Pelvic cavity. Gross anatomy of
the lower limb. Walking.
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Lower limb

* Pelvic girdle

* Free lower extremity




Hip bone

Ilium

Lunate surfacc SR U0 (I CRE
(articular) shaped growth  plate

Acetabular occurs 16th -18th year.
fossa

Acetabular notch

Ischium
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Hip bone

Ligament attachments lliac crest Tuberculum of iliac crest
Articular surface for sacrum
) ) Gluteal surface
* : Posterior superior
lliac fossa iliac spine
- 3 Anterior superior
Arcuate RN iliac spine
line '
Body of ilium
lliac
tuberosity
Obturator
groove Anterior inferior
Pectineal WYY _ 2 iliac spine
line P ‘ Posterior inferior
Superior pubic - iliac spine
ramus
Body of
L ’ ischium
RIEERA 5 . ¥ Ischial spine
Pubic crest e
: Inferior pubic
S Lesser sciatic , ' ramus
Body of pubis notch
Inferior pubic ramus Ischial tuberosity Ischial tuberosity
Ramus of ischium Ramus of ischium
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Hip bone

Antedior Inferlor -~
ikac spine % A ——— Greater sciatic notch

Linea terminalis
~——— Lessaer sciatic notch

Ischial tuberosity

Asticular surface for
pubic symphysis

Obturator foramen

Ischial spine

Lesser sclatic notch




acro-iliac joint Margin of ala
Promontory

Pelvis

Pubic symphysis Pubic Pecten  Arcuate
crest pubis line

\—’;

Linea terminalis
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Comparison of the female and male pelves

Prominent medially rominent projecting
projecting ischial spines promontory
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Pelvic ligaments

terior longitudina
ligament

Greater sciatic foramen

Vertebral columniiligl” ¥ R .
Lesser sciatic foramen = 1 * ’ )
: s\
[

Ligaments prevent
upward tilting of
sacrum

Greater sciatic

; foramen
Sacrospinous Sacrospinous
ligament ligament

Sacrotuberous

P y acrotuberous ligament A ” [
Obturator canal ligament [
Lesser sciatic o \
Obturator membrane foramen \ Obturator membrane [}
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reater sciatic foramen

nguinal ligament

Obturator canal

Obturator membrane

Lesser sciatic foramen Gap between inguinal
ligament and pelvic bone
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Trochantenc foesa

Altachement site for
pirformia muscle
Attachment of

Femur ‘ >3 : " ' aluteus medius

End of ntertrochanteric ine

Pectireal ine (spirad ine)

Shaft

Latarsd margin of Inea aspees
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Facet for attachment
of lateral head of
gastrocnemius

Medial
epicondyle

Facet for attachment
of the tendon of
popliteus muscle

ateral epicondyle

Anterior
surface

Lateral | | Medial
border 17 border
L N

\
Medial
(posteromedial)
surface

7/

Lateral
(posterolateral)
surface

Linea aspera
Lateral supracondylar line
Y ~

Medial supracondylar line —___|

Facet for attachment

of lateral head of
gastrocnemius muscle

Lateral condyle

I epicondyle
Patellar surface

Facet for attachment of
anterior cruciate ligament

Intercondylar fossa
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Posterior surface

Linea aspera

Roughened area
for attachment

of medial head
of gastrocnemius
muscle

Adductor

attachment
of the tendon of
popliteus muscle

Facet for attachment of
posterior cruciate ligament



Tubercles of intercondylar eminence

Anterior attachment of
medial meniscus

Medial condyle
Roughened and
perforated area

Site of attachment of sartorius,
gracilis, and semitendinosus muscles

Anterior

Shaft of tibia
D
Anterior border

Lateral surface

Interosseous
border

Posterior surface
Posterior
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Attachment of medial meniscus
Attachment of posterior
cruciate ligament

Articular facet for
proximal head of
fibula

Medial
surface

Medial
border

malleolus

Interosseous
membrane

Lateral surface

Anterior

Posterior Posterior surface
border Interosseous border

Medial crest
Posterior surface

Medial malleolus

Groove for tendon of
tibialis posterior muscle

Soleal line

Roughened triangular
area that fits into
fibular groove of tibia

on tibia

Articular surfaces for talus

Lateral malleolus

Groove for fibularis longus

Malleolar fossa
and brevis muscles
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Facet for articulation
with inferior surface
of lateral condyle

of tibia

Attachment site for fibular
collateral ligament of knee

Attachment site for tendon
of biceps femoris muscle

Head Aperture for anterior tibial vessels

Common fibular nerve Interosseous membrane

Lateral surface Interosseous membrane

Anterior border

Posterior tibiofibular ligament

B | Medial surface
/

_ Interosseous
border

Aperture for perforating branch of fibular artery

|__Medial crest on

posteri or surface Anterior tibiofibular ligament
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Posterior border  Posterior surface

Lateral surface —+

Medial part
of posterior
surface

Medial surface /
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Bones of the foot

Metatarsals

Medial
Inla’mediﬁ» Cuneiforms
Lateral

Intermediate

tarsal bone — Navicular

Cuboid
Tuberosity (on undersurfacs)

Talus Medial tubercle
Navicular Talus
Lateral Proximal group
tubercle of tarsal bones
Calkcaneus

Groove for tendon of
flexor hallucis longus

Calcaneus Cuboid
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Hip joint
type: ball-and-socket

Cut synovial membrane

Acetabular labrum
Acetabular fossa

Synovial sleeve

Lunate surface around ligament

Obturator artery
Intracapsular

ligaments

Pubic tubercle

Acetabular Ve Acetabular branch
foramen of obturator artery

Artery of ligament of head

Transverse Ligament of head of femur |
acetabular ligament Obturator foramen

Obturator membrane

Ischial tuberosity
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Hip joint

Extracapsular
ligaments:

Anterior inferior iliac spine

When the hip s

| 2 extended, these
liopubic ' 71 - ligaments become
¢ twisted upon

themselves, pushing
the femoral head more
firmly into the
acetabulum (joint-
stabilizing  function).
During flexion the
Coprdah o 2008 oy Craschill ivkaasions, s ki of Elsswie ey Al s vesievad, ligament fibers are
relaxed.

(4th ligament: zona
orbicularis)




Hip joint- movements

 Flexion: 120°
 Extension: 20°

e Abduction: 40°

* Adduction:0° (30°)
 Rotation: 90°

Circumduction



Knee joint

type: trochoginglimus (hinge and pivot)

A ransverse ligamen
- m-*m Patellar ligament
nfrapatellar fat {eﬂ = 8 B

Joint capsule

ﬁL\\\J_’
T

Popliteus tendon  Lateral meniscus Medial meniscus
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Intracapsular ligaments:

» Anterior cruciate lig.
* Posterior cruciate lig.
* Transverse lig.

* Posterior

meniscofemoral .lig.
Medial = meniscus: C-
shaped.

Lateral meniscus: almost a
complete ring.



Fibular collateral
ligament

Tendon of
popliteus muscle

Biceps femoris

)

Knee joint

lliotibial tract

Altaches to
medial meniscus

Patellar ligament

Tibial collateral
ligament

Extracapsular
ligaments.

Tibial collateral lig.
is broader and fuses
with the articular
capsule and medial
meniscus.

Fibular  collateral
lig. is cord-like and
separates from the
articular capsule.



Knee joint-extracapsular ligaments

Vastus medialis
muscle

astus lateralis —\ whh (s ) )
muscle m 7 Quadriceps femoris
A : y tendon

ibial collateral
igament

\ i / ) Semitendinosus

lliotibial tract

ibular collateral “
I ‘

Patellar ligament =% _
\ Gracilis

Sartorius
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Semimembranosus
tendon

Oblique poplitea
ligament

Popliteus muscle




Knee joint-bursae

Posterior cruciate ligament Anterior cruciate ligament

Infrapatellar fold _ ‘, A Alar fold Quadriceps
: \ : femoris tendon

' .. Articularis
Synovial ‘ genus
membrane

Infrapatellar fat —% —t ) 9 Popliteus

tendon YAY £ 53 7— Suprapatellar
Patella 4 bursa

Pateliar

li nt
Pamne Prepatellar

bursa
Subpopliteal

Patellar
ligament

; Infrapatellar fat
meniscus

| Posterior
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A

Knee joint-movements

Femur

Patella
Meniscus

Tibia

e Flexion: 120-130°

Cc

* Hyperextension: 5° ntafooncytar vagion Patella
: — Surface for

N articulation

with patella

* Voluntary rotation:

Flat surfaces for

°0-60%(internal ool B W R
rotation: 10°, ligament \

Meniscus

external rotation: i P e
30'4‘00) | - C iy Round surfaces for

articulation with

. tibia in flexion
Anterior

cruciate

* Conjunct/terminal b
rotation: 10°
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Interosseous
ligament

Fibula

Lateral
malleolus

Ankle (talocrural) joint
type: hinge

Articular surface
C narrow posteriorly

Medial A\ el
malleolus osiona

Medial malleolu

Articular surface of talus

Lateral malleolus

Anterior

Articular surface wide anteriorly
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Talocrural joint - medial collateral ligament

Viedial ligament of the ankle joint
=DELTOID LIGAMENT

{ Tibiocalcaneal part / Posterior
»- " tibiotalar part

Medial
tubercle
of talus

Tuberosity of Sustentaculum tali
navicular bone of calcaneus bone

Plantar calcaneonavicular ligament
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Talocrural joint - lateral collateral ligament

Malleolar fossa

Posterior

talofibular X\
ligame A y

Malleolar fossa
Posterior \
process of talus ) Posterior
talofibular ligament
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Lateral collateral ligament

Anterior talofibular
ligament (5, 6)

Calcaneofibular
ligament (10)

Lateral malleolus (1)

Tibia (2)

Syndesmosis tibiofibularis
(3,4)

Talus (7)

Collum tali (8)

Caput tali (9)

Interosseous talocalcaneal
ligament (11)

Cervical ligament (12)
Talonavicular ligament (13)
Navicular bone (14)







Talocrural joint - movements

Dorsiflexion: 15°

Plantarfelxion: 40°



Talotarsal joint (lower ankle joint):
talocalcaneonavicular joint and subtalar joint

Navicular

Transverse tarsal
joint

Calcaneo-
cuboid joint

',1.
Talocalcaneo- ‘(‘\‘“P

navicular joint Wﬂl""

Subtalar joint

Calcaneus

Plantar calcaneonavicular ligament
Drake Gray s Anatomy for Students, 2nd Edition.

Bony surfaces: anterior and
middle talar articular

surfaces

and head of the talus

+

anterior and middle

calcaneal articular surfaces,
navicular.

Type: restricted
ball-and-socket



Talotarsal joint (lower ankle joint):
talocalcaneonavicular joint and subtalar joint

Ibularis longus tendon

Plantar
calcaneonavicular

‘ liament:
Tibiocaloaneal part /4 \tostdll connects calcaneus
Tibionavicular part w , to the navicular and
Anterior tibiotalar pa ‘ ) keeps an

W articulating surface
gkl for the head of talus.

of talus

Plantar calcaneo-
navicular ligament

Plantar calcaneocuboid Long plantar

Tuberosity of Sustentaculum tall ligament (short plantar ligament) ligament

navicular bone of calcaneus bone

Calcaneal tubercle B
Calcaneocuboid joint

A
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Plantar calcaneonavicular ligament
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Talotarsal joint (lower ankle joint):
talocalcaneonavicular joint and subtalar joint

Ibularis longus tendon

Lig. plantare longum

b——Lig. calcaneocuboideum
" plantare
Tendo, m.

peroneus longus

Plantar calcaneo-
navicular ligament

: Lig. calcaneonaviculare
. plantare

Plantar calcaneocuboid Long plantar

ligament (short plantar ligament) ligament
Calcaneal tubercle B
---------- AL e Calcaneocuboid joint

A
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Talotarsal joint: talocalcaneonavicular joint and
subtalar joint

Interosseous
talocalcaneal ligament B ony Surfa ces:

posterior talar articular
surface

+

posterior calcaneal
articular surface

Type: pivot joint

Calcaneus
Drake: Gray's Anatomy for Students, 2nd Edition.
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Talotarsal joint: talocalcaneonavicular
joint and subtalar joint

Navicular articular surface
Anterior facet for calcaneus

Middle facet for calcaneus

Interosseous talocalcaneal ligament

Talus

Posterior facet for calcaneus

Anterior facet for talus

Cervical ligament
Middie facet for talus

~Interosseous talocalcaneal ligament

Posterior facet for talus

Lateral talocalcaneal ligament

-~ Calcaneus

Medial talocalcaneal ligament

Lateral and medial
talocalcaneal
ligaments reinforce
the articular
capsule.

Type: pivot joint






Talotarsal joint - ligaments and movements

Anterior talar articular surface on calcaneus

Anterior talar articula
surface on calcaneu

Plantar calcaneonavicular ligament

— Talonavicular igament
7 Middle talar articular
) surface on
- i sustentaculum tali

7 /
‘ v Z _
g

flerosseous talocalcaneal hgamen |

Omy dition.
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,PADS”:
plantarflexion+adduction+supinati
on (inversion)

,DABP”:
dorsiflexion+abduction+pronation
(eversion)



Transverse tarsal (Chopart’s) joint: talocalcaneonavicular
joint and calcaneocuboid joint

| . Type:
Naviouar—I ARG amphyarthrosis.
?:ianr:sverse tarsal
’ A Minimal plantar
fft'ﬁé’?gmt j- L., ~ and dorsal
movements and
rotation.
Supports the
longitudinal

arch of the foot.

Subtalar joint

Calcaneus

Chopart’s

Plantar calcaneonavicular ligament amp utation.
Dmke Gray s Anatomy for Students 2nd Edltlon




Intertarsal joints: Amphyarthroses.

Tarsometatarsal (Lisfranc’s) joints:
Amphyarthrosis. Lisfranc’s amputation.

Metatarsophalangeal joints:

Restricted ball-and-socket. Collateral
and plantar ligaments and deep
transverse metatarsal ligament.

Interphalangeal joints: Hinge.
Collateral ligaments.

Distal Distal phalanx
phalanx

Middle phalanx
Proximal

I

Sesamoid
bones

(on plantar
surface)

Proximal phalanx

Metatarsals

Tuberosity

Drake: Gray's Anatomy for Students, 2nd Edition.
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— Interphalangeal
y | joint

Collateral
ligaments

— Metatarso-
phalangeal
joints

Plantar
ligaments

' — Tarsometatarsal

joints

Deep transverse
metatarsal ligament




Intertarsal joints: Amphyarthroses.

Tarsometatarsal (Lisfranc’s) joints:
Amphyarthrosis. Lisfranc’s amputation.

Metatarsophalangeal joints:
Restricted ball-and-socket. Collateral

and plantar ligaments and deep
transverse metatarsal ligament.

Interphalangeal joints: Hinge.
Collateral ligaments.

J — Interphalangeal
joint

Collateral
ligaments

— Metatarso-
phalangeal
joints

Plantar
ligaments

N — Tarsometatarsal
joints

Deep transverse
metatarsal ligament




Plantar architecture

Tibialis anterior and
Plantar calcaneonavicular ligament posterior tendons

Lateral longitudinal arch

Short plantar ligament

Plantar aponeurosis Long plantar ligament
Drake: Gray's Anatomy for Students, 2nd Edition.
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Lateral Arch

The weight of the body is transmitted to the
talus from the tibia. Then it is transmitted
posteriorly to the calcaneal tubercle and
anteriorly to the heads of the 1st-5th
metatarsals.

The cuneiforms and the bases of the metatarsals
together form the transverse arch. Its
uppermost point is the medial cuneiform.

Arches of foot

Transverse arch
Drake: Gray's Anatomy for Students, 2nd Edition.
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Arches of the foot - ligaments

Plantar aponeurosis: from
calcaneal tubercle to the
plantar surfaces of toes. Works
when the body is standing;
stabilizes the transverse arch as
well. B

Tibialis anterior and
Long plantar ligament: from Plantar calcaneonavicular ligament posterior tendons
calcaneus to the bases of '
metatarsals.  Stabilizes the
bones at the lateral side.

Plantar calcaneocuboid
ligament: from calcaneus to the _ =
Cub Oid bone. StabiliZES the y . Shon p]antar |'|gament
bones at the lateral side. Plantar aponeurosis Long plantar ligament
Drake: Gray's Anatomy for Students, 2nd Edition.
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Plantar calcaneonavicular
ligament: extendes the

articular surface for the head of
talus.



Arches of the foot - muscles

Tibialis ant. + post.: at
the medial side

Tibialis ant. + fibularis
longus: stabize the
transverse arch

Fibularis tertius +
fibularis brevis: at the
lateral side

Other stabilizers:
flexor hallucis longus
abductor hallucis
abductor digiti minimi
flexor digitorum brevis

M. tibialis anterior
et posterior, tendo

Synovial sheath
Flexor hallucis
longus

Flexor digitorum
brevis

Flexor digitorum
longus

Tibialis anterior

Fibularis , \ Tibialis posterior

M. peroneus f Flexor digitorum longus
longus, tendo } /i

Flexor hallucis longus

Drake: Gray's Anatomy for Students, 2nd Edition.
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During walking, many anatomical
features of the lower limbs
contribute to minimizing
fluctuations in the body’s center of
gravity and thereby reduce the
amount of energy needed to
maintain locomotion and produce
a smooth, efficient gait.

They include pelvic tilt in the
coronal plane, pelvic rotation in
the transverse plane, movement of
the knees toward the midline ,
flexion of the knees, and complex
interactions between the hip, knee,
and ankle.

As a result, during walking the
body’s center of gravity normally
fluctuates only 5cm in both vertical
and lateral directions.

Walking

Palvic rotation in transverss plane
mirumizes drop in ceénter of gravity by
wffectivedy lengthening the imbs

Internal rotation
of hip jont

Knae ficoon on full stance. Limb minmizes nse in
center of gravity by effectively shortening the imb

f Canter of gravity with
knae not flaxed
Center of gravity with

\ knee flexed

Movemsant of knees toward medins
{adduction of hup) minimizes latecal
shift in cantar of grayity

With adduction
of hip (knees
Monve toward
midline)

No adaucton
of hip (knees do

/ not move toward
@ midiine)

Lateral sheft in
center of gravity

Palvic tilt {drop) on swing side mmimzes nee in
center of gravity

Abduction on stance
side controls and
limits the drop




Hip muscles

Extensor { I\ Psoas major
(gluteus maximus) NS Hip

flexors

Abductors N W= M7 lliacus (iliopsoas
(gluteus medius -
and gluteus minimus)

Inguinal ligament

Rotators

(piriformis, obturator
internus, gemelli,
quadratus femoris)
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SUPRAPIRIFORM HIATUS

Greater sciatic foramen above
piriformis muscle:
¢ Superior gluteal nerve, artery, vein

esser sciatic foramen:

Obturator internus muscle tendon
Pudendal nerve and internal pudendal
vessels pass into perineum

INFRAPIRIFORM HIATUS

Greater sciatic foramen below
piriformis muscle:

 Sciatic nerve

¢ Inferior gluteal nerve, artery, vein

¢ Pudendal nerve

¢ Internal pudendal artery and vein
¢ Posterior femoral cutaneous nerve

Piriformis muscle

Sacrotuberous
ligament

Sacrospinous
ligament

llioinguinal nerve

Obturator canal:
* obturator nerve
¢ obturator vessels

Gap between inguinal

ligament and pelvic bone:

¢ Psoas major, iliacus,
pectineus muscles

¢ Femoral artery

¢ Femoral vein

¢ Lymphatics

¢ Femoral branch of
genitofemoral nerve

* L ateral cutaneous
nerve of thigh

* Femoral nerve

Drake: Gray's Anatomy for Students, 2nd Edition.
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Pelvis

Superficial branch

Deep branch

Superior gluteal
artery and vein

Piriformis muscle

Lateral femoral
circumflex artery

Medial femoral
circumflex artery

Inferior gluteal
artery and vein

First perforating artery from
deep artery of thigh

Drake: Gray's Anatomy for Students, 2nd Edition.
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Hip flexors-knee extensors

Superficial external iliac artery
Femoral artery
* midway between anterior
superior iliac spine
and pubic symphysis |
inferior to inguinal igament
Superficial external

Deep external pudendal artery
Profunda femoris antery

Artery passes posteriorly
through adductor hiatus and
becomes popliteal artery

D









Adductors

Adductor brevis

Adductor longus

Adductor magnus

Drake: Gray's Anatomy for Students, 2nd Edition.
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Hip extensors-knee flexors

Ischial tuberosity

Quadratus femoris

Adductor magnus

Part of semimembranosus that
inserts into capsule
around knee joint

On anterior aspect of tibia
attaches to pes anserinus

Drake: Gray's Anatomy for Students, 2nd Edition.
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Extensors

Subcutaneous
surface of tiba

Anterior surface

Tibialis | of fibula
anterior Onigin of tibialis-

anterior

Lateral surface
of fibula

Extensor —

e Qrigin of extensor
digitorum

digitorum longus

Origin of extensor
hallucis longus

surface of medial cuneiform
and metatarsal |

Drake: Gray's Anatomy for Students, 2nd Edition.
opyright © 2009 by Churchill Livingstone, an imprint of Elsevier, Inc. All rig







Supertficial flexors

Lateral head of gastrocnem ks

Popliteal vessels and thal nerve

Ligament spanning distance batween
fibular and tibial origins of soleus

+
v
~,

for Students, 2nd Edition.
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Deep flexors

Ongin of fisxor

s
Y

Floxor haflucis

longus
Origin of fisxor

hallucss jongus

Groowe on postenot
surface of talus

Groove on infericr

surface of sustentaculum
tah of cakaneus bone

~,

Drake: Gray's Anatomy for Students, 2nd Edition.
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Pronators

Tendon of flexor
digitorum longus
Tendon of

Posterior
tibialis posterior

Interosseous ! tibial artery
membrane

Tibial nerve

Fibularis —H+ Antaiiar .
'OngUS border of fibula ! ' Tarsal tunnel

Groove on ~_ ( g'rg:”::"s Y . ‘
inferior aspect N z ¥/ — Pulse of post-tibial artery
tendon \ / midway between heel

of cuboid N - :
, Flexor retinaculum : and medial malieolus

Fibularis

brevis Medial
1 cuneiform / Fibularis

f Iongus Calcaneus

Metatarsal |
tendon Drake: Gray's Anatomy for Students, 2nd Edition.
Copyright © 2009 by Churchill Livingstone, an imprint of Elsevier, Inc. All rights reserved.

Fibular trochlea

of calcaneus bone
Gray's Anatomy for Students, 2nd Edition.
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Foot muscles

Flexor digitorum 5 Tendon of fiexor Abduct (dorsal interossei)

longus tendon '\ hallucis longus
Flexor digitorum
brevis tendon

Deep transverse
metatarsal ligaments

Plantar ligaments

Fibrous
digital
sheath

Flexor
hallucis / i 1 First dorsal
brevis 7 ! interosseous

Third plantar

minimi brevis

Abductor
hallucis

digiti minimi
Tendon of fibularis Tendon of tibialis
longus muscle b posterior muscle

Ligamentous

attachment \

between g o Cut plantar aponeurosis
calcaneus and

metatarsal V Calcaneal tuberosity




Foot muscles - plantar side

Superficial transverse
metatarsal ligaments

Anterior arm of inferior
extensor retinaculum

Plantar aponeurosis

Medial process of
calcaneal tuberosity
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Foot muscles - plantar side

Flexor digitorum
longus tendon
Flexor digitorum
brevis tendon

Synovial sheath (2

Fibrous
digital
sheath

Sesamoid
bone

Abductor
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brevis
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attachment
between Cut plantar aponeurosis
calcaneus and
metatarsal V Calcaneal tuberosity
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Foot muscles - plantar side

Adauctor hallucis
|

Caput obliquum S—

Tendon of flexor
hallucis longus

Caput transversum

hallucis
brevis

Flexor digiti
minimi brevis

Tendon of tibialis
posterior muscle

Tendon of fibularis
longus muscle
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Foot muscles - plantar side

Tendon of flexor
hallucis longus

Flexor digiti
minimi brevis

Tendon of fibularis  } \ Tendon of tibialis
longus muscle § : posterior muscle




Foot muscles - plantar side

Cut flexor digitorum — @

brevis tendon \ /
AN

Extensor hood ——

Lumbrical
muscles

Flexor hallucis
longus

=—Flexor digitorum
longus

Quadratus
plantae

i
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Foot muscles - dorsal side

Extensor
digitorum

Synovial
sheaths

digitorum
brevis

hallucis brevis

= Extensor
Ml hallucis longus
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Foot muscles - interossei

a) Dorsal Interossei b) Plantar Interossei



Thank you for your attention.
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