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Anatomy In #s

206 ?




Introduction to Anatomy

" Anatomical position
" Eyes & palms forward

" Anatomical planes
" Transverse (axial)
= Sagittal
= Coronal

" Directional terms
Anterior/posterior
Superior/inferior
Medial/lateral
Proximal/distal
Palmar(plantar)/dorsal
Cranial/caudal

Sagittal plane

Coronal plane

i

Longitudinal
axis

Dorsal lransverse
plane

Transverse 7 /ﬂ

axis Sagittal axis




Language of Anatomy

Cephalic (head)
Frontal (forehead)
Orbital (eye)
Buccal (cheek)
Mental (chin)

Sternal (sternum)
Pectoral (chest) Thoracic
Mammary (breast)

Vertebral
(spinal column)

Cranial
(surrounding the brain)

Auricular (ear) Occipital (back of head)

Nasal (nose)
Oral (mouth)
Cervical (neck)

Deltoid (shoulder)
Axillary (armpit)

Brachial (arm)4l
Antecubital
(front of elbow)

S Deltoid (shoulder)

Brachial (arm)

I

3

Abdominal (abdomen) Olecranal (elbow)—— & Abdominal
Antebrachial | ' Lumbar
(forearm) P E---__-C- - Pelvic Sacral (lower back)
Coxal (hip) Inguinal (groin) Antebrachial
Carpal (wrist R s Gluteal (buttock)
Palmar (palm) ; gfotr,?: wand N = > 1 _ Manus
‘ ‘ ! (hand)

Digital (finger)

Femoral (thigh) Perineal

Patellar (kneecap) : _'., !
!

Crural (leg)

Popliteal (back of knee)

Sural (calf)

) . = Tarsal (ankle)
Pes (foot)—|— 4 - Dorsum of the foot

> AR [ SINCFUR B PR

Calcaneal (heel)




Adult Skeleton

" 206 bones in the adult body &, =

e =
‘.

r
&

" Axial Skeleton - 80 L%/
= Skull = 22 (+ 7 associated ones) S clevile 27 pactora
= Scapula oy
" Vertebral column — 26 (33 vertebr N §§:‘ | —
. (S “? N \f"" ', Humerus 2 —
= Thoracic cage - 25 ] gﬁ%-\\ | | —mme
. —i: ] ;*' Ulna 2 —
“ \ £ \ er
" Appendicular Skeleton - 126 |/ | £ ) g
" Shoulder & Hip bones ;‘\@ N e
N : CROF V | APPENDICULAR .
" Upper & Lower extremities m T T, (proximar, 26 S
middle, distal)
Hip bone __ Pelvic ]
‘ (coxal bone) girdle
L & Femur 2
v Patella 2 —
‘ “ Tibia 2 |
‘ I Fibula 2 | Lower

limbs e

// Tarsal bones 14
=
W Metatarsal ., |

"\\. 3 bones
":\i‘\‘ Phalanges 28 ~

© 2018 Pearson Education, Inc.
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Head Anatomy

= 22 Bones H ﬂc‘iéﬂ

= QOrganized into 2 categories: S

Parietal bone

® Cranial bones — those that | &
make up the cranium (the "l ) >
bones that surround the brain)  suwibore——= |

and have direct contact with > {__
the brain (8 bones) PSR =

\ ~ Nasal bone
. | B
Zygomatic bone | ’ Lacrimal
e ? -5 bone
. Vomerﬁi— l ‘

Facial bones — those that do
K.L,'“ )

Frontal bone

Sphenoid bone

——  Ethmoid bone

Maxilla

not make direct contact with
the brain (14 bones)

Mandible

~




Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
Sagittal suture

Head Anatomy - Sutures e~ ——

Parietal eminence

Sutural bone

" Immovable FIBROUS joints between

Lambdoid suture

S ku I I b O n e S Occipital bone j
" A m aJ or sutures: Sl | A s
" Coronal — between frontal and parietal e
bo n eS (b) Posterior View
" Lambdoid — between parietal and Copy 0 Mo 1 o, . s s o cction s i

occipital bones

" Sagittal — shared by the two parietal
bones and runs along the mid-sagittal
plane from the frontal bone to the
occipital bone

" Sguamous — between the temporal and
parietal bones




Pediatric Head Summary

" QOccipital bone

" 5-7 YO: fusion of pars basilaris & partes laterals

" 11-18 YO: fusion of spheno-occipital
synchondrosis

= 22-34 YO:. closure of jugular growth plate

" Parietal bone -
- F u I Iy OSS ifi ed by ag e 6 Figure 4.14 Superior vi of fetal skull.

" Frontal bone

" Primarily formed by age 4, but grows in size -
through 16 YO

. - .
/ b ' 3
? ? » \
S u t u re S M { > b & Lateral occipital
N Ko IS
! P - -

fontanelle

Anterior fontanelle —___

Figure 4.13 Basal view of fetal skull and mandible.



Vertebral Column

" Comprised of 33 vertebrae organized into 5 categories

" (26 TOTAL) e

" Cervical (7) :" }
= C1-Cv m{:)

" Thoracic (12) I
- T o oo

" Lumbar (5) s | I

1 4
. — Intervertebral
- 10 disc > )
L1-LS = %
118 Y-
E 3 o
. 12 Intervertebral —— ] —
5 1 foramen .
Ly ™
¢ 3

" Fused B ;
= Coccygeal (4) o = G

’.
" Fused A e
/ = o~
g S/
» site Sacrum iy
i (5 fused \
ral vertebra \
P (S1-S5) 18 (Ls aaaaaaaaaaaaa
: -
5
] e
Coccyx 1 (%)
i d coccygeal vertebrae) v
(Coy—Coy)




Vertebral Column

. Curvatures:
" Spinal Curvatures
Cervical (2°)
. .
P fim ary _ Thoracic (1°)
" Concave anteriorly
" Thoracic Lumbar (2°)

" Saccrococcygeal

Sacral (1°)

= Secondary
" Concave posteriorly
= Cervical
" hold head upright
" Lumbar
" Body erect

L

Adult 4 years Newborn Fetus

Copyright @ 2010 Wolters Kluwer Health | Lippincott Williams & Wilkins



Vertebral Column

" Vertebrae = body + vertebral (neural) arch

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

. | Body
Ve rte b ral a r C h Spinous process — 1| Transverse process l —— Superior articular facet

Transverse process \

" Pedicles (2) | \ :

L a. . a. 2
( ) Superior amcular
facet Intervertebral disc ——

Inferior articular
process of Lg

.
" Spinous Process k#::z::.:!vm
process _ arch articular
process

of Ly

" Transverse Process (2)
= Articular Process y

Inferior articular

" process of Ly

Spinous process

[ ] S u p e rl or (2) \(a) Superior v (b) Posterior view

Superior articular process of L,

= |nferior (2) 4~ E—

Intervertebral foramen

Transverse process

Spinous process

s . “— Inferior articular process of Lg
Body Intervertebral / . .
disc 7 Inferior articular facet

(c) Lateral view



Vertebral Column

Transverse
process

Triangular
vertebral foramen

Long, strong transverse
processes extend
posterolaterally

Columnar bodies,
heart-shaped in
superior view

Bifid spinous
process

Uncus of body
(uncinate // .
process) :

Rectangular bodies
with concave

superior and
convex inferior

surfaces /
Foramen \

transversarium T

- Oblique, relatively
horizontal articular
facets directed primarily
superiorly and inferiorly

Perforated transverse
processes with anterior
and posterior tubercles

Costal facets
2 on each side of body
1 on each transverse process

(A) Cervical vertebra (B) Thoracic vertebra

Copytight ®2010 Wolters Kluwer Health | Lippincott Williams & Wikins

Circular vertebral foramen,
relatively small compared
to size of body

Vertebral foramen
triangular, intermediate
in size

/

Nearly vertical articular
facets directed primarily
medially and laterally

Nearly vertical Massive columnar

articular facets body, kidney-shaped
directed primarily  in superior view

posteriorly and
anteriorly

Short, broad
and blunt
spinous process

Transverse processes
long and slender,
directed laterally

Spinous process
long and sloping;
overlaps inferior
vertebra

(C) Lumbar vertebra

Left anterior superior oblique views of “typical” presacral vertebrae




Cervical Spine

) Posterior tubercle ——————5°
Posterior arch /1 Tubercle for transverse ligament
Groove for vertebral artery ——2% 7 M

Superior articular surface (process)
e ;
¢ O/‘)— Foramen transversarium
: Transverse process

; Facet for dens S /X
Anterior arch W
Anterior tubercle ;

Lateral mass

Atlas (C1)
Inferior articular process

Transverse process a— f 4
S &

Superior articular facet —— <

Pars interarticularis

Dens Axis (C2)

Posterior tubercle j
Transverse process :

Groove for spinal nerve —
Anterior tubercle

Vertebral foramen

Foramen

transversarium Typical cervical vertebrae

Spinous process

Uncus of body
(uncinate process)

, Inferior
Articular process ? .
)

Superior

Carotid tubercle

Vestigial anterior tubercle

(A) Superior views, vertebrae C1-C7




Cervical Spine

Anterior arch Anterior arch
\ )

Anterior tubercle H Anterior tubercle
|

= Atypical Vertebrae A
" Cl-Atlas : }

= Articulates w/condyles of the occipital bone ; | g -
" Deep superior articular facets T o ‘ S

foramen
(a) Atlas (C4), superior view © The McGraw-Hill Companies, Inc./Photo by Christine Eckel
" No Bod
0 Body
Superior articular——

" C2-Axis

" Odontoid Process or Dens " A W

Lateral |
masses |

. Posterior
‘ ' lubercle

Anterior

Dens

Pedicle
= A f b I d skull
XIS O rotatlon etween atlas ana sku \ ) o
W g
N
Spinous process
(bifid)
— A - Posterior
X-ray - B
beam ) Aude (G2 postaronsmation. e © The McGraw-Hill Companies, Inc./Photo by Christine Eckel
Axis of rotation
Atlas (’l:)— Articular facet for dens &=
(Cy vertebra) - .
L. g l = Dens
Occipital ——— & . Cranium i A\
condyles - o l - _y
Lateral mass—¢ / 3 =
- as —
Of aﬂas (C1 ) Transverse (C, vertebra)
ligament
Dens of axis -
(C2) Lateral Axis & : Axis
-axi (C, vertebra) t (C; vertebra)
Body of axis .at.latn ol ;
02) join

Lower row I
of teeth i (c) Atlas and axis, posterosuperior view




Atlanto-occipital joints
= Atlas to occipital

Atlanto-axial joints
" Atlas to axis

No IV discs!

Occipital
condyles

Foramen
magnum

(A) Cranial base, external
surface (inferior view)

Craniovertebral Joints

Anterior tubercle

Anterior arch Facet for dens

Foramen for dens Superior articular

Lateral mass surface

Transverse ligament

X7 cf/ S ’B of atlas
e ; ./ ///{@ Transverse process
N\ Ve
Vertebral foramen Foramen
(for spinal cord)

. “)
S % transversarium
AN . =
Posterior arch X/:/ Groove for vertebral
e artery
(B) Atlas (C1 vertebra),

Posterior tubercle
superior view

) Grooves for
Dens of axis —— T =2 attachment of
.' i D alar ligaments
Posterior articular 1 W S ior articul
facet for transverse uperior articutar
facet

/Foramen
transversarium
\4 \
|) v

~ =\

/f\u:‘ ‘\:ﬂn/t')%v \
\\

ligament of atlas [
Body —\ m“ ”'”lll/"
{ Transverse process

Vertebral foramen Pars interarticularis
(for spinal cord)

Inferior articular
process

Lamina
(C) Axis (C2 vertebra), Spinous process
posterosuperior view (bifid)



Atlanto-Occipital Joint

= Superior articular surfaces of C1 to occipital condyles

| 11 ” ggéierii?ar' atlanto-
yes’ movement eana—3
Anterior ";‘ ;

= Atlanto-occipital membrane e,

Joint capsule of
atlanto-occipital

Anterior

" Anterior (ALL)/posterior (weaker) ongiudnal

ligament

" Arches of C1 to foramen magnum () Antrtr i
" Help prevent excessive movement

membrane

" e

Foramen for = = Occipital bone

vertebral artery

Posterior e
Anterior tubercle atlanto-axial Joint capsule of

membrane — atlanto-axial

< .  / i
Facet for dens “ Vg, "@ joint

Yosterior view

Anterior arch

Foramen for dens Superior articular
Lateral mass surface
Transverse ligament

of atlas

/ /_’_,/ @ Transverse process
Occipital Vertebral foramen A / Foramen
condyles (for spinal cord) \\\x /\ transversarium
e
Foramen Posterior arch / 2 Groove for vertebral
magnum . anery
(A) Cranial base, external (B) Atlas (C1 vertebra), Posterior tubercle

surface (inferior view) superior view




Atlanto-Axial Joints

= Atlanto-axial joints
= 2 lateral

" Inferior articular facets of C1 and superior

of C2
= Gliding
" 1 median
" Dens of C2 and anterior arch of C1
" Pivoting
" “no” movement
" Cranium and C1 rotate on C2

" Transverse ligament of the atlas

" Holds dens against C1
= Strong

Anterior articular cavity of
median atlanto-axial joint
between dens and

anterior arch of atlas

Anterior arch of atlas

Superior articular

Dens of . : _
axis ~ Posterior articular cavity
of median atlanto-axial
joint between dens and

transverse ligament
Vertebral canal
Posterior arch of atlas

Transverse
ligament of atlas

Spinous process
of axis

(C) Superior view

Occipital
condyles
Lateral mass
of atlas (C1)
Dens of axis—§
(C2) —— Lateral
Body of axis aliario-axdal
(c2) joint Body Facet for atlas
Lower row —g= —
of teeth / N1 AR Superior articular
Anteroposterior radiograph of C1 and Dens of axis —<"— = 2 \ o)1 1158 \‘ \ facet
C2 (taken through open mouth) St \, AR/
il \ Transverse process
Lateral mass A=A
Vertebral foramen——————
of atlas (C1) (for spinal cord) \. .
Dens of axis (C2) <522 N ‘_ ' Inferior articular

process

Body of axis (C2) Lamina

C3 vertebra
Anterior view
(E) Articulating atlas and axis (C1 and C2 (D) Axis (C2 vertebra), Spinous process
vertebra) as viewed radiographically superior view (bifid)
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= Atypical Vertebrae [ S

Superior

b articular process

Promontory

Y
e
= Sacrum I g )
= 5 vertebrae that fuse in the third decade of K . <“7
life & <&

S,
s 4 Coccyx
Coy
Co,
Cos
Coy

(a) Sacrum and coccyx, anterior view © The McGraw-Hill Companies, Inc./Photo by Christine Eckel;

. C O C CyX Sacral canal
= 4 vertebrae that fuse in the third decade of \ l r E‘ .
.

- r {‘//‘ #,_‘
I e ! 7 Median
! ! sacral crest
: Auricular surface \
y
/ ‘ Posterior ’
f sacral foramina
4
,//
| .
¥4
Sacral hiatus —]

[
Coccygeal cornu

‘

’
L
®
2 g

-
y Il
Sacral cornu———— [’ 3

-

{ Coccy.

(b) Sacrum and coccyx, posterior view
© The McGraw-Hill Companies, Inc./Photo by Christine Eckel;




Neurocentral Fusion

" 1stin Lumbar Spine

= 2ndin Cervical Spine

= 3" in Thoracic Spine

" Puberty — Complete Fusion

\ Neurocentral Superior articular Superior costal
¥ junction process facet Centrum

e

Inferior costal Neurocentral
facet junction

Bouton of Transverse
pedicle process

Left half of \ Posterior Spinous
neural arch synchondrosis process
(a) SUPERIOR (b) LATERAL e

1cm




Typical Cervical - Development

= 3 primary centers of ossification

" Body
" |nferior surface area > superior surface area

" Transverse foramen -
" Times of fusion (in years)

" Posterior: 2  suporior
- ] Anrenﬂrt_:_.-‘,“ij
Transverse 3'4 Shape of the centrum
u Ant en or: 3_ 4 Gentrum}(w\\’ _r~h:uriu::¢entral _r:I]-r:]uric{:;cntral ,C-_:nltrum Frz:‘am.:nariu

Birth Male — 3 years




Cervical Development

" Vertebral bodies from C3-C7 are

not fully developed until age 6
" Vertebral bodies anteriorly wedged

Little restriction of flexion-rotation forces

Cervical Length (mm)

[e]
o

~
o

[e2]
o

(€]
o

B
o

w
o

N
o

[N
o

o

T
*
e LR
)
ﬁ A
s &
6 H
¢ =
o =
. = ¢ male
=
* W female
=
0 both sexes
e
0 5 10 15 20
Age (years)

Data adapted from Kasai et al (1986)



Cervical Development

" Differences in anatomy culminate in increased sliding of
cervical vertebrae

" Forward sliding relevant for frontal impacts
Flexion |Extension

IT-;
15 =
13
11 -~
el
= 9
Vertebral Sliding D 7
<
4 ) 5_.
3 - F_m=:=4|
— i S
S | 4 ; : —
30 -2 -1 0 (11 AE

~— Kasai et al. 1996



Atlas - Development

" Times of fusion (in years)
" Transverse: 3-4
" Posterior: 4-5
= Anterior: 5-6

A wk 7 (prenatal)

F yrs 4-5
Male — 3 years Child — 2-3 years
Superior articular Neurocentral Anterior Superior articular Anterior
facet junction bar facet { arch Anterior

Foramen
-transversarium

bar

Foramen
—_ .
» transversarium

Posterior Posterior Posterior

o e bar tubercle bar
Groove for Posterior Groove for Posterior
vertebral artery arch vertebral artery arch

1cm Posterior synchondrosis



AXIS - Development

Ayr2

" Times of fusion (years) " approx.yr 12
" Transverse: 3-4 e A mths 4-6 (prenatal)

" Dens to neural arches : 3-4 years e

A mths 4-5 (prenatal)

A wks 7-8 (prenatal)
Fyrs 3-4

Male — 3 years

1em

Apex
Intradental sulcus

Dentoneural

junction Apex

Dentocentral Dentoneural
junction ' / junction
Centrum £/ 'i\
Posterior Centrum Meurocentral
arch junction
(b)
| I B

1cm icm



Development & Biomechanics

" Changing anatomy through age ~9 predispose children to
spinal cord and ligamentous injury @ more rostral levels

" Head is proportionally larger than the body
" Results in higher torque

" Fulcrum of flexion and extension is shifted to the ~C2 level from the
lower cervical spine in adults

= Stabilizing ligaments in children have more laxity




Craniovertebral Injury

" MVCs most common cause of spinal cord & spinal column
Injuries in children
= 20-72% of all cases of spinal injury
" Upper cervical spine have very high mortality rates (50-80%)

" Recent study by Brown et al documented 103 pediatric trauma
cases
" 68% sustained injuries to cl-c4
= 20% dislocations at c1 all from MVC




Thoracic & Lumbar - Development

= Similar to typical cervical vertebrae

" Times of fusion (in years)
" Posterior: 2
" Anterior: 3-4

" Puberty
" Fusion completed




Joints of the Pectoral Girdle

= Sternoclavicular joint
" Articulation between the sternum
and clavicle s
= Acromioclavicular joint

" Articulation between the acromion '
process of scapula and lateral end e
of clavicle |

" Glenohumeral joint

= Articulation between the head of
the humerus and the glenoid fossa
of the scapula

= Scapulothoracic joint

" Physiologic joint between the
scapula and the thorax

SSSSSS




Movements of the Sternoclavicular Joint

" Elevation / Depression
"= 30 -50 Deg (ROM)

" Protraction (ant) /
Retraction (post)
= 30 —-55 Deg

" Rotation
= 40 - 50 Deg

Axis of o
motion 30

25°



Scapulo-Humeral Rhythm

" Scapulo-humeral rhythm
= 2:1 Ratio of movement between the humerus
and scapula during abduction

= 2 degrees at glenohumeral joint
" 1 degree at scapulothoracic articulation

" This relationship is critical for normal function

~  60° ////

(C) Scapulo-humeral rhythm. The scapula and
humerus move in 1:2 ratio. When the
arm is abducted 180 degrees, 60 degrees
occurs by rotation of the scapula, and
120 degrees by rotation of the humerus
at the shoulder joint.




Scapula - Development

® Scapula Morphological Summary

" Coracoid not visible until 3 YO
" 13-16 YO: coracoid and body of scapula begin to fuse
" Full fusion not complete until ~23 YO @ Ayr1 Ayrs 810 ®©)

F approx yr 20 \ '| F approx yr 20

F approx yr 20

A approx yr 14 Ayrs 13-16

F yrs 16-17.
F yrs 19-23

Ayrs 14-16

F yrs 18-20— S \

Ee S s Fyrs 17187 X Fyrs 15-20
. Tt e Ayrs 14-157 fi©
it f ; F

' | Ayrs14-15 :
A wks 7-8
“] T (prenatal)

34

|
; Fyrs 17-18

‘\"\1 ?5 § “Awks7-8 (prenatal) : ‘
N\ Fyrs 19-23
P Fyrs 19-23

Ayrs 15-17 Ayrs 15-17

Ayrs 15-17

" What is the critical motion of the shoulder to ensure realistic
belt fit when testing ATDs?




Thorax Anatomy

® 12 Thoracic vertebrae

= 24 ribs total / 12 pairs
" 1-7 true ribs
= 8-10 false ribs
" 11-12 floating ribs

= Sternum
" Manubrium
= Sternal body
= Xiphoid process




Pediatric Thorax Anatomy

Clavicle

" Thoracic rib angle more horizontal
" Cage more circular in kids vs an oval in adults

= Sternum

= 3-6 YO: All sternebrae including xyphoid can be
identified

" 4-10 YO: Sternebrae 3 and 4 fuse

" 11-16 YO: Sternebrae 2 fusesto 3 & 4

B 15-20 YO: Sternebra 1 fuses to the rest

" Ribs are not fully fused until ~ 25 YO

" Buckle type failures are more common & difficult to
detect

Developing
manubrium

Costal margin

A & F puberty

A mth 5 (prenatal)
A&F puberty ———__

A mths 5-6 (prenatal)
A &F puberty ————— _ } { F yrs 15-20

A mths 7-8 (prenatal)
A puberty F by yr 25 ———_ < Fyrs 11-16

A mths 7-8 (prenatal)
A puberty F by yr 25 ———_Jrssemss=={{ Fyrs 4-10

Ayr1
A puberty F by yr 25

F yrs 40+
— —Ayrs3-6



Pelvis Anatomy

" Formed by the fusion of three separate bones
(illum, ischium and pubis)

" (Os Coxae (Hip Bone) (/
' Hium '

POSTERIOR N ANTERIOR

e

" Acetabulum: a depression on the lateral surface 4"
where the head of the femur articulates |schium4@ T F

Pubis

HIP BONE (f? ,}

W
i \ - ) Pelvic brim landmarks:
=

\

Sacral promontory

Sacrum

- ANTERIOR / '\ POSTERIOR

PelVlenm SER——

Pubic crest Pubis Ischium

Pubic symphysis

(a) Anterosuperior view of pelvic girdle ©2018 Pearson Education, Inc.



Pelvis Morphological Summary

Triradiate pubo-
ilial ossification
(anterior flange)

Triradiate ilio- _ I
Fyrs 17-20 ischial ossification

Fyrs 17-23 Ayrs 12-15 iposist %)
Ayrs 12-15
Posterior
epiphysis Triradiate pubo-
ischial ossification
F yrs 16-20 (vertical flange)
A mth 3 (prenatal) Ayrs 10-13
Obturator
foramen
yrs 11-15 (female) (a) LATERAL
yrs 14-17 (male)
A mths 4-5 (prenatal) A mths 5-6 (prenatal) Triradiate pubo-
ilial ossification
o terior flange)
Triradiate pubo- (an ) :
A yrs 23-27 ischial ossification . Hlium
(vertical flange)
Ayrs 13-16 Fyrs 27+
F yrs 5-8 Triradiate ilio-

ischial ossification
(posterior flange)

F yrs 16-18 F yrs 19-20 Fubie

Posterior epiphysis

Obturator
foramen

|schium

-
3[

(b) PELVIC



Lower Extremity Anatomy

trochanter

" Os coxa(e) S i

Head ;
[/ ¢ Fovea Fi :
-~ 78 "’ e ——— FEMUR
I I I 7 X Great
F e u r * lr;i::n’lel Neck \ . ’
— - Intertrochanteric line Intercondylar emmence y
| ) B Lateral condyle
. i Lesser trochanter PATELLA — / V Y
.l )
Patella , p— ) -4
Condyle } Medial condyle 5 y Head
Ol I i b i a Head / 1 Tibial tuberosity '
B
FIBULA —408 ——— / TIBIA FIBULA
O FI b u I a _ L Interosseous membrane
| :
" Tarsals
" Metatarsals Lo mteolss ———
O i) h CALCANEUS
Phalanges A1
Lateral ?;’ 7)‘ } \\Al)
" A 3 i
\y, epicondyle yB '_;
. Adductor Adductor 7 ’
Lateral \ tubercle [ (ubercle ,
epicondyle A Medial Medial (a) Anterior view (b) Posterior view
| \\ J epicondyle epicondyie
Lateral —-
cgnut;:lo | v Lateral
condyle
z::,""'c‘; C';:ﬂgﬂ; ! Patellar Medial

surface condyle
(a) Right femur, anterior view




Lower Extremity Morphological Summary

(b) A yrs 0.5-1 F yrs 12-16 (female) (a) A 36 wks (prenatal) — (b)
yrs 14-19 (male) 2 mths (postnatal)

Ayrs 2-5

F yrs 14-18 (female) — Fyrs 12-14

yrs 16-20 (male) F yrs 14-16 (female)

F 13-17 (female
yrs 16-18 (male) yrs ( )

yrs 15-19 (male)

A yrs 8-12 (female)
yrs 9-14 (male)

Avyrs 7-11 F yrs 14-18 (female)

yrs 16-20 (male)
Fyrs 16-17

A wks 36-40 (prenatal) A mths 3-10

PR AR AN,

Ayrs 3-6




ATD Improvement Wish List

" Cervical Spine

" An accurate representation of the cervical spine that allows for the majority of
flexion and extension to occur between C1 — C3

" Shoulder

= Better understanding of the range of motion of the pectoral girdle to ensure
realistic belt fit

" Thorax
= Sternum — less rigid sternum

= Eillot cage — more accurate shape to better predict loading to the thorax from the
e

" Chest deflection sensing — capabillity to detect max rib deflection

" Pelvis/Abdomen
" Updated geometry to ensure realistic belt fit and proper submarining behavior

" Lower Extremity

" Further development of geometry and accurate rang?e of motion at the hip, knee
and ankle to ensure proper kinematics to better evaluate injury risk
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