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Typical position of the neonate with vertex presentation. The hips and knees
are flexed, the lower legs are rotated internally, and the feet are rotated further inward on the

lower leg. The lower limbs are contracted into this position for a variable period after birth.

6 mo fetus Newborn 2yr 5yr 13 yr 17 yr Adult
Evolution of head-to-trunk proportion throughout growth. In the neonate
the head is proportionately signifcantly larger relative to the trunk than it will be at
skeletal maturity. (Reproduced from Hensinger RN: Standards in pediatric orthopedics,
New York, 1986, Raven Press.)
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Acromion

appears 15-18 yr

Humerus, head

appears birth-3 mo

Greater tuberosity

appears 6 mo-2 yr
3 mo-1.5yr

Lesser tuberosity

appears 3-5 yr

Trochlea
appears 9 yr 8yr

range 8-10yr 7-9yr

Lateral epicondyle |
appears 12 yr 11 yr o 1
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Clavicle
appears 17 yr

Coracoid process (main center)
appears 1 yr

Scapula
appears 1 FW

Subcoracoid element
appears 10-12 yr

Glenoid cavity
appears 18 yr

Medial epicondyle
appears 7yr 5yr
range 5-7yr 3-6yr

Olecranon
appears 10 yr 8 yr

Cap
appears 5 mo 4 mo

range 6 wk-8 mo 23 ¢
1-6 mo \ 2 \
Radius, head ‘ [ \
|

appears 5yr 4 yr
range 3-6yr

Radial tuberosity
appears 10-12 yr

Ulna, distal epiphysis

-
Navicular

appears 5.5yr 4.5 yr
range 2.5-9yr

Trapezium
appears 5yr 4 yr
range 1.5-10yr

Lunate
appears 4 yr
range 6 mo-9yr

appears 6yr 5yr
range 4-9yr

Radius, distal epiphysis
range 1yr
3mo-1.5yr

Metacarpal |, epiphysis
appears 2.5 yr 1.66 yr
range 1.5-35yr 1-2yr

Proximal phalanx I, epiphysis
appears 5 mo-2.5 yr

Distal phalanx |, epiphysis
appears 1.5yr 1yr

Phalanges II-V, epiphysis

B
__~

appears 5 mo-2.5 yr

Average age at appearance of secondary centers of ossifcation in the

epiphyses of the upper extremity, with ages for boys (blue) and girls (pink). FW, Fetal
week. (Adapted from von Lanz T, Wachsmuth W: Praktische anatomie, Berlin, 1938,

Julius Springer, p 28.)

1\

Trapezoid
appears 6 yr 4 yr
range 259yr

Pisiform
appears 11 yr 9yr

= _ 8 range 6 mo-4 yr

\ ‘¥Triquelrum

appears 2.25yr 1.75 yr
range 6 mo-4 yr
Hamate

appears 6 mo

range bith-1.5yr
Capitate

appears 6 mo

range  birth-1 yr

Metacarpals II-V, epiphysis
appears 1-1.5yr



Clavicle (sternal epiphysis)

Acromion ==
closure 18-19 yr \ ﬁ closure 18-24 yr

Coracoid

Subcoracoid \ S5Fs w
closure 18 yr\f,'ﬁ"hﬁ ' "\ closure 18-21 yr

Humerus, head and 4 X
Glenoid cavity =

greater and lesser tuberosities |
closure 18 yr

Scapula (vertical margin and
inferior angle)
closure 20-21 yr

fuse together 4-6 yr
fuse to shaft 19-21 yr \
18-20 yr |

Humerus, capitulum,
lateral epicondyle, and trochlea
fuse together at puberty

fuse toshaft 17 yr 14 yr

‘ Medial epicondyle
L /closure 18yr 15yr
P

P
D Olecranon

Radius, head e 4 closure 14-17 yr
closure1517yr \ 14-15 yr

V415 X 4
Radial tuberosity —/

closure 14-18 yr

Radius, distal epiphysis
closure 19 yr 17 yr

Ulna, distal epiphysis
/closure 19yr 17 yr
/|_— Umna, styloid

Radius, styloid ——— -
closure variable ”—) SlosULeR18:20)yT
> ,’J
Metacarpal |, epiphysis ——— Metacarpals II-V, epiphysis
closure  14-21yr / closure 14-21 yr
Proximal phalanx |, epiphysis /
I 14-21
s 4 i halanges 1I-V, epiphysis
Distal phalanx I, epiphysis —// \ / osure 14-21 yr
closure  14-21yr | \

_j“

s U

Average age at closure of growth plates (physes) in the epiphyses of the

upper extremity, with ages for boys (blue) and girls (pink). (Adapted from von Lanz T,
Wachsmuth W: Praktische anatomie, Berlin, 1938, Julius Springer, p 28.)
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appears 12yr 11yr

Fibula, proximal epiphysis
appears 4 yr 3 yr

Tibial tuberosity
appears 7-15yr

Tibia, distal epiphysis
appears 6 mo

Talus
appears 26-28 FW

Navicular
G5 appears 3yr 2 yr
Cuneiforms
appear
2yr 15yr
25yr 2yr
3-6 mo

Calcaneus
appears 24-36 FW

Cuboid
appears 40 FW

99y §
Vg : : 5]
FIGURE 1-8 Average age at appearance of secondary centers of ossifcation in the
epiphyses of the lower extremity, with ages for boys (blue) and girls (pink). FW, Fetal
week. (Adapted from von Lanz T, Wachsmuth W: Praktische anatomie, Berlin, 1938,
Julius Springer, p 28.)
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Femur, distal epiphysis
closure 18-19yr 17 yr

&
Fibula, proximal epiphysis
closure 18-20 yr
16-18yr
Fibular malleolus

closure 17-18 yr

Tibial tuberosity
closure 19 yr

Tibia, distal epiphysis
closure 17-18 yr

Malleolus, medial tip
closure 18 yr 16 yr

Calcaneus,

closure 12-22 yr
Closure variable

Metatarsals |-V, epiphysis

Proximal phalanges |-V, epiphysis
8y closure 14-21 yr
Metatarsals, heads
Middle phalanges II-V, epiphysis closure
oy 14-21yr

Distal phalanges

closure 18 yr (begins proximally)
FIGURE 1-9 Average age at closure of growth plate (physis) in the epiphyses of the
lower extremity, with ages for boys (blue) and girls (pink). (Adapted from von Lanz T,
Wachsmuth W: Praktische anatomie, Berlin, 1938, Julius Springer, p 29.)
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FIGURE 1-13 Tanner’s stages of development of secondary sexual characteristics:
female. A, Breast development. B, Genital development.
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FIGURE 1-12 Tanner’s stages of development of secondary sexual characteristics: male.
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