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POPULATION 2021: 26,066,578

2021: 309,996 registered births

| birth every 1’ 43” Population increase 1 person
every 2’ 1”7

1 death every 3’ 10” 1 person leaving every 2’
30”

1 new arrival every 1’ 31” 5
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Epidemiology: Australia: 2021

e 26 M people; 309K births

Syndrome Prevdence Expected Number per year
Sggitd synostosis 12500 124

Metopicsy =

e 1 87 CASES NoN- synd romic CS/year
Lambdoid synostosis 1:60,000

Crouzon syndrome 1:60,000 5

Apert syndrome

mam o 29 CASES SYyNAromic CS/yeaf

Seethre Chotzen syndrome 1:50,000

Muenke syndrome 1:30,000 10




Craniofacial Cases Each Year

3 Cases
48 Cases
24 Cases 13 Cases 69 cases
3 Cases
53 Cases

3 Cases




Pediatric Craniofacial Surgery: Scope

__ Cranial Vault

Orbits

Midface
Mandible




Pediatric Craniofacial Reconstruction: Miscellany and Unusual Conditions




Sir Harold D. Gilles: 1882-1960

«“Grand Remedy” planned - 1942



Dr. Paul Tessier

Craniofacial Surgery
e  Cranial vault

e ACVR
e PCVR
e TCVR

. Fronto-orbital
e FOA

e Combined
*  Mono-bloc
e Bipartition
*  Orbital
* |Intra-cranial/Extra-cranial
e Subcranial

. Nasal
. Midface
e Lefort Il

e Lefort |l



Craniosynostosis

Definition: Premature fusion of one or more sutures in cranial vault or base
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ANATOMY: MAJOR SUTURES
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ANATOMY: MINOR SUTURES




ANATOMY: SKULL BASE SUTURES = SYNCHONDROSES

SPHENO-OCCIPITAL (SO)
POSTERIOR INTRAOCCIPITAL (PIO)
ANTERIOR INTRA-OCCIPITAL (AIO)
MENDOSAL (MEN)
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ANATOMY: SUTURE/SYNCHONDROSIS CLOSURE

NORMAL TIMING OF FUSION OF CALVARIAL SUTURES/SYNCHONDROSES

SUTURE/SYNCHONDROSIS

CORONAL
ETHMOIDOFRONTAL

ETHMOIDOSPHENOIDAL

FRONTOSPHENOIDAL

LAMBDOID

METOPIC

OCCIPITOMASTOID

OCCIPITAL SYNCHONDROSES

ANTERIOR INTRAOCCIPITAL

MENDOSAL

POSTERIOR INTRAOCCIPITAL

PARIETOMASTOID
PARIETOSQUAMOSAL
PETRO-OCCIPITAL

SAGITTAL
SQUAMOSAL
SPHENO-OCCIPITAL
SPHENOPARIETAL

SPHENOPETROSAL
SPHENOSQUAMOSAL

FUSION BEGINS

1-25 YR
UNKNOWN
2 YR

5 YR

6—-18 YR

3 MO

5 YR

1-2 YR

1 MO

1-2 YR
UNKNOWN
UNKNOWN
1YR

8-25 YR
UNKNOWN
B8 YR
UNKNOWN

4 YR
4 YR

FusioN COMPLETE

43 YR
UNKNOWN
15 YR
15 YR

43 YR
12 MO

12—-18 YR

7-10 YR
4—6 YR

4-7 YR
UNKNOWN
ADULTHOOD
17 YR

41 YR
ADULTHOOD
18 YR
UNKNOWN

7-12 YR
7-12 YR
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Craniosynostosis: Classification

Anatomic
SINGLE-SUTURE: MAJOR
SAGITTAL
METOPIC
UNICORONAL
LAMBDOID

SINGLE-SUTURE: MINOR
FRONTO-SPHENOIDAL
SQUAMOSAL

MULTIPLE-SUTURE
BICORONAL
MERCEDES-BENZ (BILATERAL LAMBDOID AND SAGITTAL)
KLEEBLATTSCHADEL
METOPIC-SAGITTAL
ANY COMBINATION POSSIBLE
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Etiologic

Craniosynostosis: Classification
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Etiologic

Craniosynostosis: Classification
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Nomenclature: What’s in a name?
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Craniosynostosis: Historical

Mestrius Plutarchus (Plutarch)

Pericles (495 - 429 BC): (46-120 AD): Greek Historian “Squill-headed”

Athenian statesman, general, orator



Craniosynostosis: Historical

*Andreas Vesalius -
*De Humani Corporis Fabrica, 1543



Craniosynostosis: Historical

Middle Pleistocene era dated to a minimum age of 530,000 years



Rudolf Ludwig Karl Virchow (1821-1902)

*  Prototype “German anatomist at the turn of the
century

 Pathologist, politician and statesman

Modern concept of pathological process - diseases
arising from cells

* Discovered leukemia
* Elucidated mechanism of pulmonary embolism

* Virchow's law - Omnis cellula e cellula - every cell from
a cell.

* Virchow's node - Enlargement of one of the
supraclavicular lymph nodes.

e Virchow's triad - The functional triad concerned in the
pathogenesis of thrombosis.
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Virchow’ s law: Growth of cranial sutures:
* Bone growth at right angles to line of sutures
e Sutures: passive structures responding to biomechanical forces of surrounding tissues
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Etiology of Craniosynostosis

No simple answer

Multifactorial and heterogeneous: monogenic and polygenic, chromosomal, environmental/teratogenic and
epigenetic factors

Complex interactions between genetics, epigenetics and the molecular signalling pathways important in
embryogenesis and bone formation

Balance between pro-osteogenic and anti-osteogenic forces at play during suture embryogenesis

Environmental factors
advanced maternal and paternal age (greater than 35 years),
maternal smoking
prenatal exposure to nitrosable drugs, valproic acid and phenytoin, hyperthyroidism
multiple births
birth weight > 4 kg
paternal occupation (more common in agriculture, forestry, repairmen and mechanics)
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Molecular genetics of craniosynostosis

. >60 different genes felt to be causative
. Majority de novo mutations

. 14+ syndromes

* 3 categories

* Transcription factors

MSX1 gain-of-function mutation in muscle segment homeobox 2 (MSX2) gene
TWIST — basic helix-loop-helix transcription factor

* FGFR - gain of function

FGF family of 22 highly conserved proteins
regulate cellular proliferation, differentiation and migration

important in wound healing, angiogenesis, limb development, mesoderm
induction, malignant

e Structural protein - EFBN1

Craniofrontonasal dysplasia may be caused by mutations or defects in the
ephrin-B1 gene (EFNB1)

ephrin-B1 protein - important for normal development of the frontonasal neural
crest



Molecular genetics of craniosynostosis

* MSX1 — Boston-type craniosynostosis

 FGFR-mediated craniosynostoses: 8
* Apert syndrome (FGFR2)

Crouzon syndrome (FGFR2)

Jackson-Weiss syndrome (FGFR2)

Muenke syndrome (FGFR3)

Crouzon syndrome with acanthosis nigricans (Crouzonodermoskeletal
syndrome) (FGFR3)

*  Pfeiffer syndrome (FGFRl and FGFR2)
e  Beare-Stevenson syndrome (FGFR2)
*  FGFR2-related isolated coronal synostosis.

e TWIST — Saethre-Chotzen

e EFNB1 - Craniofrontonasal dysplasia


http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=gene&part=glossary&rendertype=def-item&id=isolated
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Craniosynostosis:

° Functional concerns

1. Increased ICP

2. Ocular

3. Airway

4. Neurodevelopmental

5. Psychosocial



Craniosynostosis:

* Functional concerns
* ICP

* Incidence:*

* NS:14-17%

* S: 40-51%
* Diagnostic dilemmas
 Significance



Craniosynostosis:

* |CP elevation: why?

Venous hypertension

Hydrocephalus

Cranial-cerebral disproportion

Airway obstruction-OSA
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Craniosynostosis:

* |CP elevation: why?

* \Venous anomalies

Hydrocephalus

Cranial-cerebral disproportion

Airway obstruction-OSA









Craniosynostosis:

* |CP elevation: why?

* \Venous anomalies

Hydrocephalus

Cranial-cerebral disproportion

Airway obstruction-OSA



* Hayward, R. Venous hypertension and craniosynostosis.
Childs Nerv Syst (2005) 21:880-888



Sleep Medicine



Pathophysiology of elevated ICP

e |CP affects neurological function mainly through effect on cerebral
blood flow
* Brain dependent on flow for glucose, oxygen
* Flow dependent on pressure gradient and inversely related to resistance
e Elevation of ICP increases resistance to flow
* Localized areas of hypoperfusion??



Craniosynostosis: Special Considerations
* Functional concerns

*  Visual - 30/58 patients syndromic craniosynostosis*
* some degree of visual loss

e Exorbitism
* EOM anomalies
* Optic nerve

* Refractive errors/amblyopia >>> structural anomalies



Craniosynostosis: Special Considerations
* Functional concerns

*  Visual - 30/58 patients syndromic craniosynostosis*
some degree of visual loss



Craniosynostosis: Special Considerations
* Functional concerns

*  Visual - 30/58 patients syndromic craniosynostosis*
some degree of visual loss



Craniosynostosis: Special Considerations
* Functional concerns

e Visual
e Exorbitism



Functional Concerns

* Airway
e Midface retrusion
e Choanal atresia
* Tracheal abnormalities

* GER




Neurobehavioural Issues

Syndromic/multiple suture
craniosynostosis

Single suture
synostosis



The Controversy

Synostosis --> brain deformation/ICP -->neuropsychological impairment

« NO! Children with non-syndromic synostosis do not
differ from normalized sample in mental or physical
development

— Particularly within the first 2 years of life

Virtanen, R., et al. (1999). Neurocognitive sequelae of scaphocephaly. Pediatrics, 103(4), 791-5.

Kapp-Simon, K.A. (1998). Mental development and learning disorders in children with single suture
craniosynostosis. Cleft Palate-Craniofacial Journal, 35(3), 197-203.

Speltz, M.L., et al. (1997). Presurgical and postsurgical mental and psychomotor development of infants with
canittal evnoctncic Claft Palate-Craniofacial 1niirnal RA(RY R74-R70



The Controversy

e YES! Children with non-syndromic synostosis have mild
learning disability or motor development delay

* QOften detected around preschool years when a
higher level of functioning is required

Cohen, S.R,, et al. (2004). American Society of Maxillofacial Surgeons Outcome Study: Preoperative and postoperative
neurodevelopmental findings in single-suture craniosynostosis. Plastic and Reconstructive Surgery, 114(4), 841-
849.

Panchal, J., et al. (2001). Neurodevelopment in Children with Single-Suture Craniosynostosis and Plagiocephaly without
Synostosis. Plastic and Reconstructive Surgery, 108(6), 1492-1498.

Sidoti, E.J., et al. (1996). Long-term studies of metopic synostosis: Frequency of cognitive impairment and behavioural
disturbances. Plastic and Reconstructive Surgery, 97(2), 276-281.



* Functional Concerns

e Aesthetics



Children with facial differences

e Significant risk for social competence problems
e Development of friendships
* Progress in school
* Participation in organizations
e Social withdrawal
* Negative effect upon development
* Unhappiness and dissatisfaction
* Lower problem solving ability
e Poorer decision making
e Less social competence
* Low global self-esteem scores
* More frequent negative social behaviour



The importance of the face



Symmetry



2R

2L

2R

2L
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Attractiveness

* Symmetry:

Significant biological advantage (humans and animals)
Biological ad to having good genes

Facial symmetry linked to agreeableness, extraversion and
conscientiousness

Male body symmetry associated with reproductive
advantages (greater sperm counts, increased sperm speed)

Female breast symmetry associated with increased fertility

60



Attractiveness



Attractiveness

e There are other factors besides
symmedtry....

* Looking average (fitting in)
 Mathematically average features

e distance between your eyes should be 46
percent of your face's width

e distance between your eyes and mouth to be
about 36 percent of the length of your face

http://www.telegraph.co.uk/science/2016/03/12/the-science-of-sexiness-why-some-people-are-just-more-attractive/
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Attractiveness
* “the beauty of youth”

63



4\
Attractiveness \/

 And it happens so fast!!!!

* Perception of the human face is unlike that of any other object
* “the most entertaining surface on earth”

 Thereis no other object that attracts our attention so rapidly

* 40 milliseconds to make a judgement

e 3 fundamental dimensions
* Attractiveness
e Trustworthiness
* Dominance

Face Value: Alexander Todorov, Princeton University Press, 2017 64



Attractiveness

e Associated with
e Upward economic mobility
» Greater likelihood of being hired
* Enhanced social standing
* Influence on perception and judgement

* Lower bail payments

Little AC, Jones BC and Debruine LM. Facial attractiveness: evolutionary based research. Philos Trans R Soc Lond B Biol Sci 2011 Jun 12; 366(1571): 1638-1659.
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EB: 11 yo F: Apert syndrome: s/p ACVR/FOA, and Monobloc and CAD-CAM cranioplasty
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“impressions of the face are immediate and compelling and they
are consequential”

68



The forehead that riseth in a round, signifies a man liberally merry, of a good understanding, and

generally inclined to virtue.

He whose forehead is fleshy, and the bone of the brow jutting out, and without wrinkles, is a man much
inclined to suits of law, contentious, vain, deceitful, and addicted to follow ill courses.

He whose forehead is very low and little is of a good understanding, magnanimous, but extremely bold
and confident, and a great pretender to love and honour.



Physiognomy

Giovanni Battista della Porta 1535-1615
Italian scholar, polymath and playwright — Naples
De humana physiognomonia libri llll (1586)



3. € Lavaters :
PHofiognomifde
Jragmente

jue Befbrdecung der Menfhentennmif |
und Menfedjentiebe. 4

!

WBerfidryt Herausgegeben
von

Jobann Midael . Armbrufter. |

Crfter- Ba'uo.'

Mit vielen Rupfecn.
e ——————————————
Winterchur
Sn Berlag: Heinridy Steiners wnd Compagnie
e 1783

Physiognomische Fragmente zur Beférderung der Menschenkenntnis und Menschenliebe: 1775-1778
“the talent of discovering the, the interior man by the exterior appearance”

Johann Kaspar Lavatar: (15 November 1741 — 2 January 1801): Swiss poet, physiognomist, writer and theologian
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Todorov

Evolution of humankind in 24 hours

Small-scale societies: no reliance on appearance to make inferences about
character as everyone knew each other

Concept of “living with strangers” — started with the migration

Larger societies populated with strangers last 5 minutes/24 hours which forced a
reliance on appearance information

We all do it despite the inaccuracies
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Cesare Lombroso: 1835 — 1909: Italian criminologist and physician
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October 2016



November 2017

81
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The importance of the face



Craniosynostosis:

e Functional concerns

* Natural History — no spontaneous improvement



Sagittal Synostosis

1in 2,000 -5,000 live births
Commonest form of craniosynostosis
Scaphocephaly - “keel-shaped”
Male predominance
Functional concerns
* |CP elevation: 10 - 18% (?)
* Speech issues: 29%
Genetic basis — 2 to 8%
Clinical features
AP elongation
Transverse narrowing
Bitemporal pinching
Forehead bossing
High forehead
Prominent occipital cap

Saddle deformity — mid skull
Palpable ridging along suture



1 U



*Cranial index: Normal M: 72.2 — 87.3
F: 72.3 —88.3






But not all scaphocephaly is due to sagittal synosytosis..

Positional scaphocephaly



Vitamin D deficiency - Ricketts






Extra-ventricular obstructive hydrocept



Metopic Synostosis

Metopic suture fused by 8 months
First suture to normally fuse
Diagnosis made at birth
1in 15,000 infants
Change in demographics (more common than UCS)
Males > females: 3:1
Genetics
*  Positive family history 6% of cases
*  Associated with syndromes
e  Opitz trigonocephaly
* Craniotelencephalic dysplasia
* Say-Mayer syndrome
* VSR syndrome
*  Associated anomalies 15% of cases
* Agenesis of corpus callosum
e Cardiac
e Extremity
e GU



Metopic Synostosis

* |ssues
e ICP
8% - 15% affected (?)
e Aesthetic
* Developmental

31% - 33% measurable level of cognitive
impairment ¢/w 10% in unaffected
population (?)



Metopic Synostosis

Clinical Features
* Forehead keel/ridge



Metopic Synostosis

Characteristics
* Forehead keel/ridge
* Hypotelorism



Metopic Synostosis
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* Forehead keel/ridge
* Hypotelorism
e Lateral orbital recession



Metopic Synostosis

Characteristics
* Forehead keel/ridge
* Hypotelorism
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Metopic Synostosis

e Characteristics
* Forehead keel/ridge
* Hypotelorism
e Lateral orbital recession
* Bitemporal narrowing
e Orbital configuration



Metopic Synostosis

e Characteristics
* Forehead keel/ridge
* Hypotelorism
e Lateral orbital recession
* Bitemporal narrowing
e Orbital configuration



Metopic Synostosis

e  Characteristics
* Forehead keel/ridge
* Hypotelorism
e Lateral orbital recession
e Bitemporal narrowing
* Orbital configuration
e Posterior cranial expansion
* Omega sign on endocranial surface



Metopic ridging: A form fruste of metopic synostosis?



Metopic Ridge: My First Operative Case
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Unicoronal Synostosis

Anterior plagiocephaly
1in 10,000 births
Female predominance
Clinical features

No “normal side”

Ipsilateral forehead flattening

Ipsilateral temporal bulging

Nasal bridge deviation to synostosed side

Circular orbital configuration synostosed side

Transverse oval orbital configuration non-synostosed side
Contralateral forehead bossing

Ipsilateral lateral orbital wall posterior angulation
Ipsilateral “harlequin eye” on plain films

Muenke (1997)

Pro250Arg substitution resulting from single point mutation in FGFR3 gene on
chromosome 4p

Up to 20% of UCS patients









Harlequin Eye Sign

Normal






Anterior plagiocephaly variant

* Frontosphenoidal synostosis



Bicoronal synostosis

Turi-brachycephaly

True non-syndromic uncommon — true frequency difficult to assess: 1 in
50,0007

Distinction based on presence of midface retrusion

Coronal ring: paired coronal and frontosphenoid sutures and the
cartilaginous sphenoethmoidal synchondrosis

Clinical features

Turri (tower) — brachy (short) skull

Shortened AP dimension

Flat forehead

Transverse widening

Increased vertical height

Superior orbital rim recession (cornea projects anterior to bone)
Bilateral temporal bulging



Bicoronal synostosis



Lambdoid synostosis

* Rare
e Posterior plagiocephaly
 1in 60,000 births

* C(Clinical features
* |psilateral occipital flattening
e Ridging along suture
e Ear position not reliable**
* |psilateral mastoid bulge
e (Canted cranial base
* Trapezoidal head

J Craniofac Surg

. 2021 Jan-Feb;32(1):125-129.

Distinguishing Craniomorphometric Characteristics of Unilateral Lambdoid Craniosynostosis

Omar Allam %, Kitae E Park, Navid Pourtaheri, Mohammad Ali Mozaffari, John Smetona, Xiaona Lu, Maham Ahmad, John A Persing, Michael Alperovich



https://pubmed.ncbi.nlm.nih.gov/?term=Allam+O&cauthor_id=33156173
https://pubmed.ncbi.nlm.nih.gov/33156173/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Park+KE&cauthor_id=33156173
https://pubmed.ncbi.nlm.nih.gov/?term=Pourtaheri+N&cauthor_id=33156173
https://pubmed.ncbi.nlm.nih.gov/?term=Mozaffari+MA&cauthor_id=33156173
https://pubmed.ncbi.nlm.nih.gov/?term=Smetona+J&cauthor_id=33156173
https://pubmed.ncbi.nlm.nih.gov/?term=Lu+X&cauthor_id=33156173
https://pubmed.ncbi.nlm.nih.gov/?term=Ahmad+M&cauthor_id=33156173
https://pubmed.ncbi.nlm.nih.gov/?term=Persing+JA&cauthor_id=33156173
https://pubmed.ncbi.nlm.nih.gov/?term=Alperovich+M&cauthor_id=33156173







Lambdoid Synostosis

e Gumby



Deformational Plagiocephaly

Epidemiology (prior to 1992)
e Positional plagiocephaly : 1 in 300 infants

e Risk factors
* Prematurity
* (Constrictive intra-uterine environment
e Multiple births
e Torticollis
* Birth trauma
* Lack of full bone mineralization
* Neurological deficits



PEDIATRICS

OFFICIAL JOURNAL OF THE AMERICAN ACADEMY OF PEDIATRICS

e Sleep Position and SIDS

* AAP Task Force on Infant Positioning and SIDS
e Pediatrics:89, 1120, 1992

 (Odds ratio: SIDS 1.3 to 11.7 times more likely with prone positioning

“healthy infants, when being put down to sleep,
be positioned on their side or back ”

1994: Back to Sleep Campaign launched!



Deformational Plagiocephaly

* The ripple etfect of the Back to Sleep campaign.

1996 1996 1996



Deformational Plagiocephaly

e 2002:
* 300% increase in referrals past 3 years
* 300 to 400 new cases per year at HSC (estimate)
e Plastic Surgery
* Neurosurgery
* Physiotherapy

* Incidence: 1in60to 1in 2 infants
e Birth stats:
e Ontario: 1999: 130,000 births
e Potentially 2,500 to 65,000 new patients per year!



Deformational Plagiocephaly

* Why does it happen?
e Soft skull
* Hard mattress
* Car seats



Deformational Plagiocephaly

* Pathophysiology: Positional Plagiocephaly




Deformational Plagiocephaly

e Differential Diagnosis:Lambdoid synostosis

|




Deformational Plagiocephaly

* Diagnosis:

Positional: Parallelogram Lambdoid: Trapezium



Deformational Plagiocephaly

* Diagnosis:

{

I

Positional Lambdoid



Deformational Plagiocephaly

* Diagnosis:

Lo

Lambdoid synostosis



126



Deformational Plagiocephaly

* How do you make the diagnosis?

* 1. Look for the flat spot: right versus left versus midline

* 2. Look at the position of the ipsilateral ear compared to the opposite side
e 3. Check position of the forehead (it should follow the ear in positional)

* 4. Check neck ROM

* 5. Remember that unilateral lambdoid synostosis affects 1 in 60,000 live children (it is pretty rare!)
(bilateral is even rarer!)

6. If it doesn’t make sense, then refer!



Deformational Plagiocephaly

e Clinical Subtypes:
* Right Forward - 85%



Deformational Plagiocephaly

e Clinical Subtypes:
e Flat-10%*

* Check for neurodevelopmental delay



Deformational Plagiocephaly

e Clinical Subtypes:
e |Left Forward - 5%



Deformational Plagiocephaly
* Grade:



Deformational Plagiocephaly

e Grade:
e Mild



Deformational Plagiocephaly
* Grade:

e Moderate



Deformational Plagiocephaly
* Grade:

e Severe



Deformational Plagiocephaly
* Grade:

e Really, really bad



Deformational Plagiocephaly

e Torticollis:

* Cranial and facial asymmetries



Deformational Plagiocephaly

e But, don't forget........
* Craniosynostosis
* Cephalohematoma
* Bone tumour
e C-spine anomalies
* Head tilt

e Ocular
* Neurologic



Deformational Plagiocephaly

* Management:

* Interdisciplinary assessment:
* Plastic Surgery
e Physiotherapy
e Occupational Therapy

* Investigation:
e Plain x-rays (occasionally)

* C-spine

* CT scan (only if pattern doesn't fit)

* Treatment:
e Active Counter-Positioning: < 6 months
* Molding Helmet: 4 months to 12 months
e Surgery: almost never



Deformational Plagiocephaly

* |odiosyncracies of parents with affected children:

1. First child

2. Economic stability

3. Undue concern regarding cosmetic deformity

4. High maintenance

5. Disproportionate amount of consult time required

6. Disagreement between parents regarding best course of action
7. Mother-son and Father-daughter preference for treatment



Deformational Plagiocephaly

* Frequently asked questions:
* 1. Whatis the natural history?
e 2. Are there developmental concerns?
* 3. How effective are the molding helmets?



Deformational Plagiocephaly

* Natural History of Positional
Plagiocephaly:

* Active Counter Positioning:

\
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5 months
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Deformational Plagiocephaly

* Natural History of Positional
Plagiocephaly:

* Active Counter Positioning:

\

4

6 months

Jan 01 June 01



Deformational Plagiocephaly

* Natural History of Positional
Plagiocephaly:

* Active Counter Positioning:

\

4

6 months

Dec 00 May 01



Deformational Plagiocephaly

* Grade:
* Really, really bad



Not all cases get
better

S5yoM



Deformational Plagiocephaly

What is the natural history of the misshapen neonatal head?

* Kane et al., Pediatrics, 97:877-885, 1996.

« “If the calvarial shape abnormality is not corrected before 1 year of age, it remains into
adulthood.....”

* Moss, J. Neurosurg. 87:667-670, 1997.

« %66 (neonates), treated without orthotic devices, showed improvement in average cranial vault
asymmetry from 9.2 to 4.7 mm over an average treatment period of 4.5 months that commenced
when the average age of the patient was 6.4 months”



Deformational Plagiocephaly

e Cranial vault growth:
* Cranial vault remodelling to skeletal maturity

* What age does it essentially stop?

12 months

|



Deformational Plagiocephaly

e Are there any developmental concerns?

e “the brain doesn’t care what shape it is”
(C. R. Forrest, 1999 onwards)

* Long-term developmental outcomes in patients with deformational plagiocephaly.
*  Miller and Claren
*  Pediatrics 105, 2000

e Could deformational plagiocephaly represent a marker for earlyCNS problems
subsequently manifested as school problems?

*  40% (25/63) children with persistent deformational plagiocephaly
required special education assistance



Deformational Plagiocephaly

* Molding Helmet Therapy:

 Helmet treatment for plagiocephaly and congenital muscular
torticollis

e C(Clarren, Smith and Hanson
* J. Pediatrics, January 1979.

e Passive helmet, only 4 of 7 patients compliant, safe and effective
treatment



Positional Plagiocephaly



Deformational Plagiocephaly

* Molding Helmet Therapy:

* |ndications

* Parental concerns
Mild-Moderate to Severe
Torticollis

Ideally 4 to 6 months of age

Likely not useful > 12 months



Deformational Plagiocephaly

 Molding Helmet:

Dec 00 May

N1



Deformational Plagiocephaly

* Molding Helmet:

Dec 00 May 01



Deformational Plagiocephaly

 What is the effectiveness of molding helmet
therapy?

e Several articles
* Industry driven

* Very few good studies



THE JOURNAL OF
CRANIOFACIAL SURGERY
Deformational Plagiocephaly

e Active counterpositioning or orthotic device to treat positional
plagiocephaly?

* Loveday and de Chalain
e J. Craniofacial Surgery, 12:308, 2001

Cl and CVAI measured in 29 infants (helmets) and 45 infants (ACP)

ACP versus helmets: 1.9% change versus 1.8% change in CVAI
Helmets 3 times faster (22 versus 64 weeks)

But: still residual asymmetry at end of study (5.4 vs 6.2 CVAI)












Positional Plagiocephaly .

*
e
|
|

* Does surgery have a role? \g
* Lambdoid synostosis. Review of cases d R th®Hospital for Sick Children,
1972-1982
*  Muakkassa et al.

* J. Neurosurgery 61: 340- 8

7

e 74 cases, a (¥6 months) surgery

" ture closes, the occiput on the involved side is flat, the
me side tends to bulge forward and the ear on this side adopts a
rd position

Surgery may ultimately be indicated for select cases with established deformation



Deformational Plagiocephaly

* Guidelines for referrals:

e 1. Torticollis
e 2. Positional plagiocephaly not responsive to counterpositioning

e 3. Parents interested in molding helmets
* between 4 to 12 months of age

* 4. Patient > 3 years (surgical candidate)

* Not good indications for referrals
* 1."“to check the shape of the head”
e 2."to rule out craniosynostosis”
« 3. %“fontanelles closing fast”



Positional Plagiocephaly

 EDUCATION AND INFANT POSITIONING

e Back tosleep

 Reduce amount of time a baby spends on its back
e Repositioning baby on a regular basis

* Encourage prone play during wakeful times



Positional Plagiocephaly

 EARLY DETECTION

* During well baby checks screen for positional
preference in terms of equal neck rotation

e |dentifying early signs of skull and facial asymmetry



Positional Plagiocephaly

* EARLY INTERVENTION

* Active stimulation of neck rotation to opposite side
* Rule out secondary torticollis

* Once positional preference identified, recommend placing infant in 1/4
side sleeping position from supine for sleeping

* Tummy time



Positional Plagiocephaly

Summary:

* 1.Current “epidemic” of positional plagiocephaly
e 2. Diagnosis clinical
e 3. CT for rare cases (better than plain films)
e 4. Refer cases
* Pattern doesn't fit
e Parents interested in helmet
* Torticollis
* 5. Prevention is key
* 6. CHIP initiative
*  Multi-directed initiative designed to prevent the development of positional plagiocephaly
* Paediatricians, Family Doctors, Nurses, Midwives, OTs, PTs
* Linkage with Canadian Pediatric Society
* Care not to confuse “Back to Sleep” message






Syndromic Craniosynostosis

* Syndromic Craniosynostosis
* (180 different syndromes)

* Crouzon

* Apert

* Saethre-Chotzen
*  Muenke

e Pfeiffer

* Craniofrontonasal dysplasia



Syndromic Craniosynostosis

Unrecognized: facial dysmorphism associated with
craniosynostosis















1 month









Syndromic Craniosynostosis

. Apert syndrome (1906)
1in 60,000 - 100,000 births

* Autosomal dominant or sporadic (majority)
* FGFR 2 mutations - Ser252Trp and Pro253Arg
e Clinical features

* Bicoronal synostosis

* Midface hyoplasia

* Hypertelorbitism

* Complex acrocephalosyndactyly

e Acne vulgaris

* Cleft palate (30%)

* Deafness (30%)

* Hydrocephalus (5-10%) - venous drainage

* Developmental delay

e Cerebellar tonsillar herniation



Apert syndrome



Apert syndrome



Apert syndrome






“bad hands, good airway and face” and “good hands, bad airway and face”
- GOSH o



Syndromic Craniosynostosis

Crouzon syndrome (1912)
* 4 key characteristics
* Exorbitism
* Retromaxillism
* Inframaxillism
* Paradoxical retrogenia
* 1in 25,000 births
* Autosomal dominant with near complete penetrance and variable expressivity
* FGFR 2 mutation
e FGFR 3 mutation - Crouzon’ s with acanthosis nigricans

e Clinical features
* Normal intelligence
* Craniosynostosis (sagittal, metopic, early versus late bicoronal)
* Hypertelorbitism
* Midface retrusion



Age 3 months

Age 3 years



Crouzon Syndrome

Normocephaly
headaches, elevated ICP



Syndromic Craniosynostosis: Pfeiffer syndrome

e Brachycephaly with midface deficiency
e Pfeiffer’ s syndrome (1963)

* Autosomal dominant with complete penetrance
* FGFR1and FGFR2 gene mutations

* Variable expressivity in phenotype
* Craniosynostosis, orbital dystopia, midface hypoplasia, broad and medial deviated
thumbs and great toes, partial syndactyly



Syndromic Craniosynostosis

Pfeiffer Syndrome: Type | (Cohen. 1993)
 Near normal IQ

* Bicoronal synostosis, variable midface hypoplasia, minimal ocular
proptosis
* Hydrocephalus absent



Syndromic Craniosynostosis

» Pfeiffer Syndrome: Type Il (cloverleaf type) (Cohen. 1993)
e Cloverleaf skull
e Severe midface deficiency and exorbitism
e Hydrocephalus
e Elbow ankylosis, broad thumbs and great toes
* Multiple other anomalies
* Limited life span



Pfeiffer Syndrome: Type Il (cloverleaf type










Pfeiffer Syndrome: Type Il (cloverleaf type)



Syndromic Craniosynostosis

* Pfeiffer Syndrome: Type Il (non-cloverleaf type)
* Same as Type Il but no cloverleaf skull
* Visceral abnormalities
e Severe neurologic compromise
e Short life span



Syndromic Craniosynostosis

» Kleeblattschadel or cloverleaf skull deformity

* Not a syndrome per se

* bicoronal and bilateral lambdoid synostosis with delayed fusion of the sagittal and
squamosal sutures

* May be associated with any of the craniofacial dysostosis syndromes

* Associated with high morbidity and mortality



Syndromic Craniosynostosis

e Saethre-Chotzen syndrome (1931)

* Autosomal dominant with high penetrance and variable expression
* Normal intelligence

* TWIST gene

e Clinical features
e Bicoronal synostosis
* Ptosis
e Facial asymmetry
e Partial simple syndactyly
e Earanomaly












Muenke syndrome

incidence variable, affects up to 20% of coronal synostosis
patients, autosomal dominant

refers to those patients with the proline 250 to arginine
amino acid substitution in FGFR3 and has a highly variable
phenotype .

e unior bicoronal craniosynostosis

* brachydactyly, carpal and tarsal fusions

e sensorineural hearing loss

e Klippel-Feil cervical anomaly

* variable degrees of mental impairment






Craniofrontonasal dysplasia

Rare, familial X-linked syndrome

coronal synostosis (brachycephaly or
plagiocephaly), hypertelorbitism (frequently
asymmetric), and extracranial limb anomalies

females predominating and males being less
severely affected

Mutations in the EFNB1 gene in Xq12






Frontonasal dysplasia

median cleft syndrome, represents a variety of rare disorders affecting primarily
the face and head

causes of frontonasal dysplasia are unknown but recent evidence has pointed
towards the role of genes encoding ciliary proteins on cranial neural crest cells
and Hedgehog signaling

Frontonasal dysplasia occurs twice as often in males as in females, and is
associated with increased parental age

Clinical features
* hypertelorism
e  bifid nose
* clefting of the lip and palate
* anterior encephalocele
e abnormal hairline
* mild to moderate mental retardation
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Multi-suture synostosis

Mercedes Benz Synostosis 206



Multi-suture synostosis

Sagittal and Left Uni-Coronal Synostosis 207



cforrest@sympatico.ca
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