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COLOUR CODE USED THROUGHOUT THESE NOTES

PARAXIAL / SOMITES LATERAL PLATE / LIMBS NEURAL CREST CARTILAGE / SIGNALS CLINICAL

LEARNING OBJECTIVES — tick off as you go

[0 Name the embryological sources of bone, cartilage and muscle.

[0 Compare intramembranous and endochondral ossification.

[0 Explain vertebral resegmentation, the skull, sutures and craniosynostosis.
[0 Describe limb development, signalling centres, rotation and limb defects.

[0 Apply to skeletal dysplasias on scan, DDH, brachial plexus injury and NTD prevention.

1 Where It Comes From

IN ONE LINE: Axial skeleton + all skeletal muscle = paraxial mesoderm (somites). Limb skeleton = lateral
plate. Face = neural crest.

Source Derivatives ‘

. . Vertebrae, ribs (sclerotome); trunk + limb muscles (myotome); back dermis
Somites (paraxial)

(dermatome)
Somitomeres (head paraxial) Extraocular and pharyngeal-arch muscles
Lateral plate (somatic) Limb bones, cartilage, tendons; sternum; pelvis
Neural crest Face and most of the skull vault front; arch cartilages

Ectoderm (AER, dorsal

ectoderm) Signals that pattern the limb
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2 Making Bone

Two ways to make bone
ENDOCHONDRAL — long bones, vertebrae, ribs, skull base

RUNX2 = osteoblasts « IHH coordinates the growth plate « FGFR3 brakes it (gain = achondroplasia)

INTRAMEMBRANOUS

O " . " .
mesenchyme — osteoblasts — bone
(NO cartilage stage)

skull VAULT, face (maxilla, mandible),
CLAVICLE (first bone, week ~5-6)

cartilage PRIMARY centre marrow cavity;  SECONDARY centres

model (SOX9)  (diaphysis, wk 7-12)  shaft lengthens  (epiphyses, mostly
after birth) + GROWTH
PLATES (blue)

Figure 1. Intramembranous vs endochondral.

¢ Primary centres from weeks 7-12 (clavicle first, ~week 5-6); secondary centres mostly after birth; fusion
completes by ~25 years.

3 Vertebrae, Ribs, Sternum, Skull

Vertebrae form by resegmentation (schematic)

SCLEROTOMES
(segmental)
- RESEGMENTATION
TEIve spinal nerve exits each vertebra = CAUDAL half of one sclerotome + CRANIAL half of the next
—> BETWEEN vertebrae — myotomes bridge vertebrae (muscles can move the spine)
calldal % [l Notochord = NUCLEUS PULPOSUS
regresses inside vertebral bodies; remnants - CHORDOMA (sacrum, clivus)
=% ** nerve
- —’
B Anomalies
caudal % hemivertebra (one side fails) = congenital scoliosis  block vertebra (no split)
o butterfly vertebra e Klippel-Feil (fused cervical: short neck, low hairline,
4 *  nerve limited movement) e spina bifida OCCULTA = arch defect
7Ce12Te 5L e 55 (fused) e 3-5 Co; L5 sacralisation / S1 lumbarisation common
caudal %

Figure 2. Resegmentation.

¢ Ribs from costal processes of thoracic vertebrae; sternum from two lateral-plate bars fusing in the midline
(pectus excavatum/carinatum; sternal cleft in Cantrell).

¢ Spina bifida occulta is a vertebral-arch (sclerotome) defect; open spina bifida is a failure of neural tube
closure (Lecture 46).
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Sutures + fontanelles (from above) Craniosynostosis — the head grows PARALLEL to the fused suture

FACE

SAGITTAL (commonest)
SCAPHOCEPHALY — long, narrow

METOPIC
TRIGONOCEPHALY — triangular forehead

0
A
O

SAGITTAL

anterior PLAGIOCEPHALY — asymmetric

BOTH CORONAL
BRACHYCEPHALY — short, wide (syndromic)

BACK

AF = anterior fontanelle (closes ~12-18 mo, by 2 y)

PF = posterior fontanelle (closes ~6-8 weeks) Syndromic (FGFR2/3): Crouzon, Apert (+ complete syndactyly), Pfeiffer.

Pasitional plagiocephaly (back-sleeping) is NOT synostosis.

Figure 3. Sutures, fontanelles, craniosynostosis.

o Skull vault = intramembranous; skull base (chondrocranium) = endochondral; face from arch neural crest.
Sutures and fontanelles let the head mould in labour.

4 Limbs

The limb bud: two mesodermal sources + an ectodermal signal

somite myoblasts . AER (apical ectodermal ridge)
foisaten ECTODERM — FGF keeps the limb growing outwards
\_‘
. Limb-bud core
—t LATERAL PLATE SOMATIC mesoderm — bones, cartilage, tendons
e Il Limb MuscCLES

from SOMITES (hypaxial myotome), migrating in

@ W

SHH — front-to-back (thumb = little finger) pattern

Limb reduction defects (amelia, meromelia) — e.g. thalidomide in days ~20-36.

Figure 4. The limb bud (from Lecture 48).

Centre ‘ Signal ‘ Axis ‘
AER (ectoderm) FGF8 / FGF4 Proximal - distal outgrowth

ZPA (posterior mesoderm)  SHH Anterior = posterior (thumb - little finger)
Dorsal ectoderm WNT7A Dorsal = ventral (back of hand vs palm)

e Upper buds end of week 4 (C5-T1), lower ~1-2 days later (L2-S2); TBX5 arm, TBX4 leg; HOX genes pattern
segments (HOXA13 - hand—foot—genital). Digits separate by apoptosis by ~week 8.

¢ Rotation: upper limb ~90° laterally (thumb outward, extensors behind); lower limb ~90° medially (big toe
inward, extensors in front) — why leg dermatomes spiral.

MNEMONIC / MEMORY HOOK

'Arms out, legs in' — upper limb rotates laterally, lower limb medially.
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Defect Key points ‘

Amelia / meromelia / Absent / partial / hands or feet on the trunk — thalidomide (days ~20-36)

phocomelia

Postaxial commonest; isolated or syndromic (T13, Meckel-Gruber, Bardet—
Polydactyly .

Biedl)
Syndactyly Failed interdigital apoptosis; Apert = complete syndactyly + coronal synostosis

Positional (corrects passively) vs structural; Ponseti casting; check hips and

Talipes equinovarus .
spine

Amniotic band sequence Constriction rings, amputations, clefts — not genetic

5 Muscle

e Epaxial myotome - deep back muscles (dorsal rami); hypaxial = body wall, limbs, diaphragm (ventral
rami). Arch muscles: 1 mastication (V3), 2 facial expression (VIl), 3 stylopharyngeus (IX), 4 constrictors +
cricothyroid (X superior laryngeal), 6 intrinsic laryngeal (X recurrent laryngeal).

Disorder Key points

X-linked recessive, dystrophin; weakness from ~3-5 y, Gowers',

Duchenne . . .
cardiomyopathy; carrier females — prenatal testing

DMPK CTG expansion, autosomal dominant, anticipation; congenital form via

Myotonic dystrophy an affected MOTHER (polyhydramnios, hypotonia)

SMA SMN1 deletion; nusinersen, gene therapy, risdiplam; carrier screening

6 Clinical Correlates

Skeletal dysplasias on antenatal scan

Femur length (schematic, not a chart for use)

normal range (approx.) .
LETHAL clues
80 7 === achondroplasia
e |athal dysplasia (e.g. thanatophoric, O Il) very short, bent or fractured long bones from early on:
SMALL CHEST: chest/abdominal circumference < 0.6;
704 femur/abdeminal circumference < 0.16; polyhydramnios
[ ACHONDROPLASIA
E 60 4 FGFR3 gain (G380R); ~80% NEW mutations (older father);
£ rhizomelic; big head, normal 1Q; autosomal dominant
£ 504
4 . OSTEOGENESIS IMPERFECTA
7]
= 40 COL1A1/COL1A2; type Il lethal (fractures in utero);
2 milder types: blue sclerae, hearing loss
£ )
&
301 B work-up
detailed scan, 3D US/CT, genetic testing (targeted panel / exome),
201 fetal medicine + genetics MDT
achondroplasia often
shows from ~22-24 wk
10 A
15 20 25 30 35 40
weeks

Figure 5. Skeletal dysplasias on scan.
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Musculoskeletal links on the labour ward and at the newborn check

C5-Cé6 (xC7) Cc8-T1 hip

‘waiter's tip": arm adducted, internally rotated,
elbow extended, wrist flexed

CLAW hand (intrinsics); HORNER if T1
(ptosis, miosis)

Ortolani (relocate) + Barlow (dislocate)
at newborn + 6-week checks

traction with arm above head
(e.g. breech)

shoulder dystocia, macrosomia US by 6 weeks if: BREECH (= 36 wk
or born breech) or 1st-degree FH;

abnormal exam — US within 2 weeks

- J L O W,

DDH risk also T with female sex, first-born, oligohydramnios, foot deformity — but NIPE scan triggers are breech + family history.
Figure 6. Brachial plexus injury and DDH.

FOLIC ACID

e 400 pg from before conception to 12 weeks

¢ 5 mg if previous NTD or family history, BMI 2
30, diabetes, antiepileptics, sickle cell /
thalassaemia

THE PELVIS

e Hip bone =ilium + ischium + pubis, fused at the
triradiate cartilage (~“mid-teens)

¢ Gynaecoid pelvis: subpubic angle > ~80-90°,
wide outlet

e Relaxin + progesterone loosen the symphysis >
pelvic girdle pain

% PEARL

FGFR3 gain-of-function: hypochondroplasia (mild) - achondroplasia - thanatophoric (lethal). Small chest
= lethal.

Notochord = nucleus pulposus; AER = FGF (length); ZPA - SHH (thumb-little finger); dorsal ectoderm >
WNT7A.

7 MRCOG Exam Pearls — Last-Minute Page

Numbers to know

Wk 5-6 Wk 7-12 End wk 4 Wk 8
Clavicle ossifies Primary centres Upper limb buds Digits separate
12-18 mo <0.6 ~80% 400 pg / 5 mg

Anterior fontanelle shuts Chest/abdo circ. = lethal Achondroplasia de novo Folic acid
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HIGH-YIELD CHECKLIST

Somites - vertebrae, ribs, all skeletal muscle; lateral plate = limb skeleton; crest - face.
Intramembranous: vault, face, clavicle. Endochondral: long bones, vertebrae, base.
Resegmentation; notochord - nucleus pulposus; chordoma.

Craniosynostosis: sagittal commonest (scaphocephaly); FGFR syndromes.

AER/FGF, ZPA/SHH, dorsal ectoderm/WNT7A.

Arms rotate out, legs in; apoptosis separates digits.

Phocomelia = thalidomide; syndactyly + synostosis = Apert.

FGFR3 spectrum; Ol = COL1A1/2; lethal = small chest.

Erb C5-6 vs Klumpke C8-T1 (Horner).

DDH scan triggers: breech + family history; folic acid doses.

OO0OoooOooOooOoOooad

Self-assessment — cover the right-hand column
Question ‘ Answer ‘

Which bones form by intramembranous ossification? Skull vault, face, clavicle

What does the notochord become? Nucleus pulposus

Signal from the ZPA? Sonic hedgehog

Which way does the lower limb rotate? Medially (~90°)

Cause of syndactyly? Failed interdigital apoptosis

Gene in achondroplasia? FGFR3 (gain of function)

Scan sign of a lethal dysplasia? Small chest (chest/abdominal circumference < 0.6)
Roots in Erb's palsy? C5-C6

DDH ultrasound triggers on NIPE? Breech presentation, first-degree family history

Previous NTD/family history, BMI > 30, diabetes,

NS
Sl 5z 5 MOl E A antiepileptics, sickle/thalassaemia
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