenty-six articles described the prevalence of vertebral anomalies in their
study and twenty-two articles described the type of vertebral anomalies in their
investigated population (figure 2.1).
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Figure 2.1: PRISMA diagram of the systematic review methodology used for the

review
Records identified through Additional records identified
database searching through reference list searching
(n=6029) (n=5)

Records after duplicates removed

(n = 3646)
A 4
Records screened Records excluded
(n=3646) ' (n=3467)
L 4
Full-text articles assessed 148 of 179 full-text articles
for eligibility —» excluded, with reasons: did
(n=179) not meet inclusion criteria
Studies included in
qualitative synthesis
(n=31)

_| Studies describing prevalence of vertebral
Anomalies in patients with CFM: 9 of 31

Studies describing form of vertebral
anomalies in patients with CFM: 5 of 31

Studies describing both prevalence and
» form of vertebral anomalies in patients
with CFM: 17 of 31

Study characteristics
The characteristics of the included studies are described in table 2.1. Several stud-

ies included patients diagnosed with isolated microtia (26, 53, 73-75). These pa-
tients were extracted from the studies and not included in this literature review for
further analysis (table 2.2, table 2.3). Patients with incomplete data were excluded
from our analysis. Radiographs or CT-scans were used to evaluate the vertebral
anomalies. Most studies were retrospective (6, 11,19, 25, 49, 52, 61,73, 74, 76-84),
although some prospective studies and case series were found (26, 46, 48, 50, 53,
62,75, 85-89). The number of patients studied ranged from 6 to 259 per study (6,
1,19, 25, 26, 46, 48-50, 52, 53, 61, 62, 73-90).
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Table 2.2: Number of patients and level of spinal examination in articles on the prevalence of
vertebral anomalies in CFM

Spinal
Examination
Nu:}ber ) S E
Total isolated E_ 2 e §
number  microtia Number % E = B
of patients Included affected = g ;"
Author patients instudy patients patients
D'Antonio et al. 4 n/a 4 20 X
Avon et al. 23 n/a 21 14 X
Barisic et al. 259 n/a 259 63 X
Beleza-Meireles et al. 51 n/a 51 10 X
Cohenet al. 24 n/a 18 9 X
Engiz et al. 31 n/a 31 22 X
Ewart-Toland et al. 14 n/a 14 1 X
Feingold et al . 16 n/a 16 10 X
Figueroa et al. 204 48 156 43 X
Gibson et al. 35 n/a 35 21 X
Gosain et al. 18 n/a 18 1 X
Horgan et al. 181 n/a 121 57 X
Johansson et al. 20 n/a 20 10 X
Kaye et al. 297 60 129 10 X
Manara et al. 29 n/a 29 16 X
Morrison et al. 25 n/a 24 15 X
Pegler et al. 41 n/a 41 27 X
Rollnick et al. 294 92 202 59 X
Rooryck et al. 95 n/a 93 33 X
Rosa et al. 34 n/a 17 6 X
Sherk et al. 26 n/a 26 13 X
Stromland et al. 18 n/a 13 10 X
Tasse et al. 53 9 44 10 X
Touliatou et al. 17 3 14 3 X
Tuin et al. 255 n/a 138 47 X
Vento et al. 154 n/a 154 29 X
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Prevalence of vertebral anomalies in CFM

The reported prevalence of vertebral anomalies in CFM varied from 12 to 79 percent
(74, 79). A distinction was made between the studies because in some studies all
patients underwent radiographs (46, 50, 52, 73, 75, 80, 83, 85, 86, 89, 90), while in
other studies data on vertebral anomalies was based on reviewing patient's charts,
therefore the exact number of patients who underwent radiographs was unknown
(figure 2.2) (6, 11,19, 25, 26, 53, 74, 77-79, 81, 82, 84, 87, 88). In most studies the
complete spine was studied, reported prevalence of vertebral anomalies in these
studies varied from 19 to 79 percent (25, 79). However, Cohen et al, Gosain et al, and
Kaye et al. only studied the cervical spine reporting prevalence's of 12 to 61 percent
(74, 80, 90). Figueroa et al. included patients with cervical spine radiographs and
studied radiographs of the thoracic and lumbar spine when available (73). However,
interestingly no spine anomalies beside the cervical spine anomalies were found.

Figure 2.2: Reported prevalence of vertebral anomalies in craniofacial microsomia

per study
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Types of vertebral anomalies

The different types of vertebral anomalies diagnosed in patients with CFM are
documented in table 2.3. Although the exact location of vertebral anomalies was
not always specified, the type of vertebral anomalies was described. Most often re-
ported anomalies without specification of the location are hemivertebrae, scoliosis
and spina bifida occulta (6, 11, 26, 48-50, 52, 61, 75, 78, 79, 82-86). In the cervical
region, hemivertebrae, blockvertebrae, occipitalization of the atlas and cervical ribs
are most often described (48, 61, 62, 73, 76, 80, 84). The only study mentioning
actual cervical spine instability, by using flexion-extension radiographs, was done
by Healey et al. (61). In the thoracic region hemivertebrae and blockvertebrae are
the most common vertebral anomalies (11, 49, 52, 61, 62, 75, 76, 84, 85). Scoliosis,
spina bifida occulta and butterfly vertebrae are observed (49, 52, 61, 62, 76, 86).
In the lumbar region vertebral anomalies are seen less frequently. When present,
hemivertebrae, blockvertebrae, and/or scoliosis are most often described (48,
49,76, 78, 85, 86). Anomalies of the ribs are detected in ten studies, describing
fusion of ribs, aplasia of ribs, hypoplasia of ribs and extra ribs (6, 49, 52, 75, 76,
78,79, 82, 85, 86).
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Other associations in CFM patients with vertebral anomalies

Beleza-Meireles et al. found a higher frequency of additional heart, brain, limb or
other anomalies in CFM patients with vertebral anomalies (11). Although only ten
patients in their study had vertebral anomalies, five of these patients also had
heart, brain and other organ abnormalities. Rollnick et al. reported that cervical
spine anomalies often occur with anomalies in other organ systems (26). Cohen et
al. also found patients with CFM and cervical spine anomalies had lower cognitive,
fine motor and expressive language scores and sixty-four percent had torticollis
(90). Anomalies of the thoracic spine coexist with anomalies in the cervical region
in the study of Anderson et al (76).

An association between the severity or site of the spinal anomaly and the degree of
facial malformation could not be found in the seven patients analyzed by Anderson
et al (76). However, Horgan et al. found an increased incidence of extracraniofacial
anomalies in CFM patients with higher OMENS scores (calculated as the sum of each
OMENS category) (6). No association was found between the presence of epibulbar
dermoids and vertebral anomalies in the 138 patients in the study of Tuin et al (19).

Discussion

The aim of this review was to document the type and prevalence of vertebral anom-
alies in patients with CFM reported in the literature. Following a systematic search
of literature according to the PRISMA protocol, thirty-one articles were included
for analysis. Twenty-six of these articles described the prevalence of vertebral
anomalies in CFM and in twenty-two studies the type of vertebral anomalies in
CFM were documented. The documented prevalence of vertebral anomalies is 12
to 79% (6, 11,19, 25, 26, 46, 50, 52, 53, 73-75, 77-90). The vertebral anomalies in
CFM are most common in the cervical spine, followed by the thoracic spine and ribs.
Although vertebral anomalies can be present in the lumbar spine as well, this is less
frequent, given that only seven out of fourteen papers studying the complete spine
reported lumbar spine anomalies (48, 49, 76-78, 85, 86). Most frequently seen ver-
tebral anomalies include hemivertebrae, blockvertebrae, scoliosis/kyphoscoliosis
and spina bifida. In the cervical spine other anomalies such as occipitalization of
the atlas and cervical ribs are also reported frequently.
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The reported prevalence of 12 to 79% of vertebral anomalies in CFM is highly
variable due to differences in sample size, study characteristics, patient selection
and the level of spine investigation (6, 25, 26, 52, 53, 78, 85). However, the study
that included the most patients (n=259) found a prevalence of 24%. Since not all
vertebral anomalies result in clinically symptomatic features, there is a chance
the prevalence of these malformations is underestimated (49, 62, 91). Although
the actual prevalence remains uncertain, this systematic review shows vertebral
anomalies are common in CFM patients.

The exact origin of vertebral anomalies in CFM patients is still unknown. A defect
in the mesodermal or neural crest cell migration may be responsible for the cra-
niofacial and vertebral anomalies in CFM (92, 93). Retinoic acid plays a role in the
neural crest cell migration (94). When given during the embryologic development in
mice, this results in malformations similar to CFM (95, 96). This error in neural crest
cell migration is found to form craniofacial malformations and vertebral anomalies
(96, 97). The common origin of the facial malformations and vertebral anomalies
in CFM has to be further examined.

Further research is needed to identify if there are specific CFM patients that are of
higher risk for vertebral anomalies. Studies, both pro- and retrospective in nature,
with large sample sizes might determine these groups to allow for better screening
of and care for CFM patients. Only a prospective trial with physical examination,
guestionnaires and on indication, radiographs can determine the true prevalence
of vertebral anomalies in CFM. An international research consortium has been
founded between Erasmus MC Rotterdam, Great Ormond Street Hospital London,
SickKids Toronto, and Boston Children’s Hospital to obtain more knowledge about
CFM by studying a large number of CFM patients.

In dealing with patients with CFM, clinicians should not only focus on the craniofa-
cial malformations, as the prevalence of vertebral anomalies is high and can have
detrimental effects when undetected. These anomalies can cause instability of the
cervical spine, progressive scoliosis, compression of the spinal column or vertebral
artery and the cerebellum or cranial nerves can be damaged as well (55-57). An
imbalance in growth of the spine may be the result of these anomalies, causing an
increasing deformity in the growing child (63-66). Treatment of these vertebral
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anomalies is performed best at an early stage, so the growth of the spine can be
as optimal as possible (63-66).

From this literature study it may be concluded that vertebral anomalies are pres-
ent in a substantial part of the CFM patients. Mostly, these anomalies are present
in the cervical spine, but thoracic and rib anomalies often occur. Hemivertebrae,
blockvertebrae, scoliosis/kyphoscoliosis and spina bifida are frequently seen. Since
these vertebral anomalies can present without symptoms but can have harmful
effects, careful and extensive physical and neurologic examination of CFM patients
is important to diagnose these anomalies at an early stage.
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Abstract

Craniofacial microsomia (CFM) is characterized by an underdevelopment of the
facial structures arising from the first and second branchial arches, but extracranio-
facial anomalies such as vertebral anomalies may be present. This is a retrospective
study of the prevalence and types of vertebral anomalies and the association with
other extracraniofacial anomalies in patients with CFM. The charts of all patients di-
agnosed with CFM seen in four craniofacial centers were reviewed for the presence
of vertebral anomalies, symptoms, extracraniofacial anomalies, and O.M.E.N.S.
classification including the Pruzansky-Kaban type of mandibular deformity. A total
of 991 patients were included and 28% of the patients had vertebral anomalies.
The most common vertebral anomalies included scoliosis, blockvertebrae, and
hemivertebrae. Only 44% of the patients with vertebral anomalies had clinical
symptoms; torticollis, back or neck pain, or limited neck movement were seen. The
prevalence of vertebral anomalies was greater in patients with bilateral CFM, and
in patients with a more severe mandibular deformity, and/or orbit, facial nerve,
and/or soft tissue involvement. Patients with vertebral anomalies had significantly
more extracraniofacial anomalies than patients without vertebral anomalies. There-
fore, patients with vertebral anomalies should have cardiac, renal and neurologic
evaluation.
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Introduction

Craniofacial microsomia (CFM) is a heterogeneous congenital disorder character-
ized by various uni- or bilateral facial malformations. The incidence of CFM is 1:3000
t0 1:5000, which makes CFM the most common congenital facial anomaly after cleft
lip and palate (1, 3, 4, 47). The craniofacial anomalies found in CFM are believed
to be related to the first and second branchial arches, therefore the mandible,
zygoma, ear, facial nerve, musculature and soft tissue may be underdeveloped or
absent (1, 43, 44). Although microtia is part of CFM, isolated microtia is generally
not considered to be CFM (98). Several terms, such as oculo-auriculo-vertebral
spectrum, hemifacial microsomia, Goldenhar syndrome, and first and second bran-
chial arch syndrome have been used to describe patients with CFM (1, 25, 50).

The facial anomalies seen in CFM are highly variable and differ in severity (1, 43-
46). Various classification models have been proposed to define the malforma-
tions seen in CFM (6, 25, 53, 99-102). Pruzansky et al. proposed a classification
to grade the mandibular hypoplasia in CFM patients (99). This system was later
subcategorized by Kaban et al (23, 34, 99). In this classification hypoplasia of the
mandible and temporomandibular joint is graded in I, lIA, 1IB, and 1l (23, 34, 99).
The O.M.E.N.S.-plus classification is used to classify patients with CFM concerning
the level of underdevelopment of the Orbit (O), Mandible (M), Ear (E), Facial Nerve
(N), Soft tissue (S), and the presence of extracraniofacial anomalies (6, 25).

Extracraniofacial anomalies may be present in 55 percent of the patients with CFM
(6,18). These anomalies are commonly present in the circulatory tract, central ner-
vous system, urogenital tract, gastro-intestinal tract and/or the vertebral column
and ribs (6, 16-18, 25, 46, 48-50).

Vertebral anomalies are most common in the cervical spine, thoracic spine and
ribs, but may also be present in the lumbar spine (52, 61, 76, 78, 85). Most often
seen vertebral anomalies in CFM are hemivertebrae, blockvertebrae, scoliosis, and
specific anomalies of the cervical spine such as occipitalization of the atlas and cer-
vical ribs (52, 61, 62, 73, 76). These anomalies may be present without any clinical
symptoms, however they may have serious health consequences for the patient
(55, 67). Incorrect formation or fusion of the vertebrae may result in a progres-
sive scoliosis or cause fractures of the ankylosed segments (62-67). Furthermore,
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instability of the cervical spine may develop due to an abnormal development
of the vertebrae or ligamentous structures (55-57). Manipulation of an instable
cervical spine can result in compression of the spinal cord or vertebral artery, and
can therefore have many neurological effects, varying from muscle weakness or
ataxia to seizures (55, 61, 69-71). Awareness of these vertebral anomalies in CFM
is essential to prevent these consequences and provide optimal care.

The diagnosis of vertebral anomalies is based on radiographic evaluation (55, 67,
103). Vertebral anomalies have been shown to be associated with other extra-
craniofacial anomalies (11, 26), such as cardiac anomalies (104, 105), urogenital
anomalies (104,106, 107), or brain or spinal cord anomalies such as tethered cord,
syrinx, diastematomyelia and Chiari malformation (104, 108-110).

The reported prevalence of vertebral anomalies in CFM varies from 12 to 79 per-
cent (6, 11,19, 25, 26, 46, 50, 52, 53, 73-75, 77-83, 85-90). The variability of this
prevalence is high due to differences in study characteristics, sample size, patient
selection, and the level of spinal investigation (6, 11,19, 25, 26, 46, 50, 52, 53, 73-75,
77-83, 85-90, 1M).

As data to guide clinicians to which CFM patients are at risk of vertebral anomalies
is missing, the aim of this study is to report the prevalence, types, and symptoms of
vertebral anomalies in a large group of patients. Furthermore, which CFM patients
are at risk of having vertebral anomalies and whether these anomalies are asso-
ciated with other extracraniofacial anomalies in CFM was the secondary objective
of this endeavor. For this, a research consortium between four major craniofacial
centers was founded to obtain a large dataset of patients with CFM.

Methods

Subjects and Data collection

A multicenter retrospective study was initiated to obtain more knowledge on ver-
tebral anomalies in patients with CFM. A uniform database was created at the
craniofacial centers of Erasmus University Medical Center (EMC), Rotterdam, The
Netherlands; Great Ormond Street Hospital (GOSH), London, United Kingdom;
Boston Children’s Hospital (BCH), Boston, United States of America, and The Hospi-
tal for Sick Children, Toronto, Canada. This study was approved by the Institutional
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Review Boards (Rotterdam: MEC-2012-248; London: 14DS25; Boston: X05-08-058;
Toronto: 1000053298).

All patients diagnosed with CFM seen in the four craniofacial centers were included
for further analysis. Since CFM is a clinical diagnosis, patients with clinical and/or
radiographic images, i.e. panoramic x-rays and/or CT head, were included in this
study. Although microtia is part of CFM, isolated microtia was not seen as CFM,
therefore these patients were excluded. Patients in which the diagnoses of CFM
was uncertain were excluded as well.

Medical charts were reviewed to obtain data on age, sex, affected side, Pruzan-
sky-Kaban classification, O.M.E.N.S. score and the presence of extracraniofacial
anomalies. Since vertebral anomalies have shown to be associated with other ex-
tracraniofacial anomalies (11, 26), data on these other anomalies was extracted to
report the extracraniofacial anomalies in patients with vertebral anomalies and to
study this potential association in patients with CFM.

The extracraniofacial anomalies were divided in anomalies of the vertebral column
and ribs, brain and spinal cord, respiratory system, cardiac system, gastro-intestinal
tract, and urogenital tract. Although the brain is located in the cranium, we catego-
rize anomalies of the brain as extracranial since these anomalies are not regarded
to be primarily part of CFM. Additionally, rib anomalies were seen as anomalies of
the thoracic spine, since ribs are attached to the thoracic spine.

The diagnosis of extracraniofacial anomalies was based on clinical and/or imaging
notes reported in the medical charts of the patients with CFM. If extracraniofacial
anomalies were present, patients were further reviewed for data on the type and
location of the anomaly, symptoms, date of diagnostics, type and date of treatment.

The Pruzansky classification modified by Kaban et al. was used to determine the
severity of mandibular hypoplasia in CFM patients (23, 34, 99), using panoramic
x-rays or 3D-CT scans. The O.M.E.N.S. classification system was used to grade the
severity of the craniofacial malformations in patients with CFM (25). Although both
facial and mandibular sides were scored in patients with uni- and bilateral CFM,
only the most severe score was used for analyses.
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Statistical analysis

Statistical analyses were performed using SPSS version 20.0 for Windows (2011,
SPSS Inc., Chicago, IL, USA). Descriptive statistics were used. Equality of groups
was tested with the Pearson’'s Chi-square Test for Independence. Fisher's Exact
Test was used when the assumptions for Pearson-Chi square test were violated (i.e.
expected count less than 10). An univariate binary logistic regression model was
used to evaluate the association between the O.M.E.N.S. score, and the presence of
vertebral anomalies. A P-value of <.05 was considered to be statistically significant.

Results

Characteristics of population

A total of 1132 patients with CFM were seen in the four craniofacial centers, of
which 228 were seen in the Erasmus University Medical Center, 366 patients in the
Great Ormond Street Hospital, 327 patients in Boston Children’s Hospital, and 211
patients in The Hospital for Sick Children. After exclusion of 141 patients based on
diagnostic uncertainty or isolated microtia, 991 patients were included for further
analyses. More males (n=527) than females (n=464) were included. Most patients
had unilateral CFM (n=827), 177 were bilateral, in 47 the affected side was unknown.

Characteristics of patients with vertebral anomalies

Of the 991 patients included in this study, 28% of the patients (n=275) presented
with vertebral anomalies. The median number of vertebral anomalies in patients
with vertebral anomalies was 2.00 per patient (Figure 3.1). Vertebral anomalies
were diagnosed at the median age of 2.0 years (range 0-27 years) (Figure 3.2).

Figure 3.1: Number of vertebral anomalies per patient in patients with vertebral
anomalies
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Figure 3.2: Age at diagnosis of vertebral anomaly
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In table 3.1. the description of patients with and without vertebral anomalies is
presented. The ratio of males to females in patients with vertebral anomalies was
1:1.1. Of the patients with vertebral anomalies, 214 had unilateral CFM, 51 bilateral
CFM, and of 10 patients the affected side was unknown. The prevalence of verte-
bral anomalies in bilateral CFM patients was found to be higher than in unilateral
patients (Pearson'’s x2 (df 1)=15.93, 0dd's ratio= 2.21, P-value=<0.001).

Table 3.1: Demographics for patients with and without vertebral anomalies

Vertebral anomalies

Yes No Total P-value
Total 275 (28%) 716 (72 %) 991 (100 %)
Sex Male 143 27 %) 384 (73 %) 527 (53 %) 0=0.65
Female 132 (28 %) 332 (72 %) 464 (47 %)
Laterality Unilateral 214 (26 %) 613 (74 %) 827 (83 %) 6=<0.001
Bilateral 51(44 %) 66 (56 %) N7 (12 %)
Affected side Right 120 (26 %) 344 (74 %) 463 (56 %) 5=098
(UCFM)* Left 94 (26 %) 269 (74 %) 364 (44 %)

UCFM=unilateral craniofacial microsomia ; *In unilateral cases of craniofacial microsomia

The various components of the O.M.E.N.S. score in patients with and without ver-
tebral anomalies is shown in table 3.2. Assessment of the O.M.E.N.S. score was not
possible in all patients. In 217 patients the Orbit score was unknown, of 327 patients
the Mandible score, of 242 patients the Ear score, of 598 patients the Nerve score,
and of 233 patients the Soft Tissue score.

The risk for vertebral anomalies increased with an increase of the Orbit, Mandible,
Nerve and Soft Tissue score on the O.M.E.N.S. scale. The Ear score was not signifi-
cantly positively correlated with vertebral anomalies.
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Types of vertebral anomalies

Blockvertebrae, hemivertebrae, rib anomalies, and scoliosis were the most fre-
guently seen vertebral anomalies. Other vertebral anomalies that were present
are shown in table 3.3. Vertebral anomalies of the cervical spine were seen in 158
patients; anomalies of the thoracic spine in 187 patients, and anomalies of the
lumbar spine in 77 patients. In 57 patients with vertebral anomalies the location of
the anomaly was not specified. Multiple vertebral anomalies in different segments
of the spine were present in 131 patients.

Eighty-three patients presented with scoliosis in more than one region of the spine.
There were 26 patients with a cervicothoracic scoliosis, 49 patients with a tho-
racolumbar scoliosis, and 4 patients had a scoliosis in all segments of the spine
(table 3.3).

Specific vertebral anomalies of the cervical spine, such as cervical ribs, instability
of the cervical spine, occipitalization of the atlas, and os odontoideum, were seen

in multiple patients. Various rib anomalies, such as fusion, aplasia, hypoplasia or
extra ribs were seen.
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Clinical symptoms in patients with vertebral anomalies

Of the 275 patients with vertebral anomalies, 44% of the patients (n=122) had
clinical symptoms. Most frequently reported symptoms were torticollis (n=40),
back or neck pain (n=28), or limited movement of the neck (n=22). Although most
symptoms were mainly seen in patients with vertebral anomalies, some symptoms
were also noted in patients without these anomalies (table 3.4).

Table 3.4: Symptoms in patients with and without vertebral anomalies

Vertebral anomalies Total
No Yes
Torticollis 15 40 55
Back- or neck pain 2 28 30
Limited neck movement 2 22 24
Head tilt 5 8 13
Short neck 0 8 8
Webbed neck 0 3 3
Headache 1 1 2
Short length 0 2 2
Numbness or tingling 0 2 2
Dizziness 0 1 1
Hemiplegia 0 1 1
Myelopathy 0 1 1
Tired feeling neck 0 1 1
Paraplegia 0 1 1
Poor balance 0] 1 1
Incontinence problems 0 1 1
Radiculopathy 0 1 1
fotal 5 2w

Types of extracraniofacial anomalies

Besides vertebral anomalies other extracraniofacial anomalies were present. For-
ty-seven percent of all included patients had other extracraniofacial anomalies
(n=462), which could be present in multiple tracts simultaneously. Anomalies of
the central nervous system were present in 105 patients, anomalies of the circula-
tory tract in 205 patients, respiratory anomalies in 29 patients, gastro-intestinal
anomalies in 89 patients and urogenital anomalies in 108 patients. Of the 275
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patients with vertebral anomalies, 169 patients had additional extracraniofacial
anomalies in other tracts.

The extracraniofacial anomalies seen in CFM patients with vertebral anomalies
varied. Anomalies of the central nervous system were seen in 70 of the 275 pa-
tients with vertebral anomalies. Fifty of these patients had anomalies of the brain
and 27 had anomalies of the spinal cord. Most seen anomalies of the brain were
hydrocephalus, ventriculomegaly, Chiari malformation, and microcephaly. Most
reported anomalies of the spinal cord were spina bifida, tethered cord, and syrin-
gomyelia. Anomalies of the circulatory tract were seen in 97 patients with vertebral
anomalies. A septum defect of the atria or ventricle, patent ductus arteriosus,
and valve malformation were the most frequently reported cardiac anomalies.
Anomalies of the respiratory tract occurred less frequently and were only seenin
13 patients. Gastro-intestinal anomalies were present in 49 patients with vertebral
anomalies. An inguinal hernia, imperforate anus, umbilical hernia, and esophageal
atresia were mostly seen. Anomalies of the urogenital tract were reported in 57
patients with vertebral anomalies. Renal aplasia and hydronephrosis were report-
ed frequently. Most seen anomalies of the genitalia were phimosis, undescended
testis and hypospadias.

Anomalies associated with vertebral anomalies

Patients with vertebral anomalies had significantly more often additional extracra-
niofacial anomalies in other tracts than CFM patients without vertebral anomalies
(Pearson’s x?(df 1)=108.8, odd'’s ratio=4.54, p=<0.001) (table 3.5). CFM patients with
vertebral anomalies were significantly more often diagnosed with anomalies of the
brain (Pearson’s y?(df 1)=46.2, odd’s ratio=4.46, p=<0.001) and spinal cord (odd’s
ratio=77.8, p=<0.001) than in CFM patients without vertebral anomalies. Anoma-
lies of the circulatory tract (Pearson’s x? (df 1)=49.4, odd’s ratio=3.01, p=<0.001),
gastro-intestinal tract (Pearson’s x2 (df 1)=36.4, odd's ratio=3.67, p=<0.001), and
urogenital tract (Pearson’s 2 (df 1)=37.9, odd’s ratio=3.41, p=<0.001) were also more
frequently seen in patients with vertebral anomalies than without vertebral anom-
alies. The prevalence of anomalies of the respiratory tract was not significantly
higher in patients with vertebral anomalies, although some evidence of a correla-
tion may be present (odd’s ratio=2.17, p=0.055).
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Discussion

The aim of this study was to shed light on the prevalence, types, and symptoms
of vertebral anomalies in a large group of patients with CFM, to determine which
patients are at risk for having vertebral anomalies and whether these anomalies
are associated with other extracraniofacial anomalies.

Of the 991 patients included, almost one third (28%, n=275) had vertebral anom-
alies. This prevalence of vertebral anomalies in CFM is considerably higher than
the prevalence of vertebral anomalies in the normal population (which is 0.1-2%)
(112, 113). Previous reports have documented vertebral anomalies in 12% to 79%
of the patients with CFM (6, 11,19, 25, 26, 46, 50, 52, 53, 73-75, 77-83, 85-90, 111).
The variability is due to variations in sample size, study characteristics, patient
selection, spinal segments studied, and the small sample size. Studies with a rela-
tively large patient sample tend to show a lower prevalence (approximately 30%)
than studies with a smaller patient sample. Since this study is retrospective and
not all vertebral anomalies result in clinical symptoms, not all patients with ver-
tebral anomalies may have been detected and the actual prevalence of vertebral
anomalies in CFM may be even higher (49, 62, 91).

Patients with bilateral CFM, a higher Pruzanksy-Kaban score, and/or a higher Orbit,
Nerve, and/or Soft Tissue score on the O.M.E.N.S. scale had a significantly higher
risk for having vertebral anomalies. The odd’s ratios were respectively 2.21, 1.39,
1.13,1.27, and 1.23. Horgan et al. found CFM patients with a higher O.M.E.N.S. score,
by using the sum of individual O.M.E.N.S. categories, had a higher risk for extra-
craniofacial anomalies (6). Anderson et al. could not find an association between
vertebral anomalies and the severity of the craniofacial malformation, but there
were only seven patients in this study (76).

Most common vertebral anomalies were scoliosis, blockvertebrae, and hemiverte-
brae, which is in line with the vertebral anomalies reported in literature (6, 11, 26,
48-50, 52, 61, 62,73, 75-80, 82, 83, 85, 86, 90, 111). The anomalies were present

in all sections of the spine.

Patients with vertebral anomalies had a higher risk for other extracraniofacial
anomalies, including anomalies of the central nervous system, circulatory, gas-
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tro-intestinal, and urogenital tracts. This association was also described by Bele-
za-Meireles et al. and Rollnick et al. (11, 26). The odd's ratios for these associated
extracraniofacial anomalies in this study were: 6.64 for CNS anomalies (4.46 for
brain anomalies and 77.84 for spinal cord anomalies), 3.01 for anomalies of the
circulatory tract, 3.67 for anomalies of the gastro-intestinal tract, and 3.41 for
anomalies of the urogenital tract. Since this study is retrospective, it is uncertain
whether patients with extracraniofacial anomalies were screened more frequently
for additional extracraniofacial anomalies. The results of this study indicate that the
presence of an extracraniofacial anomaly requires further screening for anomalies
in other tracts, including vertebral anomalies. In addition, the data suggest that
further screening for other extracraniofacial anomalies is indicated in patients
with CFM and vertebral anomalies (67). In particular renal, cardiac and neurologic
evaluation should be performed, since anomalies of those organs are associated
with vertebral anomalies and treatment of these anomalies may be necessary to
prevent further harm (67,103,104, 107). If neurological examination is abnormal,
an MRI of the brain and entire spine should be obtained to rule out any spinal cord
anomalies (67, 104).

Diagnosing vertebral anomalies may be difficult since patients may not show any
symptoms (49, 55, 91). Of the 275 patients with vertebral anomalies, 44% showed
clinical symptoms. Frequently noted symptoms were torticollis, back or neck pain,
or limited movement of the neck, but neurological symptoms such as myelopathy,
hemi or paraplegia, or tingling were also reported. Thorough evaluation of the
patient and physical and neurological examination is essential to identify potential
vertebral anomalies (55, 67, 103). Standard upright posterior-anterior and lateral
radiographs should be taken if vertebral anomalies are suspected (67,103). If cervi-
cal spine anomalies are present, flexion-extension radiographs should be obtained
to rule out cervical spine instability (59, 67).

The origin of CFM, and thereby the origin of vertebral anomalies and other extra-
craniofacial anomalies in CFM, is still unknown. A disruption in the first six weeks of
development of the first and second branchial arches is thought to be potentially
the cause of CFM (44, 45). Exposure to retinoic acid during embryonic develop-
ment has found to form craniofacial, vertebral, cardiovascular, and central nervous
system anomalies (6, 96, 97). Therefore, a defect in mesodermal or neural crest
cell migration may be the cause of CFM and the extracraniofacial anomalies, since
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retinoic acid influences neural crest cell migration (92-94). Further research is
needed to identify the origin of CFM and its associated extracraniofacial anomalies.

Conclusion

This study shows that vertebral anomalies are present in 28% of the patients with
CFM. Screening for vertebral anomalies with extensive physical and neurological
examination, and upright radiographs, should be performed in patients with bilat-
eral CFM, and patients with CFM and a high Pruzansky-Kaban score, or a high Orbit,
Nerve and/or Soft Tissue score on the O.M.E.N.S. scale, since these characteristics
are correlated with vertebral anomalies. Patients with CFM and vertebral anomalies
have an increased risk of having other extracraniofacial anomalies and therefore,
additional cardiac, renal and neurologic evaluation is indicated for patients with
CFM and vertebral anomalies.
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Abstract

Extracraniofacial anomalies, including central nervous system anomalies, may
occur in craniofacial microsomia. To recognize and possibly treat these anomalies,
this systematic review provides an overview of the literature on the prevalence and
types of central nervous system anomalies and developmental disorders in cranio-
facial microsomia. A systematic search was conducted and data on the number of
patients, patient characteristics, type and prevalence of central nervous system
anomalies or developmental delay and correlations between craniofacial microso-
mia and central nervous system anomalies were extracted. Sixteen papers were
included; ten papers described developmental disorders. The most common report-
ed anomalies were: neural tube defects, corpus callosum agenesis or hypoplasia,
intracranial lipoma, Arnold-Chiari malformations, hydrocephaly, ventriculomegaly
or cerebral hypoplasia. The prevalence of central nervous system anomalies in
craniofacial microsomia varied from 2% to 69%. The prevalence of developmental
disorders, such as intellectual disability, language or speech developmental delay
and neuropsychomotor delay, varied from 8% to 73%. This study suggests central
nervous system anomalies and developmental disorders can be seen in a substan-
tial part of the patients with craniofacial microsomia. Further research should focus
on determining which patients with craniofacial microsomia are at risk of central
nervous system anomalies to allow for adequate screening and timely care.
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Introduction

Craniofacial microsomia (CFM) is a heterogeneous congenital disorder occurring in
every 1:3000 to 1:5000 live births (1, 3, 4, 47). CFM results in a unilateral or bilat-
eral underdevelopment of the structures formed by the first and second branchial
arches. The mandible, maxilla, zygoma, ear, facial soft tissues and musculature,
and the facial nerve may be underdeveloped or absent (1, 43, 44). Although some
familial cases of CFM are described in literature and several genes have been
proposed to cause this disorder, the exact origin of CFM is still unknown (3, 11, 114-
116). The most conventional theory is that CFM is the result of a disturbance in the
development of the first and second branchial arches during the first six weeks,
since this may cause the facial malformations typical for CFM (16, 45, 49). CFM is
a clinical diagnosis and the dysmorphology of CFM ranges from mild to severe.
Isolated microtia might be a minor form of CFM, but it is generally not regarded
as CFM (4,16, 44).

The O.M.E.N.S classification is most often used to grade craniofacial malformations
in CFM patients (25). This classification system is based on the degree of underde-
velopment of the Orbit, Mandible, Ear, Facial Nerve and the Soft tissues. The main
focus in this classification system lies on the craniofacial malformations. Extra-
craniofacial anomalies can be present in CFM as well. These anomalies can occur
in different organ systems including the central nervous system (CNS), skeletal,
renal, heart, lung and gastrointestinal organs (6, 16,17, 25, 46, 48-50). Therefore,
the O.M.E.N.S+ classification was created to document the presence of associated
extracraniofacial anomalies (6). Over the years several terms have been used for
CFM including hemifacial microsomia (HFM), Goldenhar syndrome, oculo-auricu-
lo-vertebral dysplasia or spectrum, lateral facial dysplasia, first and second bran-
chial arch syndrome (19, 43, 53, 54, 74).

The presence of CNS anomalies in CFM is well documented. There are a variety of
anomalies and these may or may not cause symptoms. Epilepsy, motor disabilities,
or developmental disorders may occur (82, 87,117, 118); these may be the result of a
CNS anomaly, but are often non-specific (118). The aim of this review is to document
the prevalence of CNS anomalies and developmental disorders in patients with CFM,
in order for them to be recognized and possibly treated early.
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Methods

Search strategy

This study was quided by the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement (72). A systematic search of the literature
was performed to identify papers focusing on CFM and its synonyms combined with
synonyms for central nervous system and spinal anomalies. The search was con-
ducted in embase.com, Medline in Ovid, Cochrane central, web of science, PubMed
(articles not yet indexed in Medline) and Google Scholar (most relevant articles)
from inception until 21 June 2016. Results were limited to human subjects and
studies written in English. No date limits were applied, but conference abstracts,
letters, notes and editorials were excluded. See the online appendix for the full
search strategies of all databases.

Two researchers (R.W.R. and C.J.J.M.C.) selected the studies independently. Titles
and abstracts were screened for relevance based on the inclusion and exclusion
criteria. Studies concerning CFM in relation to central nerve system anomalies
were further examined. Studies were included when type and/or prevalence of
CNS anomalies or developmental disorders in CFM were mentioned. Only original
studies were included. Case reports were excluded. Patients with isolated microtia
were not considered as CFM patients; therefore studies describing solely patients
with isolated microtia were not included. However, from papers describing both
patients with microtia and CFM, data was extracted concerning the CFM patients.

Data extraction

A table with predetermined characteristics was made prior to full text review of the
papers. All studies were graded on quality of evidence using the Oxford Centre for
Evidence-Based medicine (CEBM) criteria. Data on the number of patients, inclu-
sion criteria of the studies, type of CNS anomalies, prevalence of CNS anomalies
in CFM, and other correlations between CFM and CNS anomalies, were extracted
when available.
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Results

Study selection

The flowchart of the literature search is presented in figure 4.1. After the search,
a total of 6029 papers were identified. After removing duplicate articles, 3646
papers were suitable for screening of title and abstract. After exclusion of 3600
records for being irrelevant, full-text versions of forty-six papers were read. Sub-
sequently sixteen studies were included for qualitative data analysis. Nine studies
described both CNS anomalies and developmental disorders in their study, one
study solely described developmental disorders and six studies described only
CNS anomalies in CFM.
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Figure 4.1: PRISMA diagram of the systematic review methodology used for the review

Records identified through Additional records identified

database searching
(n=6029)

through reference list searching
(n=4)

Records after duplicates removed

(n=3645)

h 4

Records screened
(n = 3645)

Records excluded
(n=3599)

h 4

Full-text articles assessed
for eligibility
(n=46)

30 of 46 full-text articles
excluded, with reasons: did
not meet inclusion criteria

A
Studies included in
qualitative synthesis
(n=16)

Studies describing solely CNS anomalies
in patients with CFM: 6 of 16

Studies describing solely developmental
anomalies in patients with CFM: 1 of 16

Studies describing both CNS and
»  developmental anomalies in patients
with CFM: 9 of 16

Study characteristics

The study characteristics of all included articles are shown in table 4.1. Eight ret-
rospective studies (6,11, 26,75, 78, 81, 82, 84), six prospective studies (48, 50, 53,
87, 89, 90), and two case series were included (85, 119). The prospective studies
had a retrospective component in which the patients charts were reviewed and the
presence of extracraniofacial anomalies described (48, 50, 53, 87, 90). Patients
with isolated microtia were included in three studies (26, 53, 81). These patients
were extracted from these studies and not included in this literature review for
further analysis. Patients with incomplete data were excluded from the analysis.
The studied patient population varied from 6 to 259 patients in the included studies
(78, 90) (table 4.2, table 4.3).
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Documented anatomical central nervous system anomalies

A wide variety of CNS anomalies were documented (table 4.2). Neural tube defects,
corpus callosum agenesis or hypoplasia, intracranial lipoma's, Arnold-Chiari mal-
formations, hydrocephaly, ventriculomegaly, cerebral hypoplasia, or microcephaly
were most often reported (11, 26, 48, 50, 53, 78, 82, 84, 85, 87, 90, 119). Other
CNS anomalies such as microcephaly, cerebral cysts, asymmetric lateral ventricles,
cortical dysplasia, septum pellucidum agenesis or epilepsy are also described in
multiple studies, however less frequently (6, 11, 26, 50, 53, 78, 82, 84, 85, 87, 119).
Microcephaly/partial anencephaly and Dandy Walker/encephalocele were described
in six patients (6) (table 4.2).
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The prevalence of CNS anomalies in CFM varies from 2% to 69% (81, 119) (figure
4.2). When analysing this prevalence, different types of studies can be identified.
Most studies used reviewing patient charts to obtain information about CNS anom-
alies (6,11, 26, 48, 50, 53, 75, 78, 81, 84, 87, 90). Some of these studies noted how
many patients underwent CNS imaging. In the study of Rosa et al., all patients un-
derwent a CT or MRI scan (82). Aleksic et al. and Engiz et al. described all patients
separately since these are case control studies (85, 119). Six of the 24 patients in
the study of Cohen et al. underwent CNS imaging as there was suspicion of brain
dysgenesis, resulting in the diagnosis of CNS anomalies in four patients (90). In the
study of Stromland et al. 10 of the 18 patients underwent CNS imaging, of which
6 patients had CNS anomalies (50). Johansson et al. reviewed 20 patients. Brain
imaging was available for 11 patients, which showed CNS anomalies in 6 patients
(87). Of the 31 patients studied by Engiz et al., 19 patients underwent CNS imaging,
of which 8 patients had CNS anomalies (85).

Figure 4.2: Reported prevalence of CNS anomalies in CFM per study

0% 10% 20% 30% 40% S0% 60% 70% 80% 90% 100%

Rosa et al.
Aleksic et al.
Engiz et al.
Touliatou et al.

47% (17 patients)
! 69% (13 patients)

1 26% (31 patients)
35% (17 patients)

Stromland et al 29% (18 patients)

Johansson et al. 35% (20 patients)
Shokeir et al. 4% (24 patients)
Cohen et al. 17% (24 patients)
Pegler et al. 17% {41 patients)
Tasse et al. 20% (41 patients)

Beleza-Meireles et al. 10% (51 patients)

Rooryck et al. 2% (90 patients)

Horgan et al. 18% (121 patients)
Rollnick et al. 14% (202 patients)
Barisic et al. 10% (259 patients)

B All patients had CNS imaging ® Information based on chart reviewed patients = Case Series

Developmental disorders
Besides anatomical CNS anomalies, developmental disorders are described in CFM
(table 4.3). These developmental disorders, such as intellectual disability and neu-
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ropsychomotor delay, may be present in patients without evidence for CNS anom-
alies (50, 82). Intellectual disability is defined as an 1Q lower than 70 points, and is
documented in a substantial number of patients in six studies (48, 75, 85, 87, 89,
90). The prevalence of intellectual disability in CFM varies between 18% and 58%.
Developmental disorders such as a language or speech delay and neuropsycho-
motor delay are reported in three studies, and present in respectively 8% - 68%
and 17% - 73% in their tested population (53, 82, 90).

Tasse et al. studied 41 patients with CFM and found that both, CNS anomalies and
delay in motor development was found more frequently in CFM patients with a more
severe form of CFM (53). Classification of CFM in this study was graded from mild
to severe based on the presence of main clinical findings, consisting of microtia,
microtia/preauricular tags plus CFM and microtia/preauriculair tags plus CFM and
vertebral anomalies. Besides these findings, an association of brain anomalies with
ocular anomalies (Pearson correlation coefficient=0.475, p=0.000), epibulbar der-
moids (Pearson correlation coefficient=0.670, p=0.000), orofacial clefts (Pearson
correlation coefficient=0.326, p=0.017), and motor developmental delay (Pearson
correlation coefficient=0.374, p=0.005) was found (53). The association of brain
and ocular anomalies may be explained by the fact that these structures belong to
the same developmental field (22). The association of CNS anomalies and ocular
anomalies was also found in the 17 patients studied by Rosa et al., as 63% of the
patients had ophthalmologic abnormalities and CNS anomalies and 11% of the
patients had ophthalmologic abnormalities without CNS anomalies (p=0.0498).
No association between cerebral anomalies and the side of facial malformation,
the presence of orofacial clefts, vertebral anomalies and neurological alterations,
such as neuropsychomotor delay and behavioural disorders was found (82). There-
by, patients with a higher O.M.E.N.S. score had a higher risk for extracraniofacial
anomalies in general, reported by Horgan et al. by using the sum of the individual
O.M.E.N.S. categories (6).
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Table 4.3: Documented developmental disorders in CFM
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n/a: not applicable; #: number unknown; *: patients with “microcephaly/partial anencephaly” and patients
with “Dandy Walker/encephalocele”; ../..: studied number of patients is different from the number of included
patients

Discussion

The aim of this review was to to study the prevalence and types of CNS anomalies
and developmental disorders in CFM. A systematic search of literature was per-
formed according to the PRISMA protocol. In total, sixteen articles were included.
The documented CNS anomalies in CFM are diverse. Most often reported CNS
anomalies in CFM are neural tube defects, e.qg. encephaloceles, corpus callosum
agenesis or hypoplasia, cerebral hypoplasia, microcephaly, intracranial lipomas,
Arnold-Chiari malformation, ventriculomegaly and hydrocephaly (6, 11, 48, 50,
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53,75, 78, 82, 84, 85, 87, 90, 119). The wide variation of CNS anomalies in CFM
suggests a complex origin of this disorder, which is yet to be discovered. The origin
of these defects may lie in the first six weeks of embryologic development since
the skull, vertebrae and organs are formed in this period (45, 49, 55). This makes
a common pathogenic mechanism for both the craniofacial and extracraniofacial
malformations likely. Several embryonic pathways play an important role in the
development of the central nervous system and the facial structures. The etiology
of CNS anomalies in CFM may be a defect in the mesodermal or neural crest cell
migration (92, 93). Mesenchymal cells form the notochord and induce formation
of the neuroectoderm that forms both the central nervous and peripheral nervous
system (120). An error in the migration of neural crest cells have found to form
craniofacial, skeletal and cardiovasculair malformations and can also lead to CNS
anomalies (96, 97,120-122).

The reported prevalence of CNS anomalies in CFM varies from 2% to 69% (81,
119). This wide variety may be the result of several factors, such as differences in
sample size, patient selection and study characteristics. When studies only included
patients who had CT or MRI scans, the reported prevalence was 42% - 69% (50,
82, 85, 87,90, 119). While the prevalence of CNS anomalies in CFM in studies only
reviewing patient charts was 2% - 29% (6, 11, 26, 48, 53, 75, 78, 81, 84). Selec-
tion bias is created when only patients with CT or MRI scans are included, since
patients that are not suspected of having CNS anomalies are usually not exam-
ined. Some CNS anomalies, such as corpus callosum abnormalities or intracranial
lipomas, may not present with clinical symptoms (82). These factors presumably
lead to an underestimation of the prevalence of CNS anomalies in CFM patients.
The prevalence of CNS anomalies in patients without CFM is 0.05% - 0.16% (123,
124). Since the prevalence of CNS anomalies in CFM is substantially higher than in
the ‘normal’ population and the clinical presentation of these anomalies may be
variable, clinicians should be aware of the risk of CNS anomalies in patients with
CFM. To diagnose these anomalies timely, neurological examination should be part
of the standard examination of CFM patients.

Beside the anatomical CNS anomalies, developmental disorders are seen in CFM
patients. Intellectual disability is described in six studies, with a prevalence of 18%

-58% (48, 75, 85, 87, 89, 90). Language or speech developmental delay or neu-
ropsychomotor delay is described in three studies, with a respective prevalence of
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8% - 68% and 17 - 73% (53, 82, 90). The etiology these disorders in CFM patients
is unknown, however these numbers suggest a complex and common origin be-
tween facial anomalies found in CFM and developmental disorders. The prevalence
of intellectual disabilities in the general population is 0.33% - 1.43% (125-127).
Although the prevalence of developmental disorders in CFM is highly variable and
based on small patient numbers, this data suggest a correlation between CFM and
developmental disorders. Developmental screening and awareness of clinicians is
important to diagnose these developmental disorders timely and provide patients
with good, multidisciplinary care.

Further research is needed to identify specific CFM patients who are at high risk
for CNS anomalies and/or developmental disorders in order to give them timely
and optimal care. Retrospective studies with a larger sample size could be helpful
in determining which CFM patients are at risk of CNS anomalies or developmental
disorders. This identification of specific patients groups at risk for CNS anomalies
or developmental disorders will allow for better screening and treatment. Since not
all anomalies give clinical symptoms, only a prospective study could determine the
exact prevalence of CNS anomalies in CFM. An international research consortium
has been founded between Erasmus MC Rotterdam, Great Ormond Street Hospital
London, SickKids Toronto, and Boston Children's Hospital to obtain more knowledge
about CFM by studying a large number of CFM patients.

Since the variety of CNS anomalies and developmental disorders in CFM patients is
wide, careful and thorough examination of patients with CFM is important. Although
the exact relationship between CNS anomalies and CFM remains unknown, it may
be concluded CNS anomalies can be expected in a substantial part of the CFM
patients. Neurological examination, developmental screening, and subsequently
additional investigation such as MRI, should be part in the workup of CFM patients
to diagnose CNS anomalies or developmental disorders timely and to provide pa-
tients optimal care.
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Extracraniofacial anomalies in
craniofacial microsomia

a retrospective analysis

of 991 patients

Based on:

Ruben W. Renkema, Cornelia J.J.M. Caron, Erwin Pauws, Eppo B. Wolvius, Jan-
Aart M. Schipper, Wietse Rooijers, David J. Dunaway, Christopher R. Forrest,
Bonnie L. Padwa, Maarten J. Koudstaal. Extracraniofacial anomalies in craniofacial
microsomia: retrospective analysis of 991 patients, International Journal of Oral
and Maxillofacial Surgery. 2019 Sep;48(9):1169-1176. doi: 10.1016/]j.ijom.2019.01.031.
Epub 2019 Mar 13. PMID: 30878275.

170424_Renkema_BNW-def.indd 81 13-06-2024 21:45



Abstract

Craniofacial microsomia (CFM) is characterized by a unilateral or bilateral under-
development of the facial structures arising from the first and second pharyngeal
arches, but extracraniofacial anomalies may be present. This retrospective study
provides an overview of the prevalence, types and characteristics of extracranio-
facial anomalies in patients with CFM. All patients diagnosed with CFM seen in
four craniofacial centers were included. Patients charts were reviewed and data
on patient characteristics and extracraniofacial anomalies were extracted. Of the
991 patients included, 47% had extracraniofacial anomalies. The prevalence of
extracraniofacial anomalies in all various tracts was: vertebral 28%, central ner-
vous system 11%, circulatory system 21%, respiratory tract 3%, gastro-intestinal
tract 9%, and urogenital tract 11%. Patients with an extracraniofacial anomaly
had a higher risk for having additional extracraniofacial anomalies in other tracts
compared to patients without extracraniofacial anomalies. The prevalence of ex-
tracraniofacial anomalies was greater in patients with bilateral CFM, a more severe
mandibular deformity or facial nerve or soft tissue deformity. Patients with CFM
should be screened for extracraniofacial anomalies by physical examination with
specific attention aimed at the circulatory, renal, and neurological tracts. Diag-
nostically, electrocardiography, echocardiogram, spine radiography and renal ul-
trasound should be obtained in patients at risk for extracraniofacial anomalies.
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Introduction

The first and second pharyngeal arches give rise to various facial structures such
as the mandible, maxilla, zygoma, ears, facial nerves and/or facial soft tissues (1).
In patients with craniofacial microsomia (CFM) the structures arising from these
arches may be underdeveloped or absent. The exact origin of this congenital dis-
order is yet unknown, although various theories have been proposed. A disruption
in the development of the first and second pharyngeal arches during the first six
weeks of development is potentially the cause of CFM (44, 45, 128). An error in
migration of neural crest cells has found to form craniofacial anomalies as found
in patients with CFM (6, 97). The clinical spectrum varies from a mild to severe
phenotype and can be unilateral or bilateral (17, 44, 47). Although the ears may
be underdeveloped or absent, isolated microtia is generally not regarded to be
CFM (45).

Various classification systems have been proposed to categorize patients with CFM
(6, 25, 53, 99-102). The Pruzansky-Kaban classification is based on radiograph-
ic evaluation of the underdevelopment of the mandible and temporomandibular
joint, and is graded from mild to severe in type I, -lIA, -lIB, or -l (23, 34, 99). An
alternative model, the O.M.E.N.S-plus classification, focuses on the level of under-
development of the Orbit (0), Mandible (M), Ears (E), Facial Nerve (N), Soft Tissue
(S), and the presence of extracraniofacial anomalies (6, 25).

These extracraniofacial anomalies may be present in up to 55% of the patients
with CFM and may occur in the vertebral column and ribs, the central nervous
system (CNS), the circulatory-, respiratory-, gastro-intestinal-, and/or urogenital
tract (6, 18, 26, 78). According to previous literature, the prevalence of extracra-
niofacial anomalies in CFM varies from 2% to 79% (6, 26, 78). Patients with a
higher O.M.E.N.S. score are thought to have increased incidence of extracranio-
facial anomalies (6). Additionally, patients with an extracraniofacial anomaly have
a higher incidence of additional extracraniofacial anomalies in other tracts (11,
18). To recognize and potentially treat these anomalies in an early state, clinicians
should be aware of the potential extracraniofacial anomalies in CFM. However, no
literature is available on which patients with CFM are at an increased risk of having
extracraniofacial anomalies and should be screened for these anomalies.
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The aim of this study is to provide an overview of the extracraniofacial anomalies
found in CFM and to determine which patients with CFM have an increased likeli-
hood of having extracraniofacial anomalies.

Methods

Subjects and data collection

A global multicenter retrospective study was initiated at the craniofacial centers
of Erasmus University Medical Center (EMC), Rotterdam, The Netherlands; Great
Ormond Street Hospital (GOSH), London, United Kingdom; Boston Children’'s Hospi-
tal (BCH), Boston, United States of America, and The Hospital for Sick Children, To-
ronto, Canada. This study was approved by the Institutional Review Boards (Rotter-
dam: MEC-2012-248; London: 14DS25; Boston: X05-08-058; Toronto: 1000053298).

All patients diagnosed with CFM seen in these craniofacial centers were included
for further analyses. Since CFM is a clinical diagnosis, patients with clinical and/or
radiographic images, i.e. panoramic x-rays and/or CT head, were included in this
study. Patients in which the diagnosis of CFM could not be confirmed with the use
of clinical and/or radiographic imaging and patients with isolated microtia were
excluded. Patient charts of all included patients were reviewed and data on age,
sex, affected side, Pruzansky-Kaban classification, O.M.E.N.S. classification and
the presence of extracraniofacial anomalies was extracted. Patients with extra-
craniofacial anomalies were further analyzed. For each extracraniofacial anomaly
present, data on type, location and date of diagnosis of the anomaly were noted.

The O.M.E.N.S. classification system was used to grade the facial malformations
in CFM patients (20, 25). The severity of the mandibular hypoplasia was deter-
mined by using the Pruzansky classification modified by Kaban et al. (23, 34, 99).
In patients with bilateral CFM both facial- and mandibular sides were scored, but
only the scores of the most affected side of the face were used for analysis. In this
study, the M-score of the O.M.E.N.S. score was based on the Pruzansky-Kaban
classification scored on radiography as proposed by Vento et al.(25) and not on
clinical photography as suggested in the PAT-CFM developed by Birgfeld et al (20).
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Statistical analysis

Statistical analyses were performed using SPSS version 20.0 for Windows (2011,
SPSS Inc., Chicago, IL, USA). Descriptive statistics were used. Equality of groups
was tested with the Pearson’s Chi-square Test for Independence. Fisher's Exact
Test was used when the assumptions for Pearson-Chi square test were violated
(i.e. expected count less than 10). A univariate binary logistic regression model
was used to evaluate the association between the extracraniofacial anomalies, and
between the O.M.E.N.S. and Pruzansky score. A P-value of <.05 was considered to
be statistically significant.

Results

Characteristics of patient population

A total of 1132 patients with CFM were diagnosed between all four craniofacial cen-
ters. Following exclusion of 141 patients due to diagnostic inconclusiveness or iso-
lated microtia, 991 patients were included for further analyses. Fifty-three percent
(n=527) was male and 47% (n=464) was female. Most patients had unilateral CFM
(n=827), 177 had bilateral CFM and in 47 the affected side was unknown. Patient
characteristics are shown in table 5.1.

Table 5.1: Demographics for patients with and without extracraniofacial anomalies

Extracraniofacial anomalies

Yes No Total

Total 462 (47%) 529 (53%) 991 (100%)
Sex Male 252 (48%) 275 (52%) 527 (53%)
Female 210 (45%) 254 (55%) 464 (47%)

Laterality Unilateral 367 (44%) 460 (56%) 827 (83%)
Bilateral 79 (68%) 38 (32%) n7 (12%)

Unknown 16 (34 %) 31 (66%) 47 (5%)

Affected Right 199 (43%) 264 (57%) 463 (56%)
S Left 168 (46%) 196 GA%) 364 (44%)

(UCFM)

Orbit* 0 183 (45%) 227 (55%) 410 (53%)
1 69 (53%) 60 (47%) 129 17%)

2 53 (51%) 50 (49%) 103 (13%)

3 4 (44%) 53 (56%) 94 (12%)

4 24 (63%) 14 (37%) 38 (5%)
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Table 5.1: Continued.

Extracraniofacial anomalies

Yes No Total

Mandible*** 0 0 (0%) 1 (100%) 1 (1%)
1 63 (39%) 98 61%) 161 (24%)
2A 72 @2%) 100 (58%) 172 (26%)
2B 89 (51%) 86 49%) 175 (26%)
3 97 63%) 57 (37%) 154 23%)

Ear* 0 45 (39%) 69 61%) 14 (15%)
1 51 (46%) 60 (54%) 1 (15%)

2 56 (59%) 39 41%) 95 (13%)
3 193 A7%) 214 (53%) 407 (54%)

4 14 (64%) 8 (36%) 22 (%)
Nerve* 0 100 44%) 126 (56%) 226 (57%)
1 21 (46%) 25 (54%) 46 12%)

2 39 (59%) 27 @1%) 66 (7%)

3 24 (69%) 1l (31%) 35 (9%)

4 1l (55%) 9 45%) 20 (5%)

Soft 0 55 (46%) 65 (54%) 120 (16%)
Tissue* 1 132 @1%) 193 (59%) 325 43%)
2 127 (52%) 116 48%) 243 (32%)

47 (67%) 23 (33%) 70 (9%)

UCFM=unilateral craniofacial microsomia; *In unilateral cases of craniofacial microsomia; *Orbit, Ear, Nerve,
Soft Tissue score on the O.M.E.N.S. scale ; ***Mandible score based on Pruzansky-Kaban classification ;
"See Table 4. for statistical analysis

Characteristics of patients with extracraniofacial anomalies

Of the 991 patients included in this study, 47% (n=462) of patients were diagnosed
with at least one extracraniofacial anomaly. The number of extracraniofacial anom-
alies per patient varied and could by present in the same or other tracts simulta-
neously, as shown in figure 5.1. Fifty-five percent of the patients with an extracra-
niofacial anomaly was male (n=252) and forty-five percent was female (n=210).
Seventy-nine percent (n=367) of the patients with an extracraniofacial anomaly
had unilateral CFM, 17% (n=79) had bilateral CFM and of 4% (n=16) of the patients
with an extracraniofacial anomaly the affected side was unknown. The prevalence
of extracraniofacial anomalies was found to be significantly higher in patients with
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bilateral CFM than in patients with unilateral CFM (Pearson’s x2 (df 1)=22.03, odds
ratio=2.61, 95% Cl 1,7-3,9, p-value=<0.0001).

Figure 5.1: Percentage of patients with extracraniofacial anomalies in multiple

tracts
In four tracts _In five tracts
In three tracts 2% 1%
7%
In two tra
13%
Not present
53%
In one tract
24%

Types of extracraniofacial anomalies

The various types of extracraniofacial anomalies diagnosed in our study population
are shown in table 5.2. Vertebral anomalies were most frequently seen, in 28% of
the patients with CFM (n=275). Most seen anomalies were scoliosis, block vertebrae,
hemivertebrae, and anomalies of the ribs. Anomalies of the central nervous system
were reported in 11% of the patients with CFM (n=105). Hydrocephaly, ventricu-
lomegaly, intracranial cysts, and Arnold Chiari malformation were mostly seen. Of
the 28 patients with anomalies of the spinal cord, such as spina bifida or tethered
cord, 27 patients had vertebral anomalies too (odds ratio=77.84, p-value=<0.001).
Anomalies of the circulatory system were present in 21% of the patients with CFM
(n=205). Mostly seen were ventricular or atrial septal defects, patent ductus arte-
riosus, and anomalies of the valves. Three percent of all patients with CFM (n=29)
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had an anomaly of the respiratory tract (n=14), such as laryngo- or tracheomalacia,
or lung hypoplasia. Of these 29 patients with a respiratory anomaly, 14 patients
had a cardiac anomaly too. Anomalies of the gastro-intestinal tract were present
in 9% of the patients (n=89). Although the variety of anomalies is large, inguinal
hernia, imperforate anus, esophageal atresia, and umbilical hernia were mostly
seen. Urogenital anomalies occurred in 11% of the patients (n=108). Mainly, renal
aplasia, undescended testis, and hydronephrosis were observed.
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Correlations extracraniofacial anomalies

Table 5.3 shows the statistical analysis of which patients with an extracraniofacial
anomaly had a higher incidence of additional extracraniofacial anomalies in other
tracts. Patients with an extracraniofacial anomaly in any tract were found to have
a significant higher risk for additional extracraniofacial anomalies in other tracts,
except for anomalies of the respiratory tract. The correlation strength for the
presence of extracraniofacial anomalies in different tracts varied from a Pearson'’s
X2 (df 1) of 88.72 and an odds ratio of 6.64 (p=<0.001) for vertebral anomalies and
anomalies of the central nervous system, to a Pearson'’s x?(df 1) of 15.53 and an
odds ratio of 2.33 (p=<0.001) for circulatory anomalies and anomalies of the uro-
genital tract. Anomalies of the respiratory tract were observed in fewer patients
than anomalies of other tracts and were positively correlated with the presence
of anomalies of the circulatory system (odds ratio=3.77, P-value=0.001) and gas-
tro-intestinal tract (odds ratio=4.96, P-value=0.0017).
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The O.M.E.N.S. score was used to examine a possible correlation between the facial
malformations in CFM and the presence of extracraniofacial anomalies. Of various
patients, data of components of the O.M.E.N.S. score was missing: in 217 patients
the Orbit score was unknown, in 328 patients the Mandible score was unknown,
the Ear score was unknown in 242 patients, in 598 patients the Nerve score were
not available, and the Soft Tissue score was unknown in 233 patients.

The statistical analysis of the correlation of the O.M.E.N.S. score with extracranio-
facial anomalies is displayed in table 5.4. A higher incidence of extracraniofacial
anomalies was observed in patients with a higher Mandible score, Nerve scores,
or Soft Tissue score of the O.M.E.N.S. score. This significant correlation was not
observed in patients with a higher Orbit or Ear score. A positive correlation between
the Orbit score and extracraniofacial anomalies was solely present for vertebral
anomalies and not for extracraniofacial anomalies in other tracts. The Ear score
was positively correlated with circulatory anomalies and not with extracraniofacial
anomalies in other tracts. The mandible score had the highest correlation strength
for the presence of extracraniofacial anomalies compared to other components of
the O.M.E.N.S. score (Pearson’s r=0.331, Odds ratio=1.39, P-value=<0.001).
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The aim of this study was to present an overview of the extracraniofacial anoma-
lies in CFM and to determine which patients with CFM have an increased likelihood
for having these anomalies. A total of 991 patients were included, with a male to
female ratio of 1.14:1, which is in line with previous literature (129). Eighteen percent
of the patients were diagnosed with bilateral CFM, which is higher than the 13,6%
reported by meta-analysis by Xu et al (129).

Forty-seven percent of all patients studied (n=462) were diagnosed with extracra-
niofacial anomalies. The extracraniofacial anomalies were observed in all various
tracts, such as the vertebral column (in 28%), central nervous system (in 11%),
circulatory (in 21%), gastro-intestinal (in 9%), and urogenital (in 11%) tract, but
were considerably scarce in the respiratory tract (in 3%). This may be due to a dif-
ference in the embryological development of these organs. The etiology of CFM is
unknown, yet various theories have been proposed (44, 45, 128). Hereditary cases
of CFM are known and when examining family members of patients with CFM with
more detail for dysmorphologies, 45% of the family members tend to have some
manifestation that could be part of CFM (3). Various genes have been proposed
to cause CFM, but no single origin has been identified (11, 45). However, a recent
genome-wide association study has identified a number of genetic loci associated
with CFM that express neural crest genes (13). An alteration in the development of
the first and second pharyngeal arches during the first six weeks of development
appears to be the cause of CFM (44, 45). During these weeks the facial structures
are formed by the first and second pharyngeal arches after neural crest cells
migrated into these arches forming ectomesenchyme (7, 8, 130). A defect in the
generation or migration of neural crest cells has been suggested to be the origin
of the developmental deformities found in CFM (7, 8,130). Abnormal migration of
neural crest cells has been found to form the basis of craniofacial, vertebral, central
nervous system, cardiovascular, and urogenital anomalies (6, 96, 97). The lungs are
formed out of the primitive forequt and are further developed by epithelia, which
is of endodermal descent, and mesenchymal cells (131). During development of the
lung, neural crest cells play a role in the development of the intrinsic neurons which
innervate the airway smooth muscles (132). Disturbing this process may originate
in inadequate formation of the lungs. Although neural crest cells play a role in the
development of the respiratory tract, less evidence is available on a link between
neural crest cells and anomalies in this tract. This may be the reason why less
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anomalies of the respiratory tract were found in our studied cohort compared to
anomalies in other tracts.

The prevalence of extracraniofacial anomalies in CFM in our studied cohort is 47%,
which is considerably higher than the incidence of 0,001%-2% in live births in the
healthy population (112,133, 134). The prevalence found in our studied population
is similar to the 44% found by Rollnick et al. (26), but lower than the 55% reported
by Horgan et al. (6) and the 69% by Barisic et al (78). This may be due to differ-
ences in patient selection, study characteristics and sample size. In the study by
Rollnick et al. (n=294) 31% of the included patients had isolated microtia, which
may have led to a lower prevalence of extracraniofacial anomalies in their studied
population since these patients do not fit the criteria of CFM used in this study (26).
The study by Horgan et al. (n=121) included patients with “hemifacial microsomia”
without further specification of the clinical criteria used (6). Barisic et al. (n=269)
included patients with microtia/ear anomalies and at least one major anomaly of
the oculo-auriculo-vertebral spectrum (78). The prevalence of extracraniofacial
anomalies found in our study may be higher since our study is retrospective and
data are based on chart review. Thereby, not all extracraniofacial anomalies lead
to clinical symptoms and may therefore remain undiagnosed. Although the actual
prevalence remains uncertain, this large retrospective study shows extracraniofa-
cial anomalies are common in CFM. Only a well-designed prospective study could
comprehensively characterize extracraniofacial anomalies in CFM.

Horgan et al. found, by using the sum of the O.M.E.N.S. score, that patients with
a higher O.M.E.N.S. score had a higher risk for extracraniofacial anomalies (6). In
our studied cohort, patients with bilateral CFM, a higher Pruzanksy-Kaban score,
and/or a higher Nerve, and/or Soft Tissue score on the 0.M.E.N.S. scale had a sig-
nificant higher incidence of extracraniofacial anomalies. Caron et al. and Tuin et
al. found that deformities of the Orbit, Mandible, and Soft Tissue, which originate
from the first pharyngeal arch, are significantly correlated with each other (18, 135).
A correlation between the structures derived from the second pharyngeal arch as
scored in the Nerve and Ear score, and the Nerve and Soft Tissue score was also
found (135). This study did not find a correlation between the presence of extra-
craniofacial anomalies and the O.M.E.N.S. score clusters as described by Caron
et al. and Tuin et al. This could be due to a different, systemic pathophysiological
mechanism compared to patients with isolated facial anomalies.
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Patients with an extracraniofacial anomaly had a significant higher risk for addi-
tional extracraniofacial anomalies in other tracts compared to patients without
extracraniofacial anomalies. This correlation was present in all various tracts these
anomalies can occur in, except for the respiratory tract and vertebrae, and the re-
spiratory tract and central nervous system. Tasse et al. found a significant correla-
tion between genito-urinary anomalies and vertebral anomalies, but anomalies of
the brain were not correlated with the presence other extracraniofacial anomalies
in their studied cohort (53). The significant correlation between anomalies of the
circulatory system and respiratory tract was also observed by Kumar et al. (136)
but not by Barisic et al (78). Both studies did not observe a significant correlation
between anomalies of the circulatory system and urogenital tract, as found in our
study (78, 136).

Since our study is retrospective, it is uncertain whether patients with an extra-
craniofacial anomaly were assessed in more detail for the presence of additional
anomalies. Therefore, a detection bias may be present. Nevertheless, based on the
large size of this multicenter cohort we have been able to clearly demonstrate that
extracraniofacial anomalies are common in patients with CFM. Patients with CFM
should be screened for potential harmful anomalies. Therefore, thorough physical
examination should be performed in all patients with CFM. Anomalies of the circu-
latory system should be ruled out by cardiac evaluation using electrocardiography
and/or echocardiogram in patients with a higher risk for extracraniofacial anoma-
lies (134,137). A renal ultrasound to diagnose urogenital anomalies in an early stage
should be obtained in these patients as well (107). Neurological evaluation should
be performed and if abnormal, an MRI of the brain and spine should be performed
to rule out any anomalies (67,104). If vertebral anomalies are suspected, standard
upright posterior-anterior and lateral radiographs should be obtained (67, 103).
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Conclusion

The prevalence of extracraniofacial anomalies in CFM in our studied cohort of 991
patients was 47%. Patients with bilateral CFM, and/or a high Pruzansky-Kaban
score, or a high Nerve and/or Soft Tissue on the O.M.E.N.S. scale have a higher risk
for extracraniofacial anomalies. Having extracraniofacial anomalies increases the
risk for having additional extracraniofacial anomalies. All patients with CFM should
be screened for extracraniofacial anomalies by a thorough physical examination
with specific attention aimed at the circulatory, renal, and neurological tracts.
Additionally, electrocardiography, echocardiogram, spine radiography and a renal
ultrasound should be obtained in patients at risk for extracraniofacial anomalies.

Regarding the pathogenesis of CFM, the abundance of extracraniofacial anomalies
in CFM patients and the strong correlation between them and with craniofacial
(pharyngeal arch) defects suggests that the basis for this disorder lies with the
neural crest cells. The fact that the pharyngeal arches are involved could be due
to the fact the correct formation of these structures relies heavily on correct mi-
gration of neural crest cells during early embryonic development.
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Abstract

Craniofacial microsomia (CFM) is characterized by several malformations related to
the first and second pharyngeal arch. Patients typically present with facial asym-
metry, but extracraniofacial organ systems might be involved, including limb anom-
alies. The purpose of this study is to analyze the occurrence of upper and lower
limb anomalies in CFM patients. Furthermore, the relation between limb-anomalies
and the O.M.E.N.S.+ classification was examined. A retrospective study was con-
ducted including patients with craniofacial microsomia from craniofacial units in
three different countries. Patients were included when clinical and/or radiographic
images were available. Demographic, radiographic and clinical information was
obtained. A cohort of 688 patients was available and selected for analysis. In total,
18.2% of the patients were diagnosed with at least one upper and/or lower limb
anomaly. Upper and lower limb anomalies were seen in respectively 13.4% and
7.8% patients. Patients with other extracraniofacial anomalies had a significantly
higher risk for limb anomalies (odd ratio 27.98, p=0.005). Laterality of CFM and a
higher O.M.E.N.S. score were not associated with limb anomalies. As more than 1in
6 patients with CFM have limb anomalies, clinical awareness for these anomalies is
warranted. Examination and, if present, follow up on limb abnormalities in patients
with CFM should be implemented in the standard assessment of CFM patients.
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Introduction

Craniofacial microsomia (CFM) is, following cleft lip and palate, the second most
frequent congenital disorder of the head and neck. It is estimated to occur in
1:3000 to 1:5000 new-borns (1, 47, 138). CFM is the general term for hypoplasia
of facial structures related to the first and second pharyngeal arch (43, 44, 138).
Main characteristics of CFM, resulting in facial asymmetry, include maxillary and/
or mandibular hypoplasia, soft tissue deficiencies, orbital anomalies, pre-auricular
and/or facial tags, and ear anomalies (1, 43, 44,138, 139). Wide phenotypic variabil-
ity resulted in several terms proposed for CFM including hemifacial microsomia,
Goldenhar syndrome, oculo-auriculo-vertebral spectrum, first and second branchial
arch syndrome, otomandibular dysostosis, facio-auriculo-vertebral syndrome and
lateral facial dysplasia (6, 138, 139)

Several classification systems have been developed for CFM. The most well-known
and used classifications are the Pruzansky-Kaban classification and the O.M.E.N.S.-
plus classification (21, 25, 34). The Pruzansky-Kaban classification is used to score
the severity of mandibular hypoplasia. The O.M.E.N.S.-plus classification documents
anomalies of the orbit, mandible, ear, nerve function and soft tissue deficiencies.
The "plus' is used for the expanded spectrum with respect to extracraniofacial
anomalies (6).

Extracraniofacial anomalies might be present in the vertebrae, central nervous
system (CNS), circulatory tract, gastrointestinal tract and/or urogenital tract (6,18,
139, 140). Analyses of the presence of these anomalies in patients with CFM indicat-
ed that they are correlated with more severely affected facial phenotypes (6, 140).

Early studies have documented limb anomalies in patients with CFM (6, 11, 52, 141-
146). In the general population, upper limb anomalies are estimated to be present
in11.4-19.7 (0.001-0.002%) per 10.000 new-borns (147-149). Some anomalies such
as hip dysplasia/dislocation occur more frequently in females, whereas others such
as club foot and polydactyly occur more frequently in males (150). Limb anomalies
might be more prevalent in patients with CFM. Horgan et al. described in a popula-
tion of 121 patients with CFM that 41% were diagnosed with skeletal anomalies. This
included both limb and non-limb skeletal anomalies (6). Other studies by Werler et
al. and Beleza-Meireles et al. included respectively 239 and 51 patients with CFM
and described anomalies of the limbs in 7 to 12% of the patients (11, 146).
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A variety of limb anomalies were described including radial dysplasia, thumb hy-
poplasia, scaphoid aplasia (52,142,143, 145), clubfoot, congenital hip dislocation,
Sprengel deformity (6, 52), pre-axial polydactyly (6, 143) and finger-anomalies (6).
Even though the previous literature described the presence of limb anomalies in
patients with CFM, research with detailed data on limb anomalies in a larger cohort
has not been done.

The purpose of this study is to analyze the occurrence of upper and lower limb
anomalies in patients with CFM, by studying the type and prevalence of these anom-
alies. Secondly, we aim to determine whether there is an association between the
phenotypic severity of CFM and the presence of limb anomalies. We hypothesise
that, in accordance with other extracraniofacial anomalies, limb anomalies are more
frequently present in patients with CFM compared to the general population and
more frequently seen in patients with severe facial hypoplasia and/or the ‘expanded
spectrum’ of CFM (140).

Materials and methods

Subjects

This retrospective study was conducted in the population of patients diagnosed
with CFM at the craniofacial centres of the Erasmus University Hospital, Rotterdam,
The Netherlands, the Great Ormond Street Hospital, London, United Kingdom and
the Hospital for Sick Kids in Toronto, Canada.

Following IRB approval (Rotterdam: MEC-2012-248; London: 14 DS25; Toronto:
1000053298), the medical files of all patients diagnosed with CFM were reviewed.
Although microtia might be seen as a mild phenotype of CFM, patients with microtia
as an isolated anomaly were excluded from further analyses in this study.

CFM is a clinical diagnosis based on physical examination and examination of ra-
diographic images. Therefore, only patients with panoramic X-rays, computed to-
mography scans of the head and/or available clinical photographs supporting the
diagnosis CFM were included. All medical charts of patients meeting our inclusion
criteria were searched for date of birth, sex, affected side, presence of extremity
anomalies, treatment of extremity anomalies, and available clinical photographs.
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The severity of CFM was scored in patients using the Pruzansky-Kaban classifi-
cation and the O.M.E.N.S.-plus classification (6, 151). For bilateral cases, the most
severely affected side was used for descriptive and statistical analyses. Patients
unable to be classified with the Pruzansky-Kaban classification were graded as
unknown. This group was excluded from further statistical analysis and only used
for descriptive statistics. Extracraniofacial anomalies included vertebral, cardiac,
central nervous system, renal, gastro-intestinal and respiratory anomalies. Limb
anomalies were categorized as a separate entity.

Limb anomalies were considered as congenital aberrations of arms and/or legs
from the proximal shoulder -or hip joint to the distal end of the limbs, i.e. from
shoulder to fingertip and from hip to toes. The Blauth classification (Blauth I, I, llIA,
B, IV, V) was used for scoring severity of thumb hypoplasia. Blauth 1is present
when only minor hypoplasia is seen, Blauth 2 shows MCP instability and thenar hy-
poplasia, Blauth Il is characterised by musculotendinous and osseous deficiencies,
Blauth 1V is the floating thumb and Blauth V is total absence of the thumb (152).

Since patients could be affected with multiple different observational extremity
anomalies, each individual classifiable limb anomaly was recorded and counted as
one separate anomaly. As an example, bilateral cases and multiple unilateral cases
of anomalies were counted as individual problems. The total number of separate
identifiable limb anomalies was therefore higher than the total number of patients
with any limb anomaly.

Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics for Windows, version
24.0 (IBM Corp., Armonk, NY, USA). Descriptive analyses were initially performed.
A chi-square test was used to assess the correlation between sex, laterality of CFM
and extracraniofacial anomalies and the presence of limb anomalies. Fisher's Exact
Test was used if the assumptions for Pearson-Chi square test were violated (i.e.
expected count less than 5). The correlation between the affected facial and limb
side was studied, in which patients with unilateral CFM and bilateral limb anomalies
were considered to have limb anomalies on the contralateral side. Analyses were
repeated after exclusion of patients with isolated clinodactyly, isolated campto-
dactyly, or isolated trigger thumb, as these anomalies are also regularly seen in
non-syndromic persons. The association between the O.M.E.N.S. categories and
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limb anomalies were assessed by univariable and multivariable binary logistic re-
gression analysis. This was expressed by odd ratio's, 95% confidence intervals and
p values. All statistical tests used a two-sided significance level of 0.05. Goodness
of model fit was based on the model x2 (p value). Multicollinearity (correlations
within all components of the model) was examined. The discriminative ability of
the multivariable logistic regression model was validated by a receiver operating
characteristic (ROC) curve.

Results

Study characteristics

A total cohort of 688 patients were available for analyses. The patient character-
istics are shown in table 6.1. Unilateral CFM was seen in 615 patients (89%) and
bilateral CFM in 73 patients (11%). Slightly more males (n=367) than females (n=321)
were included.

Table 6.1: Description of the population

Limb anomalies Yes No P value

Total 125 18% 563 82%

Sex Male 65 18% 302 82% 0.74
Female 60 19% 261 81%

Laterality Unilateral Right 58 17% 280 83% 0.23
Unilateral Left 50 18% 227 82%
Bilateral 17 24% 55 76%

Orbit 0 28 14% 168 86% 0.27
1 21 22% 74 78%
2 17 18% 76 82%
3 15 17% 74 83%
4 9 24% 29 76%
U/A 34 20% 137 80%

Mandible 1 22 15% 122 85% 0.49
2A 41 26% 19 74%
2B 14 13% 91 87%
3 16 15% 88 85%
U/A 32 18% 143 82%
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Table 6.1: Continued.

Limb anomalies Yes No P value
Ear 0 l 19% 48 81% 0.50
1 14 17% 70 83%
2 20 32% 43 68%
3 37 15% 206 85%
4 4 18% 18 82%
U/A 38 18% 173 82%
Nerve 0 ll 14% 67 86% 0.78
1 1 1% 89%
2 2 20% 8 80%
3 1 20% 80%
4 3 15% 17 85%
U/A 106 19% 454 81%
Soft Tissue 0] 8 19% 35 81% 0.19
1 31 14% 189 86%
38 20% 149 80%
12 21% 44 79%
U/A 35 20% 141 80%
Extracraniofacial ~ Yes 7 28% 197 2%
No 23 7% 283 93% <0.001

U/A: unavailable data; *acronyms of the O.M.E.N.S.; Statistically significant p-values are bold

Presence of limb anomalies

In total, 18.2% (n=125) of the patients were diagnosed with at least one anomaly of
the upper and/or lower limbs (table 6.1). Limb anomalies were observed in 17.6%
of the patients with unilateral CFM and in 23.3% of the patients with bilateral CFM.
There was no statistical difference in the prevalence of limb anomalies in unilateral

versus bilateral CFM (Pearson’s x2 (1, N=688)=1.4; p=0.23).

Fifty-seven patients (46%) had one limb anomaly and 68 patients (54%) had mul-

tiple anomalies of the upper- and/or lower limb (figure 6.1). Most patients (57%)
had anomalies of the upper limbs, 26% had anomalies of the lower limbs, and 17%

of the patients had both upper and lower limb anomalies.
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Figure 6.1: Number of extremity anomalies per patient
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Upper limb anomalies
There were 92 patients (13.4%) with upper limb anomalies. This included both
unilateral and bilateral limb involvement with a wide spectrum of anomalies.

Radial ray deficiencies and abnormalities were observed in 78 cases including
thumb hypoplasia, thumb in palm, triphalangeal thumb, thumb duplication and
radial dysplasia. Table 6.2 shows the individual numbers of all upper limb anoma-
lies. Finger-abnormalities were the second biggest group observed in our cohort
and included brachydactyly, camptodactyly, clinodactyly, syndactyly and central
polydactyly (table 6.2).

Less frequent anomalies included cleft hand, Sprengel deformity, abnormal broad
thumbs, hemi-hypoplasias of the upper limb, trigger thumbs, congenital scaphoid
malformation, finger aplasia, ulna hypoplasia, and a rudimentary clavicle. The
number of patients affected with these anomalies varied from one to four (table
6.2).
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Table 6.2: Type of upper limb anomalies

Type of upper limb anomaly Frequency of Number of patients
occurrence (n) affected (n)
Total 159 92
Thumb hypoplasia
Blauth| 7 (4.4%) 6 (6.5%)
Blauth I 1 (6.9%) 1 (12.0%)
Blauth Il1A 3 (1.9%) 3 (3.3%)
Blauth 1lIB 5 (3.1%) 3 (3.3%)
Blauth IV 5 (3.1%) 5 (5.4%)
Blauth vV 10 (6.3%) 9 (9.8%)
Unspecified 16 (10.1%) 10 (10.9%)
Thumb in palm 2 (1.3%) 2 (2.2%)
Triphalangeal thumb 3 (1.9%) 3 (3.3%)
Thumb duplication 9 (5.7%) 8 (8.7%)
Radial dysplasia 22 (13.8%) 18 (19.6%)
Brachydactyly 9 (5.7%) 6 (6.5%)
Camptodactyly 4 (2.5%) 3 (3.3%)
Clinodactyly 21 (13.2%) 13 (14.1%)
Syndactyly 1l (6.9%) 10 (10.9%)
Central polydactyly 1 (0.6%) 1 (11%)
Broad thumb 6 (3.8%) 3 (3.3%)
Cleft hand 1 (0.6%) 1 (11%)
Congenital scaphoid malformation 1 (0.6%) 1 (11%)
Ulna hypoplasia 1 (0.6%) 1 (11%)
Hemihypoplasia of upper limb not specified 4 (2.5%) 4 (4.3%)
Rudimentary clavicle 1 (0.6%) 1 (11%)
Sprengel deformity 4 (2.5%) 3 (3.3%)
Trigger thumb 1 (0.6%) 1 (11%)
Finger aplasia 1 (0.6%) 1 (1.1%)

Sidedness of upper limb anomalies compared to the hypoplastic facial side is
shown in table 6.3. Although not significant, anomalies of the upper extremities
occurred more frequently on the same side as CFM affected side (Pearson's x2 (1,
N=75)=0.04,; p=0.85). This was the case in 46 (61.3%) patients of the 75 patients
with unilateral CFM and upper extremity anomalies. Exclusion of the thirteen pa-
tients with isolated clinodactyly, isolated camptodactyly, or isolated trigger thumb
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had a small effect on the overall prevalence of limb anomalies in patients with CFM
(18.2% to 16.6%) and had no effect on any statistical analysis.

Table 6.3: Laterality CFM and limb anomaly

Left sided CFM Right sided CFM Bilateral CFM
Left limb anomaly 22 (44%) 1 (2%) 3 (18%)
Left upper anomaly 12 (24%) 0 (0%) 3 (18%)
Left lower anomaly 5  (10%) 1 (2%) 0 (0%)
Left upper & lower 5 (10%) 0 (0% 0 (0%
Right limb anomaly 10 (20%) 28 (48%) 5 (29%)
Right upper anomaly 4 (8%) 23 (40%) 2 (12%)
Right lower anomaly 6 (12%) 3 (5%) 3 (18%)
Right upper & lower 0 (0%) 2 (3%) 0 (0%)
Bilateral limb anomaly 16 (32%) 27 (47%) 8 (47%)
Bilateral upper 6 (12%) 13 (22%) 4 (24%)
Bilateral lower 7 (14%) 6 (10%) 1 (6%)
Bilateral upper & lower 3 (6%) 8  (14%) 3 (18%)
Unknown side anomaly 2 (4%) 2 (3%) 1 (6%)
Unknown upper 2 (4%) 1 (2%) 1 (6%)
Unknown lower 0 (0%) 1 (2%) 0 (0%)
Total 50 (100%) 58 (100%) 17 (100%)
Pearson x2; p value 0,26;p=0,61

*CFM: craniofacial microsomia, in number of affected cases.

Lower limb anomalies

There were 54 patients (7.8%) with one or multiple lower limb anomalies. Patients
presented with a wide spectrum of problems ranging from hip dislocation or hip
dysplasia to feet anomalies. Clubfeet were documented as equines valgus, talipes
equinovarus, calcaneovalgus, talus deformity or unspecified clubfeet. The remain-
ing group of anomalies consisted of a range of deformities including flat feet,
hemihypotrophia of the leg, toe deformities, flexion contractures, and metatarsus
adductus (table 6.4).
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Table 6.4: Type of lower limb anomalies

Type of lower limb anomaly Frequency of occurrence (n)  Number of patients affected (n)
Total 83 54

Clubfoot

Quines valgus 7 (8.4%) 4 (6.1%)
Talipes quinovarus 5 (6.0%) 4 (6.1%)
Calcaneovalgus 2 (2.4%) 1 (1.5%)
Talus deformity 2 (2.4%) 1 (1.5%)
Unspecified 4 (4.8%) 2 (3.0%)
Flat feet (pes planus /plano 13 (15.7%) 9 (13.6%)
valgus)

Congenital hip dislocation/ 9 (10.8%) 7 (10.6%)
dysplasia

Clinodactyly 5 (6.0%) 4 (6.1%)
Syndactyly 7 (8.4%) 7 (10.6%)
Flexion contracture 3 (3.6%) 3 (4.5%)
Hemihypotrophia 7 (8.4%) 7 (10.6%)
Metatarsus adductus 2 (2.4%) 2 (3.0%)
Other 14 (16.9%) 13 (19.7%)
Unspecified 3 (3.6%) 2 (3.0%)

Sidedness of lower limb anomalies compared to the hypoplastic facial side is shown
in table 6.3. Anomalies of the lower limbs occurred in 35.7% (n=15) on the same
side as CFM affected side. Patients were not significantly more affected on the
same side with lower limb anomalies as their CFM affected side (Pearson’s x2 (1,
N=42)=0.078; p=0.78). The laterality of CFM was not correlated with the laterality
of the limb anomaly (Pearson’s x2 (1, N=101)=0.26; p=0.61).

Associated factors

The odds for having limb anomalies were analysed by univariable and multivariable
postadjusted logistic regressions, as shown in table 6.5. The individual O.M.E.N.S.+
categories, sex, and uni- or bilaterality of CFM were analysed separately in logistic
regressions. This showed a statistically significant association between the pres-
ence of extracraniofacial anomalies and limb anomalies (odd ratio 4.81, 95% CI:
2.92 - 7.91, p=<0.001). Multicollinearity (correlation between sex, laterality, and the
individual O.M.E.N.S.+ categories) was checked for the multivariable model, leading
to exclusion of the Soft tissue score as this was correlated to the Mandible score
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(Pearson R: 0,24, p=<0.001). The final multivariable model showed that the pres-
ence of extracraniofacial anomalies was significantly associated with an increased
risk for limb anomalies, when adjusted for sex, laterality of CFM, and the Orbit-,
Mandible-, Ear- and Nerve score (odd ratio 27.98, 95% Cl: 2.68 - 291.96, p=0.005).
The area under the ROC curve (AUC) was 0.84 (95% Cl: 0.75 - 0.93) (figure 6.2).

Table 6.5: Univariable and multivariable logistic regression analyses: association between

patient characteristics and limb anomalies

Univariate logistic

Multivariate logistic

regression regression model
Covariate OR (95% Cl) P value OR (95% CI) P value
Constant - - 0.035 0.014
Female gender 1.07 (0.73-1.57) 0.74 1.26 (0.31-5.17) 0.75
Bilateral CFM 1.43(0.80-2.55) 0.23 0.28(0.02-3.90) 0.34
Orbit score* 110 (0.93-1.30) 0.27 1.41(0.86 - 2.30) 0.18
Mandible score* 093(0.75-1.14) 0.49 0.81(0.40-1.61) 0.55
Ear score* 994 (0.77 -114) 0.50 0.64(0.36-1.16) 0.14
Nerve score* 1.05(0.76 -1.44) 0.78 1.02 (0.67 -1.55) 094
Soft Tissue score* 1.21(0.91-1.61) 0.9 -
Extracraniofacial 4 g1292-791)  <0.001 2798 (2.68-29196)  0.005

anomalies*#

*Acronyms of the O.M.E.N.S .+ classification; *includes non-limb extracraniofacial anomalies only; Statistically
significant p-values are bold. Goodness of model fit=18.47, p=0.01
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Figure 6.2: ROC Curve
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Discussion

The purpose of this study was to analyze the occurrence of both upper- and lower
limb anomalies in patients with CFM. We hypothesized that limb anomalies would
occur more than expected in the general population. All limb anomalies were de-
scribed, including prevalence and type of upper and lower limb anomalies. Further-
more, we aimed to study factors in patients with CFM that might be associated with
a higher risk for limb anomalies.

A total of 18.2% (n=125) of CFM patients in this cohort were diagnosed with anom-
aly of the upper and/or lower limb. Ninety-two (13.4%) patients had upper limb
anomalies which were mainly characterized by malformations of the radio-ulnar
axis as dominant affected axis, ninety-six anomalies were observed. Associated
problems with the radial ulnar axis can be severely impairing since it is crucial
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for strength and grip in our daily use. Finger-anomalies were documented in thir-
ty-three patients.

Fifty-four patients (7.8%) were had lower limb anomalies. Clubfeet were seenin 12
(1.7%) patients. The general incidence of a clubfoot is approximately 10 per 10.000
in live births for the isolated condition. However, clubfeet are frequently seen as
part of a skeletal dysplasia or syndrome (152). The prevalence of clubfeet in this
study is 17 times higher than in the general population.

Analysis on risk factors showed that patients with CFM and extracraniofacial anom-
alies have a significantly higher risk for limb anomalies (odd ratio: 27.98), adjusted
for sex, laterality (uni- or bilateral CFM) and O.M.E.N.S. severity. The severity of
facial hypoplasia, as displayed in the O.M.E.N.S. score, or the presence of bilateral
CFM were not associated with limb anomalies. This is interesting, as previous stud-
ies on non-limb extracraniofacial anomalies in CFM showed a higher prevalence of
these anomalies among more severely affected patients (6, 18, 140). The correlation
between limb anomalies and other extracraniofacial anomalies could suggest a
shared pathophysiological mechanism for patients with the ‘expanded spectrum’
of CFM. Limbs develop in the 4" week of development by formation of limb buds,
initiated by undifferentiated mesenchyme and ectodermal covering (153). The origin
of CFM is yet unknown. It is hypothesized that an error in neural crest cell migration
might be responsible for the anomalies observed in patients with CFM (5, 6). The
embryonic origin of limb anomalies in patients with CFM remains unknown.

The prevalence of 18% indicates that extremity anomalies are common in CFM
patients next to other extracranial anomalies (6, 18, 140). Upper limb anomalies in
the general population occur in 11.4-19.7 per 10.000 (1in 877 to 1in 508) new-borns
according to the literature (147-149). Comparing the results of our findings with the
previous studies, shows a prevalence higher than Werler et al (7% limb anomalies
in a studied cohort of 239 patients) and Beleza-Meireles et al (12% limb anomalies
in a studied cohort of 51 patients), but lower than Horgan et al. (20.7% in a studied
cohort of 121 patients) (6, 11,146). All three studies especially described radial ray
abnormalities, including thumb hypoplasia (6, 11) and pre-axial polydactyly (11, 146).
Furthermore, syndactyly and limb reduction defects were described in Werler et
al. (146). Beleza-Meireles et al showed hip dysplasia to be present in two cases (11).
The description of especially Werler et al. is limited as only the presence of limb
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anomalies is described and divided in limb reduction defects and poly -or syndac-
tyly without further specification. Several case reports and retrospective studies
described especially radial ray problems and other observed extremity anomalies
(6, 11, 141, 143-145). This retrospective cohort study presents all limb anomalies
observed in different categories, by studying a large cohort of patients with CFM.
All previously described limb anomalies in CFM were observed in this study too.

Incorporation in standard CFM-care

Birgfeld et al. suggested a standard protocol for CFM in 2012. A surgical and med-
ical treatment timeline is presented for individuals with CFM (45). Treatment and
evaluations are divided into different age groups with most endangering and crit-
ical triaged (i.e. breathing -and feeding first). Internal organ assessment for renal
problems and cardiac anomalies are a next important step, but simultaneously all
other possible anomalies should be examined. The subcategory of limb anomalies
should be implemented. As limb anomalies might be minor and difficult to diagnose,
evaluation and discussion of potential treatment should take place by experienced
(plastic or orthopaedic) surgeons shortly after birth. Treatment and rehabilitation
can contribute to improved body functions, aimed to increase the manual activity
capacity to better perform daily activities. Regular check-ups for manual capacity
and foot function is indicated for all patients with limb anomalies.

Limitations

This study has several limitations. First of all, no age limit was used to include
patients with CFM. This is necessary to avoid selection bias, but also bears the
risk of information bias. The retrospective nature of this study increases the risk
for incomplete data, which is even higher in older patients. Numbers of extremity
anomalies are possibly higher than we have found in our study. A prospective study
would be able to determine the precise prevalence of limb anomalies in CFM.

As already discussed in the timeline created by Birgfield et al. (45), patients with
CFM can present with numerous difficulties that might require attention first. Subtle
and possible insignificant abnormalities can therefore be missed and not be doc-
umented in the patient files. This might also have led to an underestimation of
the observed limb anomalies. However, knowing that limb anomalies occur in a
substantial number of patients with CFM, it is clinically important to document all
anomalies to monitor motoric skills and progress.
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Conclusion

More than one in six patients with CFM showed limb anomalies. Patients with other
extracraniofacial anomalies are at increased risk for limb anomalies. No correla-
tions between facial phenotype and limb anomalies were found. As a significant
number of patients with CFM experience limb anomalies, clinical awareness for
these anomalies is warranted.
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Abstract

The aims of this study were to document the prevalence, severity, and risk fac-
tors of velopharyngeal dysfunction (VPD) in craniofacial microsomia (CFM) and to
analyse differences in VPD-related speech characteristics between CFM patients
without cleft lip and/or palate (CL/P), CFM patients with CL/P, and CL/P patients
without CFM (control). A total of 223 patients with CFM were included, of whom
59 had a CL/P. Thirty-four CFM patients had VPD, including 20 with a CL/P. The
control group of 34 non-CFM CL/P patients was included to study differences in
speech characteristics. VPD was significantly more prevalent in CFM with CL/P than
in CFM without CL/P (odds ratio (OR) 4.1, 95% confidence interval (Cl) 1.9-8.7; P <
0.001). Multivariate logistic regression showed a significant association between
CL/P and VPD in CFM patients (OR 7.4, 95% CI 2.1-26.3; p=0.002). The presence
of VPD was not associated with sex, or the laterality or severity of CFM. Speech
problems related to VPD appeared to be similar among the different groups. As
15.2% of all CFM patients and 8.5% of CFM patients without a CL/P had VPD, it is
proposed that all patients with CFM, with or without CL/P, should be assessed by
a speech and language therapist for the potential risk of VPD.
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Introduction

Craniofacial microsomia (CFM) is a congenital anomaly characterized by a unilateral
or bilateral heterogeneous underdevelopment of the facial structures derived from
the first and second pharyngeal arches. Structures including the mandible, maxilla,
ears, facial soft tissues, and facial nerves may be affected (138). Incidence rates
vary between 1:3500 and 1:26000 live births, making it the second most common
craniofacial deformity following cleft lip and palate (1, 154, 155). The anatomical
variations may cause functional problems such as breathing, feeding, or speech
difficulties, including velopharyngeal dysfunction (VPD)(156-162). VPD is defined
as the inability to accomplish adequate closure of the velopharyngeal sphincter.
During speech, adequate velopharyngeal sphincter closure is essential for sepa-
rating the oral and nasal cavities in order to achieve the proper airstream during
nasal consonants, and for coupling the oral and nasal cavities to allow for build-up
of oral pressure for oral plosives and fricatives (163, 164). Not achieving full velo-
pharyngeal closure may therefore result in audible hypernasal speech, decreased
speech intelligibility, nasal air emission, compensatory misarticulations, and facial
grimacing. Secondary effects include nasal regurgitation of liquids and solids and
swallowing difficulties (164).

Multiple modalities can be used to diagnose and classify the severity of VPD. Direct
observation of the velopharyngeal valve by means of multi-view videofluoroscopy
or nasopharyngoscopy are considered the standard methods for the assessment
of VPD (165). Additionally, standardized speech assessment tools, such as the
Pittsburgh Weighted Speech Scale (PWSS) and the Great Ormond Street Speech
Assessment (GOS.SP.ASS.), are available to assess and classify speech character-
istics related to VPD (166, 167).

The relationship between VPD and CFM has been researched in two studies with
rather small sample sizes. Luce et al.(161) reported a VPD prevalence of 33.3% in
18 CFM patients, having excluded cleft palate patients, while Funayama et al.(42)
reported a prevalence of 14.6% in 48 non-cleft palate patients and 100% in four
cleft palate patients. The aetiology of VPD in CFM is yet unknown. In patients with
a cleft palate, a shortage of tissue could lead to the development of VPD. In CFM
patients without cleft palate, it is hypothesized that differences in tissue or inner-
vation of the soft palate might cause VPD. Further research is needed to assess the
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risk factors of VPD in CFM. As the pathophysiological mechanism of VPD in CFM
patients without a cleft palate may differ from that in patients with a cleft palate,
studies on potential differences in characteristics between VPD in cleft palate
patients and CFM patients are needed.

The aims of this study were to document the prevalence and severity of VPD in
a large cohort of patients with CFM, analyse differences in VPD-related speech
characteristics in both CFM and non-CFM patients with and without cleft lip and/
or palate (CL/P), and identify those patients with CFM who are at greater risk of
developing an impaired velopharyngeal mechanism.

Methods

This retrospective study describes the clinical characteristics of patients diagnosed
with CFM at the craniofacial centres of Boston Children’s Hospital (BCH; Boston,
MA, USA) and Great Ormond Street Hospital (GOSH; London, UK). A control group
of non-syndromic CL/P patients seen at Sophia Children’s Hospital, Erasmus Med-
ical Center (EMC; Rotterdam, The Netherlands) was also included. The study was
approved by the institutional review boards at BCH (X05-08-058), GOSH (14 DS25),
and EMC (MEC-2013-575). Patients with CFM who had a confirmed diagnosis by
either clinical photographs and/or radiographic imaging and who were examined by
a speech and language pathologist were included. Patients with missing charts or
a discrepancy regarding their diagnosis were excluded. The control group included
non-syndromic CL/P patients who were examined by a speech and language ther-
apist; this group was included to compare speech characteristics in patients with
VPD. The number of included patients in this control group matched the number
of CFM patients with VPD.

Data extracted from the patients’ medical records included sex, age, laterality of
CFM, Pruzansky-Kaban classification, O.M.E.N.S. classification, length of follow-up,
presence of a palatal cleft, speech examinations by a speech and language pathol-
ogist, deployment of diagnostic VPD tests, and indications for VPD surgery.

The O.M.E.N.S. classification was used to grade the facial manifestations of CFM18.
With this classification, CFM manifestations are divided into five groups: O, orbital
distortion; M, mandibular hypoplasia; E, ear anomalies; N, facial nerve involvement;
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S, soft tissue deficiency. Each category is graded on a numerical scale from O to 4,
with O indicating no malformations and 4 indicating the most severe malformations.
This study applied groups O, E, N, and S of the O.M.E.N.S. classification.

Mandibular manifestations of CFM were described using the Pruzansky classifi-
cation, modified by Kaban et al. (21, 22). This classification divides CFM into four
grades, based on the radiographic severity of the mandibular hypoplasia in CFM
patients. Type | consists of a small ramus and temporomandibular joint (TMJ) with
normal identifiable anatomy. Type lla consists of an abnormally shaped and sized
ramus, where the deformed TMJ is still in an acceptable anatomical position, while
type llb is characterized by the former but with an aberrant TMJ position. Type
[Il'is characterized by a completely absent mandibular ramus, TMJ, and condyle.

Patients underwent speech evaluation by a qualified speech and language patholo-
gist, applying the PWSS or GOS.SP.ASS. for the assessment of VPD and associated
speech characteristics whenever VPD was suspected. Both scales assess multiple
factors that may be present during compromised speech, including nasal air emis-
sion, facial grimacing, hypo- or hypernasality, and problems with phonation and
articulation. Focus was placed on VPD-related nasal resonance and compensatory
articulation patterns in the data extraction. VPD was diagnosed either by multi-view
videofluoroscopy or nasoendoscopy. The prevalence of VPD in the patient popula-
tion and the speech characteristics of patients diagnosed with VPD were analysed.
Speech intelligibility was based on the Meijer scale (168). This scale grades speech
intelligibility from 1 to 5, where 1is normal, easily understandable speech; 2 is
speech that differs from peers, is understandable, and does not lead to comments
from others; 3 is speech that differs from peers, is understandable but does lead to
comments from others; 4 is speech that is difficult to understand; 5 is speech that is
not understandable. Furthermore, risk factors for VPD were identified based on the
O.M.E.N.S. and Pruzansky-Kaban characteristics of patients with and without VPD.

Statistical analysis

The statistical analyses were performed using IBM SPSS Statistics for Windows
version 24.0 (IBM Corp., Armonk, NY, USA). Descriptive analyses were initially per-
formed. A x2 test was used to assess the correlation between laterality of the CFM
and the cleft, and the presence of VPD. The associations between sex, laterality,
O.M.E.N.S. categories, and VPD were assessed by multivariable binary logistic re-
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gression analysis. Multicollinearity was examined and components of the regression
analysis were excluded if correlated.

Results

A total of 559 patient with CFM were identified, of whom 336 were excluded as
they did not fulfil the inclusion criteria (i.e., no reported examination by a speech
and language pathologist), leaving 223 patients for further analysis. Two groups
of patients were identified: CFM patients without a CL/P (n=164; 73.5%) and CFM
patients with a CL/P (n=59; 26.5%) (table 7.1).

Table 7.1: Patient demographics

CFM without CL/P  CFM with CL/P Control (CL/P)
N % N % N %

Total 164 59 34
Sex

Male 95 57.9% 42 71.2% 21 61.8%

Female 69 421% 17 28.8% 13 38.2%
Laterality CFM

Unilateral 132 80.5% 46 78.0% NA

Bilateral 32 19.5% 13 22.0% NA
Type cleft

CLP NA 29 49.2% 28 82.4%

CcP NA 30 50.8% 6 17.6%

Unilateral cleft NA 37 62.7% 25 73.5%

Bilateral cleft NA 22 37.3% 9 26.5%
Naso- or videoscopy 21 12.8% 25 42.3% 34 100%
VPD 14 8.5% 20 33.9% 34 100%

CFM: craniofacial microsomia; CL/P: cleft lip and/or palate; CLP: cleft lip and palate; CP: cleft palate; VPD:
velopharyngeal insufficiency; NA: not applicable

Of the 223 patients, 137 (61.4%) were male and 86 (38.6%) were female. Most pa-
tients had unilateral CFM (n=178; 79.8%), while approximately a fifth (n=45; 20.2%)

were bilaterally affected. Fifty-nine of the 223 patients (26.5%) had CL/P, of whom
29 had a cleft lip and palate (CLP) and 30 had a cleft palate (CP).
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Of the 223 patients with CFM, 46 (20.6%) underwent further examination to assess
the presence of VPD. Twenty-five of these patients had CL/P. Most of these patients
(n=28) were further assessed by multi-view videofluoroscopy, while six were exam-
ined by nasoendoscopy and nine by both nasoendoscopy and videofluoroscopy; the
diagnostic modality was unknown for three of the patients who were suspected to
have VPD. In total, 34 of the 46 examined patients (73.9%) were diagnosed with
VPD.

Of the 34 CFM patients with VPD, 15 had a CP and five had a CLP. In three patients,
orthognathic surgery was performed before the VPD was diagnosed; all three un-
derwent mandibular distraction surgery. VPD was significantly more prevalent in
CFM patients with CL/P than in CFM patients without CL/P (odds ratio (OR) 4.1,
95% confidence interval (Cl) 1.9-8.7; Pearson x2 (df=1, n=223)=14.461, P < 0.001).
Multivariate logistic regression showed a significant association between CL/P and
VPD, independent of sex, laterality of CFM, and the severity of CFM as determined
using the O.M.E.N.S. and Pruzansky-Kaban classification (B=1.997; OR 7.4, 95%
Cl 2.1-26.3; p=0.002). The presence of VPD was not associated with sex, laterality
of CFM, or the severity of CFM (table 7.1 & 7.2). There was no statistical difference
in the prevalence of VPD in unilateral versus bilateral CFM (Pearson’s x2 (df=1,
n=223)=0.756, p=0.388).
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For the purpose of subgroup analyses, a control group of 34 patients with CL/P
and VPD without CFM was included. This group had a similar sex distribution to the
CFM group, with 21 (61.8%) male patients and 13 (38.2%) female patients (Pearson
X2 (df=1,n=68)=0.442, p=0.609) (table 7.1). Twenty-eight (82.4%) of these patients
had a CLP, while six (17.6%) had a CP. All of these patients were diagnosed with
VPD based on nasoendoscopy. Speech assessments (i.e., PWSS, GOS.SP.ASS.) were
performed in both groups, at a mean age of 8.77 years (standard deviation (SD)
4.87, range 2.02-21.37 years) in the CFM group and 6.87 years (SD 5.38, range
0.48-21.75 years) in the non-syndromic CL/P group. Outcomes of the speech as-
sessment for the different groups are shown in table 7.3.

Table 7.3. Speech characteristics in patients with VPD

CFM without CL/P ~ CFM with CL/P Control (CL/P)
N (14) % N (20) % N (34) %
Articulation Present 3 21% 7 35% 33 97%
disorder Absent | T 9% |13 65% |1 3%
Facial Present 2 14% 4 20% 19 56%
grimacing Absent | 12 86% |16 80% |15 44%
Nasality Hyper 6 43% 13 65% 28 82%
Normal 5 36% 4 20% 0 0%
Hypo 1 7% 0 0% 0 0%
Mixed 2 14% 3 15% 6 18%
Hypernasality' No 6 43% 5 25% 0 0%
Mild 5 36% 6 30% 2 6%
Moderate |2 14% 4 20% 14 41%
Severe 1 7% 5 25% 18 53%
Speech Unknown 6 42% 10 50% 0 0%
intelligibility* 1 % 3 15% 0 0%
2 1 % 0 0% 3 9%
3 3 22% 2 10% 10 29%
4 3 22% 4 20% 19 56%
5 0 0% 1 5% 2 6%

CL/P: cleft lip and/or palate. Percentages in respect to total number of patients with VPD per group.
'degree of hypernasality in group with hypernasality and mixed nasality. A single patient with CFM and CL/P
with hypernasality with unknown degree. ? speech intelligibility according the Meijer scale
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Articulation disorders were caused by compensation strategies in two patients
with CFM without CL/P, seven patients with CFM and CL/P, and 33 patients with
non-syndromic CL/P. Compensation strategies consisted mostly of nasal fricatives
and substitutions in both the CFM patients with CL/P (five of the seven patients)
and the non-syndromic CL/P patients (all 33 patients), whereas none of the pa-
tients with CFM without CL/P used nasal fricatives and substitutions. One patient
with CFM without CL/P had an articulation disorder caused by both compensation
strategies and developmental problems. In contrast, articulation disorders were
not caused by developmental problems in the other groups.

Discussion

The aims of this study were to determine the prevalence of VPD and associated
speech disorders in CFM, analyse differences in VPD-related speech character-
istics in both CFM and non-CFM patients with and without CL/P, and to identify
patients at risk of VPD. It was hypothesized that CFM patients are at risk of VPD,
even in the absence of a CL/P, due to underdevelopment of the soft tissues of the
velopharyngeal sphincter and partial paralysis of the velopharyngeal musculature,
and that the prevalence of VPD would be greater in patients who are more severely
affected by CFM.

Thirty-four of 223 patients (15.2%) were diagnosed with VPD, which is on the lower
end of the 14-33% prevalence rates reported in previous research (42, 162, 169,
170). However, these studies described relatively small patient populations, and
the inclusion criteria were not always clearly stated, making them prone to the
risk of selection bias. The current study included patients from a relatively large
patient cohort, but excluded patients who were not examined by a speech and
language pathologist. The prevalence reported in this study could therefore be
an overestimation.

The associated speech anomalies found consisted of grimacing and articulation
errors, which were the result of compensation strategies, ultimately resulting in
reduced speech intelligibility in 13 patients. Furthermore, 20 of 34 patients with
VPD also had CL/P. Patients with CFM and CL/P used more VPD-related compensa-
tory articulations, such as nasal fricatives, substitutions, and glottal articulation in
comparison to patients without CL/P. Moreover, patients with CFM and CL/P were
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four times more likely to have VPD compared to patients without CL/P. Interesting-
ly, a substantial proportion of patients with CFM without CL/P experienced some
form of open nasality. The speech-related symptoms of VPD in both the CFM CL/P
group and the CFM non-CL/P group appear to be similar.

Interestingly, 8.5% of the patients with CFM but without a CL/P in this study cohort
were diagnosed with VPD. While a shortage of tissue plays a role in the develop-
ment of VPD in cleft patients, the origin of VPD in non-cleft patients is less clear.
The relationship between VPD and CFM has been described by several authors
in various patient populations (1, 42, 161, 162, 169). In order to understand this
relationship, a thorough understanding of the aetiology of CFM and VPD is essen-
tial. As mentioned before, CFM is the result of a congenital underdevelopment of
structures derived from the first and second pharyngeal arches, which may include
muscles and cranial nerves involved in velopharyngeal closure (1, 42, 162). Velo-
pharyngeal closure is achieved by closure of the velopharyngeal sphincter, which
consists of the tensor veli palatini, levator veli palatini, musculus uvulae, superior
pharyngeal constrictor, palatopharyngeus, palatoglossus, and salpingopharyngeus
muscles (171). The tensor and levator veli palatini muscles are derived from the first
and second pharyngeal arches, respectively. Based on its embryological origins,
at least part of the velopharyngeal sphincter may thus be hypoplastic in CFM (42).

Furthermore, it has been proposed that VPD in CFM constitutes a neurological
disorder, resulting in (hemi-)palatal palsy or paralysis of the levator veli palatini
muscles (161,172, 173). Faulty sensory innervation of the muscles that contribute to
the velopharyngeal sphincter may cause speech anomalies and VPD (171,174). The
soft palate is primarily innervated by the trigeminal nerve, derived from the first
pharyngeal arch, and the pharyngeal plexus nerves. The tensor veli palatini muscle
is innervated by the mandibular nerve, a branch of the trigeminal nerve. Partial
paralysis of the velopharyngeal sphincter has indeed been observed in CFM, both
in patients with and without CL/P (42, 161). However, not all patients with palatal
paresis exhibit evidence of VPD (1). As the pathophysiological mechanism of VPD
in (non-cleft) CFM patients is likely to be different from that in non-CFM patients
with CL/P, the prognoses and treatment outcomes might be different. Future stud-
ies on the pathophysiology and treatment outcomes of VPD in (non-cleft) CFM
patients could help to improve the quality of care for these patients. This might
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be performed with (non-invasive) electromyography or by comparing treatment
outcomes of non-CL/P patients with CL/P patients.

Funayama et al. (42) and Luce et al. (161) reported a significant association between
VPD and more severe forms of mandibular and soft tissue hypoplasia. However, this
study did not confirm these associations in the included patient cohort. This may
be attributed to differences in methodology between the present study and that of
Funayama et al. (42); however, the lack of association may also be explained by the
uneven involvement of anatomical structures deriving from the first and second
pharyngeal arches in CFM. Consequently, the underlying pathology that causes a
severely hypoplastic mandible does not necessarily lead to a severely hypoplastic
velopharyngeal sphincter. Rather, different clusters of anomalies within the CFM
spectrum exist, as has been shown by Caron et al. (18).

The results of this study are limited by several factors, which are mostly inherent
to the retrospective study design. First of all, only 20.6% of the patients with CFM
who were assessed by a speech and language pathologist were examined using
videofluoroscopy and/or nasoendoscopy. Velopharyngeal closure anomalies may
therefore be underreported. However, all patients were examined at tertiary care
centres by multidisciplinary teams with ample experience in speech, language,
and velopharyngeal closure anomalies. Patients were further assessed when vel-
opharyngeal closure anomalies were suspected. The degree of underreporting of
clinically significant anomalies is therefore expected to be limited. Nevertheless,
the assessment of, for example, the degree of hypernasality is subjective and has a
poor reputation for consistency and inter-rater reliability (175). The results should
be interpreted with this in mind.

Second, the aim was not to report closed nasality, as this is not related to VPD. Due
to the retrospective nature of this study, the type of nasality could not always be
determined. As all patients were examined by experienced speech and language
therapists, this potential risk of bias is believed to be minimal. Furthermore, closed
nasality was incidentally specifically mentioned in the medical files and thus ex-
cluded by the authors.

Third, the results are limited by the level of detail displayed in the medical files.
Major anomalies were presumably recorded due to their clinical significance. How-
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ever, subtle or minor anomalies may not have been recorded due to perceived
insignificance.

In conclusion, this study described the prevalence of velopharyngeal dysfunction
and associated speech anomalies in a large cohort of patients with craniofacial
microsomia. Both patients with and without cleft lip and/or palate exhibited velo-
pharyngeal dysfunction, although patients with cleft lip and/or palate were found
to be significantly more at risk of velopharyngeal dysfunction. No association was
found between the presence of velopharyngeal dysfunction and the severity of
craniofacial microsomia as derived from the O.M.E.N.S. and Pruzansky-Kaban clas-
sifications. As velopharyngeal dysfunction is common in craniofacial microsomia, it
is proposed that all patients with craniofacial microsomia, with or without cleft lip
and/or palate, should be assessed at least once by a speech and language therapist
for the potential risk of velopharyngeal dysfunction.
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Abstract

Characteristics of patients with craniofacial microsomia (CFM) vary in type and
severity. The diagnosis is based on phenotypical assessment and no consensus
on standardized clinical diagnostic criteria is available. The use of diagnostic cri-
teria could improve research and communication among patients and healthcare
professionals. Two sets of phenotypic criteria for research were independently de-
veloped and based on multidisciplinary consensus: the FACIAL and ICHOM criteria.
This study aimed to assess the sensitivity of both criteria with an existing global
multicenter database of patients with CFM and study the characteristics of patients
that do not meet the criteria. A total of 730 patients with CFM from were included.
Characteristics of the patients were extracted, and severity was graded using the
O.M.E.N.S. and Pruzansky-Kaban classification. The sensitivity of the FACIAL and
ICHOM was respectively 99.6% and 94.4%. The Cohen's kappa of 0.38 indicated
a fair agreement between both criteria. Patients that did not fulfill the FACIAL
criteria had facial asymmetry without additional features. It can be concluded that
the FACIAL and ICHOM criteria are accurate criteria to describe patients with CFM.
Both criteria could be useful for future studies on CFM to create comparable and
reproducible outcomes.
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Introduction

Craniofacial microsomia (CFM) is a clinical diagnosis based on the presence of facial
features that are commonly associated with this congenital condition. This includes
uni- or bilateral hypoplasia of facial structures related to the first and second pha-
ryngeal arch, such as the mandible, orbit, ears, facial nerve and soft tissue (1, 17,
44). The type and severity of affected structures varies largely among patients.
Different diagnostic terms have been used to describe patients with these features,
including Goldenhar syndrome, hemifacial microsomia and oculo-auriculo-vertebral
spectrum. Research has shown however that the phenotypes of patients who were
diagnosed with these conditions do not meaningfully differ from those diagnosed
with CFM (15, 18, 19). It remains debated in literature whether isolated microtia is a
distinct entity or minor variant of CFM (4,176, 177). The wide phenotypic and etio-
logic heterogeneity of CFM makes it difficult to establish standardized diagnostic
criteria and evaluate treatment outcomes for large populations (18, 178).

Establishing diagnostic criteria can be used to improve clinical care to guide in-
dividual patients, improve communication among healthcare providers and set
standards for research (179). Diagnostic criteria are a set of sings and/or symptoms
that reflect the different features of any disease to accurately identify patients with
the disorder (179). Such criteria are broad, to be able to cover the heterogeneity
of clinical phenotypes. Nonetheless, development of such criteria in CFM is chal-
lenging due to the variation of clinical phenotypes, low prevalence and potential
overlap with other craniofacial syndromes, such as Treacher Collins, Nager and
CHARGE syndromes.

In recent years, two sets of phenotypic criteria for CFM have been developed for
clinical research. Each set was developed independently and based on consensus
among distinct multidisciplinary health care providers with expertise treating pa-
tients with CFM and researchers. The multicenter consortium ‘Facial Asymmetry
Collaborative for Interdisciplinary Assessment and Learning (FACIAL)', which start-
ed in 2009, is a network established to develop standardized definitions and study
protocols to facilitate clinical research on CFM. This collaborative created eligibility
diagnostic criteria for research based on the different CFM features (29). A similar
initiative was done in 2017 by the ‘International Consortium for Health Outcomes
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Measurement (ICHOM)', which aims to implement a global standard set to obtain
comparable data for benchmarking and research (28).

Comparison of these criteria might help implementation of the standards on a
larger scale and improve comparison of research. This study aims to evaluate the
FACIAL and ICHOM CFM criteria with an existing database of patients with CFM to
research the sensitivity of the criteria and study the characteristics of CFM patients
that do not reach the criteria.

Method

A global multicenter database including patients with CFM diagnosed at the cranio-
facial centers of Erasmus University Hospital, Rotterdam, The Netherlands, Great
Ormond Street Hospital, London, United Kingdom, Boston Children’s Hospital,
Boston, U.S.A., and the Hospital for Sick Kids in Toronto, Canada was used for this
study (Institutional Review Boards approval: Rotterdam: MEC-2012-248; London: 14
DS25; Boston: X05-08-058; Toronto: 1000053298). Patients who presented at one
of the craniofacial units from January 1980 until January 2016 and received the
clinical diagnosis CFM were included in the database, which was setup in 2016. Pa-
tients were identified using a search strategy on facial asymmetry, mandibular hy-
poplasia or microtia in the electronic patient management systems of all hospitals.
Additionally, all patients seen at the craniofacial outpatient clinics were checked
to identify patients with CFM. Patients were included after they received the clin-
ical diagnosis CFM after clinical assessment by an experienced craniofacial team
followed by verification by peers (C.J.J.M.C and B.P.) using clinical photographs,
panoramic X-rays and/or computed tomography scans of the head. Patients with
isolated anomalies, such as isolated microtia or isolated mandibular hypoplasia that
did clinically not receive the diagnosis CFM were not included. Review of medical
charts was performed and data on date of birth, sex, laterality and characteristics
of facial features and extracraniofacial anomalies was extracted.

The type and severity of the affected tissues was scored according to the PAT-CFM
as described by Birgfeld et al. which is based on the O.M.E.N.S.+ and Pruzansky-Ka-
ban classification (6, 20, 25). This classification scores the degree of underdevel-
opment of the Orbit (O), Mandible (M), Ear (E), Facial Nerve (N) and Soft tissue (S)
based clinical examination or facial photographs. The '+’ stands for the presence
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of extracraniofacial anomalies, including vertebral, cardiac or renal anomalies. The
Pruzansky-Kaban classification is based on radiographic assessment and grades
the severity of mandibular and temporomandibular joint hypoplasia in type |, lIA,
[IB and Il (21, 23, 34). Patients were considered eligible for this study if at least
four items of the O.M.E.N.S. classification could be scored, in which the M score
could be both the soft tissue PAT-CFM ‘M’ or the Pruzansky-Kaban classification.

The consensus-based diagnostic criteria for CFM that are examined were compiled
by the FACIAL network and the ICHOM CFM group (28, 29). The FACIAL criteria
for CFM include one or more of the following diagnoses (table 8.1): 1) microtia or
anotia; 2) facial asymmetry and preauricular tag; 3) facial asymmetry and facial
tag; 4) facial asymmetry and epibulbar dermoid; 5) facial asymmetry and lateral
oral cleft 6) preauricular tag and epibulbar dermoid; 7) preauricular tag and lateral
oral cleft; 8) facial tag and epibulbar dermoid; 9) lateral oral cleft and epibulbar
dermoid. Facial asymmetry was in this study defined as skeletal hypoplasia, facial
nerve deficit and/or soft tissue hypoplasia. Patients with other syndromic diagnosis
or chromosomal abnormalities are excluded. The ICHOM CFM diagnostic criteria are
based on a combination of 2 major criteria, or 1 major +1minor criteria, or 3+ minor
criteria (table 8.2) (28). Major criteria are 1) mandibular hypoplasia; 2) microtia;
3) orbital/facial bone hypoplasia; 4) asymmetric facial movement. Minor criteria
include 1) facial soft tissue deficiency; 2) preauricular tags; 3) lateral oral cleft; 4)
clefting; 5) epibulbar dermoids; 6) hemivertebrae. Patients with other craniofacial
syndromes or isolated typical Tessier clefting are also excluded in these criteria.

The main outcome of this study is to assess the sensitivity of both sets of CFM
criteria (FACIAL and ICHOM) and the characteristics of patients who do not fulfil
to either the FACIAL or ICHOM CFM criteria. The CFM criteria will be applied on the
clinical characteristics according to the PAT-CFM of all patients with CFM included
in our database. Patients with other craniofacial syndromes are excluded in both
criteria and these were not included in the study.
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Table 8.1: FACIAL diagnostic criteria

FACIAL Inclusion criteria: (* 1 of the diagnoses below)
Microtia
Anotia

Facial asymmetry + Preauricular tag
Facial asymmetry + Facial tag

Facial asymmetry + Epibulbar dermoid
Facial asymmetry + Lateral oral cleft
Preauricular tag + Epibulbar dermoid
Preauricular tag + Lateral oral cleft
Facial tag + Epibulbar dermoid

Lateral oral cleft + Epibulbar dermoid

0@ N v A W N

S

Exclusion criteria:

1. Other syndromic diagnosis (e.qg. Treacher Collins syndrome) with microtia and/or
underdevelopment of the jaw

2. Abnormal genetic studies
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Statistical analysis

Statistical analyses were performed using SPSS (2011, SPSS Inc., Chicago, IL, USA).
Descriptive statistics were initially performed. A Cohen’s Kappa statistic was used
to compare the ICHOM CFM diagnostic criteria to the FACIAL diagnostic criteria
(180). This was interpreted following the guidelines of Landis and Koch (180). The
effect of missing data on the outcomes was checked using multiple imputation
analysis. If no effect was present, multiple imputation was not used.

Results

Study population

The clinical database included 730 patients with CFM (table 8.3). Patients were
diagnosed at the Boston Children’s Hospital (35%, n=253), Great Ormond Street
Hospital London (34%, n=246), Erasmus Medical Center Rotterdam (22%, n=166),
and The Hospital for Sick Kids Toronto (9%, n=65). It included more males (55%)
than females (45%). Unilateral CFM (88%) was more common than bilateral CFM
(12%). Patients with unilateral CFM had more right side (57%) than left side (43%)
facial involvement. Among the patients with a skin tag (n=267), 216 (81%) patients
had a facial tag, and 51 (19%) patients had a preauricular tag. Cleft palate was pres-
ent in 98 (13%) patients, hemivertebrae in 65 (9%) patients, epibulbar dermoids
in 84 (12%) patients and lateral oral cleft in 143 patients (20%).

Table 8.3: Characteristics of the complete study sample.

Variable Total study sample FACIAL Criteria ICHOM Criteria
N (730) (689) (727)

Male 398 (54.5%) 374 (54.3%) 396 (54.5%)
Female 332 (45.5%) 315 (45.7%) 331 (45.5%)
Bilateral CFM (yes) 98 (12.3%) 93 (12.9%) 98 (12.6)
Unilateral CFM 640 (87.7%) 603 (87.5%) 637 (87.6%)
Right side 364 (56.9%) 345  (57.2%) 361 (56.7%)
Left side 276 (431%) 258 (42.8%) 276 (43.3%)
Hemivertebrae (Yes) 65 (8.9%) 63 (9.1%) 63 (8.9%)
Cleft Palate (Yes) 98 (13.4%) 90 (13.1%) 98 (13.5%)
Skin tag 216 (29.6%) 216 (31.3%) 214 (29.4%)
Pre auricular tag 51 (7.0%) 51 (7.4%) 51 (7.0%)
Epibulbair dermoid (yes) 84 (11.5%) 84 (12.2%) 84 (1.6%)
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Table 8.3: Continued.

Variable Total study sample FACIAL Criteria ICHOM Criteria
N (730) (689) 727)

Lateral oral cleft 143 (19.6%) 143 (20.8%) 142 (19.5%)
Unilateral 105  (14.4%) 105  (15.2%) 104  (14.3%)
Bilateral 9 (1.2%) 9 (1.3%) 9 (1.2%)
Side unknown 29 (4.0%) 29 (4.2%) 29 (4.0%)
Mandibular hypoplasia 705 (98.3%) 664 (98.2%) 703 (98.3%)
(yes)

Microtia or anotia (yes) 613 (85.6%) 613 (89.5%) 613  (86.0%)
Orbital bone hypoplasia 342 (46.9%) 323  (46.9%) 342 (471%)
(yes)

Asymmetric facial 160  (43.1%) 150 (43.7%) 160  (43.4%)
movement (yes)

Soft tissue deficiency (yes) 612 (84.8%) 578 (849%) 611 (84.9%)

FACIAL diagnostic criteria

The FACIAL criteria were met by 689 patients, corresponding with a sensitivity of
94.4% A total of 41 patients did not meet these criteria and the false negative rate
was 5.6% (table 8.4). All patients that did not meet the FACIAL diagnostic criteria
(n=41) had facial asymmetry without other additional features that are included in
the FACIAL criteria. As displayed in table 8.5, most patients fulfilled the FACIAL cri-
teria based on the presence of microtia or anotia (89%). Ten percent of the patients
(n=72) that met the FACIAL criteria did not have microtia or anotia. The presence
of facial asymmetry with facial tags (31.3%) or with lateral oral cleft (20.8%) were
other common characteristics to meet the FACIAL criteria, whereas 1.6% to 5.4% of
the patients met the criteria without the presence of facial asymmetry (table 8.5).

Table 8.4: Sensitivity and false negative rate FACIAL diagnostic criteria.

CFM No CFM
Patients that meet FACIAL criteria 689 (94.4%) O 689
Patients that do not meet FACIAL criteria 4 (5.6%) O 4
730 (100%) O 730
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Table 8.5: Patients who did meet the FACIAL diagnostic criteria.

Features Patients (n=689)
Microtia or anotia 613 (89.0%)
Facial asymmetry + Preauricular tag 52 (7.5%)
Facial asymmetry + Facial tag 216 (31.3%)
Facial asymmetry + Epibulbar dermoid 84 (12.2%)
Facial asymmetry + Lateral oral cleft 143 (20.8%)
Preauricular tag + Epibulbar dermoid ll (1.6%)
Preauricular tag + Lateral oral 20 (2.9%)
Facial tag + Epibulbar dermoid 37 (5.4%)
Lateral cleft + Epibulbar dermoid 30 (4.4%)

ICHOM CFM diagnostic criteria

A total of 727 patients met the ICHOM CFM criteria and 3 patients with CFM did not.
The ICHOM CFM diagnostic criteria had a sensitivity of 99.6% and a false negative
rate of 0.4% (table 8.6). Of the patients that met the ICHOM CFM diagnostic crite-
ria, 667 patients (91.4%) had 2 major criteria, 669 patients (91.6%) 1 major and at
least 1 minor, and 79 patients (10.8%) met the ICHOM criteria based on 3 or more
minor criteria. Of the 79 patients with 3+ minor criteria, 68 patients (86.1%) had
2 major criteria as well and 77 patients (97.5%) had 1 major and 1 minor criterium.

The characteristic of the 3 patients that did not meet the ICHOM criteria are dis-

played in table 8.7.

Table 8.6: Sensitivity and false negative rate ICHOM CFM diagnostic criteria.

CFM No CFM
Patients that meet ICHOM criteria 727 (99.6%) O 127
Patients that do not meet ICHOM criteria 3 04%) O 3
730 (100%) O 730
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Table 8.7: Patients who did not meet the ICHOM CFM diagnostic criteria.

Patient 1 2 3
Unilateral or bilateral CFM Unilateral Unilateral Unilateral
Orbital hypoplasia No No No
Mandibular hypoplasia Yes * Yes
Microtia or anotia No No No
Asymmetric facial movement No No No
Soft tissue deficiency * Yes No
Epibulbar dermoids No No No
Lateral oral cleft No Yes No
Cleft No No No
Skin tags Yes Yes No
Pre-auricular tags No No No
Hemivertebrae No No No
*Unknown

Comparison diagnostic criteria

The Cohen's kappa statistic to compare the ICHOM CFM criteria and the FACIAL
CFM criteria was 0.38, indicating a fair agreement between both criteria. Multiple
imputation of data showed no differences in outcome.

Discussion

This study aimed to research the sensitivity of the FACIAL and ICHOM criteria
for CFM and study the characteristics of patients that did not meet the criteria.
Both criteria show a high sensitivity (FACIAL 94.4% and ICHOM 99.6%) with a fair
agreement between both criteria. In this studied cohort, the ICHOM criteria tend to
be most accurate. All patients who did not meet the FACIAL criteria did have facial
asymmetry without additional factors or microtia. Congenital facial hypoplasia
with underdevelopment of one or more O.M.E.N.S. items without other additional
anomalies could be identified as CFM. Those patients are not included as CFM by
the FACIAL criteria.

Patients with isolated microtia were excluded in this study. In the FACIAL criteria,
patients with isolated microtia are regarded to be part of the ‘CFM-spectrum’. Ap-
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plying the FACIAL criteria would lead to a different cohort of CFM patients, possibly
with a less severe phenotype as only the ears are affected. Those patients are
missing in the CFM cohort studied in this study. The effect of including patients with
microtia, who should be included according to the FACIAL criteria on the sensitivity
of the ICHOM criteria could thus not be studied.

Both criteria were developed to study patients with CFM and compare outcomes.
The usefulness of diagnostic criteria in CFM for clinical purposes is debatable.
As CFM is heterogeneous, the treatment plan is based on individual needs and
varies largely among patients. Also, there is overlap between other craniofacial
conditions, e.g. Treacher Collins or Robin sequence, in which some aspects of the
treatment plan during life might be similar. Therefore, it might be better to use
eligibility criteria to study outcomes of treatment then diagnostic criteria. If the
studied outcome is not dependent of a certain syndrome but of a specific charac-
teristic, the studied cohort can be based on eligibility criteria rather than diagnostic
criteria. By doing this, the outcomes are applicable to all patients with the defined
criteria. Especially since most craniofacial syndromes show much overlap in their
clinical presentation. Also, use of eligibility criteria could increase the sample size
that can be studied, enhancing research on relatively rare craniofacial syndromes.

It is also questionable whether craniofacial microsomia is a true distinct entity.
It is a syndrome with a specific phenotype as delineated in the Pruzansky-Kaban
and O.M.E.N.S. classification (20, 21, 25). CFM is heterogeneous, without showing
clusters of specific patient groups (18). Some articles showed that CFM occurs more
frequently in certain families, which is related to specific pre-natal factors, or asso-
ciated with genetic mutations (3, 5, 13, 81, 181). Nonetheless, the pathophysiology
of CFM is yet unknown. Besides the facial anomalies, extracraniofacial anoma-
lies might occur too (140). The heterogenic presentation, overlapping or possibly
co-occurring with other syndromes might indicate that CFM is not a distinct entity
but could be seen as a developmental disorder that constitute to a spectrum. This
spectrum, varying in type and severity of affected structures, might include syn-
dromes like the VACTERL association, limb-body wall complex or Mullerian duct
aplasia, renal anomalies, cervicothoracic somite dysplasia (MURCS), and could
be described as a “recurrent constellation of embryonic malformations” (RCEM)
(182). By abandoning the idea that CFM is a distinct entity but part of a spectrum
with other developmental disorders, a RCEM, many more patients with overlapping
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features can be studied (182, 183). This also advocates the use of eligibility criteria
instead of diagnostic criteria.

There are some limitations in this study. An analysis on the specificity could not be
performed as no control group with the characteristics of other craniofacial syn-
dromes was included. The large cohort of CFM patients enabled us to study these
criteria. Comparing the outcomes with other syndromes, which also creates the
ability to identify diagnostic criteria using logistic regression, was not considered
possible due to the high number of patients with other, rare, craniofacial syndromes
that needed to be included.

Another consideration of this study is the included CFM cohort. All patients were
identified using after a thorough search using search terms in all electronic patient
management systems. After receiving the diagnosis CFM by an experienced cra-
niofacial surgeon/team, the diagnosis was verified using radiographic or clinical
images by peers. Nonetheless, no strict inclusion criteria were set-up to include
the patients. As there is no ‘golden standard’ for CFM, the included cohort is based
on an extensive approach to create a reproducible group of patients based on
double checked clinical evaluation. By using this cohort, we can study whether the
theoretically developed criteria match clinical patients with CFM, enabling future
prospective research to include a well-defined cohort of patient with CFM.

Diagnostic criteria are set-up to score during consultation with the patient. Applying
the criteria on retrospective data might be challenging as not all clinical charac-
teristics are known. In our studied cohort patients were included from 1980 until
2016. Inclusion of older data could be challenging as more data might be missing.
To encompass this difficulty in this retrospective analysis, only patients with at
least four known items of the 0.M.E.N.S. score were included. Additionally, a mul-
tiple imputation analysis was used to score missing data. As this did not lead to
any differences in outcome, the effect of missing data was considered neglectable.

It can be concluded that both the FACIAL and ICHOM criteria are useful criteria to
describe patients with CFM with a high sensitivity and fair agreement between both
criteria. The ICHOM criteria showed the highest sensitivity in this studied cohort.
Both criteria are considered useful for future studies on CFM to create comparable
and reproducible outcomes.

145

170424_Renkema_BNW-def.indd 145 13-06-2024 21:45



. 170424_Renkema_BNW-def.indd 146



The effect of natural growth
on chin point deviation in
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Abstract

This study aimed to investigate the potential progressiveness of mandibular asym-
metry and study factors that influence chin point deviation in patients with uni-
lateral craniofacial microsomia (CFM). Paediatric patients with unilateral CFM with
available radiologic imaging and medical photographs were included. Chin point
deviation was measured on clinical photographs. A Jonckheere-Terpstra test and
linear mixed model for repeated measurements assessed the relation of chin point
deviation on natural growth, Pruzansky-Kaban score, and soft tissue score. A total
of 110 patients were included. The linear mixed model showed no statistically sig-
nificant changes of chin point deviation during growth (effect estimate -0.004°,
95% Cl -0.04° - 0.03°, p=0.76). A statistical significant relation between both the
Pruzansky-Kaban and soft tissue score on chin point deviation was found (effect
estimate -5.10°, 95% Cl -6.45° - -3.75°, p=<0.001 and effect estimate -3.42°, ClI
-5.86° --0.98°, p=<0.001, respectively). It can be concluded that the Pruzansky-Ka-
ban and soft tissue score have a strong effect on chin point deviation in patients
with unilateral CFM, although the variation between patients is considerable. Chin
point deviation does not change during growth, suggesting CFM is a non-progres-
sive disorder.
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Introduction

Craniofacial microsomia (CFM) is characterized by unilateral or bilateral hypoplasia
of facial tissues. Although the exact cause of CFM remains unknown, it is hypoth-
esized that during the first six weeks of gestation a disturbance occurs in the
development of the first and second pharyngeal arches. Although CFM is often
regarded as a unilateral condition, 11-14% of the patients are bilaterally affected
(129, 184). And recent studies are suggestive that perhaps all CFM patients are bi-
laterally affected although most often one side being affected more severely (30,
31). The phenotype of CFM is heterogeneous as the affected structures differ in
type and severity. Affected structures include hypoplasia of the mandible, maxilla,
orbit, zygoma, ears, soft tissue, and facial nerve (1). Besides the facial anomalies
in patients with CFM, extracraniofacial anomalies such as vertebral, cardiac and/
or renal anomalies are found in 47-55% of the patients (6, 140).

Various models have been developed to classify the degree of facial hypoplasia in
patients with CFM (6, 21, 22, 185). Mandibular hypoplasia, which is seen in 89% to
100% of the patients, is commonly described by the Pruzansky-Kaban classification
(23, 34,185). This classification, which is based on radiographic evaluation, ranks
the severity of mandibular hypoplasia from type [, to lla, llb and Ill. The degree of
hypoplasia of all involved facial structures in patients with CFM is often assessed
by the O.M.E.N.S. classification, which scores hypoplasia of the Orbit, Mandible,
Ears, Facial Nerve, and Soft Tissues (20, 25).

Functional problems associated with mandibular hypoplasia such as feeding,
breathing, or aesthetic difficulties may necessitate treatment (45, 186, 187). Timing
of treatment depends on various aspects, including natural growth of the mandible.
Potential progressiveness of mandibular growth in CFM is debated in literature (34,
35, 37,38, 44,188-190). Some authors advocate early treatment to prevent increas-
ing facial asymmetry and increase function, whereas others advice to postpone
treatment until adulthood to prevent tissue damage and unnecessary surgery as it
has been shown that early intervention increases the chances of needing additional
surgery oater in life, most likely due to the iatrogenic damage done. (40, 190).

Deviation of the chin point on clinical photographs is a simple technique that can
be used to estimate the severity of facial asymmetry (32, 33, 191, 192). Previous
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studies on 3D-analysis of the mandible in CFM showed that mandibular hypoplasia
in CFM leads to a rotation to the affected side, which is greater in patients with
more severe mandibular hypoplasia (30, 31). Although these studies based on ra-
diographic data are essential to study the extent of CFM, the effect of hypoplasia
and growth on facial asymmetry in patients with CFM has not been studied. The
aim of this study is to investigate the influence of mandibular and facial soft tissue
hypoplasia on chin point deviation in patients with unilateral CFM. Additionally, this
study aims to shed light on the potential progressiveness of CFM by studying the
potential changes in chin point deviation over time as this may have impact on the
potential timing of surgery.

Methods

This was a retrospective study, performed at the Craniofacial Unit of the Erasmus
University Medical Center, Rotterdam, the Netherlands. The use of clinical data
was approved by the Institutional Review Board (MEC-2013-575). Patients with
unilateral CFM were included if facial clinical photographs, radiologic images and
medical history were available. Patients with bilateral CFM or other craniofacial
syndromes were excluded. All patients with craniofacial anomalies are regularly
and structurally seen at the outpatient clinic, after first presentation, at the age of
4,6,9,1215,18 and 21 years old. At these visits clinical photographs are taken. All
available photos were assessed for analysis. The chin point deviation was measured
if the photograph was taken right in front of the patient. Photos of patients smiling,
crying, or with a fully open mouth were excluded as the chin point could not be
measured reliably. If a patient had craniofacial surgery that affected the mandible
and/or chin, only the pre-operative photographs were used. Photographs were also
excluded if there was any uncertainty on the type of surgery that was performed.

The severity of mandibular hypoplasia was classified by the Pruzansky-Kaban
classification, based on CT-scans or panoramic radiographs (21, 23, 34). Type |
mandibles are small but have normal morphology. Type Il is divided by type lla
and Ilb. In type lla the mandibular ramus is abnormal in size and morphology, in
type Ilb the mandibular ramus is abnormal in size and morphology and the TMJ is
abnormally placed. Type lll contains mandibles with an absent ramus, condyle and
temporomandibular joint. Potential involvement of soft tissue deficiency on chin
point deviation was assessed by using the O.M.E.N.S. classification. In this classifi-
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cation the soft tissue is scored from O to 3, ranging from no soft tissue deficiency
to a severe soft tissue deficiency (25, 193).

Chin point deviation (CPD) was measured on frontal facial medical photographs,
using Adobe lllustrator CSé. Frontal view photographs were taken with the nose
pointing towards the lens showing equal amounts of both sides of the face. To
establish reproducible and reliable measurements, chin point deviation was mea-
sured according standardized reference points suitable for 2D analysis in patients
with facial asymmetry, as described by Berlin et al (194). A sagittal line crossing
the nasion and subnasal point was defined as the midline. A second line from
the nasion through the gnathion was made. The angle between this line and the
midline was defined as the chin point deviation (32). Figure 9.1 shows the obtained
measurements in a patient over a decade.

Two observers R.W.R. and L.V.B. measured the chin point deviation in all photo-
graphs, to measure the inter-rater reliability. One observer, R.W.R., measured the
deviation twice in a three-month time-interval, to calculate the intra-rater reliability.

Statistics

Descriptive statistics were used. The intra- and inter-rater reliability was calculated
using the intraclass correlation (ICC) coefficient based on a two-way random model
with an absolute agreement definition, reporting single measures. The values of
the ICC range from O to 1, values of 0.8 and higher are interpreted as excellent
agreement. A Jonckheere-Terpstra test was used to assess the association between
the Pruzansky-Kaban classification and the soft tissue score and the first measured
CPD. This test was used because it determines if there is a statistically significant
trend between an ordinal independent variable and a continuous variable in an a
priori ordering. We used a linear mixed model to see how the CPD changes with
respect to age. The independent variables in this model were age, sex, the Pruzan-
sky-Kaban classification, and the soft tissue score of the O.M.E.N.S. classification.
The association of the Pruzansky-Kaban classification and soft tissue score on the
CPD were assessed in separate models as the variables are not dependent of each
other, taking into consideration that patients with a severe phenotype of CFM show
hypoplasia of multiple facial tissues. A random intercept and a random slope of
age were used to account for the within-subject correlations. Statistical analysis
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was performed using IBM SPSS, version 24. All statistical tests used a two-sided

significance level of 0.05.

Figure 9.1: Measurement example

Results

In total, 218 patients with unilateral CFM were evaluated during the study period. Of
the 218 patients, 110 were included in the study, aged between 3 to 56 years old. A
total of 108 patients were excluded due to the presence of other facial anomalies,
surgeries of the mandible or chin, or due to insufficient imaging data. Slightly more
males (n=56) than females (n=54) were included; the affected side was equally
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distributed in the studied cohort (55 left and 55 right). Table 9.1 shows the patient
characteristics, Pruzansky-Kaban classification and the soft tissue score of the
O.M.E.N.S. score in the studied cohort.

Table 9.1: Patient characteristics

Sample characteristics

Sample, n 10
Age (year), range 3-56
Gender, n

Male 56

Female 54
Affected side, n

Left 55

Right 55
Pruzansky-Kaban classification, n (%)

Typel 41 @37)

Typella 29 (26)

Type llb 18 (17)

Type lll 22 (20)
Soft Tissue score of 0.M.E.N.S., n (%)

0 19 (17%)

I 45 (41%)

Il 38 (35%)

1l 8 (7%)

The total number of measurements per patient varied, as did the age at which pa-
tients were measured (table 9.2). All 110 included patients had one measurement,
69 patients had two measurements, 49 patients had three measurements and 23
patients had four or more measurements. The mean chin point deviation of all
patients at first measurement was 3.8° (SD 3.2°). Subdivided in Pruzansky-Kaban
type I, lla, llb and lll, the mean chin point deviations were 2.3°,2.9°, 4.2°, and 7.4°,
respectively (table 9.3). The ICC coefficient was 0.96 (95% Cl 0.94 - 0.97) for the
inter-rater reliability and 0.88 (95% CI 0.82 - 0.92) for the intra-rater reliability.
They are both interpreted as excellent agreement.
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Table 9.2: Numbers and age of measurements

Total number of Number of patients with Median age at time of ~ Age range at time of

measurements per measurement measurement measurement

patient (in years) (in years)
1 m 7 3-56
2 69 10 5-29
3 49 12 9-22
4 23 15 12-19
5 n 17 14-18
6 5 19 18-21
7 1 20 20

Table 9.3: Pruzanksy-Kaban score and chin point deviation

N Mean Minimum and maximum
(in degrees) measurement
(including 95% ClI) (in degrees)
P-K type 41 230 (1.81-2.79) 0.0-69
P-K type lla 29 291 (1.86-397) 0.0-99
P-K type llb 18 418 (2.74-5.62) 0.0-10.8
P-K-type Il 22 737 (5.718-896) 2.6-14.0
Total 10 3.21 (318-4.39) 0.0-14.0

*P-K: Pruzansky-Kaban ; Cl: Confidence Interval

A linear mixed model for repeated measurements showed no significant association
between age and chin point deviation (p=0.76), as for sex and chin point deviation
(p=0.41). The Pruzansky-Kaban score was significantly associated with chin point
deviation (p=<0.001). Patients with a Pruzansky-Kaban type Ill mandible had a
5.1° larger chin point deviation to the affected side compared to patients with a
Pruzansky-Kaban type | mandible (effect estimate -5.10°, 95% Cl -6.45° - -3.75°).
The soft tissue score was also significantly associated with chin point deviation
(p=<0.001). The chin point deviation to the affected side was 3.4° larger in patients
with a soft tissue score Ill compared to patients with a soft tissue score | (effect
estimate -3.42°, Cl -5.86° - -0.98°). All measurements were taken into account in
this analysis, except for one patient who was considered an outlier due to her age
of 56 years at first measurement and was therefore excluded from this analysis
(median age at first measurement: 7 years; 90" percentile of all first measure-
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ments: 18 years). Measurements of patients above 18 years of age were excluded
in the analysis on the relation between chin point deviation and growth. The results
of the models is shown in table 9.4.

Table 9.4: Estimates of Fixed Effects on chin point deviation

Parameter Effect estimates Confidence interval
(in degrees) (in degrees)
Age -0.004 -0.04-0.03
Male -0.41 -1.39-0.58
Female 0O (redundant)
Pruzansky-Kaban | -5.1 -6.45--3.75
Pruzansky-Kaban lla -4.5 -597--3.07
Pruzansky-Kaban lIb 3.2 -4.83--1.57
Pruzansky-Kaban Il 0 (redundant) .
Soft tissue O 3.42 -5.86--098
Soft tissue | 215 -4.38-0.08
Soft tissue ll 0.02 2.24-2.27
Soft tissue Il 0O (redundant)

The Jockheere-Terpstra test, which only used the first CPD measurement of all
110 patients, also showed that patients with a higher Pruzansky-Kaban score had
a significant more deviant chin point (p=<0.001), as was for patients with a higher
soft tissue score (p=<0.001).

Discussion

This study aimed to research the potential progressiveness of mandibular asym-
metry in unilateral CFM and studied factors that influence mandibular asymme-
try. A total of 110 patients were included. More patients with a Pruzansky-Kaban
type | or lla were included than patients with type Ilb or Ill, which is in line with
literature. Both sex and the affected side were equally divided in our population.
Other studies did find differences in sex and affected side predominance in CFM,
although the meta-analysis by Xu et al. showed no differences in male-female and
left-right ratio (129, 184).
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No significant changes occur in chin point deviation during growth. It can therefore
be assumed that growth of both the affected and unaffected side of the mandible
is similar in patients with unilateral CFM. This was also shown by Ongkosuwito et
al., who studied panoramic x rays, found that patients with CFM experience similar
growth compared to a normal population, but start and end with a smaller mandible
(189). Polley et al. studied longitudinal records of 26 patients with unilateral CFM
and assessed posterioranterior cephalometric radiographs. They concluded that
the mandibular asymmetry is not progressive and both the affected and unaffect-
ed side show parallel growth (190). Newer methods such as 3D CT-scans can be
used to describe the mandibular deformity in more detail. Kaya et al. showed, by
using principal component analysis, that the mandible rotates to the affected side
due to lateral rotation and shortening of the condyle-gonial height with outward
bending of the mandibular angle (30). The “unaffected” mandibular side in patients
with unilateral CFM is often bending inwards due to compensatory remodeling. No
differences were observed during growth as both young and old patients showed
inward bending of the unaffected side (30). Kim et al. studied 3D reconstructed
mandibles from CT-scans of patients with CFM to investigate growth of the ana-
tomical regions of the mandible separately (31). They found that the angulation in
milder patients (Pruzansky-Kaban type Il), but not severe hypoplastic mandibles
(Pruzansky-Kaban type Ill), may decrease with age although the type Il mandibles
still show more than 6° angulation compared to healthy controls (31). This study
was based on cross-sectional analysis of 28 patients with CFM divided in various
age-groups, which could explain the different outcome compared to our study,
which assessed 110 patients with CFM in a longitudinal analysis.

Deviation of the chin point is influenced by the Pruzansky-Kaban score and the soft
tissue score on the O.M.E.N.S. scale. This study shows a strong average effect of
the Pruzansky score and soft tissue score on the chin point deviation. However, the
variation between patients, especially in the effect of the soft tissue score on the
chin point deviation, is considerable as is displayed by the wide confidence interval.

Identifying reliable landmarks and thus measure chin point deviation in patients
with CFM is difficult as facial anatomy varies between patients. A horizontal lines
through the lateral canthi with a perpendicular sagittal line can be used to deter-
mine the midline of the face. However, this is questionable in patients with CFM as
orbital dystopia, a common feature in these patients, may influence placement of
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the landmarks (32). In this study, frontal view photographs were taken in a straight
direction showing equal amounts of both sides of the face. The midline of the face
was determined by placing a sagittal line through the nasion and subnasal point.
Additionally, the chin point, defined as gnathion, can be difficult to determine on
medical photographs as it is not always as visible compared to radiologic images.
Although these difficulties with landmark placement in studying patients with CFM
are inevitable, excellent intra- and interobserver agreement was reached because
of the strict methodology.

In the last decades conflicting results on the progressiveness of CFM have been
published. Early treatment could stimulate midfacial growth and lead to better
facial symmetry (22, 34, 35,195, 196). Especially in patients with mild mandibular
hypoplasia, additional surgery was not always needed (22, 34). However, recent
systematic reviews by Nagy et al. and Pluijmers et al. showed no evidence for
long-term stability of early treatment in patients with CFM (40, 197). The earlier
correction of mandibular asymmetry is performed, the more surgical procedures
are needed to correct the asymmetry later in life (39). The findings in this study
support informing parents and children that the condition will not get worse over
time and should also support avoiding early surgery for the sake of ‘prevention of
increasing facial asymmetry'.

Conclusion
It can be concluded that there is a strong effect of the Pruzansky-Kaban and soft
tissue score on the chin point deviation in patients with unilateral CFM, although

the variation between patients is considerable. No change in chin point deviation is
seen during growth which might suggest that CFM is not a progressive condition.
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Abstract

This article provides a review of a decade of clinical research studies on clinical
features, medical and surgical interventions for individuals with craniofacial mic-
rosomia (CFM). We also provide recommendations for future clinical research. A
systematic search of literature was conducted in Embase and Pubmed/Medline
Ovid. All publications from 2010 until 2020 that included at least 10 individuals
with CFM were considered relevant for this study. A total of 91 articles were includ-
ed. In the past decade, many new studies on CFM have been published providing
more insight on the diagnosis and management of patients with CFM. This review
encompasses findings on the clinical difficulties patients with CFM encounter, in-
cluding the craniofacial and extracraniofacial characteristics of patients with CFM
and its related clinical consequences on breathing, feeding, speech, and hearing.
A considerable number of large multicentre studies have been published in recent
years, providing new insights in the clinical consequences of CFM. The phenotypic
variety between patients with CFM makes patient specific treatment tailored to
individual needs essential. Research and development of clinical care standards
might be challenging due to the heterogeneity of CFM. Future research on clinical
and patient reported outcomes can help identify optimal treatment strategies.
Cooperation between craniofacial centers, using uniform registration and outcome
measurement tools, could enhance research and future care for these patients.
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Introduction

One in approximately 5000 newborns is diagnosed with craniofacial microsomia
(CFM), making it the second most common craniofacial condition following cleft lip
and/or palate. Patients with CFM are born with uni- or bilateral underdevelopment
of the structures arising from the first and second pharyngeal arches, including
the mandible and ears (1, 47). The number and severity of the affected structures
vary among individuals. As no diagnostic criteria nor common associated genetic
mutations exist, the diagnosis is based on clinical assessment. Extracraniofacial
anomalies including cardiac, renal or vertebral anomalies are also common in pa-
tients with CFM (6). The clinical consequences of these anomalies vary. Patients
may experience difficulties with breathing, feeding, speech or hearing, and many
children undergo multiple surgical interventions throughout child and early adult-
hood. In the last decade, many studies on CFM have been published and provide
new insights on phenotypic spectrum, medical and surgical screening evaluations
and treatments. The aim of this manuscript is to present an overview of the recent
clinical research on CFM for clinicians and researchers.

Methods

We conducted a systematic search of literature to identify articles on CFM published
in the last decade. The search was conducted in Embase and PubMed/Medline
Ovid. The full search strategy is available as online appendix. All clinical studies
on CFM, written in English, published between 2010 until 2020 that included 10 or
more patients were included in this review. A total of 2115 articles were screened
on title and abstract, leading to excluding 1973 articles. After full text review of 142
articles, a total of 91 articles were included in this article (figure 10.1).
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Figure 10.1: Flowdiagram literature search
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Clinical characteristics and terminology

Craniofacial microsomia is a heterogeneous clinical diagnosis characterized by
hypoplasia of facial structures that are derived from the first and second pharyn-
geal arches. The most common features associated with CFM include: mandibular
hypoplasia, microtia, orbital hypoplasia, facial palsy, facial soft tissue deficiency,
preauricular skin tags, lateral oral clefts, epibulbar dermoids and vertebral anoma-
lies (20, 28). A variety of terms have been proposed to describe patients with CFM,
including otomandibular dysostosis, first and second branchial arch syndrome, fas-
cio-auriculo-vertebral sequence or syndrome, oculo-auriculo-vertebral dysplasia,
spectrum or syndrome, hemifacial microsomia and Goldenhar syndrome.

In 1952, Maurice Goldenhar described three patients with mandibular dysostosis,
epibulbar dermoids, pre-auricular skin tags and cervical vertebral anomalies; sub-
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sequently called Goldenhar syndrome (15). A decade later, in 1963, Gorlin et al.
proposed the term oculo-auriculo-vertebral spectrum for patients with auricular
appendages and fistulas, epibulbar- or lipodermoids and vertebral anomalies (16,
17). Gorlin and Pindborg also introduced the term hemifacial microsomia to describe
patients with an underdevelopment of the ears, oral and mandibular structures (5).
The clinical features of all these patients had much overlap and no clear distinction
between the syndromes could be made, suggesting a continuous spectrum (17).
Studies have shown that the clinical features were indistinguishable among patients
who had received a diagnosis of Goldenhar syndrome compared with those diag-
nosed with CFM (18, 19). The term craniofacial microsomia accounts for the high
prevalence of bilateral facial features, including bilateral hypoplasia of the facial
structures in 11-33% of patients (18,129, 139, 198), presence of contralateral hearing
loss in 8% of individuals with apparent unilateral CFM (199), and recent studies
suggest that CFM is probably never truly unilateral (30, 200, 201).,

Quantitative analysis of the craniofacial skeleton to detect differences in the “un-
affected” side in patients diagnosed with unilateral CFM have produced mixed
results. While one study used principal component analysis (PCA) and identified
inward deviation of the unaffected mandibular angle (30) contradictory results
were found by Kim et al. who performed a mandibular skeletal unit analysis and
concluded that the unaffected mandibular side was not significantly different from
healthy controls (31). Chen et al. studied 48 patients with unilateral CFM and found
shorter mandibular body and ramal lengths of the contralateral side in patients
with severe (Pruzansky-Kaban type IIB-1ll) compared to mild (type I-IIA) mandibular
hypoplasia (202). The cranial base angle and axis deviation was studied by Paliga
et al. who found no differences compared to healthy controls (203). Later studies
of the cranial base using techniques such as PCA and found cranial base malforma-
tions on both the affected and unaffected side, which may be either compensatory
or directly attributable (200, 201). Schaal et al. state that their results differed
from the results by Paliga et al. because of a more detailed selection and higher
number of landmarks (200).

Three independent studies in large populations (n=105, 100, and 755) investigated
the relationships among the CFM facial anomalies and detected correlations be-

tween orbital, mandibular and soft tissue hypoplasia, between soft tissue hypopla-
sia and microtia, and between microtia and facial nerve dysfunction in patients with
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CFM (18,135, 204). Evaluation using principle component analysis of 755 patients
with CFM showed no specific clusters within CFM (18).

Classification systems

The O.M.E.N.S. classification system is one of the most commonly used scoring
systems for the features typically associated with CFM and includes scores for
the degree of hypoplasia of the orbit (0), mandible (M), ears (E), facial nerve (N),
and soft tissue (S) and is based on clinical assessment (25). Later, the presence of
extracraniofacial anomalies was added by Horgan et al., creating the O.M.E.N.S.-
plus. In 2011, Birgfeld et al. created the phenotypic assessment tool (PAT-CFM)
which includes a photographic protocol the O.M.E.N.S. score, additional detailed
assessment of other deformities including colobomata, strabismus, dermoids, skin
tags, pits, clefts, tongue anomalies, and radiographic assessment of the orbit and
mandible (20, 24). Radiographic evaluation of mandibular hypoplasia is done with
the help of the Pruzansky-Kaban classification, which categorizes the degree of
mandibular hypoplasia from type | to lIA, 1IB, and Il (21-23). Birgfeld et al. (2016)
found high reliability of the PAT-CFM based on photographs and compared with
direct physical examination (205). In 2016, Heike et al used the PAT-CFM to study
a sample of 142 individuals with CFM patients and 290 controls to develop a sys-
tematic approach to describe their facial characteristics by using the O.M.E.N.S.
score (206). Categorization of phenotype using the PAT-CFM has been used in
several subsequent studies and allows for comparison of study findings across
cohorts (198, 207, 208).

The topics in this review are sorted by the structural features of the O.M.E.N.S.
classification. Functional difficulties, as hearing, breathing, feeding and speech are
discussed according their related anatomic structure of the classification.

Orbit

Asymmetries in size and/or position of the orbit (orbital dystopia) are observed in
4% to 43% of the patients with CFM (139, 209), but rarely require surgical treat-
ment. (45). In 2018, Gribova et al. (210) identified an average difference of 10%
(p=0.001) in the orbital volume of the affected and unaffected side in patients with
unilateral CFM. No healthy controls were included in this study, but in the varia-
tion in orbital size within an individual from the general population is considered
to be less (211, 212). In addition to hypoplasia of the orbit, ocular anomalies are
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frequently observed in patients with CFM and might require treatment to optimize
visual acuity.

Eye

Twenty-five articles were included in a 2020 systematic review on ocular and
adnexal anomalies in CFM (209). Epibulbar dermoids and eyelid colobomata are
common in patients with CFM, with a prevalence of 7%-69% and 4%-40%, respec-
tively (209, 213). Other CFM-associated anomalies include lacrimal duct or gland
anomalies, microphthalmia, anophthalmia, iris colobomata, lipodermoids, optic
nerve anomalies, blepharoptosis, strabismus, astigmatism, amblyopia. Patients with
bilateral facial features were more likely to have ocular anomalies than patients
with unilateral CFM (18). Epibulbar dermoids, astigmatism, and/or exposure keratitis
may impair vision, and timely evaluation and treatment is needed. Therefore, all
patients with CFM should be evaluated by an ophthalmologist during visual devel-
opment, i.e. before the age of 5 years (209).

Mandible

Mandibular hypoplasia is a characteristic feature in CFM and is present in approxi-
mately 73% to 91% of the patients (18, 206). Severity varies from mild hypoplasia
to complete absence of the ramus, condyle and temporomandibular joint (21, 22).
Variations in the course of the mandibular canal are more common in patients with
a Pruzanksy-Kaban type Ilb or type Il mandible (214). In a study of 84 pediatric
patients with CFM and 329 controls, patients with unilateral mandibular hypopla-
sia had a significantly smaller mandibular ramal height but demonstrated similar
growth during development compared to healthy controls (215). Maxillary hypopla-
sia could also be observed in up to 90% of the patients, which may lead to canting
of the occlusal plane (216). However, Wink et al. found no significant difference in
maxillary bony volumes in a cohort of 30 patients with CFM despite the presence
of significant differences in mandibular volume. No relation between the severity
of mandibular hypoplasia and occlusal cant was found (217). Ongkosuwito et al.
showed, using cephalometric analysis, that patients with CFM have more retrud-
ed mandibles and maxillae and a more vertical morphology compared to healthy
controls. This difference was also seen comparing the affected to the unaffected
side, and comparing patients that were severely and mildly affected (36). Another
cephalometric study by Tokura et al. showed that mandibular body hypoplasia on
the affected side was unrelated to the severity of hypoplasia of the mandibular
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ramus and TMJ, and was stronger correlated to the degree of chin point deviation
than the ramus hypoplasia in patients with CFM (218). Functional difficulties due
to hypoplasia of the mandible and maxilla are common in patients with CFM and
can have adverse impacts on breathing, feeding, speech and/or occlusion. Facial
asymmetry due to mandibular hypoplasia can also have adverse aesthetic impacts
(219, 220).

Upper airway obstruction

Patients with mandibular hypoplasia are at increased risk for obstructive sleep
apnea (OSA) due to obstruction at tongue base level (221, 222). In 2015, a system-
atic review on OSA in CFM identified a prevalence of OSA in CFM between 7% to
24% and patients with a more severe form of CFM and/or bilateral CFM features
were at the highest risk for OSA (222). A retrospective study of 62 patients with
CFM, showed those with a unilateral severe mandibular hypoplasia (Pruzansky-Ka-
ban type llb and Ill) are also at increased risk for OSA, whereas no patient with a
Pruzansky-Kaban type | or lla mandible was diagnosed with OSA (223). In 2017, a
large retrospective study of 755 patients with CFM showed a prevalence of 18% of
OSA in CFM (186). Again, patients with severe mandibular hypoplasia or bilateral
CFM were at increased risk for OSA. Severe OSA was observed in patients with
severe mandibular hypoplasia (186). In 2019, a cross-sectional study by Klazen et al.
showed by studying CT scans of 79 patients with CFM and 88 controls that patients
with CFM have a smaller oropharynx volume and retropalatal area compared to con-
trols (160). Patients with CFM and OSA showed, compared to other CFM patients,
a smaller retroglossal area and different uniformity and sphericity. Multivariate
regression analysis showed sphericity is the main predicting variable for OSA in
patients with CFM (157, 160, 186). Retrospective data showed that placement of a
tracheostomy is often considered a first choice of treatment for patients with CFM
and severe OSA (186). Unilateral mandibular distraction in patients with unilateral
CFM expanded the oropharynx and nasopharynx, and led to less airflow resistance
in a retrospective study of 20 patients by Wang et al (224). The high prevalence
of OSA in CFM and potential adverse events of not recognizing the disease timely,
warrants screening for all patients with CFM and consideration of further testing
with polysomnography for those at increased risk (186). Considering no literature
is available on any superiority of a type of surgical treatment for OSA in CFM,
treatment options should be discussed within a multidisciplinary team.
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Feeding difficulties

Mandibular hypoplasia, muscle weakness, tongue anomalies, cleft palate and pha-
ryngeal/laryngeal anomalies can contribute to feeding problems. A 2015 system-
atic review of feeding difficulties and CFM identified only eight articles that met
inclusion criteria (156). These studies reported a prevalence of feeding difficulties
in 42% to 83% of children with CFM (156). Feeding difficulties were identified in
26% of the 755 patients included in a CFM retrospective study published in 2018
(187). Most (60%) feeding difficulties were diagnosed before the age of six months.
Type of feeding difficulties included suckling, swallowing or chewing errors, reflux
complaints, or a restricted mouth opening. Feeding difficulties were observed in
half of the patients with cleft lip/palate, bilateral CFM, obstructive sleep apnea, or
extracraniofacial anomalies (187). Conservative treatments such as using a cleft
bottle/nipple or antireflux therapies may be sufficient for some patients while
others require alternative methods (such as nasogastric or gastric tubes) (187). In
2018, van de Lande et al. further investigated the swallowing difficulties identified
in 102 of 755 (14%) patients with CFM (225). Videofluoroscopic swallow studies
showed that young patients (<6 months) showed problems with nasopharyngeal
reflux, bolus formations and aspirations, whereas older patients (>6 months)
showed difficulties with bolus formation, swallow trigger and stasis of food after
swallowing. Patients with severe mandibular hypoplasia showed significant more
difficulties in appropriate bolus formation. No difference was seen between pa-
tients with unilateral and bilateral CFM (225). The authors advise that all patients
should be screened for feeding difficulties. A cross-sectional study of 20 patients
with CFM and 10 controls found no differences in bite force on the affected side,
although the electromyography value of the masseter muscle was diminished on
the affected side compared to the contralateral side and healthy controls (226).
Due to the high prevalence, the authors advice that all patients with CFM should be
screened for feeding difficulties and growth should be monitored (187). Treatment
should always be discussed within the multidisciplinary team.

Saliva is required for appropriate swallowing and Brotto et al. evaluated MRI scans
of 25 patients with CFM and 11 controls for parotid and submandibular gland anom-
alies (227). While all controls had normal salivary glands, 84% of the patients
with CFM demonstrated hypoplasia/aplasia of the parotic gland in with additional
submandibular gland hypoplasia in 26% of these patients. All gland hypoplasia
was ipsilateral to the affected side in patients with unilateral craniofacial features,
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and parotid gland hypoplasia was correlated with ipsilateral nerve V and VIl ab-
normalities (227).

Speech

Patients with CFM are at risk for speech and language difficulties due to under-
development of facial tissues, including mandibular hypoplasia, microtia, facial
hypotonia, malocclusion, lateral oral clefts, cleft lip/palate and/or velopharyngeal
insufficiency (139, 162, 185). Collet et al. studied speech and language skills in 107
adolescents (age 11-17 years) with CFM and 306 controls (228). Lower scores of
speech intelligibility, articulation, expressive language skills and communication
were observed in patients with CFM compared to controls. Individuals with man-
dibular hypoplasia plus microtia and/or patients with hearing difficulties scored
lower on all measures compared to controls (228). In line with this study and the
CFM overview paper by Heike et al. it is advised that all patients with CFM should
be evaluated for speech difficulties before the age of 2 years and be monitored
during childhood by a speech and language therapist (139).

Dental

Hypodontia or dental hypoplasia is present in 8% to 25% of the patients with
CFM (139). A 2020 systematic review on dental anomalies in patients with CFM
included thirteen articles (229). Tooth agenesis was observed in 7% to 33% of the
patients and was more frequently diagnosed on the affected side compared to the
unaffected side, more often observed in bilateral patients compared to unilateral
patients, and more frequently seen in patients with severe mandibular hypoplasia
compared to mild hypoplasia. A delay in dental development was seen in 20% to
54% of the patients, which was higher compared to a control population. One
of the authors reported a “catch-up phenomenon” in which less delayed dental
development was found in older patients compared to younger patients (230).
Patients with CFM also show anomalies in tooth size or tooth morphology, which
was more frequently seen on the affected side than on the unaffected side (229).
All these anomalies could affect occlusion, which might necessitate treatment. The
orthodontist should screen patients for dental deformities and discuss treatment
within the multidisciplinary team. Often patients require coordinated orthodontic
treatment followed by orthognathic surgery to improve skeletal symmetry (139).
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Treatment options for mandibular hypoplasia

Surgical correction of the mandibular deformity in CFM may improve breathing,
feeding, occlusal and/or aesthetic concerns and treatment selection depends on
the degree of mandibular hypoplasia. Anesthesiologists should be aware of the
potential a challenging intubation in children with CFM. Xu et al. studied 136 patients
with CFM who underwent surgery and found a 100% success rate of intubation
for primary fibroscopy and video laryngoscopy, but 79.5% success for direct la-
ryngoscopy. Difficult laryngeal visualization was correlated with failed intubation
by direct laryngoscopy, which might be improved by mandibular distraction (231).
A systematic review on the mandibular reconstruction in patients with unilateral
CFM, showed patients with mild mandibular hypoplasia (Pruzansky-Kaban type |
and lla) often underwent distraction osteogenesis (30%) or osteotomies (2%) (197),
while those with severely affected mandibles (Pruzansky-Kaban type Illb and III)
were more frequently treated with mandibular reconstruction using a bone graft
(44%) or distraction osteogenesis (14%). Treatment outcomes varied and no su-
perior treatment modality was identified. The authors concluded that treatment
outcomes are primarily based on the severity of mandibular hypoplasia (197). In
a retrospective, multicenter study of surgical interventions in 565 patients with
CFM, a third of all patients with CFM underwent mandibular surgery, which was
more frequently performed in patients with severe mandibular hypoplasia (39).
Patients with severe hypoplasia were frequently treated with mandibular recon-
struction using a bone graft, while patients with mild mandibular hypoplasia were
more likely to undergo osteotomies, genioplasties and distraction osteogenesis.
Patients with severe mandibular hypoplasia often needed secondary orthognathic
surgery. Severe mandibular hypoplasia and/or bilateral CFM were indicators that
multiple surgeries are usually needed and patients required more surgeries if the
first surgery was performed at a younger age, independent from the severity of
mandibular hypoplasia (39).

The ideal timing of mandibular correction is still debated. In recent studies, Zhang
et al. (232), Weichmann et al. (195), Suh et al. (233) and Ko et al. (33) studied
outcomes of early mandibular distraction osteogenesis (MDO) in CFM. Zhang et
al. studied 38 patients with comparable degrees of mandibular hypoplasia CFM,
including 17 who received early MDO at a mean age of 9 years and 21 who did not.
No significant difference in the need for orthognathic surgery at skeletal maturity
between both groups was observed (232). Weichmann et al. studied the long-term
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results of early MDO performed at a mean age of 3 years in 19 patients with mild
CFM (Pruzansky-Kaban type | and lla). Twelve patients had satisfactory outcomes
and seven unsatisfactory, which was based on clinical assessment. Comparison of
the groups showed that unsatisfactory results could be due to earlier distraction
and a greater overcorrection from the midline (195). In a retrospective study of 26
patients with unilateral CFM who were treated with MDO at a mean age of 6 years,
occlusal and mandibular tilting was significantly decreased after 1 year, but this
result was no longer present at 4 to 11 years after treatment (233). Similar results
were found by Ascenco et al., who observed recurrence of asymmetry after 44
months in 90% of the 33 patients with unilateral CFM treated with MDO at a mean
age of 7 years (234). Ko et al. also analyzed long-term facial growth after early
MDO in twenty patients with mild CFM (Pruzansky-Kaban type Il), including nine
who underwent MDO between 5 to 9 years and eleven patients without MDO. During
follow-up the ramus length ratio (affected/nonaffected) decreased from 91% to
69%. Treated patients showed a similar mandibular growth pattern compared to
untreated patients. Both groups of patients showed clinical asymmetry at follow-up,
although early MDO led to a smaller chin deviation in the long term (8 versus 13
mm) (33). After final orthognathic surgery, patients with CFM who received early
MDO did not significantly differ in skeletal and dental outcomes compared to previ-
ously untreated patients (n=20) (235). Advancement of the chin point was greater
in the MDO group, but not statistically significant due to individual variability and
surgical inaccuracy (235). Early MDO may improve facial symmetry and psychoso-
cial acceptance in a cost-effective manner, according to a panel of 463 non-CFM
participants studied by Almadani et al., although the potential risks of treatment
were not taken into account in this study (236).

Bertin et al. performed a retrospective study of 39 patients with CFM in 2017 to
evaluate outcomes of vertical ramus osteotomies and mandibular reconstruction
with a rib graft (237). Patients were treated at a mean age of 13 years (3.5 SD) and
all demonstrated improvement in the degree of the occlusal canting, although a
slight recurrence of mandibular asymmetry was observed during follow-up. Addi-
tional orthognathic revision was indicated in 23% of the patients due to the relapse
in chin deviation and maxillary occlusal canting (237). Ascenco et al. reported that
30 of the 33 patients had orthognathic surgery after previous MDO (234).
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For patients with severe mandibular hypoplasia, reconstruction with costochondral
grafting is an option. Tahiri et al. retrospectively reviewed outcomes of this type
of treatment in 22 patients with CFM and Pruzansky-Kaban type Ilb and Il (238).
Treatment was performed at an average age of 7 years. Some mandibles (18%)
required secondary distraction osteogenesis. No graft resorption, malunion or
nonunion was observed. One patient developed ankylosis of the graft (238). Long-
term results of mandibular reconstruction with costochondral rib graft at age 6-8
years, was studied in a retrospective case-control study of 10 patients with CFM
and a Pruzansky-Kaban type Ill mandible by Meazinni et al (239). No overgrowth
was observed. The mandibular ratio of the affected versus the non-affected side
showed 8% relapse at a mean follow-up of 8 years. Interestingly, facial and dental
symmetry did no longer differ after 8 years in patients with a costochondral graft
compared to non-treated patients (239). Another possible solution for severely
hypoplastic mandibles is reconstruction with alloplastic materials. Polley et al.
studied outcomes of ten patients with CFM who were treated with titanium man-
dibular implants after failed previous reconstructions (240). All patients achieved
a good occlusal relationship and no adverse events were reported. This type of
treatment may be suitable for skeletally mature patients with no other treatment
options available (240).

In 2018, a systematic review on surgical correction of the midface in unilateral
CFM was published. Both LeFort | osteotomies with mandibular distraction and
bimaxillary osteotomies were reported in literature with good results. Bimaxillary
osteotomies in patients with severe mandibular hypoplasia were often performed
after treatment with distraction osteogenesis or placement of a bone graft. Midface
correction was commonly performed during adulthood (241). The use of patient
specific cutting guides in Le Fort | surgeries increased accuracy compared to the
use of a surgical wafer in a cohort of 18 patients with CFM (242). No ideal surgical
treatment protocol was identified due to the lack of sufficient outcome data. A
retrospective study on this subject, also published in 2018, included 81 patients
with unilateral CFM to review types of maxillary correction in CFM and to study the
relation between the maxillary cant and mandibular hypoplasia (243). Maxillary sur-
gery was performed in 29% of the patients and included: bimaxillary osteotomies,
Le Fort I with mandibular distraction, Le Fort |, and Le Fort | with mandibular recon-
struction with bone graft. A significant positive correlation between the degree of
maxillary canting and the severity of mandibular hypoplasia was found (243). Xu
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et al. also found an independent association between the mandibular ramus height
and corpus length with maxillary volume in 70 patients with unilateral CFM (244).
Maxillary volumes were lower on the affected side compared to the contralateral
side (245). Also, no differences in maxillary sinus volume were observed (245).

Ear

Microtia is common in CFM and reconstruction of the external ear may be per-
formed to restore a more typical appearance (18, 19, 139). Various treatments are
available, and the choice of intervention depends on the patient’s wishes (which
includes no treatment), burden of treatment, the patient's anatomy and age. An ex-
ternal prosthesis attached on osseointegrated implants is generally only considered
in adult patients (246). Placement of an external silicone prosthesis attached with
adhesives may be a temporary treatment modality for young children if needed
(246). Alloplastic implants, such as Medpore, can be placed at a young age and has
a lower burden compared to autologous reconstruction with a rib graft. A draw-
back of this type of treatment is that if complications occur, such as extrusions or
fractures of the implants, other types of reconstruction are not possible (246). Re-
construction with autologous rib provides good long-term results and is considered
the most durable treatment option, but outcomes are dependent on surgical skill
and have a higher treatment burden compared to other modalities (246). Microtia
reconstruction in patients with CFM may be challenging as soft tissue deficiencies
could make covering of the auricular reconstruction difficult. In 2018, Park et al.
studied 52 patients with CFM to evaluate three types of coverage techniques in
microtia reconstruction with rib (247). Results showed that in patients with severe
CFM features, including mastoid hypoplasia, low hairline, anotia or small vestige,
the fascia flap is considered most optimal, whereas in other patients the embedding
technique should be used according to the authors (247). An expanded scalp flap
without skin graft can be an effective procedure for patients with a low hairline
(248). Qian et al. and Xing et al. describe the use of a retroauricular tissue expander
in an expanded two-flap reconstruction method with costal cartilage (249, 250).
Outcomes of autologous reconstruction with rib was studied in 60 patients with
auricular anomalies (251). Patients with severe microtia needed significantly more
surgeries and had decreased aesthetic outcomes, which was based on observer
assessment.
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Hearing

Awareness for hearing problems in patients with CFM is essential to prevent devel-
opmental delay, learning difficulties, speech development delay and/or impaired
social functioning. Patients with CFM are at risk for hearing loss due to anomalies
of the outer, middle and/or inner ear structures which can result in conductive,
sensorineural or mixed hearing loss. In 2017, a retrospective study of 79 patients
(40 unilateral and 39 bilateral) with CFM identified that most patients (82%) had
hearing loss, which was unilateral in 53 patients and bilateral in 12 patients (199).
Hearing loss was mostly conductive (73%), mixed (10%) or unable to be determined
(16%). Only 1% of the patients had solely sensorineural hearing loss. The severity
of microtia, which was present in 94% of the patients, was positively correlated
with the severity of hearing loss. Interestingly, 8% of the patients had unilateral
hearing loss contralateral to the hypoplastic ear or mandible (199). Sleifer et al.
analyzed audiological findings in 10 patients with CFM and found hearing loss in 9
patients which was mild or moderate in 8 patients (252). The same group published
a cross-sectional study in 2016 on hearing loss in another 10 patients with CFM.
All patients had microtia and half of the patients were diagnosed with hearing
loss (three conductive, two sensorineural) (253). In a larger cross-sectional study
from 2017 by Cohen et al., all 89 patients were evaluated for hearing impairment
(27). Microtia was present in 83% of the patients and hearing loss in 79% of the
patients. Five patients (6%) were bilaterally deaf as a result of acoustic nerve or
cochlear anomalies (27). Inner ear anomalies were seen on CT or MRI imaging in
one-third of 33 patients included in two separate studies by Hennersdorf et al. and
Rosa et al. (254, 255). Davide and Renzo et al. also studied CT and MRl imaging of
the head of respectively 35 and 32 patients with CFM (256). Malformations of the
inner ear were found in 31% of the patients and were correlated with ipsilateral 7t
and 8 cranial nerve anomalies (256). These studies confirm the high prevalence
of hearing loss in patients with CFM. Treatment of hearing loss led to improvement
of psychosocial functioning (251).Screening and timely treatment is essential to
support child development. Complete audiologic evaluation should be performed
in early infancy (139).

Facial nerve
Facial nerve palsy is present in 10% to 55% of the patients with CFM (18, 139). This

may cause difficulties with eyelid closure, speech or oral continence, and aesthetic
concerns(257). In 2015, Manara et al. identified facial nerve abnormalities on CT
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and/or MRI images in 61% of the 18 patients with CFM, (88). Abnormalities were
also observed in cranial nerves, including the fifth, sixth and eighth nerve (58%,
50% and 44% of patients, respectively). Li et al. studied facial palsy in 786 pa-
tients with isolated microtia and 339 patients with CFM (258). A quarter (24%) of
the patients with CFM had facial palsy, which was positively correlated with the
presence of mandibular hypoplasia, microtia and soft tissue deficiency. None of the
patients with isolated microtia had facial palsy. The severity of facial palsy based
on the House-Brackmann system was not related to any O.M.E.N.S. category (258).
Treatment selection is based on the indication and is patient specific.

Soft tissue

Soft tissue deficiency can be seen in up to 82% of the patients with CFM (18). In
2019, a systematic review on the techniques used to treat soft tissue deficiency in
CFM (259) included 38 papers that covered five types of treatment: fat grafting,
microvascular free tissue transfer, the pedicled flap, alloplastic implants, and func-
tional reconstruction with cross-facial nerve grafting. The outcomes of treatment
were not quantified, nor were complications or need for revisional surgery specified
in the included articles (259). Reconstruction with free flaps was reported in 24
articles and 129 patients with CFM, typically those with severe soft tissue deformi-
ties. The parascapular fasciocutaneous flap (n=67) and inframammary extended
circumflex scapular flap (n=18) were most frequently used and outcomes were con-
sidered positive or satisfactory in most studies. Twenty percent of the flaps needed
debulking procedures. Structural fat grafting as initial and sole treatment to correct
facial asymmetry in CFM was reported in eight articles. A mean number of 2.7 fat
grafting sessions were needed (range 1-6). Quantitative outcomes in three studies
showed a statistically significant increase in symmetry (259, 260). Complications
were reported in 5% of the patients and included infections and contour irregu-
larities. Fat grafting can be an effective procedure to improve facial symmetry in
patients with mild to moderate mandibular hypoplasia who are unable to undergo
other, more complex procedures (261). Abduch at el. performed a retrospective
analysis on 17 patients with unilateral CFM who received a dermal-fat graft three
years prior, at a mean age of 24 years (range 14-34 years) and had previous orthog-
nathic surgeries. Facial symmetry, measured by horizontal lines at the nasal base
and upper lip limit increased significantly (respectively 93.0% to 97.8% and 87.8%
to 98.2%, p=<0.05) and no relation between the Pruzansky-Kaban type and out-
come of fat graft treatment was observed (262). A prospective cohort study in 142
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patients which included 46 patients with CFM on fat graft retention after structural
fat grafting by Denadai et al. was published in 2017 (263). A significant progressive
reduction of soft-tissue thickness was found after the first three months, which
stabilized in the months thereafter. This may have been due to confounding factors
such as swelling and inflammation. The fat graft retention rate was 67.7%. Negative
predictors for fat retention were older age, previous bone surgery at treatment
place, and grafted volumes. Retention rates were higher in paediatric patients
compared to adults (263). Fat grafting of the lower face to reconstruct volumetric
asymmetries in growing patients led to a significant increase in symmetry up to
one-year after surgery in the studied cohort of 73 patients with CFM by Denadai
et al. (264). Tanna et al. studied the use of a microvascular free flap compared to
serial fat grafting in a cohort of 31 patients with CFM. Both groups had a similar
degree of facial asymmetry. Serial fat grafting showed lower complication rates
(12% versus 5%) and a significantly higher degree of facial symmetry, whereas no
significant difference in patient or physician satisfaction was noted (265). The pos-
itive outcomes of fat grafting and the low complications rates and a low treatment
burden makes fat grafting a reasonable option for most CFM patients in whom
soft tissue correction is indicated. Soft tissue reconstruction may influence other
types of treatment, such as mandible or ear reconstruction and should therefore
be coordinated within a multidisciplinary treatment plan.

Extracraniofacial anomalies

An international multicenter retrospective study of 991 patients with CFM identified
extracraniofacial anomalies in 47% of participants (140). Vertebral (28%), cardiac
(21%), renal (11%) and central nervous system (11%) anomalies were most common,
while gastrointestinal (9%) and respiratory (2%) anomalies were less frequently
observed (140). Recent systematic reviews by Renkema et al. on vertebral anom-
alies and anomalies of the central nervous system in patients with CFM showed a
prevalence of these anomalies of respectively 8% to 79% and 2% to 69% (266,
267) The true prevalence of extracraniofacial anomalies may be higher due to a
lack of systematic screening. Cohen et al. reported 85% of their 86 studied patients
had extracraniofacial anomalies (27). Whereas Barisic et al. found extracraniofacial
anomalies in 69% of their 259 studied patients with CFM (78). Obtaining cervical
spine films and renal ultrasounds for screening is advised (139).
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Discussion

This article aimed to give an overview of new insights on CFM that were published
in the last decade. Large retrospective studies showed that no distinct phenotypic
subgroups within cohorts of patients diagnosed with CFM have been identified,
suggesting CFM is a continuous spectrum varying in type and severity of affected
structures. Goldenhar syndrome does not appear to represent a distinct clinical
entity. Orbital dystopia and ocular anomalies are common in patients with CFM.
All patients should be examined by an ophthalmologist before the age of 5 years.
Mandibular hypoplasia can be associated with obstructive sleep apnea. Attention
for symptoms of OSA is essential for all patients with CFM and patients with severe
mandibular hypoplasia or bilateral CFM features at are highest risk (268). Feeding
and swallow difficulties are also common in patients with CFM and most are diag-
nosed before the age of six months. Screening for feeding difficulties monitoring
of growth is recommended. As patients with CFM, especially those with hearing
problems and/or mandibular hypoplasia plus microtia, are at increased risk for
developing speech and language difficulties, evaluation by a speech and language
therapist is indicated for all patients before the age of 2. Patients should also be ex-
amined by an orthodontist as dental and occlusal anomalies occur frequently. Most
patients with CFM have microtia, and multiple treatment options are available. Re-
construction with autologous rib is considered the most durable treatment option
with good long-term results for patients with CFM, but outcomes are dependent on
surgical skill. Hearing loss is associated with microtia but can be observed on the
unaffected side. The high prevalence of hearing loss warrants complete audiologic
evaluation in early infancy for all patients with CFM. Facial nerve palsy in CFM is
common and varies in severity. Common treatments for soft tissue deficiency in-
clude fat grafting, local flaps, free flaps, or alloplastic implants. Due to the positive
outcomes and low complication rate with a low burden of treatment, fat grafting is
considered beneficial for most patients who wish soft tissue correction. The choice
for treatment should always be discussed within the multidisciplinary team as it
might influence other types of treatment and improves parent satisfaction and
knowledge (269). The high prevalence of vertebral, cardiac, and renal anomalies
necessitates alertness for clinical signs associated with these anomalies to prevent
potential harm.
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This review focused on the medical and surgical studies that have recently been
published on CFM; however, it did not encompass all facets of the condition. Our
review did not include recent publications focused on the etiology of CFM nor
studies focused on the psychosocial outcomes in CFM.

Figure 10.2: Recommendations for care
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Future research

Several large multicenter studies have been conducted in the past 10 years and
advanced our understanding of CFM. Future research that incorporates patient
reported outcomes And leverages multicenter networks to conduct prospective
studies will enhance our ability to study treatment outcomes. Use a of uniform
registration and outcome measurement tool can help identify optimal treatment
strategies (39). Furthermore, it would be helpful to establish consensus on diag-
nostic criteria and gain more knowledge on the etiology of CFM to be able to help
patient better in the future and provide better information (220). Cooperation
between craniofacial centers is needed to improve care for future patients.
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Introduction

Craniofacial microsomia (CFM) is estimated to occur in 1:3000 to 1:5000 live births
and is the second most common congenital disorder of the face after cleft lip and
palate (45). CFM is a heterogeneous congenital disorder which is characterised by
a unilateral or bilateral underdevelopment of the structures arising from the first
and second pharyngeal arch. The mandible, zygoma, ears, facial soft tissue, orbits,
and facial nerve may be underdeveloped in patients with CFM and extracraniofacial
anomalies such as vertebral, renal or cardiac anomalies may be present. The cause
of this condition is unknown, though CFM has been associated with prenatal expo-
sures and genetic abnormalities (45). The diagnosis is based on clinical assessment,
and no clear diagnosis criteria exist. Although microtia is common in patients with
CFM, it is still debated in literature whether isolated microtia is a separate entity
or part of the CFM ‘spectrum’ (4, 78).

Various classification models have been proposed to categorise patients with CFM
based on its severity (21, 25, 53,100-102). The most commonly used system is the
0.M.E.N.S. classification, which describes the degree of hypoplasia of the Orbit (O),
Mandible (M), Ears (E), Facial Nerve (N), and Soft Tissue (S) (6, 25). Extracraniofacial
anomalies, facial clefting, canting of the occlusal plane, and detailed assessment
of eye and ear anomalies is included in this classification as well (6, 20). A more
detailed classification of the mandibular deformity, based on radiography, was
proposed by Pruzansky and later subcategorised by Kaban (21, 23, 34). In this
classification model the level of underdevelopment of the mandible is graded as
[, 1A, 1IB, and IlI.

Diagnosis, treatment and outcome assessment is challenging due to a wide pheno-
typic spectrum (45). As a result, treatment options vary within and among different
European countries and are often based on expert opinion. However, craniofacial
microsomia (CFM) remains one of the most common congenital conditions treated
in craniofacial centers worldwide.

The facial characteristics of patients with CFM show an overlap with other cranio-
facial anomalies, such as facial clefts or Treacher Collins (mandibulofacial dysos-

tosis). These patients experience similar difficulties due to the underdevelopment
of craniofacial structures, such as the mandible, midface, eyes and/or ears (270).

182

170424_Renkema_BNW-def.indd 182 13-06-2024 21:45



This may include difficulties with breathing, feeding, speech, hearing, and/or de-
velopmental delay. Potential screening and treatment and the multidisciplinary
approach needed for these patients has overlap with the policy for patients with
CFM. This guideline might be helpful to organise and optimise care for patients
with similar craniofacial characteristics.

Objective

This guideline provides recommendations for medical practice on all patients with
craniofacial microsomia. This includes patients with Goldenhar syndrome, hemi-
facial microsomia, oculo-auriculo-vertebral spectrum/dysplasia and facio-auricu-
lo-vertebral sequence. It is based on the results of scientific research and subse-
guent forming of recommendations by a multidisciplinary working group, composed
of representatives of the medical specialties involved in the treatment of craniofa-
cial microsomia, related professional disciplines, and other parties involved.

The guideline can support healthcare professionals in discussing the use of certain
techniques or instruments with other healthcare professionals or their national
council. In addition, this guideline will provide CFM patients (and their parents)
and healthcare professionals with an overview of the optimal care concerning the
various and multidisciplinary aspects of craniofacial microsomia.

This guideline is primarily written for all healthcare professionals involved in the
care for patients with CFM, including: paediatricians, oral and maxillofacial sur-
geons, plastic surgeons, orthodontists, otorhinolaryngologists, neurosurgeons,
orthopaedic surgeons, ophthalmologists, anaesthesiologists, geneticists, psychol-
ogists, and speech therapists. Secondly, this guideline is made to provide patients
and parents of patients or other persons who are involved in the medical care of
adults or children with CFM with more information about the care process.

ERN-CRANIO

This guideline is an initiative from the ERN-CRANIO. European Reference Net-
works (ERNs) are virtual networks of healthcare providers from across Europe.
The networks aim to pool expertise on complex and rare diseases and concentrate
knowledge and resources. ERN-CRANIO focuses on rare and/or complex cranio-
facial anomalies and ear, nose and throat (ENT) disorders. ERN-CRANIO seeks to
facilitate cooperation between multidisciplinary experts across Europe to support
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the provision of high-quality care. It is a multidisciplinary network of highly spe-
cialised healthcare professionals. More information and updates can be found on
the website of the ERN-CRANIO: https://ern-cranio.eu/

Methods

The multidisciplinary steering group, appointed to develop the guideline, consist-
ed of eight professionals specialised in maxillofacial surgery and plastic surgery.
Professionals represented the following countries: the Netherlands, the United
Kingdom, France, Spain, and Finland. The steering group members were mandated
by their professional organisation. Experts on non-surgical topics of the guideline
were consulted to review the chapters and write recommendations.

The content of this guideline is based on evidence from published scientific re-
search. One systematic search of literature was performed to identify all available
literature on craniofacial microsomia and synonyms. The search was conducted
in Embase, Pubmed/Medline Ovid. Searches were limited to the Dutch and English
languages. In addition, articles were extracted from reference lists of relevant
literature. A total of 1,747 articles were screened on title and abstract. Most arti-
cles (1,488) were excluded and 259 articles were reviewed on full text. A total of
101 articles were included in the guideline. The selected studies were categorised
according to the framework of the guideline. The full search strategy is reported
in the full version of the guideline.

Each chapter is based on a similar outline consisting of an: introduction, literature
search, literature review, conclusions, considerations, recommendations, and future
research. Under the headings Summary of the literature/Conclusions only pub-
lished studies/guidelines are discussed. Case Reports, expert opinions, editorial and
letters were excluded. Narrative reviews were likewise excluded except for chapter
4.5, 5.2, and 5.3. Since there was hardly any evidence, the available narrative
review was of importance. Individual studies were systematically assessed, based
on pre-established methodological quality criteria, using the EBRO method. The
methodological quality of individual studies was categorised in five levels (table
11.1) and the level of evidence was categorised in four levels (table 11.2). The level
of conclusion was not assessed for studies referring to prevalence.
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Table 11.1: Classification of methodological quality

Intervention Diagnostic accuracy Side effects*, aetiology,
research prognosis
Al Systematic review of at least two independent studies of the level A2
A2 Randomised, double Research compared Prospective cohort research
blind, comparative with a reference test of adequate size and follow-
clinical research of (golden standard) with up with adequate control for
good quality and with predefined cut-off values confounding and selective
adequate size. and independent rating follow-up is sufficiently
of results and the golden excluded.
standard, with an adequate
number of patients who
have all had the index and
the reference test.
B Comparative research Research compared with a Prospective cohort
but not with all the reference test but not with research but not with all
characteristics included  all characteristics included characteristics included in
in A2 (including patient-  in A2. A2 or aretrospective cohort
control research and research or patient-control
cohort research). research.
C Not comparative research
D Opinion of experts

* This classification only applies in situations were controlled trials are not possible for ethical reasons. If
they are possible, then the classification applies to interventions.

Table 11.2: Level of conclusions

—_

Conclusion based on

Research of level Al or at least two independent studies of level A2

One study of level A2 or at least two independent studies of level B

One study of level Bor C

NiW | N

Opinion of experts

The articles are assessed under the heading “Summary of the literature.” Next,
the scientific evidence is briefly summarized in “Conclusions.” The main literature
on which a conclusion is based is mentioned as well, including the level of evidence
(table 11.2). Other aspects than scientific evidence may be relevant to making a
recommendation as well, such as patient preferences (derived from the results of
the focus group sessions or relevant literature on the patient perspective), costs,
availability, or organizational aspects. These kinds of aspects, provided they have
not been subject of research, are mentioned under the heading "“Considerations.”

170424_Renkema_BNW-def.indd 185

185

13-06-2024 21:45



The experience and the opinion of the working group members have been key to
the other considerations. The “recommendations” provide an answer to the basic
guestion and are based on the best available scientific evidence and the most im-
portant considerations. The strength of the scientific evidence and the weight that
the working group assigns to the considerations together determine the strength
of the recommendation.

Patient perspective

When developing this guideline, the working group particularly strived for incorpo-
rating the patient perspective. All doctors included in the ERN-CRANIO, subgroup
‘craniofacial microsomia’, were asked to approach their CFM patients. This led to
the identification of a group of 32 interviewees: 14 from lItaly, 13 from Germany, 4
from the Netherlands, and 1 from Sweden, including 9 patients and 23 parents of
patients. An online survey was set up with open and closed questions. All patients
and parents of patients were asked what difficulties they (had) experienced in the
healthcare process and in their lives. The questionnaire was built up according
to the proposed guideline chapters and the healthcare process, namely diagno-
sis and referral, organization of care, communication and information, breathing
difficulties, feeding difficulties or speech difficulties, surgical treatments, care for
microtia, orthodontic treatment, vertebral anomalies, psychosocial aspects of care,
and follow-up. Additionally, all patients were asked to name the top three difficulties
they experienced in the care process. Results were analyzed by the research fellow
(R.W. Renkema) and nurse specialist (E.L. Weissbach).

Content

This summary of the European Guideline Craniofacial Microsomia will discuss the
main conclusions of literature and the recommendations of each chapter of the
guideline. The following chapters were included in the guideline:

Chapter 3 - Diagnostic criteria for craniofacial microsomia
Chapter 4 - Screening, monitoring and indication for treatment
4.1 Breathing difficulties in craniofacial microsomia
4.2 Feeding difficulties in craniofacial microsomia
4.3 Speech difficulties in craniofacial microsomia
4.4 Hearing difficulties in craniofacial microsomia
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4.5 Eye anomalies in craniofacial microsomia
4.6 Dental deformities in craniofacial microsomia
4.7 Vertebral anomalies in craniofacial microsomia
4.8 Psychosocial difficulties in craniofacial microsomia
Chapter 5 - Surgical treatment of craniofacial microsomia
5.1 Mandible & Maxilla
5.2 Facial nerve
5.3 Soft tissues
5.4 Microtia
Chapter 6 - Organisation of care
6.1 Minimal care standards and monitoring outcomes

Diagnostic criteria

In patients with craniofacial microsomia (CFM), the facial structures arising from
the first and second pharyngeal arches may be underdeveloped. The variety in
type and severity of underdevelopment of these structures make CFM a hetero-
geneous disorder. The diagnosis of CFM is based on clinical assessment, though
no clear diagnostic criteria exist. A wide range of terminology is used to refer to
patients with CFM. The use of different terminology and lack of diagnostic criteria
is confusing for patients and healthcare professionals.

The main questions focuses on which criteria a child or adult with craniofacial
microsomia is diagnosed.

Literature shows that in patients with craniofacial microsomia the mandibular de-
formity, orbital deformity and soft tissue deficiency are correlated. However, no
specific clusters of patient groups within craniofacial microsomia are present, indi-
cating craniofacial microsomia is a continuum of anomalies. In addition, Goldenhar
syndrome is not a separate diagnosis from craniofacial microsomia but is part of
the phenotypic spectrum of craniofacial microsomia.

Recommendations
Exclusively use the term craniofacial microsomia. Discard the use of other terms

such as Goldenhar syndrome, hemifacial microsomia or auriculo-oculo-vertebral
spectrum.

187

170424_Renkema_BNW-def.indd 187 13-06-2024 21:45



It is advised to use the diagnostic criteria for craniofacial microsomia developed by
the ICHOM Craniofacial Microsomia group (shown in table 11.3) (28).

Table 11.3: Diagnostic criteria for Craniofacial Microsomia

CFM is defined by: 2 major criteria, or
1major +1minor criteria, or
3+ minor criteria

Major criteria Mandibular hypoplasia
Microtia
Orbital / facial bone hypoplasia
Asymmetric facial movement

Minor criteria Facial soft tissue deficiency
Pre-auricular tags
Macrostomia
Clefting
Epibulbar dermoids
Hemivertebrae

Breathing difficulties

Obstructive sleep disordered breathing (SDB) can be considered as a syndrome of
upper airway dysfunction during sleep (268). It is characterized by snoring and/
or increased respiratory effort due to increased airway resistance and pharyngeal
collapsibility (271, 272). Of the obstructive SDB entities, obstructive sleep apnea
(OSA) in particular is known to be of clinical significance. It is defined by a disrup-
tion of the normal oxygenation, ventilation and sleep pattern due to recurrent
upper airway obstructions (223). Patients with craniofacial microsomia (CFM) are
at increased risk for obstructive SDB and OSA due to the underdevelopment of the
mandible, which leads to obstruction of the upper airway. Describing the policy for
breathing problems in patients with CFM is of importance since these patients are
at increased risk for OSA. Untreated OSA may lead to metabolic, cognitive and/
or cardiovascular pathology and can have a negative impact on the quality of life.
Therefore, timely diagnosis and treatment of OSA in patients with CFM is consid-
ered of importance to patients.

Questions focused on three specific issues regarding breathing problems (OSA) in
patients with craniofacial microsomia: 1) type, prevalence and severity, 2) policy for
screening and monitoring, and 3) indications and policy for treatment.
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Literature shows that the prevalence of obstructive sleep apnoea in CFM is 7 -
24%, presumably approximating 18%. In addition, the severity of obstructive sleep
apnoea was mild in 19-29%, moderate in 17-29%, severe in 36-43%, and in 29%
the severity of obstructive sleep apnoea was unknown.

Recommendations

The working group recommends that all patients with CFM should be screened with
a questionnaire biannually (the Paediatric Sleep Questionnaire (PSQ)), at least up
to the age of six, in the outpatient department for a clinical history of obstructive
sleep apnoea. If there is a suspicion for obstructive sleep apnoea a polysomnog-
raphy has to be performed. All patients who have Pruzansky-Kaban Ilb or Il man-
dibles and/or are bilaterally affected have to undergo a polysomnography (sleep
study) to screen for obstructive sleep apnoea in the first year of life.

In addition they recommend that treatment of children with CFM and OSA has
to be discussed in a multidisciplinary team. Furthermore, in young infants and
children with CFM and OSA, non-surgical respiratory support has to be consid-
ered to treat OSA. In older children with mild to severe obstructive sleep apnoea,
adenotonsillectomy (ATE) may be the treatment of first choice. In children with
CFM and severe OSA a tracheostomy has to be considered at all ages. Mandibular
distraction osteogenesis (MDO) should be considered to treat patients with severe
obstructive sleep apnoea who have a tracheostomy or to reduce the necessity for
a tracheostomy or respiratory support.

Feeding problems

Characteristic features of patients with CFM, such as mandibular hypoplasia, facial
nerve and/or masticatory muscle weakness, or anomalies of the oropharynx and
larynx may all play a contributing factor in the feeding difficulties. Feeding prob-
lems may relate to difficulties in suckling, mastication, dysphagia, and/or failure to
thrive. In 15-22% of the cases a cleft lip/palate is diagnosed in patients with CFM,
which may further enhance the risk for feeding problems (185, 273). Diagnosis
and treatment of feeding problems in an early phase is essential to prevent fur-
ther harm. Especially in children with CFM, who may be at increased risk for these
problems, vigilance for feeding problems is essential.
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Questions focused on three specific issues regarding feeding problems in patients
with craniofacial microsomia: 1) type, prevalence and severity, 2) policy for screen-
ing and monitoring, and 3) indications and policy for treatment.

The prevalence of feeding difficulties in craniofacial microsomia varies from 26%
to 63%, presumably approximating 26%. Type of feeding difficulties encountered
in craniofacial microsomia are: difficulties in suckling, swallowing, chewing, com-
plains of reflux, a restricted mouth opening, failure to thrive. Severity (based on
the criteria defined by Caron et al. (187)) of feeding difficulties in patients with
craniofacial microsomia:

+  46% of the patients had mild feeding difficulties
+ 13% of the patients had moderate feeding difficulties
+  41% of the patients had severe feeding difficulties

Recommendations

The working group recommends children with craniofacial microsomia should be
screened with a questionnaire biannually (The WHO or national Growth Charts),
at least up to the age of six, and monitored reqularly for feeding difficulties by a
paediatrician or multidisciplinary team. A speech and language therapist should be
involved in patients who require tube feeding. In addition, children with craniofacial
microsomia with feeding problems should be treated by a multidisciplinary team
consisting a paediatrician, speech and language therapist and a dietician.

Close monitoring of growth and development should be done by a multidisciplinary
team during hospital admission and after discharge. This multidisciplinary should
consist of a paediatrician or paediatric gastroenterologist, speech and language
therapist and dietician. In addition, depending on the severity of feeding prob-
lems different feeding strategies should be considered in order to achieve optimal
growth and development.

Speech and language
Speech, language and communication are crucial to the development of children

and young people which impact on educational achievement; emotional, social and
mental wellbeing, and opportunities in life. Individuals with speech, language and
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communication needs (SLCN) present with a range of receptive and expressive
difficulties. Early detection of delays in the development of speech and language
is imperative to facilitate good communication, social interaction and improved
quality of life (45, 274). As patients with CFM may be of increased risk for and
language difficulties, early screening is indicated.

Questions focused on three specific issues regarding speech and language diffi-
culties in patients with craniofacial microsomia: 1) type, prevalence and severity, 2)
policy for screening and monitoring, and 3) indications and policy for treatment.

Prevalence rates of speech difficulties reported in CFM vary from 38% - 74%.
Communication difficulties that may present in craniofacial microsomia include:
velopharyngeal dysfunction; dysphonia; impaired speech articulation; receptive
and expressive language difficulties and social communication difficulties.

Recommendations

Regarding policy for screening and monitoring, it is advised to screen preverbal
communication and babbling skills at the age of nine months to decide if interven-
tion is warranted. In addition, it is advised to evaluate receptive and expressive
language skills at the age of two years and biannually until the age of eight years
in all patients with craniofacial microsomia. Children with CFM with and without a
cleft palate should be screened at the age of two years to examine for potential
risk of velopharyngeal dysfunction. Patients with tracheostomy should be screened
for speaking valve suitability or an augmentative and alternative communication
system.

In addition, facilitate receptive and expressive language development using a range
of behavioural techniques such as modelling, imitation, repetition and extension.
Furthermore, intervention for social communication difficulties is recommended;
e.g. development of non-verbal communication skills (e.g. eye contact, turn-taking);
conversational skills, recognitions of emotions and emotional regulation. Patients
with cleft speech characteristics should have articulation therapy when identified.
Intervention for social communication difficulties is recommended.
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Hearing difficulties

Hearing is a sensory experience that facilitates communication and social interac-
tion. Hearing impairment may lead to difficulties in learning, language and cognitive
development, academic achievements, and can have a negative social impact on
children (275). Early detection and intervention of hearing loss is associated with
improved outcomes in all children, hence the implementation of neonatal hearing
screening programmes worldwide.

Questions focused on three specific issues regarding hearing difficulties in patients
with craniofacial microsomia: 1) type, prevalence and severity, 2) policy for screen-
ing and monitoring, and 3) indications and policy for treatment.

The prevalence of hearing difficulties in patients with craniofacial microsomia is:

+ Unspecified hearing loss: 50% - 82%
+ Conductive hearing loss: 30% - 86%
+ Sensorineural hearing loss: 1% -20%

* Mixed hearing loss: 6% -17%

In 6% - 10% of the patients with unilateral craniofacial microsomia, hearing diffi-
culties can be present bilaterally or solely on the contralateral side. Patients with
bilateral craniofacial microsomia were not found to have a higher risk for hearing
difficulties compared to patients with unilateral craniofacial microsomia.

The most common anomalies of the ear in patients with craniofacial microsomia
are:

« Outer ear: atresia or stenosis of the external auditory canal
+ Middle ear: dysplastic or absent ossicles
» Inner ear: vestibule deformity or semicircular canal anomalies

Recommendations
Regarding policy for screening and monitoring, it is advised to perform neonatal

hearing test in all new-borns with craniofacial microsomia. If indicated, complete
audiological evaluation in an experienced audiology center should be performed
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before the age of three months to ensure timely treatment. Re-evaluate hearing
tests in patients with craniofacial microsomia by the age of 24-30 months. Audio-
logic intervention should be initiated before the age of six months in patients with
congenital hearing loss. Reqgularly perform otoscopy and audiometry in patients
with CFM including microtia and/or cleft palate by the ENT doctor/otolaryngologist.

Furthermore, treat moderate to severe hearing loss, either with non-surgical or
surgical options. Coordinate surgical approach and timing in a multidisciplinary
team regarding hearing augmentation and other surgical procedures including ear
reconstruction and mandibular surgeries.

Eye anomalies

Originally, the triad of Goldenhar syndrome, now believed to be part of the cra-
niofacial microsomia (CFM) ‘spectrum’, consisted of mandibular dysostosis, ear
malformations and epibulbar dermoids (16). This illustrates the prominent role
eye anomalies have in CFM. Patients with CFM reqgularly present with epibulbar
dermoids or other eye anomalies. Commonly seen eye anomalies in patients with
CFM, such as epibulbar dermoids and colobomata, can lead to various patient
relevant consequences. Limbal dermoids can cause amblyopia, difficulties with
eyelid closure, irritation, corneal erosion, and/or aesthetic difficulties. Other eye
anomalies, as colobomata, can lead to exposure keratopathy, corneal ulceration,
retinal detachment and/or cataract (276).

Questions focused on three specific issues regarding eye anomalies in patients with
craniofacial microsomia: 1) type, prevalence and severity, 2) policy for screening
and monitoring, and 3) indications and policy for treatment.

Most reported eye anomalies in CFM include: lipodermal dermoids (prevalence: 4%-
61%), epibulbar dermoids (prevalence: 10%-56%), colobomata (eyelid) (prevalence:
3%-32%), blepharoptosis (prevalence: 9%-37%), microphthalmus (prevalence: 5%-
71%), strabismus (prevalence: 12%-22%), and lacrimal duct or gland anomalies
(prevalence: 5%-11%). Patients with bilateral craniofacial microsomia have a sig-
nificant higher risk for eye anomalies (studied in 755 patients, p=<0.001). Visual
loss could be seen in 8% of the patients with craniofacial microsomia, although
this was reported in a single study with small sample size (n=49).
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Recommendations

All patients with craniofacial microsomia should be screened at least once during
the visual development (before the age of five) by an orthoptist and ophthalmolo-
gist. Depending on the results, follow-up visits need to be scheduled on a regular
basis.

Children with ocular disturbances need to be evaluated by a specialised orthoptist
and ophthalmologist during the visual development (before the age of five). In
addition, optimal spectacle correction should be provided in case of a refractive
error. Amblyopia should be treated before the age of six. When surgery is consid-
ered this has to be discussed in a multidisciplinary team, carefully evaluating the
harms and the benefits, especially in the case of young children in whom vision is
still developing. Ultrasound imaging of the ocular dermoid needs to be conducted
if extension posteriorly and into the orbit is suspected.

Dental deformities

Patients with craniofacial microsomia (CFM) are presumably at increased risk for
teeth agenesis or other dental deformities. A relation with mandibular hypoplasia
or other characteristics of CFM may be present. Awareness of dental deformities
in patients with CFM is essential to identify problems in an early phase and start
treatment if needed. Occlusal problems may occur due to dental anomalies, which
could lead to oral health damage and/or feeding difficulties. Orthodontic treatment
may be indicated to treat these deformities.

Questions focused on three specific issues regarding dental deformities in patients
with craniofacial microsomia: 1) type, prevalence and severity, 2) policy for screen-
ing and monitoring, and 3) indications and policy for treatment.

The prevalence of tooth agenesis in craniofacial microsomia varies from 8% to
33%, excluding third molar agenesis, and is thus more frequent than in the general
population (range 1% - 11%)). Patients with severe craniofacial microsomia (Pruzan-
sky-Kaban type lIb/Ill) showed a delay in dental development compared to milder
patients (Pruzansky-Kaban type I/lla) and to healthy children (p<0.05).
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Recommendations

Regarding policy of screening and monitoring, patients with craniofacial microso-
mia should have routine dental care. In addition, patients with craniofacial micro-
somia should be seen from age five by an orthodontist within a multidisciplinary
team to diagnose dental deformities. Perform screening for dental deformities by
intra-oral inspection and standard dental records. Take orthodontic records in a
structured schedule, at 5-6, 9-10, 12, 15 and 17-18 years of age.

Regarding policy for treatment, dentofacial orthopaedic treatment can be consid-
ered appropriate in very mild craniofacial microsomia cases. In severe craniofa-
cial microsomia patients, current evidence does not promote activator treatment.
Orthodontic treatment should be discussed and coordinated in a multidisciplinary
team depending on the decision to conduct orthognathic surgery or not.

Vertebral anomalies

Various types of vertebral anomalies have been reported in patients with CFM,
such as hemivertebrae, blockvertebrae, or scoliosis (52, 76, 78). Vertebral anom-
alies may have several negative consequences and be present without symptoms
(55, 67). Dysplastic cervical vertebrae can lead to cervical spine instability, which
could have various neurological consequences if manipulated (67). Another risk
of vertebral anomalies is the development of progressive scoliosis or fractures of
ankylosed vertebrae. Early identification and treatment of vertebral anomalies is
relevant to prevent these potential harms.

Questions focused on three specific issues regarding vertebral anomalies in pa-
tients with craniofacial microsomia: 1) type, prevalence and severity, 2) policy for
screening and monitoring, and 3) indications and policy for treatment.

The prevalence of vertebral anomalies in craniofacial microsomia is 8 - 79%, pre-
sumably approximating 28%. Almost half of the patients (44% of 991 patients
studied) with craniofacial microsomia show symptoms of vertebral anomalies: tor-
ticollis, back or neck pain, and/or limited neck movement. Patients with bilateral
craniofacial microsomia have a higher risk for having vertebral anomalies compared
to patients with unilateral craniofacial microsomia. Patients with craniofacial mic-
rosomia and vertebral anomalies have a higher risk for additional extracraniofacial
anomalies in other tracts.
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Recommendations

Screening questions and clinical examinations related to neck/back symptoms
should be undertaken at initial consultation and as part of pre-operative workup. All
patients with craniofacial microsomia who have neurologic symptoms (e.q., paraes-
thesia, numbness, or weakness) or neck pain suggestive of neuronal injury should
be evaluated as soon as possible by a (paediatric) neurologist. Patients should be
referred appropriately and attention to the cervical spine should be payed when
patients are undergoing general anaesthesia.

Regarding treatment, surgical fusion and/or bracing in patients with vertebral
anomalies may be necessary to obtain spinal stability and to prevent secondary
injury of the spinal structures. A multidisciplinary approach in treatment and timing
is warranted to optimise outcomes for these patients.

Psychosocial difficulties

Atypical facial appearance can lead to poor social acceptance by others and cause
psychosocial difficulties (277, 278). Patients with an unusual facial appearance or
craniofacial syndromes can have difficulties with psychological adjustment and ex-
perience teasing. Difficulties in facial expressiveness or eye contact may be caused
by facial nerve deficits in some patients with CFM (279). Difficulties with hearing,
speech or vision have been associated with psychiatric disorders, behavioural
problems, and/or social difficulties (280-283). Additionally, the increased risk for
teasing or potential neurodevelopmental delays may also cause a higher risk for
psychosocial difficulties in patients with CFM. Although patients with craniofacial
syndromes are at increased risk for psychosocial difficulties, parents/caregivers
of these patients also experience difficulties.

Questions focused on three specific issues regarding psychosocial difficulties in
patients with craniofacial microsomia: 1) type, prevalence and severity, 2) policy for
screening and monitoring, and 3) indications and policy for treatment.

Younger children (age 8-10) with a craniofacial anomaly may experience more
problems with anxiety, low mood, anger, and peer relationships compared to older

children (age 11-17). Patients and/or parents of patients with craniofacial microso-
mia have a higher risk of experiencing social stigma, low self-esteem and active
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or passive bullying, especially in childhood. Patients with craniofacial microsomia
may have a slightly lower 1Q score and more learning difficulties compared to
healthy controls. Patients with craniofacial microsomia might have a higher risk
for language- and motor skills delays compared to healthy controls.

Recommendations

The working group recommends that all craniofacial microsomia patients should
have access to a clinical psychology service with appropriate professional expertise
and knowledge of craniofacial microsomia. Time points for reviews and screen-
ing should observe key life transitions such as birth, starting school, transition to
secondary school, etc. In addition, to measure psychosocial wellbeing and family
stress, validated self-reported psychological outcome measures should be obtained
from to all craniofacial microsomia patients as a matter of routine to screen for
the presence of behavioural, emotional, social and/or learning difficulties. This
includes the CleftQ, CFEQ, YP-CORE, HADS and Distress Thermometer for Par-
ents and should be performed at age 2, 5, 8 and 22. Elevated scores should alert
clinicians to the potential need for further assessment or support. Standardised
measures should assess levels of emotional distress as well as evaluate difficulties
related to visible differences.

Parents of newly diagnosed children with craniofacial microsomia should have
access to a specialist clinical psychology service with expertise and knowledge of
the condition. Information on support groups and organisations should be provided,
both at initial contact and at reqular review.

When appropriate, clinicians should liaise with local services and schools to discuss
the child’'s support needs. Cognitive assessment may be offered if warranted. Pa-
tients with craniofacial microsomia should have access to specialist psychological
support, particularly those who are presenting with low self-esteem, depression/low
mood, anxiety, appearance- or treatment-related concerns, including adjustment
difficulties or trauma as a result of surgical/medical interventions.

Furthermore, the psychologist is part of the coordinated care in the multidisci-
plinary team. Psychological input is required pre- and post- facial surgery to mon-
itor expectation and acceptance.
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Mandible and maxilla

Mandibular hypoplasia is seen in 73% to 91% of patients with CFM with varying
severity (184, 206). Maxillary hypoplasia in patients with CFM could be secondary
to the mandibular deformity. A deviation of the mandible to the affected side is
seen in patients with CFM, causing facial asymmetry and canting of the occlusal
plane (216). Besides occlusal problems, other functional problems may occur due to
the mandibular/maxillary deformity in CFM. The risk for obstructive sleep apnoea
(OSA) increases in patients with mandibular hypoplasia due to obstruction of the
upper airway at tongue base level (157).

Questions focused on the indications and most optimal treatment modality to treat
the for mandibular/maxillary deformity in craniofacial microsomia.

Bilateral mandibular distraction osteogenesis (MDO) appears to be an effective
treatment in patients with micrognathia, respiratory distress and a tracheostomy
(mean age range two months to five years). Most patients with a tracheostomy can
be decannulated after bilateral MDO: 78% - 94% (‘tracheostomy first’ group). Some
patients still require a tracheostomy after initial treatment with bilateral MDO:
5% - 11% (‘MDO first’ group). In patients with CFM, large differences in outcomes
of MDO for treatment of breathing problems are observed. The success rate of
mandibular distraction osteogenesis for obstructive sleep apnoea in patients with
unilateral craniofacial microsomia appears to be low (36.4%)).

Mandibular and facial asymmetry in patients with craniofacial microsomia is
non-progressive. The total number of mandibular/maxillary surgeries increases
if patients are treated at a younger age, independent of the severity of the man-
dibular hypoplasia. The long-term stability of early unilateral MDO (performed <16
years) in patients with CFM appears to be poor. Facial asymmetry often reoccurs,
necessitating secondary (orthognathic) surgery.

Mandibular reconstruction with a free vascularised fibula flap may be an option for
patients with craniofacial microsomia and severe mandibular hypoplasia who have
no other therapeutic options. Placement of custom-made TMJ implants at skeletal
maturity may be a good solution for patients with failed autogenous mandibular
reconstructions.
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Recommendations

The working group recommends to consider surgical management (tracheosto-
my, adenotonsillectomy, mandibular and/or maxillary surgery) in patients with
craniofacial microsomia for the treatment of breathing problems if non-surgical
therapy fails or to end non-surgical therapy. Inform patients and parents about of
the uncertainty of respiratory outcomes following mandibular and/or maxillary
surgery for OSA in patients with CFM.

If surgical treatment of the mandibular/maxillary deformity in patients with cra-
niofacial microsomia is indicated to prevent or treat psychosocial problems, it is
important to inform the patient about the potential benefits and harms and to
ensure that the patients/parents have a realistic view of what can be expected.

It is advised to integrate the (surgical) treatment of the mandibular/maxillary de-
formity in patients with craniofacial microsomia in the planning of other surgeries,
especially for those that affect facial symmetry, palsy, soft tissue augmentation
and treatment of atresia or microtia. Use 3D planning to optimise surgical outcome
of mandibular and maxillary surgery in patients with CFM.

Regarding the most optimal treatment for the mandibular/maxillary deformity in
patients with CFM and OSA it is recommended to start with non-surgical treat-
ment for the management (e.g. oxygen, CPAP) of mild-moderate OSA. Perform a
tracheostomy or mandibular distraction osteogenesis in infants with mandibular
hypoplasia and severe OSA who do not respond to non-surgical treatment. If the
aim of surgical treatment is to end non-surgical treatment (e.g. CPAP), perform
elective mandibular distraction osteogenesis. Mandibular reconstruction with cos-
tochondral bone grafts should be performed after the age of six.

For patients with craniofacial microsomia and severe occlusal problems, perform
mandibular distraction osteogenesis in mixed dentition phase. A combined ortho-
dontic and orthognathic surgery plan is mandatory to achieve and optimise stable
long-term outcomes. Perform secondary orthognathic surgery to correct occlusion
at skeletal maturity.

Postpone surgical correction of the mandibular/maxillary deformity for aesthetic
reasons in patients with craniofacial microsomia until skeletal maturity. The im-
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plications of early surgery (i.e. repeat surgery) for psychosocial reasons should
be discussed within the multidisciplinary team and with patient and caregivers.
Psychological input is required pre- and post-operatively to monitor expectation
and acceptance.

See figure 11.1 for an overview of the recommendations for treatment of the man-
dibular/maxillary deformity in patients with CFM.

Figure 11.1: Recommendations for treatment of facial palsy in patients with cranio-
facial microsomia
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Facial nerve

Palsy of the facial nerve can be seen in patients with craniofacial microsomia (CFM).
The prevalence of facial palsy in patients with CFM is 22% - 53% and may be
unilateral or bilateral (88,184, 284, 285). Facial palsy, which is due to congenital
underdevelopment in patients with CFM, may cause problems with eye closure, ar-
ticulation of speech, oral continence, or asymmetric facial mimics and smile (257).

Questions focused on the indications and most optimal treatment modality.

In patients with peripheral facial palsy, quality of life significantly increases after
treatment (p<0.001). No studies on patients with CFM is available on this topic.
The use of tarsorrhaphy is discouraged due to poor cosmetic outcome and risk of
peripheral vision loss.

To restore facial animation and a spontaneous smile, cross-facial nerve grafting
is considered to be the preferred treatment for unilateral craniofacial microso-
mia. Other motor nerves, such as the masseter, hypoglossal, accessory or cervical
nerves can be used if cross-facial nerve grafting is not possible. Most patients (91%)
needed additional surgical revisions after free flap transfers, such as debulking or
reanchoring of the muscle graft. Regional flaps, such as temporalis muscle trans-
fers, can be considered for dynamic facial reanimation if cross-facial nerve grafting
or free-muscle transfers are not possible.

Recommendations

The working group recommends to provide all patients with craniofacial microsomia
with psychosocial support and to refer all craniofacial microsomia patients with
lagophthalmos to an ophthalmologist. Surgical treatment of the upper or lower
eyelids should be considered in patients with craniofacial microsomia and loss of
function of the upper facial nerve branches. Coordinate the timing of facial rean-
imation surgery in patients with craniofacial microsomia in the planning of other
major surgeries. Facial movement should by assessed with the CleftQ Appearance
at age 8,12, and 22.

Regarding the most optimal treatment the working group recommends to correct
lagophthalmos due to facial palsy in patients with craniofacial microsomia with
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placement of a gold weight or platinum chain, muscle transfers and/or tendon
slings, or cross-facial nerve grafting. Tarsorrhaphy as a treatment for lagophthal-
mos in patient with craniofacial microsomia is discouraged.

Start with the injection of botulinum toxin in the non-affected depressor labii
inferioris muscle if therapy is indicated in patients with craniofacial microsomia
and asymmetrical lip depression due to facial palsy. Consider myomectomy of the
non-affected depressor labii inferioris muscle if the outcome of treatment with
botulinum toxin injections are satisfactory or dynamic technigues such as digas-
tric muscle transfers if the outcomes are not satisfactory. Perform imaging of the
digastric muscle prior to surgical muscle transfer due to the high prevalence of
agenesis of the anterior belly of the digastric muscle.

Psychological input is required pre- and post-operatively to monitor expectation
and acceptance. Strive for spontaneous facial animations by using a cross-facial
nerve graft with a free flap. Consider functional muscle transfer from the age of
four onwards.

Reserve the use of the masseteric nerve to innervate the free muscle transfer for
patients in whom cross-facial nerve grafting is not favourable, in bilateral cases, or
as a babysit procedure. Consider the use of regional muscle transfers to achieve
facial animation in patients with craniofacial microsomia and facial palsy if cross-fa-
cial nerve grafting with free muscle transfers is not preferred.

A facial physical therapist is part of the multidisciplinary team. Collect clinician- and
patient-reported outcome measures pre- and posttreatment.

See figure 11.2 for an overview of the recommendations for treatment of the facial
nerve deformity in patients with CFM.
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Figure 11.2: Recommendations for treatment of facial palsy in patients with cranio-

facial microsomia
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Soft tissues

One of the relevant factors leading to asymmetry in patients with craniofacial mi-
crosomia (CFM) is soft tissue deficiency. This is mainly characterised by a lack of
subcutaneous fat or a deficiency of the musculature. Various types of treatment
are currently used to treat soft tissue deficiency, including fat grafting, pedicles
flaps, free tissue transfers, or alloplastic implants. The main factors in the selection
of a type of treatment are the severity of the soft tissue deficiency, the presence
of other (bony) facial deformities, and the patient's age. Recommendations on the
indications and optimal treatment strategy for soft tissue deficiency in patients
with CFM are important to optimise outcomes. It is essential to inform the patient
on the potential harms and benefits of treatment and to ensure that the patient has
a realistic view on what can be expected, especially if the indication for treatment
is patient specific and based on aesthetic concerns.

Questions focused on the indications and most optimal treatment modality for the
soft tissue deficiency in patients with CFM.
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The results of free tissue transfers to treat soft tissue deficiency in patients with
craniofacial microsomia are considered to be satisfactory or positive in most stud-
ies. Fat grafting leads to a higher level of post-treatment symmetry in patients with
craniofacial microsomia compared to free tissue transfers. The severity and rate
of complications of free tissue transfers is significantly higher compared to fat
grafting in patients with craniofacial microsomia (27% vs 4%, p=<0.001).

Recommendations

The indication for surgical treatment of soft tissue deficiency in patients with cra-
niofacial microsomia is mainly aesthetic. Inform the patient about the potential
benefits and harms to ensure that the patient has a realistic view of what can be
expected. Patients' difficulties with facial form/asymmetry should be assessed with
the CleftQ Appearance at age 8,12, and 22.

Regarding the most optimal treatment the working group recommends psycho-
logical input is required pre- and post-operatively to monitor expectations and
acceptance. Reconstruct soft tissue deficiencies in patients with craniofacial mi-
crosomia with fat grafting from childhood. Free tissue transfer is only considered
in patients with a very severe soft tissue deficiency. Alloplastic implants to correct
soft tissue deficiency in patients with craniofacial microsomia are ideally performed
at skeletal maturity. The use of pedicled flaps for correction of soft tissue deficiency
in patients with craniofacial microsomia is strongly discouraged. Coordinate the
timing of surgical treatment of soft tissue deficiency in patients with craniofacial
microsomia with the planning of other surgeries, especially for surgeries that affect
facial symmetry such as mandibular surgeries or placement of facial implants..

See figure 11.3 for an overview of the recommendations for treatment of the soft
tissue deficiency in patients with CFM.
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Figure 11.3: Recommendations for treatment of the soft tissue deficiency in pa-
tients with craniofacial microsomia
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Microtia

Microtia is one of the most common characteristics of patients with CFM as it is
seen in 83% to 88% of the patients (19, 184). Besides external ear malformations,
patients may have other malformations such as middle ear malformations or atre-
sia, or the presence of branchial remnants (45). In the management of microtia
and atresia improving hearing is the most important functional goal, followed by
external ear reconstruction if the patient and family feel that is required. It is es-
sential to inform the patient on the potential harms and benefits of treatment and
to ensure that the patient has a realistic view on what can be expected, especially
if the indication for treatment is patient specific and based on aesthetic concerns.
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Questions focused on the indications and most optimal treatment modality of the
ear deformity in patients with CFM.

Non-craniofacial microsomia patients who wear an osseointegrated implant- sup-
ported external silicone prosthesis are often satisfied with the result (placed at a
mean age of 37-44 years). Most patients (73%) report an increase in quality of life
and are satisfied with the aesthetic result (73-75%) after ear reconstruction with
porous polyethylene implants. Ear reconstruction with rib is considered a durable
treatment option with minimal long-term complications. The reconstructed ears
show a similar growth pattern to the normal ear.

Recommendations

The indication for auricular reconstruction in patients with craniofacial microso-
mia is aesthetic and psychosocial. Inform the patient about the potential benefits
and harms to ensure that the patient has a realistic view of what can be expected.
Provide all patients with craniofacial microsomia with psychosocial support. Use
the PROM Ear-Q pre- and postoperatively to assess benefit of treatment.

Regarding the most optimal treatment, patients should be treated within a multi-
disciplinary team setting. In addition, discus the advantages and disadvantages of
the various treatment modalities with the patient and base the choice for treatment
on patients’ preferences. Psychological input is required pre- and postoperatively
to monitor expectation and acceptance. Ear reconstruction with rib grafts is the
first choice of treatment and should be performed from the age of eight onwards.
Treatment before the age of eight is not recommended, but if chosen, use external
silicone prosthesis attached with adhesives. If chosen, place polyethylene implants
(Medpore) from the age of six onwards. Osseointegrated implants are an option
for salvage procedures. Outcome measures should be obtained pre- and postop-
eratively with all techniques and interventions.

See figure 11.4 for an overview of the recommendations for treatment of microtia
in patients with CFM.
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Figure 11.4: Recommendations for treatment of microtia in patients with craniofa-
cial microsomia
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Organisation of care

Craniofacial microsomia (CFM) is a condition involving various congenital disorders
which requires the involvement of multiple healthcare professionals. A multidis-
ciplinary team is needed to provide and align the complex, long-lasting care for
patients with CFM. Multidisciplinary care requires good coordination and commu-
nication among healthcare professionals, but also with patients and parents of
patients. The responsibility and division of tasks of all professionals should be clear
for all team members. Centralisation of care and formation of multidisciplinary cra-
niofacial teams makes it possible to perform comparative studies between centers,
which would have a positive effect on the quality of care.

Questions focused on the minimal care standard to treat patients with CFM and
how to monitor outcomes of care.

The most frequently reported difficulties in care for patients and parents of pa-
tients with craniofacial microsomia include healthcare professionals' lack of knowl-

207

170424_Renkema_BNW-def.indd 207 13-06-2024 21:45



edge regarding the diagnosis craniofacial microsomia, lack of guidance during
treatment and unclear coordination of care.

Recommendations

It is recommended that patients care for patients with craniofacial microsomia
should be delivered by the multidisciplinary team and patients should be referred
to this team in a timely manner. The clinical pathway based on this guideline should
be followed. The multidisciplinary team should provide information regarding the
condition and treatment options based on the present craniofacial microsomia
guideline in their own language.

Communication between and within teams (also in different hospitals) should be
initiated to facilitate the best possible treatment. A contact person in each center
- a care coordinator - clarify and facilitate communication between different in-
stitutions and within her/his own institution. Continuity of care should be ensured
for patients with craniofacial microsomia who reach adulthood. Patient measure
should be performed as stated in each chapter.

Patients with craniofacial microsomia are only treated for craniofacial microso-
mia-related difficulties in a centers that meets the criteria (including volume of
care) defined by the ERN-CRANIO. Adhere to the ERN-CRANIO registry.

A craniofacial center has the following care providers: Maxillofacial surgeon, Plastic
surgeon, ENT/audiology, Psychology, Orthodontics, Ophthalmologist, Paediatric
anaesthesiologists, Team coordinator, Paediatrician, Clinical geneticist, Paediatric
intensivist, Neurosurgeon and/or orthopaedic surgeon for spinal anomalies, Pae-
diatric radiologist, Social worker, Speech therapists, Pedagogical worker, (Facial)
physical therapist, Prosthetist, Respiratory team.

A craniofacial center has access to the following care facilities: (3D)photography,
roentgen, CT, MRI, 3D-planning facility, Paediatric ICU, Sleep study facility, Audio-
logical evaluation, Dental lab.
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Craniofacial microsomia (CFM) is characterized by an underdevelopment of facial
structures related to the first and second pharyngeal arches, but extracraniofacial
anomalies can be present (1, 6, 16, 17, 25). The reported incidence of CFM varies
from 1:3000-5000. The presentation of CFM varies largely in patients, both in the
type of affected structures as the severity.

This thesis aimed to study the phenotype of CFM and its associated anomalies and
give evidence-based recommendations for future management of these patients. A
collaboration between various craniofacial centers was initiated to establish a large
dataset of patients with CFM, to enable studying associated anomalies in detail and
investigate potential risk factors. The following craniofacial centers cooperated in
this international collaboration: Erasmus Medical Center, Rotterdam, The Neth-
erlands, Great Ormond Street Hospital (GOSH), London, United Kingdom, Boston
Children's Hospital, Boston, United States of America, SickKids, Toronto, Canada,
and Seattle Children's Hospital, Seattle, United States of America.

Traits of CFM

In the chapters 2, 3, 4, 5 and 6 the expanded spectrum of CFM was studied. The
types, prevalence rates and severity of extracraniofacial anomalies were analyzed.
Horgan et al. showed that extracraniofacial anomalies might be present in up to
55% of the patients with CFM, which led to the modification of the O.M.E.N.S. clas-
sification by adding a '+' category (6). Historically, anomalies of the cervical spine
are a part of the Goldenhar triad (15, 16). To research the prevalence and types of
vertebral anomalies in CFM, a systematic review of literature was undertaken (chap-
ter 2). A total of 31 articles specified vertebral anomalies in CFM and reported a
prevalence of 12% to 79%. Hemivertebrae, blockvertebrae and scoliosis were most
often reported and commonly seen in the cervical and thoracic spine. The wide va-
riety of the reported prevalence was due to a difference in the studied sample size
and individual study characteristics. To assess the prevalence, types, symptoms
and potential risk factors for vertebral anomalies in more detail, a retrospective
multicenter study was setup as described in chapter 3. A total of 881 patients with
CFM were included, whereof 29% had vertebral anomalies. Almost half of these pa-
tients, 43%, presented with clinical symptoms related to their vertebral anomalies
including torticollis, back or neck pain, or limited movement of the neck. Patients
with bilateral CFM or a more severe form of hypoplasia, as graded on the O.M.E.N.S.
scale, were more frequently diagnosed with vertebral anomalies. Additionally, pa-
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tients with vertebral anomalies had more frequently anomalies in other tracts too.
The high prevalence of vertebral anomalies emphasizes the need for awareness
for such anomalies. Clinical examination of the spine and, if indicated, additional
radiographic imaging should be performed in patients with CFM. Especially since
only half of the patients presented with clinical symptoms. The true prevalence
of these anomalies in CFM might be higher due to the retrospective nature of the
study and as anomalies of the spine could be present without clinical symptoms.
Identification of vertebral anomalies is important as progressive scoliosis or frac-
tures of ankylosed fragment of the spine might occur in patients with inadequate
formation of the vertebrae (64, 67). Also, vertebral anomalies can induce instability
of the cervical spine and was seen in 7 of the 991 studied patients (55). Gomes et
al. studied 27 patients with CFM who all underwent radiographic evaluation of the
cervical spine and showed that 30% of the patients had craniocervical instability
(286). All these patients had other anomalies of the spine as well. In a study by
Xu et al., which included 88 patients with unilateral CFM, the morphology of the
craniovertebral junction was assessed with computed tomography (CT) showing
that that 33% of the patients had cervical spine instability. The risk for cervical
spine instability was not related to the severity of the facial hypoplasia (287).
Manipulation of an instable cervical spine should cautiously be performed as it
can result in compression of the spinal cord or vertebral artery. Especially, since
patients with CFM might require multiple surgeries in life and the cervical spine
could be manipulated during intubation (69, 71). The relatively high prevalence of
vertebral anomalies emphasizes the need for physical and radiographical spinal
assessment in all patients with CFM (286, 288). Although seldom reported, ver-
tebral anomalies could lead to neurological symptoms. The retrospective study in
chapter 3 studied 991 patients with CFM and showed that neurological symptoms
in 9 of the 275 patients with vertebral anomalies. However, neurologic symptoms,
such as motor disabilities, epilepsy or developmental disorders, could also be the
result of anomalies of the central nervous system (CNS), which makes a clear dis-
tinction challenging.

The types and prevalence rates of CNS anomalies were studied in a systematic
review of literature in chapter 4. A total of 16 articles were included. Anomalies of
the central nervous system were reported in 2% to 69% of the patients. Most seen
were neural tube defects, agenesis or hypoplasia or the corpus callosum, or intra-
cranial lipomas. Developmental disorders, including intellectual disability, delay in
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speech or language development or neuropsychomotor delay were observed in
8% to 73% of the studies. Again, the wide variety of reported prevalence rates is
due to variations in the studied sample size and study characteristics. The neuro-
developmental profile and intelligence were extensively studied by Speltz et al. and
Collett et al. They reported, in relatively large cross-sectional studies, that patients
with CMF score significantly lower on IQ and academic achievements, although the
effect size was small (289). In young children, age 12-24 months, no evidence for
neurodevelopmental delay was found in patients with CFM compared to healthy
controls (290). Later in life, patients in CFM showed lower language skills compared
to healthy controls, which might be due to associated CFM related factors such as
hearing loss, vision impairment or CNS anomalies (228). These studies emphasize
the importance for routine neurodevelopmental screening for all patients with CFM.

The types, prevalence rates and risk factors for extracraniofacial anomalies and
limb anomalies were studied in respectively chapters 5 and 6. In the retrospective
cohort study described in chapter 5, 881 patients with CFM were investigated. A
total of 48% of the patients had extracraniofacial anomalies. Anomalies were most
frequently seen in the vertebral tract (29%), circulatory tract (21%), urogenital
tract (11%) and central nervous system (11%). Less frequently reported were anom-
alies in the gastro-intestinal tract (9%) and respiratory tract (3%). Patients with
bilateral CFM and a more severe form of mandibular hypoplasia, facial nerve deficit
or soft tissue hypoplasia were more frequently diagnosed with extracraniofacial
anomalies. The prevalence of extracraniofacial anomalies reported in literature
varies in studies with larger sample sizes among 31% to 69% (6, 26, 78). Variations
in patient selection and sample size might explain the variation in reported preva-
lence rates. The large sample size of 991 patients in this studied cohort strengthens
the reliability of the prevalence rates found. However, due to the retrospective
nature of the study, the true prevalence of extracraniofacial anomalies in CFM
might be higher. Also, it could be that patients with an extracraniofacial anomaly
were assessed in more detail for other anomalies, leading to a detection bias.

Some craniofacial syndromes are strongly associated with anomalies of the hand,
including Apert's, Saethre-Chotzen, Nager and Pfeiffer's syndromes (291, 292). The
association with such anomalies and CFM is unknown. In chapter 6, the type, prev-
alence and risk factors for limb anomalies were studied in a total of 688 patients
with CFM. Limb anomalies were diagnosed in 18% of the patients. More frequently
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in the upper limb (13%) than in the lower limb (8%). This is in line with literature,
reporting a prevalence of 7% to 21% (6, 11,146). Especially anomalies of the radial
ulnar axis were observed, which can cause impairment during daily activities. Limb
anomalies might be minor and challenging to diagnose. Timely diagnoses can con-
tribute to improved function in daily activities.

Although these studies on extracraniofacial anomalies did not strictly investigate
the necessity or effects of screening for such anomalies, the high prevalence
rates of extracraniofacial anomalies and its potential harmful effects emphasize
awareness among clinicians. Especially anomalies of the circulatory system, renal
system and vertebral tract are common among patients with CFM. Such anomalies,
including cardiac septum defects, valve anomalies, arrhythmia's, renal aplasia,
undescended testis, blockvertebrae or scoliosis should be screened for by physical
examination, renal ultrasound and if indicated electrocardiography and/or echo-
cardiogram. Assessment by experienced plastic or orthopedic surgeons is advised
to rule out the presence of limb anomalies as these might be difficult to diagnose.
Neurological examination should be performed in all patients with CFM, and if ab-
normal, additional imaging could rule out anomalies of the central nervous system.

In chapter 7, the extent of CFM was explored by studying potential deficits of cranial
nerves and muscles that are not primarily regarded to be part of the CFM spectrum,
as described in the O.M.E.N.S. classification. A variety of nerves and muscles play
arole in adequate closure of the velopharyngeal sphincter (171, 293). Inadequate
velopharyngeal closure, resulting in velopharyngeal dysfunction (VPD), can cause
speech and swallow difficulties (164). Patients with cleft lip/palate are known to
be at risk for VPD, as those patients experience an aberration in anatomy of the
velum, leading to inadequate velopharyngeal closure (294). Patients with CFM and
a cleft lip/palate are at risk for VPD too (42,169, 170, 295). In a study of 41 patients
with microtia and signs of the oculo-auriculo-vertebral spectrum velar palsy was
present in 80% of the patients (295). Funayama et al. showed in a sample of 48
patients with unilateral CFM that 50% of the patients had a unilateral hypodynamic
palate and 15% had VPD (42). To further examine this relationship, a study was
setup which included a total of 223 patients with CFM that were examined by a
speech and language therapist. A total of 34 patients were diagnosed with VPD,
whereof 20 had a cleft lip/palate. The presence of VPD was associated with cleft
lip/palate in CFM. The severity of CFM was not related to the presence of VPD. No
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major differences in speech characteristics between patients with VPD and (1) CFM,
(2) CFM with cleft lip/palate, or (3) isolated cleft lip/palate could be observed. This
study showed that both patients with CFM with or without a cleft lip/palate exhibit
VPD. Fourteen of the 164 (8.5%) patients with CFM without a cleft lip/palate was
diagnosed with VPD. The pathophysiological mechanism of VPD in these patients
remains unknown. A disturbance in appropriate innervation of the soft palate could
play a role in developing VPD. The tensor veli palatini muscle, playing an important
role in velopharyngeal closure, is primarily innervated by the mandibular branch of
the trigeminal nerve, which finds its origin from the first pharyngeal arch (171). This
could be a reason why patients with CFM without a cleft lip/palate might develop
VPD. The retrospective nature of this study might have led to underreporting the
true prevalence and exact symptoms of VPD. Nonetheless, as all patients included
in this study were examined by a speech and language therapist in a craniofacial
center, it is expected that the most significant clinical symptoms were noted. The
reported prevalence of 15.2% VPD in patients with CFM in this study emphasize
the importance for clinicians to be aware of its potential presence and screen for
VPD by assessment of a speech and language therapist.

The presence of extracraniofacial anomalies in CFM might provide insight in the
potential pathophysiological mechanism of CFM. The traditional hypothesis on
the pathogenesis of CFM is based on a hemorrhage of the stapedial artery (5,
128). Animal studies showed this could result in facial hypoplasia of structures
characteristic to CFM. But the presence of extracraniofacial anomalies cannot be
explained by this hypothesis (6). Another hypothesis involves a defect in migration
of the neural crest cells. These cells migrate from the neural tube to the pharyngeal
arches forming the ectomesenchyme and playing a role in formation of various
facial structures (130). Errors in formation or migration of neural crest cells could
result in facial anomalies as observed in CFM (7, 8). But anomalous migration of
neural crest cells has also found to form anomalies of the spine, cardiovascular
tract, urogenital tract and central nervous system (96, 97). Interestingly, the link
between neural crest cells and the development of the respiratory tract is less clear,
although the intrinsic neurons of the lung are formed by neural crest cells (131, 132).
Lung anomalies were seen in only 3% of the patients with CFM. Limb anomalies
were more frequently diagnosed in patients with other extracraniofacial anomalies.
Formation of the limbs is originated by limb buds, forming from the mesenchyme
and ectoderm (296). Neural crest colonize the limb buds and play a role in neural
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development of the muscles of the limbs (297). Potentially the observed anomalies
could be the result of wrong formation or migration of neural crest cells and share
a etiologic link with the facial anomalies observed in CFM.

The heterogenic phenotype of CFM makes it challenging to perform and compare
research. Throughout the years different criteria have been established to describe
or classify patients with CFM. In chapter 8, two recently developed phenotypic
criteria were evaluated by comparing these with a clinical, real-life database. The
ICHOM and FACIAL criteria, both developed for research purposes, were applied
on 730 patients with CFM. The sensitivity was 99.6% for the ICHOM criteria and
94.4% for the FACIAL criteria. A false negative rate of 5.6% in the FACIAL criteria
was due to the fact that these patients had facial asymmetry without additional
features such as tags, dermoids or clefts. It can be concluded that both criteria
show a high sensitivity and can therefore be used for research on CFM, enabling
to create reproducible cohorts of patients and increase the ability to compare out-
comes. A drawback of this study is the retrospective nature of the study. To apply
diagnostic criteria, all separate items of such criteria should be able to be scored.
By using data that was gathered by chart review, the full scope of the individual
phenotype is not known, and one is dependent of the imaging and medical files
that are present. This issue was addressed by applying strict inclusion criteria in
this study. Also, patients with isolated microtia were not included, although these
patients should be seen as patients with CFM according to the FACIAL criteria. The
need for diagnostic criteria in a clinical setting is debatable as no standard treat-
ment is available. Clinically, patients should be treated based on their individual
needs and diagnostic criteria do not provide advantages in daily care. Such criteria
could help to improve research as outcomes of studies can be compared and the
added value for the single patient can be interpreted. Nonetheless, it might be
argued that applying eligibility criteria are more useful than diagnostic criteria
to study specific characteristics or treatment outcomes in CFM. Eligibility criteria
are inclusion criteria based on shared characteristics of patients that play a role
in the issues that are aimed to be studied. The phenotype of CFM shows overlap
with other craniofacial syndromes including CHARGE syndrome, Treacher Collins,
Nager or Robin sequence. These patients need treatment of a specific difficulty
which is related to the syndrome, rather than the syndrome itself. These difficulties
can be similar across syndromes, making outcomes of studies relevant for other
syndromes too. By applying eligibility criteria rather than diagnostic criteria, such
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specific difficulties can be studied without studying one specific syndrome. By
doing this, the number of patients that can be studied increases, which is relevant
when studying rare diseases.

The heterogenic nature of CFM without specific clusters of patients and overlap
with other craniofacial syndromes raises the question whether CFM is a distinct
entity or part of a spectrum which overlaps with other syndromes (18, 182, 183).
Adam et al. proposed the term “recurrent constellations of embryonic malforma-
tions” (RCEM) (182). This involves a recognizable pattern of anomalies, in which
the frequency of reported twins is greater than expected and no teratogenic or
genetic cause is known. Craniofacial microsomia, in their study referred to as ocu-
lo-auriculo-vertebral-spectrum (OAVS), met the criteria for RCEM. Other RCEM
includes VACTRL (vertebral-anal-cardiac-tracheoesophageal fistula-renal-limb),
MURCS (Mullerian duct aplasia, renal anomalies, cervicothoracic somite dyspla-
sia), VATER (vertebral-anal-tracheoesophageal fistula-renal), LBWC (limb-body wall
complex) (182). In this view, CFM could be regarded to be part of a spectrum of
developmental disorders which are presumably causally related. A disturbance in
early embryonic development, such a hypoxia, genetic susceptibility or a methyla-
tion defect might cause anomalies related to the RCEM spectrum (182). Hartsfield
et al. described these developmental abnormality associations and the overlap with
CFM (5). Thomas et al. also show in their studied cohort that some cases (10%) with
CFM have an additional diagnosis of VACTERL or MURCS (298). It necessitates the
examination of patients with such associations for anomalies in tracts not directly
related to the original anomaly, as there could be overlap with other syndromes or
RCEM (5). Also, by studying RCEM as a group instead of distinct conditions, large
epidemiological and prospective studies can be undertaken (182). The variation of
patients included in such studies might compromise adequate comparison among
patients, although strict diagnostic or eligibility criteria could help to encompass
this issue.

Chapter 9 aimed to shed light on the discussion whether CFM is a progressive
disorder. Some clinicians advocate early treatment of mandibular hypoplasia to
increase function and prevent potential increasing asymmetry (22, 35). A study by
Liu et al. from 2022 showed improvements on facial symmetry after mandibular
distraction on the age of 8 years performed to enhance ‘oral system development
and the social psychology condition’ in 36 patients with a Pruzansky-Kaban type
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[Ib-1Il mandible, but long-term results or need for secondary surgery were not as-
sessed (299). Others promote postponing treatment, if possible, until adulthood to
prevent tissue damage and potential secondary surgery later in life (37,190). Plu-
ijmers et al. showed that outcome of treatment is more patient-dependent rather
than treatment-dependent (197). Patients treated at a younger age will undergo
more surgeries to correct the asymmetry later in life, independent of the severity
of mandibular hypoplasia (39). To study the potential progressiveness of facial
asymmetry in CFM, a total of 110 patients with unilateral CFM were included that
did not undergo any surgery to correct facial asymmetry during growth. The devi-
ation of the chin point was measured longitudinal. The severity of mandibular and
soft tissue hypoplasia was strongly related to the degree of chin point deviation.
Deviation of the chin point did not change during growth, suggesting that CFM is a
non-progressive disorder. Early correction of facial asymmetry to prevent increase
of asymmetry later in life might, based on this study, not be a valid argument. Al-
though this study included a respectively high number of patients and investigated
growth until adolescence, it has some limitations. Determining adequate and repro-
ducible landmarks for measurements is difficult in patients with facial asymmetry.
Nonetheless, a high intra- and interobserver variability was obtained. This study
used 2D-photographs, enabling to study a larger number of patients over a longer
period of time. But by studying 3D CT-scans of photographs, the facial changes in
CFM might be assessed in more detail (30, 31). Shetye et al. also studied the lon-
gitudinal growth in patients with unilateral CFM and based its findings on lateral
cephalograms in thirty patients (300). They showed that patients with a Pruzansky
type | mandible have symmetrical growth of the mandible, whereas patients with
a Pruzansky type Il mandible have lesser growth on the affected side (0.84mm vs
1.79mm per year, p<.05). If mandibular distraction is indicated on a young age, the
surgeon should possibly overcorrect the mandibular ramus length on the affected
side to anticipate for a lower growth rate on that side (300). There is a risk for early
stage condylar resorption if mandibular distraction is performed with a larger
distraction rate, especially in patients with a Pruzansky type Ila mandible (301).
If orthognathic surgery is indicated during adulthood, it produces stable results
both in patients who have not had mandibular distraction on a younger age as in
patients who underwent mandibular distraction (302). The ideal timing of surgery
remains a topic of debate and should be based on the available evidence, individual
difficulties and needs of the patient.
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Management of patients with CFM

In the last decade, the phenotype of CFM and therapeutical interventions have
extensively been studied and numerous, especially retrospective or cross-sectional
studies on CFM have been published. In chapter 10, a review of literature was per-
formed that included all literature on clinical features and therapeutic interventions
in CFM, published between 2010 until 2020. A total of 91 articles were reviewed and
summarized, and recommendations for clinical care were given. The broad scope
of this review led to the inclusion of many articles and discussed all facets of care
in CFM as described by the PAT-CFM (20, 25). A downside of this method is that a
more in-depth, systematic approach of literature is difficult to achieve, although
this was beyond the aim of the review. In the last decade, research showed that
CFM is a spectrum, in which the affected structures vary in type and severity.
Functional problems are common in CFM and include difficulties involving vision,
breathing, feeding, swallowing, hearing, speech and language, facial expression and
aesthetics. The variety in expressed traits of CFM advocate the need for treatment
tailored to the individual patient.

The last chapter of this thesis, chapter 11, summarizes the European Guideline for
CFM which was developed to optimize care for patients with CFM. The chapters of
the quideline were based on the various difficulties patients with CFM experience.
A bottleneck analyses was undertaken in which patients with CFM from various
nations were asked to report topics they wished to be addressed in the guideline.
Patients reported problems in timely referral to specialized centers, receiving too
little information about the disorder and its potential consequences, and subop-
timal coordination of care. Such experiences of patients with CFM and caregivers
are also studied by an international research network, the CARE program, and
study results will follow (303). The European guideline on CFM included chapters
on: breathing, feeding, speech, hearing, eye, dentofacial deformities, vertebral
anomalies, psychosocial, mandible and maxilla, facial nerve, soft tissue, microtia,
and organization of care. All available literature on CFM that matched the inclusion
criteria was systematically reviewed. Based on the conclusions of literature and
the possible consequences, recommendations for clinical practice were made. In
case of insufficient or absence of evidence the recommendations were based on
agreement among the experts. Also, a summarized version of the guideline, written
in plain language, was developed for patients. Development of a guideline on rare
diseases is challenging as the quality of the available evidence is limited. Studies
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are mostly retrospective or cross-sectional, and comparative studies are scarce.
Recommendation for clinical care were therefore mostly based on low or very-low
guality of evidence or on expert opinion. To handle this difficulty, recommendations
were made following a strict methodology to achieve the highest degree possible
of evidence-based recommendations, nonetheless most recommendations were
based on low quality of evidence or expert opinion. Future well-designed studies
with large sample size and/or comparison of treatment outcomes help to increase
the quality of recommendations for clinical care. Ronde et al. studied the guideline
recommendations on standardized screening and monitoring in a survey study
(304). 61% to 97% of the 57 respondents agreed on these recommendations in the
guideline. Although 65% of the respondents in this study stated isolated microtia
should be regarded as a minor form of CFM, 51% stated that the recommendations
in the guideline should not be applied for patients with isolated microtia. Future
studies could help determining the necessity for screening of the above-mentioned
issues for patients with isolated microtia.

In conclusion

Based on this thesis, it can be concluded that extracraniofacial anomalies are
present in almost half of the patients with CFM. Especially patients with bilateral
CFM and patients with a more severe form of mandibular hypoplasia, facial nerve
deficit, or soft tissue deformity have an increased risk for extracraniofacial anom-
alies. Also, the presence of extracraniofacial anomalies increases the likelihood of
having additional anomalies in other tracts too. Anomalies occur most frequently
in the vertebral tract, circulatory system, limbs, urogenital tract and central ner-
vous system. Velopharyngeal dysfunction occurs in approximately one in seven
patients with CFM and might also be present in patients without a cleft lip/palate.
Criteria for the diagnosis CFM such as the ICHOM and FACIAL criteria could be
useful for research to improve comparison of results, as both criteria show a high
sensibility. Facial asymmetry in unilateral CFM appears to be non-progressive. The
degree of mandibular of soft tissue hypoplasia is strongly related to deviation of
the chin point. The developed overview article and European clinical guideline on
CFM should further improve the care for patients with CFM.

Future perspectives and recommendations
CFM is primarily characterized by hypoplasia of structures related to the first and
second pharyngeal arches and thus frequently seen by clinicians specialized in
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the craniofacial field. Nonetheless, extracraniofacial anomalies are common in
CFM and awareness is needed. The etiology of CFM is unknown. A disruption in the
first six week of embryonic development, when the facial structures and organs
are being developed, presumably leads to CFM. Future studies on the etiology,
such as whole-genome sequencing, should be undertaken to help determine the
origin of CFM.

As CFM is relatively rare and the clinical phenotype varies strongly, patient specific
treatment is needed. So far, this has led to a limited amount of evidence for various
treatments. Treatment should be based on functional difficulties and individual
wishes of the patient, and, in case of children, the wishes of parents too. The use of
eligibility criteria instead of strict diagnostic criteria could help to increase the num-
bers of patients that can be studied. Which is, especially in rare diseases, needed
to study certain therapeutical or surgical interventions. Assessment of treatment
outcomes can be performed by networks of international craniofacial centers, such
as the European Reference Network CRANIO or other international collaborations.
This increases the number of patients that can be studied. Uniform registries and
development of prospective studies on treatment outcomes will help to optimize
treatment for patients with CFM. Especially in CFM, due to its heterogenetic nature,
treatments should be based on the individual patients' needs. Only with the use
of patient reported outcomes measures (PROM), clinicians can identify patients’
needs and optimize the timing of treatment. The outcome of treatment reported
by patients should be assessed both pre- and post-surgically. A variety of PROMS
that can be used are freely available, including the FACE-Q and CLEFT-Q. With this
we strive for the right type of care for the right patient on the right moment.
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Clinical recommendations
The aim of this thesis was to study the phenotype of CFM and its associated anom-
alies and give evidence-based recommendations for future care.

Based on the studies included in this thesis, the following recommendations for
clinical practice were made:

+ All patients with CFM should be physically examined for extracraniofacial anom-
alies by a pediatrician on initial presentation.

+ Patients with a higher risk for extracraniofacial anomalies, including bilateral
CFM, severe mandibular hypoplasia, facial nerve deficit or soft tissue deformity,
should additionally be screened by electrocardiography, echocardiogram, spine
radiography and renal ultrasound.

+ All patients with CFM should be assessed by a speech and language therapist
from the age of two years to examine potential speech disorders and velopha-
ryngeal dysfunction.

Use well-defined criteria such as the ICHOM or FACIAL criteria for inclusion of
patients with CFM in clinical research.

Postpone surgical treatment of facial asymmetry until adulthood if no functional
or psychosocial difficulties are present.

Adherence to the European Guideline Craniofacial Microsomia recommenda-
tions is advised.
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Chapter 1 provides a general introduction on craniofacial microsomia (CFM) and
the outline and aims of this thesis. With an incidence of approximately 1in 3000
to 5000 newborns, CFM is the most common congenital craniofacial anomaly fol-
lowing cleft lip and palate. The clinical characteristics vary largely in type and
severity of the involved structures, which includes the orbit, mandible, ears, facial
nerves and soft tissues. Besides these craniofacial anomalies, patients may present
anomalies in various tracts, so called extracraniofacial anomalies. Identification
of phenotypical characteristics that warrant timely screening or treatment could
increase the quality of care for patients with CFM. This thesis aimed to study these
characteristics and provide recommendations for clinical care. A multicenter col-
laboration was initiated to study a large number of patients, including the following
craniofacial centers: Erasmus University Hospital, Rotterdam, The Netherlands;
Great Ormond Street Hospital, London, The United Kingdom; Boston Children’s
Hospital, Boston, The United States of America; SickKids Hospital, Toronto, Canada;
Seattle Children’'s Hospital, Seattle, The United States of America.

Chapter 2 gives a review of literature on the prevalence and types of vertebral
anomalies in CFM. Thirty-one articles were assessed. Vertebral anomalies were
reported in 12% to 79% of the patients with CFM. The variation in the reported
prevalence was considered to be related to differences in sample size, study char-
acteristics, patient selection and the level of spine investigation. Most frequently
reported vertebral anomalies were hemivertebrae, blockvertebrae, scoliosis and
spina bifida. Anomalies were most common in the cervical spine, thoracic spine
and ribs.

The prevalence, types and risk factors for vertebral anomalies was further studied
in chapter 3. A total of 991 patients with CFM were included, of which 28% pre-
sented with vertebral anomalies. Most commonly observed were hemivertebrae,
blockvertebrae and scoliosis. Clinical symptoms of these vertebral anomalies were
present in 44% of the patients and included torticollis, back or neck pain, and lim-
ited neck movement. Vertebral anomalies were more frequently diagnosed in pa-
tients with bilateral CFM or a more severe form of mandibular, orbital, facial nerve
and/or soft tissue involvement. Also, patients with vertebral anomalies were more
frequently diagnosed with additional extracraniofacial anomalies in other tract too.
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In chapter 4 the prevalence and types of central nervous system anomalies and
developmental disorders in CFM was studied in a literature review. Sixteen articles
were included, reporting a prevalence of respectively 2% to 69% central nervous
system anomalies and 8% to 73% developmental disorders in patients with CFM.
Most common cranial anomalies were neural tube defects, corpus callosum agen-
esis or hypoplasia, intracranial lipoma, Arnold-Chiari malformations, hydrocephaly,
ventriculomegaly or cerebral hypoplasia. Developmental disorders included intel-
lectual disability, language or speech developmental delay and neuropsychomotor
delay.

The prevalences, types and risk factors for extraniofacial anomalies was further
studied in chapter 5. AlImost half, 47%, of the 991 included patients with CFM had
extracraniofacial anomalies. Anomalies were most frequently seen in the verte-
bral tract (28%)), circulatory system (21%) and central nervous system (11%). But
also in the urogenital tract (11%), gastrointestinal tract (9%) and respiratory tract
(3%). Patients with an extracraniofacial anomalies had a higher risk for additional
anomalies in other tracts compared to patients without extracraniofacial anoma-
lies. Patients with bilateral CFM or a more severe form of mandibular hypoplasia,
facial nerve palsy or soft tissue hypoplasia were more often diagnosed with extra-
craniofacial anomalies.

Chapter 6 studied the potential association of limb anomalies in CFM and the
prevalence, type and risk factors. Of the 688 included patients with CFM, 18% was
diagnosed with an upper and/or lower limb anomaly. Anomalies in the upper limb
were more frequently observed to lower limb anomalies, in respectively 13% and
8% of the patients. Patients with an extracraniofacial anomaly had a higher risk
for limb anomalies. The laterality of CFM and the severity of facial hypoplasia as
described in the O.M.E.N.S. classification was not associated with limb anomalies.

Chapter 7 describes the prevalence of velopharyngeal dysfunction (VPD) in 223
with CFM, with and without a cleft lip-palate and studied speech characteristics
and risk factors for VPD. A total of 34 patients were diagnosed with VPD; 15% of
all patients. Twenty of the 59 patients with CFM and a cleft lip/palate had VPD.
Fourteen patients with VPD had no cleft lip/palate. The presence of cleft lip/palate
was associated with a higher risk for VPD, whereas the severity of facial hypoplasia
or laterality of CFM was not.
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Two sets of diagnostic research criteria for CFM were evaluated in chapter 8. The
FACIAL and ICHOM criteria were compared with an existing global multicenter
database of 730 patients with CFM and the sensitivity was assessed. Most pa-
tients that received the clinical diagnosis CFM fitted both criteria. The sensitivity
of the FACIAL and ICHOM criteria was respectively 94.4% and 99.6%. Agreement
between both criteria was fair (Cohen’s kappa 0.38). All 41 patients with CFM that
did not meet the FACIAL criteria had facial asymmetry without additional facial
features as specified in the criteria.

In chapter 9 the potential progressiveness of CFM was studied in 110 patients with
unilateral CFM that did not receive any surgical correction. Deviation of the chin
point was measured on all available clinical photographs and the relation with man-
dibular and soft tissue hypoplasia was studied. No statistically significant changes
of deviation of the chin point was observed during growth. A higher degree of
mandibular or soft tissue hypoplasia was associated with an increase in deviation
of the chin point.

Chapter 10 provides an overview of all developments published in the last decade
on the clinical characteristics, medical and surgical treatments in craniofacial mic-
rosomia. A total of 91 articles are included and its findings are discussed following
the different clinical facets of CFM including craniofacial and extracraniofacial char-
acteristics, and clinical difficulties such as breathing, feeding, speech and hearing.
The phenotypical variety in CFM warrant a tailored patient specific treatment plan
based on its individual needs and wishes.

Chapter 11 is a summary of the European Guideline for craniofacial microsomia,
which was developed within the European Reference Network for Craniofacial anom-
alies and Ear, Nose and Throat disorders. This guideline was developed to optimize
care for patients with CFM and is based on various clinical and psychological diffi-
culties patients and caregivers for patients with CFM experience. In each chapter, a
systematic search of literature was performed and based on conclusions from liter-
ature and the respected quality of evidence, recommendations for care were given.

The final chapter, chapter 12, discusses the findings of this thesis and gives an
update of the available literature on CFM. The recommendations for clinical care
for patients with CFM, based on the findings in this thesis, is summarized at the
end of chapter 12.
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Hoofdstuk 1 biedt een algemene introductie over craniofaciale microsomie (CFM)
en de opzet en doelstellingen van dit proefschrift. Met een incidentie van ongeveer
1 op de 3000 tot 5000 pasgeborenen is CFM de meest voorkomende aangebo-
ren craniofaciale aandoening na schisis. De klinische kenmerken variéren sterk,
waarbij de aangedane structuren zoals de orbita, mandibula, oren, nervus facialis
en weke delen in zowel ernst als uitgebreidheid van hypoplasie wisselen tussen
patiénten. Naast deze craniofaciale aandoeningen kunnen patiénten ook aandoe-
ningen hebben in verschillende orgaansystemen, de zogenoemde extracraniofaci-
ale aandoeningen. Het identificeren van fenotypische kenmerken die vroegtijdige
screening of behandeling mogelijk maken kan de kwaliteit van zorg voor patiénten
met CFM verbeteren. Dit proefschrift heeft als doel deze kenmerken te bestuderen
en aanbevelingen te doen voor de klinische zorg van patiénten met CFM. Er werd
een samenwerking opgezet tussen meerdere centra om een grote groep patiénten
te kunnen onderzoeken, bestaande uit de volgende craniofaciale centra: Erasmus
Medisch Centrum, Rotterdam, Nederland; Great Ormond Street Hospital, Londen,
Verenigd Koninkrijk; Boston Children’s Hospital, Boston, Verenigde Staten, SickKids
Hospital, Toronto, Canada; Seattle Children’'s Hospital, Seattle, Verenigde Staten.

Hoofdstuk 2 geeft een overzicht van de literatuur over de prevalentie en de soor-
ten wervelafwijkingen bij CFM. Er werden 31 artikelen beoordeeld. Wervelafwij-
kingen werden gezien bij 12% tot 79% van de patiénten met CFM. De variatie in
de beschreven prevalentie werd gerelateerd aan verschillen in steekproefgrootte,
variatie in studieopzet, patiéntselectie en het uitgebreidheid van wervelkolomon-
derzoek. De meest voorkomende wervelafwijkingen waren wigwervels, blokwervels,
scoliose en spina bifida. Deze aandoeningen kwamen met name voor in de cervicale
wervelkolom, thoracale wervelkolom en de ribben.

De prevalentie en typen wervelafwijkingen en de risicofactoren hiervoor werden
verder onderzocht in hoofdstuk 3. In totaal werden 991 patiénten met CFM ge-
includeerd, waarvan 28% van de patiénten wervelafwijkingen hadden. De meest
waargenomen wervelafwijkingen betrokken wigwervels, blokwervels en scoliose.
Klinische symptomen van deze wervelafwijkingen waren aanwezig bij 44% van de
patiénten en betrof torticollis, rug- of nekpijn en/of een beperkte bewegelijkheid
van de nek. Wervelafwijkingen werden vaker vastgesteld bij patiénten met dubbel-
zijdige CFM of een ernstigere vorm van hypoplasie van de mandibula, orbita, nervus
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facialis en/of weke delen. Daarnaast werd bij patiénten met wervelafwijkingen vaker
additionele extracraniofaciale afwijkingen in andere tracti gezien.

In hoofdstuk 4 werd de prevalentie en typen centraal zenuwstelselafwijkingen en
ontwikkelingsproblemen bij CFM onderzocht in een literatuurstudie. Zestien arti-
kelen werden geincludeerd en meldden respectievelijk een prevalentie van 2% tot
69% voor centraal zenuwstelselafwijkingen en 8% tot 73% ontwikkelingsproble-
men bij patiénten met CFM. De meest voorkomende zenuwstelselafwijkingen waren
neurale buis defecten, agenesie of hypoplasie van het corpus callosum, intracrani-
ele lipomen, Arnold-Chiari, hydrocefalie, ventriculomegalie of cerebrale hypopla-
sie. Ontwikkelingsproblemen omvatten intellectuele beperkingen, vertragingen in
taal- of spraakontwikkeling en neuropsychomotorische ontwikkelingsachterstand.

De prevalentie, typen en risicofactoren voor extracraniofaciale aandoeningen werd
verder onderzocht in hoofdstuk 5. Bijna de helft, 47%, van de 991 geincludeerde
patiénten met CFM had één of meerdere extracraniofaciale aandoening(en). Dit
werd meest frequent gezien in de wervelkolom (28%), de tractus circulatorius
(21%), het centrale zenuwstelsel (11%). Maar ook in de urogenitale tractus (11%), het
maagdarmkanaal (9%) en de longen (3%). Patiénten met extracraniofaciale aan-
doeningen hadden een hoger risico op additionele aandoeningen in andere tracti
in vergelijking met patiénten zonder extracraniofaciale aandoeningen. Patiénten
met dubbelzijdige CFM of een ernstigere vorm van mandibulaire hypoplasie, nervus
facialis uitval of hypoplasie van de weke delen werden vaker gediagnosticeerd met
een extracraniofaciale aandoening.

In hoofdstuk 6 werd de mogelijke associatie van extremiteitsaandoeningen bij
patiénten met CFM onderzocht, waarbij de prevalentie, type en risicofactoren
werden bestudeerd. Van de 688 geincludeerde patiénten met CFM werd bij 18%
een bovenste en/of onderste extremiteitsaandoening vastgesteld. Aandoeningen
in de bovenste extremiteiten werden vaker waargenomen dan aandoeningen in de
onderste extremiteiten, bij respectievelijk 13% en 8% van de patiénten. Patiénten
met een extracraniofaciale aandoening hadden een hoger risico op extremiteit-
saandoeningen. De mate van gezichtshypoplasie zoals beschreven in de O.M.E.N.S.
classificatie was niet geassocieerd met extremiteitsaandoeningen.
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Hoofdstuk 7 beschrijft de prevalentie van velopharyngeale disfunctie (VPD) bij 223
patiénten met CFM, met en zonder schisis, waarbij tevens spraakkenmerken en risi-
cofactoren voor VPD werden bestudeerd. Er werden 34 patiénten gediagnosticeerd
met VPD, wat overeenkomt met 15% van het totaal aantal patiénten. Twintig van
de 59 patiénten met CFM en schisis hadden VPD, terwijl 14 CFM patiénten met VPD
geen schisis hadden. De aanwezigheid van een schisis was geassocieerd met een
hoger risico op VPD, waarbij de ernst van de aangezichtshypoplasie of lateraliteit
van CFM dat niet was.

In hoofdstuk 8 worden twee verschillende diagnostische criteria voor de diagno-
se CFM geévalueerd. De FACIAL- en ICHOM-criteria werden vergeleken met een
bestaande wereldwijde multicenter database van 730 patiénten met CFM, waarbij
de sensitiviteit van de criteria werd beoordeeld. Het merendeel van de patiénten
die de klinische diagnose CFM kregen voldeed aan beide diagnostische criteria. De
sensibiliteit van de FACIAL- en ICHOM-criteria was respectievelijk 94.4% en 99.6%.
De overeenstemming tussen beide criteria was redelijk. Alle 41 patiénten die niet
voldeed aan de FACIAL-criteria hadden asymmetrie van het aangezicht zonder
aanvullende gelaatskenmerken zoals gespecificeerd in de criteria.

Hoofdstuk 9 onderzocht de mogelijke progressiviteit van aangezichtsasymmetrie
bij CFM en bestudeerde 110 patiénten met eenzijdige CFM die geen correctieve
chirurgie hadden ondergaan. Deviatie van de kinpunt werd gemeten op alle beschik-
bare klinische foto's, waarna de relatie met hypoplasie van de mandibula en weke
delen werd bestudeerd. Er werden geen statistisch significante veranderingen in
kinpunt deviatie waargenomen tijdens de groei. Een grotere mate van hypoplasie
van de mandibula of weke delen werd geassocieerd met een toename van deviatie
van de kinpunt.

Hoofdstuk 10 geeft een overzicht van alle ontwikkelingen die in het afgelopen
decennium zijn gepubliceerd met betrekking tot de klinische kenmerken, medische
en chirurgische behandelingen bij craniofaciale microsomie. Er werden 91 artikelen
geincludeerd waarbij de bevindingen werden besproken aan de hand van de ver-
schillende klinische aspecten van CFM, waarbij craniofaciale en extracraniofaciale
aandoeningen, evenals problemen gerelateerd aan ademhaling, voeding, spraak
en gehoor. De fenotypische variatie van CFM zorgt ervoor dat iedere patiént een
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op maat gemaakt behandelingsplan dient te hebben op basis van de individuele
behoeften en wensen.

In hoofdstuk 11 wordt een samenvatting gegeven van de Europese richtlijn voor
craniofaciale microsomia, ontwikkeld door het 'European Reference Network' voor
craniofaciale afwijkingen en keel- neus en ooraandoeningen. Deze richtlijn is ont-
wikkeld om de zorg voor patiénten met CFM te optimaliseren en is gebaseerd op
de verschillende klinische en psychologische moeilijkheden waarbij patiénten en
zorgverleners van patiénten met CFM te maken krijgen. Voor elk hoofdstuk werd
een systematische zoekopdracht van de literatuur uitgevoerd, waarna op basis
van conclusies uit de literatuur en de kwaliteit van bewijs, aanbevelingen werden
gedaan voor de zorg voor patiénten met CFM.

Het laatste hoofdstuk, hoofdstuk 12, bespreekt de bevindingen van dit proefschrift
en geeft een update van de beschikbare literatuur over CFM. De aanbevelingen

voor klinische zorg voor patiénten met CFM, gebaseerd op de bevindingen uit dit
proefschrift, worden samengevat aan het einde van hoofdstuk 12.
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