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TEMPORAL BONE ANOMALIES Y see

SKULL

Head @rcumference measureant- occipital-frontal circum ference (OFC)- is routine part of
physical assessmentafl | chilldr e nforQomz &yhars
1 stimulus for head growtis increase in volume of intracranial contents.

NORMAL DEVELOPMENT

FONTANELLES

Anterior fontanellelargestfontanelle, tiamond shapedize4 (AP) x 2.5(transversegm at birth.
71 closes by age 2.5 yrs.

Posterior fontanelletriangular.
1 closes by age-2 mos.

Sphenoid and mastofdntanellessmall, irregular.
1 sphenoidcloses byage~ 2-3 mos,mastoidby age 1 year

CRANIAL VAULT

Growth largelydetermined by growth of brain;
1 90% of adult head size is achievggage 1 yr; 95% by age 6 yrs.


http://www.neurosurgeryresident.net/Ear.%20Otology/Ear42.%20Temporal%20Bone%20Anomalies.pdf
http://www.neurosurgeryresident.net/D.%20Diagnostics/D1-5.%20Neurologic%20Examination/D5.%20Pediatric%20Neurologic%20Examination.pdf

1 growth essentially ceases at age 7 yrs.
Layers skull is unilaminar at birth.

1 diploe appeas by 4 yr and reach@saximum by age 3%rs (when diploic veins form).
Parietal bossing formedby motor cortex growth.
Mastoid procesdormation commences by age 2 yrs, air cell formation occurs during 6th yr.

SUTURES

1 calvarial sutureserve 2 important functions:

1) head malleability during passage through birth canal.

2) separation of calvarial bones during intrauterine + early perinatal growth.
1 ossification of cranial vault starts in central region of each cranial bone and extends outward

toward cranial sutures.
T by end of 2%yr, bones have interlocked at sutures and further growth occurs by accretion and
absorption gutures serve as site of bone deposition in growih@giéam).
Skull growth occus perpendicular to suture!

primary factor tlat keeps sutures open is ongoing brain growth.
suture closure occurs by age %deda®. years, b

= =4

CRANIOSYNOSTOSIS

- premature fusion of one or more 06 cranial suture¥ abnormal growth of cranium.
a) primary defect obssification PRIMARY CRANIOSYNOSTOSIS)
b) primarybrain growth failure fECONDARY CRANIOSYNGSTOSIS - more commor{92-98%)

1 overalliINCIDENCET 0.6/ 1000 live births.
N.B. craniosynostosis is utero evert

ETIOPATHOGENESIS

80-90% are sporadilsOLATED cases
10-20% cases amART OF SYNDROME (syndromic craniosynostoges 70 syndromes include
craniosynostosis.

1. Many cases are @inknown etiology.

2. Nongeneticcauses
1) metabolic conditionsthat can lead to premature fusion of cranial sutures (hyperthyroidism
hypercalcemia, hypophosphatasia).
2) hematologic disordersthat cause bone marrow hyperplasia (e.g. sickle cell disease,
thalassemia).
3) severeconstraintsin utero (e.g. amniotic band rupte sequence)

3. Mutations (10-20% casesin family of FIBROBLAST GROWTH FA CTOR RECEPTORS (FGFR):
FGFR1gene- Pfeiffer's syndrome.
FGFR2gene(chromosome 73 Crouzon's syndromé\pert'ssyndrome JacksoANeiss
syndrome Pfeiffer'ssyndrome.

FGFR3 gene thanatophoric dysplasiachondroplasia

I mutations inother genesare rare (e.gaomeobox gen® SX2 - Boston type of

craniosynostosi.
i gene locus fOBINGLE SUTURECraniosynostosis has not been identified.

PATHOPHYSIOLOGY

1 prevailing hypothesis suggsghatabnormal development of skull baseates exaggerated forces
on dura that act to disrupt normal cranial suture development.
N.B. dysfunctional osteoblasts or osteoclasts are not responsible!

CLINICAL FEATURES

- commonly present at birifiout notalways noticeable certainly manifests as clinicdeformity in
first few months of life
N.B. it isPRENATAL abnormality!

1) abnormal skull growth Y cosmeticfacial and cranial deformit¢often with visible/ palpable
ridging of closed sutu)eworsen over time!

skull growthrestricted- in plane perpendicular to affected sutré hand gr
and holds skull at sutureo)
skull growthenhanced in plane parallel taffected suture

Skull base growths different in various types of craniosynostesimportant for final skull

shape] morphology of cranial base has been shown to be normalized following cranial

expansion surgery in some synostoses!

2) | C Ronly when > ¥ suture is affecte(cause and echanism is not well understoddi may be
preseneven in casewhereabsolute intracranial volunigi n ¢ r e aasherde) effe¥ts on
developmert(sunsetting eyesheadachesjomiting,s ¢ h o o | performance?Z,

*esp. in syndromicasegsome experts sayup to 11% of single suture cases u s e) | ¢
** abnormalities of cerebral venous drainage due to
maldevelopment of foramina at skull base
N.B. papilledema is rarely seen even in presence of intracranial hypertension!
N. B. hydrocepalus is rareldssertion that CSO may follow CSF shunting for HCP is
unproven)

3) airway problemsi n syndr omi ¢ ¢ as e sdentahnyajpazipsiodiffiduliyc ma x
breathing through nose; sleep apnea).

4) vision loss(coronal synostosisan causamblyopig.

DIAGNOSIS

1. Skull XR
1 initially 7 4-view + Towne.
1 to visualize all sutures, special Waters views must be taken.
N.B. make sure you see suture of interest on XR before patient leaves radiology facili
(then request radiology rapport on tkature)
sutures- straight withheapeeup sclerotic margin®r completely abser(invisible).
i ndentations of inner table (evidence of
any suture is functionally closed even if it hasseld only over short distance.
severaindiceshave been deviseand used for comparisons (most populaanial index
described by Cronqvist

E

2. CT with 3D reconstruction (method of choicke esp. before surgeyy fused sutures are clearly
identified; abnormal contour of skull is better appreciated; skull baseag 3DCT is especially
indicated in multiplesuture synostosisto assist surgery.
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3. Directmutation analysisof FGFRgenes.

4. PRENATAL detection with3D ultrasonography.

SINGLE-SUTURE SYNOSTOSES

- can be very mild phenotypidgj majority are sporadi only rarely causes neurologic
deficit.

| Sagittal 5060%, coronal 2B0%, metopic 410%, lambdoid 2%.

Sagittal synostosis
Y scaphocephaly

(most often affecteduture!i seen ind 55% of all case$!

- elongatedskull with compensatory frontddossingandexaggeratedcciput (occipital bathrocephaly)

absent anteridiontanelle

)l

1
1
1
1

N.B. DOLICHOCEPHALY termis reserved for normal anatomic variant!
head circumferenceis above 94 percentile(although biparietal diameter is lowjctual
intracranial volumeis normal or even increasedrain growthimpairmentdoes not occur
(althoughlCP may be elevated in some caseso neurological deficitd
normal face.
often causekbor difficulties(cephalopelvic disproportion).
frequent in premature infants.
80% ae males.

3D-CT scan complete fusion of
sagittal suture, with patent coronal
suture and elongated cranial
contour; apparent holes in posterio
parietal regions are due to normal
thinning:




Coronal synostosis
Y brachycephaly

(18-30%of all cases)

- foreshortened skudnd corresponding enlargement of bitemporal and biparietal diameter:

1
1
1

E |

variable degree of exophthalmos (shallow orbits)!!!
orbits may be elliptical (i.ed ARLEQUIN features).
fronto-orbital bar is recessed; consequerglypraorbitatim is more posterior to corneal plane
(normally,rim is 2 mm ventral to corneal plane).
higher incidence afieurological complications
1) optic atrophy (traction of chiasm and optic nerves due to upward displacement of
chiasm + | CPy)
2) mental reardation.
often syndromic (e.gAper t 6 s ).syndr ome
more common in females.

Note bilateral harlequin configuration of orbits and slitlike appearance of coronal sarang)( margins of coronal suture
are densely sclerotic:




Unicoronal synostosisY

anterior plagiocephaly
- flattening of ipsilateral frontal and parietal bones, bulging of contralateral frontal region, and bulgin
of ipsilateral temporal bonejsplacement of eyebrow downwanaisthat side, asymmetric orbits, nose
curvature (asal root deviatetbward fused suture).
Unilateral cases outnumber bilateral forms by 2:1 !
1 parents often like affected~rLEQUIN eye (bigger) more than normal eye.



mailto:vpalys@vcu.edu

Metopic synostosis
Y trigonocephaly
(4-10 % of all cases)prominent midline frontal ridgéeelshaped forehead)ecessed orbital rims,
hypotelorism(indicates early fusion of metopic suttiye
*physiologically, metopic suture is first suture to cl¢as early as'$postnatal month)
i often occurs in syndromic contefet.g.19 chromosome)pitz trigonocephaly syndromer in
conjunctionwith holoprosencephaly.
1 abnormality is usually mild and relges no surgical intervention.




L ambdoid synostosis

(2-4 % of all cases).

.o o
Lambdeid
suture

Unilambdoid synostosisy
posterior plagiocephaly

1) ipsilateral occipital flattening anehlargement of ipsilaterahASTOID PROCESS pathognomonic
for lambdoid synostosis

2) compensatory bulge abntralateraparietal eminence
3) in most serious casesar on affected side is displacddrward and out.

COMBINED -SUTURE SYNOSTOSES

- strongly suggests craniofacial syndrome!

Coronal + sagittal synostosis

Y oxycephaly
- high, conical head witeBharp bossing in region of anterior fontané@. oxys- sharp).

1 microcephalywith crowding of intracranial contest elevated ICP

Sclerotic margins and heapag bone of fusing The same patientight coronal suture is abnormally
sagittal suture. Note flattening o§ht side of straight (arge arrow) and narrow in appearance,
calvaria (plagiocephaly) and right harlequin orbit: whereas left is normastnall arrow):

Coronal + sagittal + lambdoidsynostosis

Y triphyllocephaly, s. kleeblattschadel
(cloverleaf or trilobed, skul) - calvarial bone between sutures is expanded by developing brain but
held at area of suturedbilateral constrictions at sylvian fissurg@gry prominent temporal bones,
bulging foreheadpcular proptosis (resulting from shallow orbits).




N.B. metopic andsquamosalsutures are normal!
1 severe neurological impairment:

\ Most severe craniosynostdsisurgent surgical repair’

i shallow orbitsfraction& c o mpr e s si on ipir copptt @ic asmwp a | S
(22%),legal blindnesq7%).
i conductivehearing losg55%).
i headacheseizures
i mental deficiencys rare.
9 occurs in Crouzon's syndrome, thanatophoric dysplasia.

SYNDROMIC SYNOSTOSES

= craniosynostosis + other body deformities.
1 Crouzon's and Apert's syndroseecount for2/3 of syndromic craniosynostosesses.
1 midface retrusion is associated with Apert or Crouzon syndrome.
1 all areAUTOSOMAL DOMINANT!

CROUZON's syndrome(S. CRANIOFACIAL DYSOSTO SIS)

- autosomal dominamLEEBLATTSCHADEL
91 INCIDENCE- 1 case in 60,000 live births.
1 25 mutations i-GFR2 geng25% cases sporadic.
1 60% patients have intracranial hypertension.
1 normal limbs.

Note hypoplastic maxilla, which is severely disproportionate to normal mandélere proptosis due to underdeveloped
orbits

APERT'Ss syndrome(S. ACROCEPHALOSYNDACTYL Y)

- autosomal dominardr sporadi@RACHYTURRICEPHALY = BRACHYCEPHALY + TURRICEPHALY , S.
TURMSCHADEL * = short and high skulbrominent forehead and flat occiput.
*tall round (conical) skull due to malformed short cranial base
premature fusion afphenofrontal and frontoethmoidal sutures as
well ascoronal suture.
Skull & as i n Cr & commanhydrotaphaius,dil f f er e
shortened arms with-IV digit syndactyly
INCIDENCE - 1 case in 10,000 live births.
almost all cases are due to 1 of Batéed mutations dFGFR2gene(chromosome 7);
sporadic in 95% cases.
1 intracranial volumes tend to be higher than norrtialt 45% patients havitracranial
hypertension)

E |

1 ininfancy, wide and gaping sagittal and metopic sutures.

1 frequent patybasiamaxillary hypoplasigC5-6 vertebrae fusion (68% patients).

1 proptosis of eyehypertelorismdownward slanting palpebral fissures, small nase;set
ears

1 optic atrophy and conductive hearing loss can accur

1 50%patients hae IQ < 70; butnormal(or abae averaggintelligenceis not exception.

1 CNS can be &cted in number of ways (esggenesis of corpusallosum, migrational

anomalies)
9 acrosyndactyly- osseous’syndactyly of hand& feet (nitten hands and sock fges
prominent feature *progressive calcification and fusion of bones.




abnormal configuration of brain parenchyma; postoperative photograph ofy¢arold girl (she had fronto
distortion of corpus callosum and ventricular orbital advancement when aged 12 months): orbits are w
system; posterior fossa is shallow and hindbrain covered, but ears remain leset and turricephaly has not
herniation is present: changed significantly:

PFEIFFER syndrome

- autosomal dominamdr sporadicoronal and perhapsagittal suture closur¢perhaps
TURRICEPHALY ).
1 mutations of botirGFR1andFGFR2 genes
down slanting of palpebral fissureds characteristic.
hypertelorism, narrow maxilla.
broad distal phalange(esp. of thumb and great topdlydactyly.
3 types:
i type | (mostcommon)i moderatesevere hearing losaiditory canal stenosis or
atresiahypoplasia or enlargement of middle ear cgvity
i type Il - severe proptosis, ankylosis of elbows.
i type lll - ocular proptosishydrocephalus, hearing defehprt stature, ceical fusion,
coneshaped epiphysis and hypoplastic bones about elbow.

1
1
1
1

SAETHRE -CHOTZEN syndrome

- autosomal dominar@symmetriccoronals ut ur e cPLAGIGCEPHARY ).( Y
1 bilateral ptosisis common (usually requires surgical treatment).
i facial asymmetrymaxillary hypoplasia, shallow orbits, hypertelorismall ears.
1 shortened fingers eutaneous syndactyly, short stature.
1 cervical fusion is often seen at 32

CARPENTER syndrome

- probably autosomal recessiwmnsstosis oforonal and oftersagittal andlambdoids ut ur es (
KLEEBLATTSCHADEL ).

9 shallow supraorbital ridges,té&ally displaced inner canthi.

1 neurosensory and conductive hearing lossntal retardation is common.

9 brachydactyly& soft-tissuesyndactyly of hands and feet.

1 hypogenitalism, olsty.

JACKSON-WEISS syndrome

- coronal andbasal skullsynostosis.

1 mapped to same gene as Crouzon disease.
1 enlarged great toes and craniofacial abnormalities similar to Pfeiffer syndrome but in absenc
of thumb abnormalities.

AUTLEY -BIXLER syndrome

- probable autosomal recessiveiltiple suture closure.

i brachycephaly with midfacial hypoplasia, proptosis, choanal stenosis, dysplastic ears
i arachnodactyly, joint contractures

BALLER -GEROLD syndrome

- autosomal recessivae or more suture synostosis (usuatkyiopic)
1 mental deficiency.
9 radial hypoplasia, and ath preaxial limb anomalies.
1 anal malformation.

OTHER

9p monosomy(deletion of distal portion of short arm chromosome @)etopic suture closure.

1 midfacialhypoplasia, poorly formed ears.

1 long middle phalanges of fingers with extra flexion creases, shetat disalanges with short
nails.

i cadiac and genitourinary defects.

BEARE-STEVENSON syndrome




v

M UENKE syndrome

JACKSON-WEISS syndrome

DIFFERENTIAL DIAGNOSIS
| SECONDARY CRANIOSYNOSTOSIS

- retarded brain growth / atrophy is primary abnormalityi.e.secondary craniosynostosssfrequent
with microcephalye.g. unilateral destructive brain lesions, microenceplisalynt placement in
hydrocephalu® - ICP is normal, and surgery seldom is needed.

Secondary craniosynostosis in cerebral atrophy:

POSITIONAL POSTERIOR PLAGIOCEPHALY , ALAZY LAMBDOID 0, OCCIPITAL PLAGIOCEPH ALY

- not progressivélattened posterior part of headue toposition head takeduring sleefs; normal
lambdoid suturedrequently associated with torticollfgnay bethe cause of specific head position in
bed)

*since American Academy of Pediatrics recommended that
infants sleep on their backs to reduce SIDS
N.B. occIPITAL (notLAMBDOID) to stress thatuture is normél

N.B. true lambdoid synostosisisra(ed 2% posteri or plagiocephaly
View from abovg A b reyediiéve)
POSITIONAL MOLDING:
1) head shapes parallelogran(rhomboid)- skull is pushed ventrally on one side
2) ear position is moranterior on side of flattening
3) frontal bossing is ipsilateral.
TRUE CRANIOSYNOSTOSS:
1) head shape isapezoid growth is restricted on side of fused suture
2) ear position is more posterior on side of flattening
3) frontal bossing is cordlateral (if any).

Treatmeni{only for severe cases)
1) plastic capgmolding helmet}fitted externally on headnd worn 23 h/d until age 1 ye@an
gradually manipulate shape of sRull
2) frequent posturechangét ummy ti mey esp. wweavalaEe) nea mc
3) no surgical treatment!

ante

Note

rior displacement of right occiput and of right frontal region on same side

TREATMENT
LI NDICATIONS _

1. Cosmeticproblems (the only consideration in singleture nonsyndromic synostosis cases!).

2. Elevated ICP (in some units, routine measurement of ICP is performed in all syndromic.cases)
N.B. if any restriction of brain growth by skull occurs, it is onlyiigt 6 months of life after
infant is > 6 months, effect of craniosynostosis becomes exhausteddbtrne. maximum
constrictive effect of craniosynostosis occurs at lwkien difference in intracranial volume
between healthy neonates and neonates with craniosynostosis is maximal!

3. Progressive exophthalmoshreatening eyes

CONTRAINDICATIONS

- only absolute contraindication isicrocephaly.

SURGERY TIMING

a) EARLY SURGERY - soon after birth (minimized risk of mental impairmene to restricted brain
growth; bones grow rapidly and easily cosargicaldefects- best cosmetic results, but high risk
of recurrent deformity).

b) LATE SURGERY - at age 12 months.

surgery is recommended as soon as child can safely tolerate physiological
stress of surgery, usualbest isi 6 weeks-6 months of age.

Do not operate in patients without raised ICP until considdaihawing:
T infants have large head relative to body sideformity appears more prominent in young
infant ard may be less obvious with age.
N.B. do not operate on mild metopic synostosis (just ridg®metimes
disappears with time
T as child grows and me hair appears, visible abnormality may decrease.
i if head shape does not improve by &gémonthsthen abnormality is unlikely to resolve
with age.

SURGICAL PROCEDURE

- See



Dev15.%20Cranial%20Remodeling%20(techniques).pdf

A. Open surgeryi at age 410 months (Dr. Ritter prefers 10 mibbetter withstands anesthesia
stress, has more Hb, no harm with waiting so long); bone fragments are replaced back and sect
with plates.

B. Minimally invasive surgery (mostly for single sutureysostosisy at age ©O 3 mont
(endoscopiq linear craniectomy (wide excision of fused sutuieSUTURECTOMY) Y optional
separation of bony margins by implanted matogtionali b ar r e | Sstaveustonst e o
mademolding helmetfor 6-18 months

Main principlei OVERCORRECT (as head grows back to original shaje)

Complexforms of craniosynostostamore complexcranial expansion& remodeling procedures

(linear craniectomies have been abandoned!)

1 in earlier years tendency was famonoblock facial advancement(forehead and midface in one
osseous block)now waned in popularitiextensive surgry with considerable morbidity, less than
superior results).

1 mostmodernproceduresconstitutevariatiors offronto-orbital advancement(cranial vault
remodeling) mobilizationof supraorbital barwi t h s er i es of aflvancamant o
and stabilizationof supraorbital barin new more anterior position (results in expansion of floor of
anterior fossa and roof of orbits):

T with this technique, connection of coronal suture complex with skull base is disrupted.
T problem often encountered after any type of fremtoital advancement jsersistent
narrowing in temporal egions(difficult to correct).

PLAGIOCEPHALY - although only one suture is prematurely fused, in fact, deformity is bilateral
because normal side is attempting to compendatateral correctionis usually necessary (i.e. both
ipsilateral and contralateral suture lines must be surgically corrected to allow for smooth and
symmetric correction).

KLEEBLATTSCHADEL - early subtotal craniectomyis only reasonable attempt at correction:
a) all sutures areesectedskull is morcellizedY bone fragmentsreplacecand sutured
loosely to dura.
b) alternative surgical approaememoveall bone!

Progressive maxillary hypoplas{eidface hypoplasiay midface advancementit10-15 yrs:
a) Le Fort llllosteotomy and advancementin one operation
b) midface distraction (patient wears external frame for several weeksining
popularity- better, longlasting result

POSTOPERATIVE

PEDIATRIC INTENSIVECARE unit for 24 hours.

considerable edemmay be encountered, butjtiickly resolves in following days.

some restriction in activity to avoid head injury.

optionalCTon4d'post operative day Y discharge.
routine postoperative followps 3 weeks, 6 weeks, 3 months, 6 months, and 1 year, witleh
visits unt ielery@3yyears6 years Y

MRI at yearly intervals (in syndromic casesp exclude development of hindbrain hernia.
continue head circumference measurements, watch for signs of raised ICP.

minor asymmetries are encountered HMDROXYAPATITE paste

brain is slow to expandnewspace is mostly occupied by CSF (+ extradural collections).

children (aged 80 years) may develagcurrent craniostenosisY r epeat oper at.i

i features of recurrent craniostenosigpperbeaten ap@eance (localized or generalized),
sclerotic hyperdese bands of bone in calvarium.

i some loss of advancement is normally expected in first few years after operation.

=4 =4 -4 -4 -4
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MACROCEPHALY

Head circumferencgelated to age, sex, and body size):
a) O2 standarddeviationsabove mearfor age
b) aboved8" percentile for age

ETIOLOGY

- disorderdn infant+ young child(closedsuturesin pubertal child prevent skull enlargement!):

1. Pressureinducing disorderyl CPy, rapi dly increasing head
1) progressive hydrocephalus
2) mass lesionge.g chronic subdural collectiontumour,expandingarachnoiccysi)

2. Syndromes(n or ma | | CP, head cpmmonlg chiddtis macrosomic)ma | ra

1) mucopolysaccharidosesosteopetrosisachondroplasia

2) syndromeswith MEGALENCEPHALY

3) thickened cranium (e.g. chronic anemia, rickets, osteogenesis imperfecta, epiphyseal
dysplasia).

4) fragile X syndrome (all patients with macrocephaly should be evaluated for mental
retardation!)

5) trisomy 9p syndrome- macrocephaly with somatic and genital growth delay; facial, hand
& feet deformities, periscapular muscle hypoplasia, delayed bone maturatiae; seve
mental retardation.

6) RosINOow syndrome- macrocephaly with macroglossia and other facial deformities;
hemivertebrae and limb defects; genital hypoplassiggizures, variable degree of mental
deficiency

7) GREIG cephalopolysyndactyly- autosomal dominanhacrocephaly, frontal bossing and
hypertelorism, broad thumbs.

8) BESS syndrome (benign enlargement of subarachnoidal spacajo signs of raised
ICP; infantsdevelop normally clinically.

T head showinitial rapid growth followed by normal raféarger than norral head
growing at normal page
T positive history irone or both parents
i imaging (ultrasound / CT / MRI} widerthan normal ventricular systenvjder
than normal subarachnoid spagearficularly over frontal lobgsbrain is
otherwse normat findingscompatible either with communicating
hydrocephalushfydrocephalus ex vacyanegalencephaly or atrophy
N.B. imagingis impossible to interpret without knowledge of previous
head growttand circumference measurements,ra€liologist is unable
to make corect interpretation without knowledge of clinical history
T larger than normal intracranial fluitbntaining spaces will eventuallgduce and
become normal in size

DIAGNOSIS

1 CT/MRI - mildly dilated lateral ventricles aridcrease in subarachnoid fldid
*CSF shuntsaire reserved for progressiealargement of CSF spaces and
evidence of neurologic dysfunction.

MICROCEPHALY
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Headcircumferencerelated to age, sex, and body size):
a) O2-3standard deviationsbelow mean
b) below5™ percentile.

1 very small head circumference implies process that beggyin embryonic or fetal
development

ETiOLOGY

Commonest cause is abnormal brain development with subseqdention in brain volume
(microencephaly)

A. Secondary (nongenetic) microcephaly noxious agents that affect fetus or infant during first 2
yrs of life:
1. Conditions thatestrict brain growth
1) craniosynostosis
2) skeletal dysplasias
3) external restadtion of skull growth in utero

2. Conditions thatlestroy brain substancleefore completion of brain growth
1) hypoxicischemic insults
2) congenitainfections(esp. CMV, rubella, toxoplasmosis)
3) meningitis/encephalitis
4) drugs & toxins (alcohol, hydantoin)
5) radiation
6) endocrinopathies (maternal diabetes mellitus, maternal hyperplemgkhia)
7) hyperthermia
8) malnutrition (?)

B. Primary (genetic) microcephaly- conditions thatntrinsically impair brain growth; manifest at
birth;
1. Microcephalia vera - autosomal recessivagnificant microcephalgup to 5 standard
deviations below mean);
i notassociated with other malformations.
i brainis <300 g (normal 1261600 g).
i primitive gyral pattern, cortex thickened and disorganized without clear
lamination.
I severe mental retardati¢no recognizable speech but relatively preserved
personality).
i may abo be less severe autosomal dominant.
Chromosonal syndromegDown, Edwards, crdu-chat)
CORNELIA de LANGE syndrome- prenatal & postnatal growth delay, synophrys, thin
downtturning upper lip, proximally placed thumb.
4. RUBINSTEIN-TAYBI syndrome- beaked nose, downward slanting of palpebral fissures,
epicanthic folds, short stature with broad thumbs and toes.
5. SwITH -LEMLI -OPITZ syndrome- ptosis, scaphocephaly, inagpicanthic folds,
anteverted nostrils, low birthweight, marked feeding problems.

wn

1 microcephaly is very common in syndromes that haeatal retardatioandcortical migration
abnormalitiesas componeht
1 microcephaly is common among mentally retarded population.

DIAGNOSIS

1) head circumference obtainat birth; serial measurementare mee meanigful than single
determination; head circumferenceeaich parent and sibling

2) skullflms(t o exclude pri maGTyMRIir ani osynostosi s)

3) karyotype

4) fasting plasm& urineamino acid analysis; serurmammonium.

5) TORCH titers of mother and child.

6) urineculture of CMV.

7) mother's serurfphenylalanine]; high serum phenylalanine in asymptomatic mother can produce
marked brain damage in otherwise normal nonphenylketonuric infant.

TREATMENT

Most intracranial conditions causing microcephaly are untrkdtab
The only treatable cause is craniosynostosis!

CRANIOCERVICAL JUNCT 10N (SKULL BASE &
CERVICAL VERTEBRAE )

Mechanical compression of neuraldiswer brain sten& cervical cord):
i nuchal pain & vertigo may be earlyonspecific complaints.
I primary positiondownbeating nystagmu@ast component downwardf craniocervical
junction orgin may give diagnostic lead!
I most important syndroniecervical myelopathy:
i Lhermitte's sign.
N.B. symptoms can batermittent; symptoms worsen with headvement and Valsalva maneuvers.

BASILAR IMPRESSION , BASILAR INVAGINATI ON,
PLATYBASIA, CONVEXOB ASIA

- floor of posterior fossa bulges upward in region about foramen ma@reurskull bae flattened on

cervical spine) Y narrowing of foramen magnu

1. PLATY BASIA, S. BASILAR INVAGINATION (anglé between planes of anterior cranial fossa and
clivus >135140°0on lateral skull Xray) - generallyasymptomatid

*i.e. angle formed by line connecting anterior margin of foramen

magnum, tuberculum sediaand nasion.

2. CONVEXOBASIA (more extreméorm).

BASILAR IMPRESSION - upward displacement of occipital bone and cervical spinepuittrusion of
odonbid process into foramen magnyine. odontoid process is aboZ@amberlain's linghard palate
to base of skull]).

ETiOLOGY

A. Congenital maldevelopment or hypoplasia of basiocciput:
1) Chiaritypes |l and Il
2) osteogenesis imperfecta
3) Hajdu-Cheney syndrome
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B. Acquired softening of skull bonePaget disease, osteomala®@aA*). *sece also p. 1167 (7a) >>

CLINICAL FEATURES

1 neck may be short, motility impaired.
f vertical head diameter?Z
1 compression of pons / medulla / cerebellum / cervical cord, stretching of cranial aredviel®od
supply- symptoms begin insidiously childhood or early adult life
1) nuchal pain, neck stiffness, torticollis.
2) spasticity in lower extremities
3) proprioceptim loss in upper extremities.
4) ataxic gait, nystagmus
5) vertebral artery obstruction may be significant.
6) brainstem &ower CN dysfunction late in course (insleep apnea, dysarthria
and dysphagig.

*in RA patients, it also can be caused by laryngeal aighrit
T if deformity interferes with CSF circul ati ¢
present at lumbar puncture in most cases.

DIAGNOSIS

- skull X-ray + sagittal CT + sagittal MRI .

TREATMENT

Preoperativehalo traction (to reduce vertical instability + C2 compression neuralgia) fordays

with traction f or ctwdke p¥tier? epoiitslif something is going wrong
Z then

Surgical decompression at foramen:magnunt C2-3 laminectomieswith cervico-occipital fusion

(s. occipitocervical fixation)

Indications for surgery compression of neural structuregmyelopathy, neuropathies)
1 suboccipital neuralgia(C2 entrapment between occiput and posterior arch) as sole indication is
controversial (but justified if traction eliminates painonfirms C2 entrapment)

ATLANTOAXIAL INSTABI LITY

- anterior arch of atlasdens intervab 3 mm
1 chroni c s udnrodeling of ilateral atl¥ntaxial joints- enhances instability and
prevents reduction.
1 70% cases are associated vaghodontoideurnt, most of remainder witleranial assimilation of
atlas.
*abnormal dens ossificatigidens not fused with body of axisgcondaryto instability and
abnormal local stress (i.e. not segmentation anomaly).

ETiOLOGY

- weakness or absence of structures maintaining stabilitylig@ment laxity:

1. Rheumatoid arthritis!!! see also p. 1167 (7a) >>

2. Vertebral metastases, trauma

3. Mucopolysaccharidosege.g. type IV- Morquio-Brailsforddiseasy osteogenesis imperfecta,
metatrophic dwarfism, spondyloepiphyseal dysplasialtiple epiphyseal dysplasia, psetido
achondroplasiachondrodysplasia calcificans.

4. Genetic conditions(e.g. 30%Down's syndromgpatients).

*screen all trisomy 21 pati@s at5-8, 1012, and 18/ears for atlantoaxial instabit

CLINICAL FEATURES

- atlantoaxial subluxation( di s pl acement of atl as anteriorly
spinal cord compressiorbetween den@mnainly thickened ligaments) armbsterior rim of foramen
magnum.

1 head movement causesckpain.

1 children may show head tilt.

i dislocation can cause immediate death from respiratory failure!

DIAGNOSIS

- lateral neck roentgenogramsgn neutral, flexion, and extension positiorenterior dslocation of
atlas

Os odontoideum(arrows) andatlanto-axial instability (cervical myelogram, lateral projections): posterior atlemtial
subluxation in extensn (B) isreduced in flexion (A).

Source of picture: Ronal d G. Grainger, David J. Aflis;;dmgﬁb(}r

4t ed. (2001); Churchill Livingstone, Inc.; ISBINB: 9780443064326 >>

Morquio -Brailsford disease(type 1V mucopolysaccharidosis):
Case 1- sagittal CT myelography with neck flexed (A) and extended (B); cephalithinas of dens are not
ossified; hypermobility in extension (spinal cord is compressed, mainly by thickened ligaments).
Case 2(C) - sagittal T2MRI: cartilaginous dens overlygnossified centrum of C1; arrow indicates symtkosis
(disc) between centrum of C1 and C2.

Source of picture: Ronal d G. Gr ai n g e rRadiogyVvAi Tdxtbdok of Mddical s o r
I ma g i heg.q2001)% Churchill Livingstone, Inc.; ISBMB: 9780443064326 >>
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TREATMENT

1 restrict potentiy harmful physical activities (tumbling, diving, football).
1 indications for surgeryinstability, myelopathy.
1 external immobilizatonal one i s wunli kely to sumical eve per
arthrodesis (posterior atlanteaxial internalfixation and fusioi
i all unstable levels must be fused.
I instrumentation provides immediate stability until bony fusion degelo
1 Gallie's fusion techniqué becomes substandard of care because of high rate of nonunion.

OCCIPITALIZATION of ATLAS (s. ASSIMILATION of ATLAS)

- fusion of anterior arch amihg of C1 with foramen magnum

ETiOLOGY

1) Chiari type | malformation
2) Klippel-Feil anomaly
3) achondroplasia

CLINICAL FEATURES

- cervical myelopathy when AP diameter of foramen magnum (behind odontoid process) decreases
<19 mm.

DENS HYPOPLASIA

1 usuallymisdiagnosis os odontoideum in fact being present but overlookedum it is not
ossified, small or malplaced.

i TRUE DENS HYPOPLASIAONlY occurgn association withmore complex fusion anomalie@sp.
those which restrict rotation at.).

KLIPPEL -FEIL ANOMALY

- congenital fusion of cervical vertebraeo one or moraseparate masses:

a) failure of segmentatiofmost likely)

b) secondary fusion.
1 fusion is most commonly restricted @@-3* or C5-6 (butcan extend beyond cervical spinesp.

upper thoracic vertebrae
*frequently associated with occipital assimilatioratifis.

1 sum in height of congenitally fused bodgequal to normal height of two vertebrae plus expected
height of intervertebral disc if one were present (vs. fusion due to disbagght is less).
bony structure of fused vertebra is normal excepfusion.
in cases OPARTIAL fusion, it is anterior aspect that fuses, while rudiment of disc remains in
posterior portion.

ETIOLOGY

1) part of syndromes(e.g.Turner's, Noonan's, Wildervanck's
2) isolated

a) sporadic

b) inherited(autosomal dominant or autosomatessivg

- fusion of vertebrae in itsei§ notof any great clinical importance:

1) short neck

2) low posterior hairline

3) limitation of neck movements(esp.rotation and bending to sides
1 accentuation of symptoms in presence of cenastdoarthritis.

E |

N.B. clinical symptoms are usually due to presence of other developmental defects.

Associated anomalies

1 atlanto-occipital anomaliesare frequent (one of major reasons for associated morbidity).
N.B. main neurological complications result framaniocervical instabilityY s pi nal ¢
compromise!

kyphosis& scoliosisare frequent.

other skeletal malformationgesp.Sprengel's deformity congenital scapula elevatiamd medial

rotatior) can be assuated.

1 congenital deafneséfaulty development of osseous innerd0-30% patients.

1 patientsmayhaveGU anomalies ficl. unilateral renal agenesisgrdiovascularanomalies

1
1

MURCS syndrome(Millerian duct aplasia, renal aplasia, cervicothoracic somite dyspid€iapel-
Feil anomaly with absence of vagi&auterus renal agenesis or ectgdyearing ands| defects.

EScoBAR syndrome- autosomal recessivewical vertebral fusion and otheony defects, ptosis,
hypertelorism, pterygia of neck, axillae, and other jointgjtgeanomalies; small stature.

DIAGNOSIS

Intervertebral fusions: occipu€l, C2 3, and C67:




ATLANTO -AXIAL ROTATORY FIXAT ION (AARF)

- rare form of torticollis in childremrotatory fixation between £and G (within normal range of

motion) without subluxation.

1 mechanism lax ligamentsand possibl\synoviuninterpositionin intervertebral joints.

1 clinically - torticollis persisting for > 2 weeks.

1 requires carefulliagnostic workup - total muscle relaxation(undergeneral anaesthesiandCT
of upper cervical spine in neutral position as well as in maximum rotation to right and left;

AARF is present if theres asymmetrically reduced rotation between C1 and C2.
1 requires aggressivaherapyi traction.

*if unsuccessful, AARF will result in permanent
rotatory malalignment with ankylosis

INIENCEPHALY

- cranial defect at occipuvith brain exposed; often in gdination with cervical rachischisis and
retroflexion:

SPINE
VERTEBRAL FUSION ANO MALIES

- intervertebral discs are maw and partly bridged by regions where disc material never developed.

1 determined very early in development!

1 fused segments shovarying degrees of hypoplasihen multiple segments are involved,
marked dysplasiasuch as hemivertebrae are also ofteisgmg.

1 in marked cases, terayNSPONDYLISM is used (terniKlippel -Feil syndromeis appropriate when
cervicalregion is predominantly involved).
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