INTRODUCTION TO THE AXIAL SKELETON, VERTEBRAE

The bones of the skeleton form an internal framework:
· To support soft tissuesTypically, 206 bones in an adult skeleton but may vary

· Protect vital organs
· Bear the body’s weight
· Help us move

















Axial skeleton
· Houses sense organs (hearing/ balance/ taste/ smell/ vision)
· Spongy bone of most of the axial skeleton contains hemopoietic tissue, which is responsible for blood cell formation

Skull: facial + cranial bones

Vertebral column
· Each vertebra articulates (except the first and last) with one superior vertebra and one inferior vertebra.

Functions of vertebral column:
1) Providing vertical support for the body
2) Supporting the weight of the head
3) Helping to maintain the upright body position
4) Helping to transfer axial skeletal weight to the appendicular skeleton of the lower limbs
5) Housing and protecting the delicate spinal cord
6) Providing a passageway for spinal nerves that connect to the spinal cord

Division of vertebral column:
· Cervical
-C1-C7
-C1 articulates superiorly with the occipital condyles of the occipital bone of the skull
· Thoracic
-T1-T12
-articulates laterally with one or two pairs of ribs
· Lumbar
-L1-L5
· Sacrum
-S1-S5
-fuse into a single bony structure by the mid to late 20s
-also articulates laterally with the two ossa coxae (hip bones)
· Coccyx
-Co1-Co4
-“tail-bone”
-(coccygeal vertebrae)
-may fuse to sacrum 

Spinal curvatures:
1) Cervical curvature
2) Thoracic curvatureAppear sequentially during fetal, newborn and child developmental stages

3) Lumbar curvature
4) Sacral curvature


Primary curves = accommodation curves (2 and 4)
· They accommodate the thoracic and abdominopelvic viscera

Secondary curves= compensation curves (1 and 3)
· After birth
· Curves arch anteriorly
· They help shift the trunk weight over the legs

Spinal curvature abnormalities= may be caused by poor posture, congenital defects in the structure of the vertebrae, or weakness or paralysis of muscles of the trunk. 







	Name
	KYPHOSIS
	LORDOSIS
	SCOLIOSIS

	Where
	Exaggerated thoracic curvature that is directed posteriorly
	Exaggerated lumbar curvature
	Abnormal lateral curvature

	Slang name
	“hunchback” 
	“swayback”
	MOST COMMON!!

	Results from
	-osteoporosis
-vertebral compression fracture
-osteomalacia
-heavy weight lifting during adolescence
-abnormal vertebral growth
-chronic contractions in muscles that insert on vertebrae
	-same as kyphosis
-added abdominal weight (pregnancy/ obesity)

Other info:
Protrusion of the abdomen and buttocks

	-during development when both the vertebral arch and body fail to form, or form incompletely on one side of a vertebra
-unilateral muscular paralysis, or spasm in back



Vertebral anatomy
· Anterior region of each vertebra is a rounded or cylindrical body = centrum
-weight-bearing structure of almost all vertebrae
· Posterior to the vertebral body is the vertebral arch = neural arch
· Vertebral foramen: together the vertebral arch and body enclose a roughly circular openingWith pictures

· Vertebral canal: stacked vertebral foramina (contains spinal cord)
· Intervertebral foramina: lateral opening between adjacent vertebrae 
-provides a horizontally directed passageway though which spinal nerves travel to other parts of the body
· Vertebral arch: 2 pedicles + 2 laminas
Pedicle: originates from the posterolateral margins of the body
Lamina: extends posteromedially from the posterior edge of each pedicle
· Spinous process projects posteriorly from the left and right laminae
· Transverse processes: lateral projections on both sides of vertebral arch
· Articular process: inferior & superior -> articular facet
· The vertebral bodies are interconnected by ligaments 

Intervertebral discs
· Pads of fibrocartilage
· Outer ring of fibrocartilage = annulus fibrosus
· Inner circular region content = nucleus pulposus 
· In general, the vertebrae are smallest near the skull and become larger moving inferiorly through the body’s trunk as weight bearing increases
· Intervertebral discs are ale to withstand a certain amount of compression (body weight + gravity)

ANULUS FIBROSUS
· Covers each intervertebral disc 
· Contains collagen fibers that attach the disc to the bodies of adjacent vertebrae
Functions:
1) Binds the vertebral bodies together to provide stability
2) Permits motion between the vertebral bodies (spiral and oblique fibers)
3) Acts as a ligament to check motion
4) Retains the nucleus pulposus
5) Acts as a shock absorbing mechanism 

NUCLEUS PULPOSUS
· Has a high water content giving it a gelatinous consistency + retinacular and elastic fibers
Functions:
1) Acts as a shock absorbing mechanism
2) Equalizes stress
3) Important in the exchange of fluid between the disk and capillaries in the vertebral column
4) The axis of movement between two adjacent vertebrae runs vertically through it

Atlas C1
· Supports the head via its articulations with the occipital condyles of the occipital bone
· The articulation between the occipital condyles and the atlas, called the atlanto-occipital joint, permits us to nod “yes”
· Lacks a body and spinous process
· Anterior and posterior: arches & tuberclesFigure 7.30 a)/ page 210

· Superior/ inferior articular faces
· Facet for dens 

Axis C2
· Dens rests in the articular facet for dens of the atlas, where is is held in place by a transverse ligament
· The dens acts as a pivot for the rotation of both the atlas and the skull. This articulation between the atlas and axis, called the atlantoaxial joint, permits us to say “no”

Vertebral prominens C7
· Represents a transition to the thoracic vertebral region and has some features of thoracic vertebrae 

Sacrum
· An anteriorly curved somewhat triangular bone that forms the posterior wall of the pelvic cavity
· Apex
· Base
· The lateral sacral curvature is more pronounced in males than in females
· Transverse ridges: lines of fusion
· Superior/ inferior articular processes
· Sacral canal -> sacral hiatus
· Sacral cornua: on either side of the sacral hiatus are bony projections
· Promontory: the anterosuperior edge of the first sacral vertebra bulges anteriorly into the pelvic cavity
· Anterior sacral foramina permit the passage of nerves into the pelvic organs
· Median sacral crest: dorsal ridge is formed by the fusion of the spinous processes of individual sacral vertebra
· Posterior sacral foramina: on the dorsal surface of the sacrum are 4 pairs of openings for spinal nerves
· Ala
· Auricular surface: marks the site of articulation with the os coxae of the pelvic girdle
· Sacroiliac joint

Coccyx
· The first and second coccygeal vertebrae have unfused vertebral arches and transverses processes
· The prominent laminae of the first coccygeal vertebrae are known as the coccygeal cornua, which curves to meet the sacral cornua

Intervertebral articulations
· Occur between the bodies of the vertebrae, as well as between the superior and inferior articular processes of the adjacent vertebrae
· Anterior longitudinal ligament is a thick, sturdy ligament that attaches vertebral bodies and intervertebral discs at their anterior surfaces
· Posterior longitudinal ligament attaches the posterior aspects of the vertebral bodies and discs
· Interspinous ligament interconnects the spinous processes of the adjacent vertebrae. (Their angled fibers merge with the supaspinous ligament)
· Supraspinous ligament interconnects the tips of the spinous processes from C7 to the sacrum
· Ligamentum nuchae is the part of the supraspinous ligament that extends between C7 and the base of the skull
· Ligamentum flavum connects laminae of adjacent vertebrae 




BONES, JOINTS AND LIGAMENTS OF THE PELVIS (230-237)
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Coxa = hip
Femur = thigh
Genu = knee
Sura = calf
Talus = ankle
Pes = foot
Calx= heel
Planta = sole
Hallux = large toe 


Pelvis:
· Composed of four bones: sacrum, coccyx, right and left ossa coxae (hip bone)
· Protects and supports the viscera in the inferior part of the ventral body cavity
· When a person is standing up, the pelvis is tipped slightly anteriorly

Pelvic Girdle:
· Left and right ossa coxae only

Os coxae
· Commonly referred to as the hip bone (or sometimes coxal bone or innominate bone)
· Formed from three separate bones: ileum, ischium, pubis
· Three bones fused between the ages 13 and 15
· Each os coxae articulates posteriorly with an auricular surface of the sacrum at the sacroiliac joint
· Femur articulates with a deep, curved depression on the lateral surface = acetabulum (region where the 3 bones have fused)
· Acetabulum contains the lunate surface (C shaped) and articulates with the femoral head

Ileum 
· Largest from the three coxal bones 
· Forms the superior region of the os coxae
· Ala terminates inferiorly at a ridge called the arcuate line on the medial surface
· On the medial side of the ala is a depression termed the iliac fossa
· The auricular surface is where the ileum articulates with the sacrum at the sacroiliac joint
· Posterior inferior iliac spine is adjacent to a prominent greater sciatic notch = sciatic nerve travels to the lower limb

Ischium
· Fuses with ileum near the superior and posterior margins of the acetabulum 
· Ischial tuberosities are also called sitz bones because they support the weight of the body when seated
· An elongated ramus of the ischium extends from the ischial tuberosity towards its anterior fusion with the pubis

Pubis
· Fuses with the ileum and ischium at the acetabulum
· Ischial ramus fuses anteriorly with the inferior pubis ramus to from the ischiopubic ramus 
· Pubic tubercle is an attachment site for the inguinal ligament
· Symphysial surface denotes the site of articulation between the pubic bones
· On the medial surface of the pubis, the pectineal line originates and extends diagonally across the pubis to merge wit the arcuate line
True and false pelves

Pelvic brim: 
· continuous oval ridge that extends from the pubic crest, pectineal line, and arcuate line to the rounded inferior edges of the sacral ala and promontory 
· helps subdivide the entire pelvis into a true and a false pelvis
· True pelvis = inferior to the pelvic brim; it encloses the pelvic cavity and forms a deep bowl that contains the pelvic organs
· False pelvis = superior to the pelvic brim; it is enclosed by the ala of the iliac bones and forms the inferior region of the abdominal cavity and houses the inferior abdominal organs

Pelvis inlet:
· Superiorly positioned space enclosed by the pelvic brim
· Opening at the boundary between the true and false pelvis 
· The pelvic brim is the bony oval ridge of bone, whereas the pelvis inlet is the space surrounded by the pelvic brim. 

Pelvis outlet:
· Inferiorly placed opening bounded by the coccyx, the ischial tuberosities, and the inferior border of the pubic symphysis
· Covered with muscles and skin and forms the body region called the perineum 
· Males: ischial spines sometimes project into the pelvic outlet, thereby narrowing the diameter of this outlet
· Females: ischial spines rarely project into the outlet
· Subpubic angle (or pubic arch) is the angle formed when the left and right pubic bones are aligned at their pubic symphyses













Sex differences between the female and male pelves

· Females tend to have a preauricular sulcus = depression/ groove between the greater sciatic notch and the sacroiliac articulation
Page 237

	Features
	FEMALE
	MALE

	General appearance
	Less massive; gracile processes, less prominent muscle markings
	More massive; more robust processes, more prominent muscle markings

	General width
	Hips are wider, more flared
	Hips are narrower and more vertically oriented, less flared

	Pelvic inlet
	Spacious, wide, and oval
	Heart-shaped

	Acetabulum
	Smaller
	Larger

	Greater sciatic notch
	Wide and shallow
	Narrow and U-shaped, deep

	Ileum
	Shallow: does not project far above sacroiliac joint
	Deep: projects farther above sacroiliac joint

	Obturator foramen
	Smaller and triangular
	Larger and oval

	Subpubic angle
	Broader, more convex, usually greater than 100 degrees
	Narrow, V-shaped, usually less than 90 degrees

	Body of pubis
	Longer, more rectangular
	Shorter, triangular

	Preauricular sulcus
	Usually present
	Usually absent

	Sacrum
	Shorter and wider, flatter sacral curvature
	Narrower and longer; more curved (greater sacral curvature)

	Coccyx
	Posterior tilt
	Vertical

	Ischiopubic ramus
	Narrow and sharp
	Broad and flat

	Ischial spine
	Rarely projects into pelvic outlet
	Frequently rotated inward, projects into pelvic outlet





BONES, JOINTS AND LIGAMENTS OF THE LOWER EXTREMITY (236-246, 274-286)

Lower Limb
· The bones of the lower extremity are adapted for weight bearing and locomotion
 Each limb contains 30 bones:
· 1 femur, located in the femoral region
· 1 patella (kneecap), located in the patellar region
· 1 tibia and 1 fibula, located in the crural region
· 7 tarsal bines, which form the bones of the ankle and proximal foot
· 5 metatarsal bones, which form the arched part of the foot
· 14 phalanges, which form the toes
Femur
· Longest, strongest, heaviest bone in the body
· Neck joins the shaft of the femur at an angle = medial angling of the femur which brings the knees closer to the midline
· Medial supracondylar ridge terminates in the adductor tubercle
· Thigh

Patella
· Sesamoid bone
· Located within the tendon of the quadriceps femoris muscle
· Protects knee joint and allows the tendon of the quadriceps femoris to glide more smoothly
· Base = broad
· Apex = pointed

Tibia and Fibula
· Leg
· These two bones connected by interosseous membrane = DENSE REGULAR CT
-stabilizes the relative position of the tibia and fibula
-provides a pivot of minimal rotation for these two bones
· Tibia is medial and the only weight-bearing bone of the crural region


Tarsals, Metatarsals, and Phalanges

Tarsals:
· Calcaneus = largest tarsal bone which form the heel 
· Talus = second largest tarsal bone and articulates with the articular surface of the tibia
· Navicular = medial side of the ankle
· Three cuneiform bones = medial cuneiform, intermediate cuneiform, lateral cuneiform 
They articulate proximally with the anterior surface of the navicular bone.
· Cuboid = laterally placed and articulates at its medial surface with the lateral cuneiform and the calcaneus
· The distal surfaces of the cuboid bone and the cuneiform bones articulate with the metatarsals bones of the foot.

Metatarsals:
· Metatarsals I through III articulate with the three cuneiform bones
· Metatarsals IV and V articulate articulate with the cuboid bone
· Head of the first metatarsals: two tiny sesamoid bones which insert on the tendons of the flexor hallucis brevis m. 

Phalanges:
· Great toe is the hallux: 2 phalanges (proximal and distal) 
Arches of the foot

3 arches of the foot: 
1. Medial longitudinal
2. Lateral longitudinal
3. Transverse arch

Medial longitudinal:
· Highest 
· Extends from the heel to the great toe
· Formed from the calcaneus, talus, navicular, cuneiform bones, and metatarsals I to III
· Prevents the medial side of the foot from touching the ground and gives our footprint its characteristic shape

Lateral longitudinal:
· Lateral part of the foot does contribute to a footprint
· Extends between the little toe and the heel
· Formed from the calcaneus, cuboid bones and metatarsals IV to V

Transverse arch:
· Runs perpendicular to the longitudinal arches
· Formed by the distal row of tarsals (cuboid and cuneiform) and the bases of all five metatarsals

Aging of the Appendicular Skeleton
· Bones become more fragile and susceptible to fracture: osteoporosis 
· Articulating surfaces deteriorate: osteoarthritis 
· Bunion: localized swelling at the first metatarsophalangeal joint. This bump causes that toe to point toward the second toe. 
Cause: wearing shoes that fit too tightly and most common foot problems246

· Pes cavus: (clawfoot) characterized by excessively high longitudinal arches. The joints between the metatarsals and proximal phalanges are overly extended, and the joints between the different phalanges are bent so that they appear clawed. 
· Talipes equinovarus: (congenital clubfoot) the feet are permanently inverted (twisted medially), and the ankles are plantarflexed (twisted more posteriorly)
Cause: when there isn’t enough room in the womb
· Pes planus: (flat feet) occurs when the medial longitudinal arch is flattened so that the entire sole touches the ground
Cause: excessive weight, postural abnormalities, or weakened supporting tissue
· Metatarsal stress fracture 
Cause: repetitive pressure or stress on the foot causes a small crack to develop in the outer surface of the bone (runners) 
	JOINTS
	ARTICULATION COMPONENTS
	STRUCTURAL CHARACTERISTICS
	FUNCTIONAL CLASSIFICATION
	LIGAMENTS
	DESCRIPTION OF MOVEMENT

	Sacroiliac
	Auricular surfaces of sacrum and ilia
	Synovial (plane)
	Diarthrosis
	-
	Slight gliding; more movement during
 pregnancy and childbirth

	Hip (coxal)
	Head of femur and acetabulum of os coxae
	Synovial (ball-and-socket)
	Diarthrosis
	Acetabular labrum
Retinaculum fibers
Iliofemoral 
Ischiofemoral
Pubofemoral
Ligamentum teres
	Abduction, adduction, circumduction, 
extension, flexion, medial and lateral rotator
of thigh

	Pubic symphysis
	Two pubic bones
	Cartilaginous (symphysis)
	Amphiarthrosis
	-
	Very slight movements; more movement 
during childbirth

	Knee
	Patellofemoral joint: patella and patellar surface of femur
TIbiofemoral joint: condyles of femur and condyles of tibia
	Patellofemoral jt: both synovial (acts as hinge) and synovial (plane) 
Tibiofemoral jt: synovial (acts as hinge)
	Diarthrosis
	Patellar lig
LCL/ MCL 
Med and lat meniscus
ACL/ PCL
	Extension, flexion, lateral rotation of 
leg in flexed position, slight medial rotation

	Tibiofibular
	Superior joint: head of fibula and lateral condyle of tibia
Inferior joint: condyles of femur and condyles of tibia
	Superior jt: synovial (plane)
Inferior jt: fibrous (syndesmosis)
	Amphiarthrosis
	-
	Slight rotation of fibula during dorsiflexion
 of foot 

	Talocrural (ankle)
	Distal end of tibia and medial malleolus with talus
Lateral malleolus of fibula and talus
	Synovial (hinge)
	Diarthrosis
	Deltoid lig
Lateral lig
And/ Post tibiofibular 
lig
	Dorsiflexion and plantarflexion

	Intertarsal
	Between the tarsal bones
	Synovial (plane)
	Diarthrosis
	
	Eversion and inversion of foot

	Tarsometatarsal
	Three cuneiforms (tarsal bones), cuboid, and bases of five metatarsal bones
	Synovial (plane)
	Diarthrosis
	
	Slight gliding

	Metatarsophalangeal (MP joints)
	Heads of metatarsals and bases of proximal phalanges
	Synovial (condylar)
	Diarthrosis
	
	Abduction, adduction, circumduction, 
extension, and flexion of proximal phalanges

	Interphalangeal (IP joints)
	Heads of proximal and middle phalanges with bases of middle and distal phalanges
	Synovial (hinge)
	Diarthrosis
	
	Extension and flexion of phalanges



Joints of the pelvic girdle and lower limbs

Hip (Coxal) joint
· A fibrocartilage acetabular labrum deepens the socket.
· Much stronger and more stable than the glenohumeral joint because it supports weight
· More stable, less mobile
· Secured by a strong articular capsule: extends from the acetabulum to the trochanters of the femur, enclosing both the femoral head and neck (the arrangement prevents the head from moving away from the acetabulum) 
· Retinaculum fibers provide additional stability to the capsule (retinacular arteries supply almost all the blood to the head and neck of the femur)
· Iliofemoral lig is a Y-shaped lig that provides strong reinforcement for the anterior region of the articular capsule
· Ischiofemoral lig is a spiral shaped, posteriorly located lig
· Pubofemoral lig is a triangular thickening of the capsule’s inferior region
· Ilio-ischio-pubo-femoral ligs get stretched when the hip joint is extended
· Ligamentum teres (ligamend of head of femur) originates along the acetabulum: contains a small artery that supplies the head of the femur 
· Angle of inclination 
Coxa valga (valgum): 170˚
Coxa vara (varum): 90˚
· Angle of anteversion
Retroversion (15˚ normal) 

Knee joint
· Largest and most complex diarthrosis of the body
· Primary function: hinge joint
· When knee flexed, also capable of slight rotation and lateral gliding
· Two separate articulations: tibiofemoral and patellofemoral joint 
· Has an articular capsule that ONLY encloses the medial, lateral, and posterior regions of the knee joint
· Articular capsule does NOT cover the anterior surface of the knee joint = quadriceps femoris muscle tendon passes over the anterior surface + patella 
· Patellar lig extends beyond the patella and continues to its attachment on the tibial tuberosity of the tibia
· Fibular collateral lig (lateral collateral lig = LCL) reinforces the lateral surface of the joint
-runs from the femur to the fibula (round and short)
-bursa between it and popliteus 
-stabilizes lateral knee with the: tendon of biceps femoris muscle, tendon of popliteus muscle and iliotibial band 
-PREVENTS hyperadduction of the leg at the knee 
· Tibial collateral lig (medial collateral lig = MCL) reinforces the medial surface of the joint 
-runs from the femur to the tibia (long flat ligament)
-helped by semimembranosus muscle in medial stability of knee 
-with LCL and semimembranosus stops hyperexternsion 
-PREVENTS hyperabduction of the leg at the knee 
-this lig also attached to the medial meniscus of the knee joint
-so an injury to the tibial collateral lig usually affects the medial meniscus 
· Deep to the articular capsule and within the knee joint itself: part of C-shaped fibrocartilage (avascular) pads located on the condyles of the tibia
-Medial meniscus and lateral meniscus 
-partially stabilize the joint
-act as cushions between articular surfaces 
-facilitate lubrication 
· Cruciate ligaments limit the anterior and posterior movement of the femur on the tibia
-form an X
	Anterior cruciate lig (ACL)
	Posterior cruciate lig (PCL)

	· runs from the posterior femur to the anterior side of the tibia
· when the knee is extended, the ACL is pulled tight and prevents hyperextension
· prevents the tibia from moving too far anteriorly on the femur
· prevents external tibial rotation and anterior glide of tibia on femur
	· runs from the anteroinferior femur tot the posterior side of the tibia
· PCL becomes stretched on flexion so it prevents hyperflexion of the knee joint
· Also prevent posterior displacement of the tibia on the femur
· Prevents excessive tibial interbal rotation and posterior glide of tibia 



Knee Bursae:
Prepatellar: increase the fluid inside the bursae
Suprapatellar: swelling above the patella
Infrapatellar: right behind the patella tendon

Talocrucal Joint (ankle):
· Permits dorsiflexion and plantarflexion
· Two articulations: 
1) between the distal end of the tibia and the talus
2) between the distal end of the fibula and the lateral aspect of the talus 
· The medial and lateral malleoli of the tibia and fibula prevent the talus from sliding slide to slide
· Articular capsule covers the distal surfaces of the tibia, medial malleolus, lateral malleolus and talus
· Deltoid ligament (medial lig) binds the tibia to the foot on the medial side
-prevents overeversion of the foot
-incredibly strong and rarely tears
· Lateral lig binds the fibula to the foot on the lateral side 
-prevents overinversion of the foot
-prone to sprains and tears 
· Two tibiofibular ligaments (post/ant) bing the tibia to the fibula

Joint of the foot:
· Four types of synovial joints occur in the foot:
1) Intertarsal joints: where inversion and eversion occur 
2) Tarsometatarsal joints: the medial, intermediate, and lateral cuneiform bones articulate with the first three metatarsals. The fourth and fifth metatarsal articulate with the cuboid.
3) Metatarsophalangeal joints
4) Interphalangeal joints

Disease and aging of the joints
· Prior to the closure of the epiphyseal plates in early adulthood, some injuries to a young person may result in subluxation or fracture of an epiphysis
· Arthritis is a disease that involves damage to articular cartilage
· Aging joints = osteoarthritis (degenerative arthritis)
· Exercise: 
1) compresses the articular cartilages, causing synovial fluid to be squeezed out of the cartilage and then pulled back inside the cartilage matrix. This flow of fluid gives the chondrocytes within the cartilage the nourishment required to maintain their health
2) strengthen the muscles that support and stabilise the joint

Development of the joints
· Joints start to form by the sixth week of development and become better differentiated during the fetal period
· Some of the mesenchyme around the developing bones, develops into the CT of the articulations
· The mesenchyme around the articulating bones differentiates into the components of a synovial joint
· The most laterally placed mesenchyme forms the articular capsule and supporting the ligaments of the joints,
· Medial to this region, the mesenchyme forms the synovial membrane, which then starts secreting synovial fluid into the joint cavity,
· The centrally located mesenchyme differentiate in on of three ways, depending on the type of synovial joint:
1) The centrally located mesenchyme is resorbed, and a free joint cavity forms. (interphalangeal joints of the fingers and toes).
2) The centrally located mesenchyme forms incomplete cartilaginous rings or block called menisci, which serve as shock absorbers in joints (knee joint). 
3) The centrally located mesenchyme condenses and forms a cartilaginous articular disc within the joint cavity. The articular disc assists the movement of the articulating bones. (SC, AC and radiocarpal jt)


“Locking the knee”
· Important aspect of the bipedal locomotion is the ability to “lock” the knees in the extended position 
· At full extension: the tibia rotates laterally to tighten the ACL and squeeze the meniscus between the tibia and the femur
· Muscular contraction by the popliteus muscle unlocks the knee joint; contraction of this muscle causes a slight rotational movement between the tibia and the femur



CLINICAL VIEWS
Fracture of the femoral neck
· Common and complex injury
· “fractured hip” but the os coxae isn’t broken, just the femoral neck
· When the femoral neck breaks, the pull of the lower limb muscles causes the leg to rotate laterally and shorten by several inches.
· 2 types: intertrochanteric and subcapital
	Intertrochanteric fractures
	Subcapital fractures

	· occur distally to or outside the hip articular capsule = extracapsular fractures
· fracture line runs between the greater and lesser trochanters
· occurs in younger and middle-aged individuals in response to trauma
	· occur within the hip articulat capsule, very close to the head of the femur itself = intracapsular fractures
· usually occurs in elderly people whose bones have been weakened by osteoporosis
· result in tearing off the retinacular fibers and the retinacular arteries that supply the head and the neck of the femur = no blood supply
· ligament to the head of the femur may by torn as well
· no blood supply = avascular necrosis = death of the bone tissue due to lack of blood
· hip replacement surgery is needed







Knee ligament and cartilage injuries
	
	MCL
	LCL
	ACL
	PCL

	Injured when
	The leg is forcibly abducted at the knee
(because the MCL is attached to the medial meniscus it may be injured as well)
	Hyperadduction of the leg at the knee 
	Leg hyperextended
	Leg is hyperflexed or if the tibia id driven posteriorly on the femur

	Hit on the 
	Lateral side
	Medial side
	

	Injuries
	Frequently
	Rare 
	Prone to injury because weaker than the other knee ligaments
	Rarely because lig strong



To test the ACL injury: physician gently tugs anteriorly the tibia = anterior drawer test, too much forward movement indicates an ACL tear. 

To test the PCL injury: physician gently pushes posteriorly on the tibia = posterior drawer test, too much posterior movement indicates a PCL tear. 

** Menisci also may be prone to injury. Tears in the meniscus may occur due to blows to the knee or due to general overuse os the joint. Because the menisci are composed of fibrocartilage, they cannot regenerate and often must be surgically treated. 

Unhappy triad: MCL, medial meniscus and ACL
· Most common football injury
· Lateral blow to the knee, and the leg is forcibly abducted and laterally rotated

Treatment of ligamentous knee injuries
· Depends upon the severity and type of injury
· Conservative treatment involves immobilizing the knee for a period of time to rest the joint
· Surgical treatment can include repairing the torn ligaments or replacing the ligaments with a graft from another another tendon or ligament
· Arthroscopy is a type of conservative surgical treatment where a small incision is made in the knee and then an arthroscope is inserted in the knee, allowing the surgeon to clearly see the surgical area without having to make large incisions

Ankle sprains
· Sprain = stretching or tearing of ligs, without fracture or dislocation of the joint 
· Results when the foot is twisted = overinversion 
-fibers of the lateral ligs are either stretched or torn (mild sprains) or torn (more severe sprains) producing swelling and tenderness anteroinferior to the lateral malleolus
· Overeversion sprains rarely occur due to the deltoid lig. If occurs, a pott fracture may result. 
· Ligaments are composed of dense regular CT which is poorly vascularized. Tissue that is poorly vascularized takes a long time to heal.

Joint replacement
· Arthroplasty may be performed after failure of other nonsurgical approaches.
· Surgery involves removing the damaged cartilage and joint surface, modifying the bone architecture to align the joint properly, and then a metal or plastic prosthetic is implanted to replace the joint surface. 


MUSCLES OF THE PELVIS AND LOWER EXTREMITY (375-394)

Muscles that move the hip joint/ thigh
· Moving the thigh = moving the hip joint

Fascia lata:
· Deep fascia of the thigh
· Encircles the thigh muscles like a supportive stocking and tightly binds them
· Partitions the thigh muscles into compartments, each with its own blood and nerve supply

· 
· Anterior compartment: extend the knee or flex the thigh
· Posterior compartment: flex the knee or extend the thigh (some abduct the thigh)
· Medial compartment: adductors of the thigh
· Lateral compartment: abductors of the thigh


· Most muscles that act on the thigh originate on the os coxae and insert on the femur
· Stabilize the hip joint and support the body during standing and walking
· Tensor fasciae latae attaches to a lateral thickening of the fascia lata = iliotibial band 



	Anterior thigh
	Posterior thigh (hamstring)
	Medial thigh
	Lateral thigh
	Gluteal group
	Deep muscles of the gluteal region

	Psoas major
	Biceps femoris (long, short head)
	Adductor longus
	Tensor fasciae latae
	Gluteus maximus
	Piriformis

	Psoas minor
	Semimembranosus
	Adductor brevis
	
	Gluteus medius
	Superior gemellus

	Iliacus
	Semitendinosus
	Gracilis
	
	Gluteus minimus
	Obturator internus

	Sartorius 
	
	Pectineus
	
	
	Inferior gemellus

	Rectus femoris
	
	Adductor magnus 
	
	
	Quadratus femoris

	
	
	Obturator externus
	
	
	






	Abduction
	Adduction
	Extension
	Flexion
	Lateral Rotation
	Medial Rotation

	Gluteus medius
	Adductor brevis, longus, magnus
	Gluteus maximus
	Iliopsoas group
	Adductor magnus (hamstring part)
	Gluteus medius

	Gluteus minimus
	Gracilis
	Adductor magnus (hamstring part)
	Adductor brevis, longus, magnus (adductor part)
	Gluteus maximus
	Gluteal minimus

	Tensor fasciae latae
	Pectineus
	Biceps femoris (long head)
	Pectineus
	Sartorius
	Tensor fascia latae

	
	
	Semimembranosus
	Sartorius
	Obturator externus
	

	
	
	Semitendinosus
	Rectus femoris
	Obturator internus
	

	
	
	
	Gracilis
	Piriformis
	

	
	
	
	Tensor fascia latan
	Superior gemellus
	

	
	
	
	
	Inferior gemellus
	

	
	
	
	
	Quadratus femoris
	



Thigh muscles that move the knee joint/leg
· Muscles in the thigh are separated by deep fascia into anterior, medial and posterior compartments

	Anterior thigh (extensors)
	Leg flexors

	Quadriceps femoris:
-rectus femoris
-vastus intermedius
-vastus lateralis
-vastus medialis
	Sartorius

	
	Gracilis

	
	Hamstrings:
-biceps femoris
-semimembranosus
-semitendinosus



· The patella becomes encased in the quadriceps tendon and ligament.
· The quadriceps femoris extends the knee when you stand up, take a step, or kick a ball. It is very important in running because it acts with the Iliopsoas to flex the hip while the leg is off the ground.
· Sartorius muscle = longest muscle = “tailor’s muscle” because it helps us sit cross-legged.
· The short head of the biceps femoris cannot move the thigh but it does help the other hamstring muscles in flexing the leg.
· Semimembranosus DEEP to semitendinosus 
· Pes anserine group: Gracilis, sartorius, semitendinosus 
Leg muscles 
· Crural muscles: the muscles that move the ankle, foot and toes
· Deep fascia partitions the leg musculature into three compartments (anterior, lateral, and posterior), each with its own nerve and blood supply
· Gastrocnemius = “calf” 
· Gastrocnemius + soleus = triceps surae
-together they are the most powerful plantarflexors of all the leg muscles
-they share a common tendon of insertion, the calcaneal tendon (Achilles tendon)
· Popliteus medially rotates the tibia slightly to “unlock” the fully extended knee joint. This muscle originates and inserts in the popliteal region, so it only moves the knee, not the foot. 

	Anterior compartment = dorsiflexion and toe extensors
	Lateral compartment = eversion and weak plantarflexion
	Posterior compartment = plantarflexion, flexion of the leg and toes

	Extensor digitorum longus
	Fibularis longus
	Superficial layer:
	Deep layer:

	Extensors hallucis longus
	Fibularis brevis
	Gastrocnemius
	Flexor digitorum longus

	Fibularis tertius
	
	Soleus
	Flexor hallucis longus

	Tibialis anterior
	
	Plantaris 
	Tibialis posterior

	
	
	
	Popliteus 




ACTIONS AT THE KNEE JOINT/LEG
	Extension
	Flexion

	Quadriceps femoris:
-rectus femoris
-vastus lateralis
-vastus intermedius
-vastus medialis 
	Sartorius

	
	Gracilis

	
	Adductor longus, brevis, magnus

	
	Biceps femoris

	
	Semimembranosus 

	
	Semitendinosus 

	
	Gastrocnemius 

	
	Popliteus 

	
	(Plantaris) 



Intrinsic muscles of the foot
· Support the arches and move the toes to aid locomotion
· Extensor hallucis brevis extends the MP joint of the great toe
· Extensor digitorum brevis is deep to the tendons of the extensor digitorum longus and it extend the MP, PIP and DIP joints of toes 2-4. 
· Plantar surface of the foot is supported by the plantar aponeurosis. This aponeurosis extends between the phalanges of the toes and the calcaneus. It also encloses the plantar muscles of the foot.
· 4 dorsal and 3 palmar interossei
· Dorsal interossei = ABDUCTS the toes
Palmar interossei = ADDUCTS the toes              PAD-DAB

	Dorsal surface = toe extensors
	Plantar surface = toe flexors, adductors, abductors

	Extensor hallucis brevis
	Layer 1 
	Layer 2
	Layer 3
	Layer 4

	Extensor digitorum brevis
	Flexor digitorum brevis
	Quadratus plantae
	Adductor hallucis
	Dorsal interossei

	
	Abductor hallucis
	Lumbricals 
	Flexor hallucis brevis
	Plantar interossei 

	
	Abductor digiti minimi
	
	Flexor digiti minimi brevis
	




ACTIONS FOOT
	Dorsiflexion
	Plantarflexion
	Eversion
	Inversion

	Tibialis anterior
	Gastrocnemius
	Fibularis longus
	Tibialis posterior

	Extensors digitorum longus
	Soleus
	Fibularis brevis
	Tibialis anterior

	(Extensors hallucis longus)
	Flexor digitorum longus
	(Fibularis tertius)
	

	(Fibularis tertius)
	Flexor hallucis longus
	
	

	
	Tibialis posterior
	
	

	
	(Fibularis longus)
	
	

	
	(Fibularis brevis)
	
	

	
	(Plantaris)
	
	




ACTION TOES
	Extension
	Flexion
	Abduction
	Adduction

	Extensor digitorum longus
	Flexor digitorum longus
	Abductor hallucis
	Adduction hallucis

	Extensor hallucis longus
	Flexor hallucis longus
	Abductor digiti minimi
	Plantar interossei

	Extensor digitorum brevis
	Flexor digitorum brevis
	Dorsal interossei
	

	Extensor hallucis brevis 
	Flexor hallucis brevis
	
	

	
	Flexor digiti minimi brevis
	
	




CLINICAL VIEWS
Thigh muscle injuries
Groin pull
· Caused by tearing, stretching or straining the proximal attachments of the medial muscles of the thigh- the adductor muscles and/or the iliopsoas muscle.
· Frequently results from activities that involve rapid acceleration (football, soccer…)
Strained or pulled hamstrings
· Common in athletes who perform quick start starts and stops, run very fast, or sustain sudden lateral or medial stress to the knee joint
· Prevent: warm up and stretch before activity 

Plantar fasciitis
· Inflammation caused by chronic irritation of the plantar aponeurosis (fascia)
· Frequently causes by overexertion that stresses the plantar fascia, but it may also be related to age, as loss os elasticity in the aponeurosis
· Also associated with weight-bearing activities (bad shoes, always walking, lifting heavy objects)
· Heel pain in runners

Shin splints and compartment syndrome
Shin splints
· Refers specifically to soreness or pain somewhere along the length of the tibia, usually on the inferior portion
· Stress factures on the tibia
· Tendonitis involving muscles of the anterior compartment muscles of the leg, often the tibialis anterior muscle
· Inflammation of the periosteum (periostitis)
· Runners, bad shoes, hard surface

Compartment syndrome
· Condition in which the blood vessels within a limb compartment become compressed as a result of inflammation and swelling secondary to muscle strain, contusion, or overuse
· Because the deep fascia is tight and cannot stretch, swelling from muscle or any accumulating fluid or blood increases pressure in the compartment 
· Ischemia (reduced blood flow) leads to hypoxia (lack of oxygen)


NERVES OF THE LOWER EXTREMITY (501-508, 513-515)

Lumbrosacral plexus (T12) L1-S4 = lumbar plexus (T12) L1-L4 + sacral plexus L4/L5-S4

Lumbar plexus 
· Formed from the anterior rami of spinal nerves L1-L4 located lateral to the L1-L4 vertebrae
· Pectineus muscle may be innervated by the femoral nerve, obturator nerve, or branches from both nerves

	Main branch
	Anterior Rami
	Motor innervation

	Femoral nerve
	L2-L4
	Anterior thigh muscles
-quadriceps femoris (knee extensor)
-iliopsoas (hip flexor)
-sartorius (hip and knee flexor)
-pectineus (hip flexor)

	Obturator nerve
	L2-L4
	Medial thigh muscles (adductors of thigh)
-adductors
-gracilis
-pectineus
-obturator externus (lateral rotator of thigh)

	Smaller branches
	Anterior rami
	Motor innervation

	Iliohypogastric
	L1
	Partial innervation to abdominal muscles (flex vertebral column)

	Ilioinguinal 
	L1
	Partial innervation to abdominal muscles (flex vertebral column)

	Genitofemoral 
	L1, L2
	-

	Lateral femoral cutaneous 
	L2, L3
	-



Sacral plexus
· Formed from the anterior rami of spinal nerves L4-S4 and are located immediately inferior to the lumbar plexus
· Innervate the gluteal region, pelvis, perineum, posterior thigh and almost all of the leg and foot 
· 2 divisions: anterior and posterior
· Anterior division tends to innervate muscles that flex (or plantarflex) 
· Posterior vision tends to innervate muscles that extend (or dorsiflex) 
· Sciatic nerve = ischiadic nerve = largest and longus nerve in the body 
-composed of tibial and common fibular divisions wrapped in a common sheath
-projects from the pelvis through the greater sciatic notch of the os coxae 

	Main branch
	Anterior rami
	Motor innervation

	Sciatic nerve 
	L4-S3
	See tibial and common fibular nerves

	Tibial nerve
	L4-S3
	Posterior thigh muscles (extend thigh and flex leg)
-long head of biceps femoris
-semimembranosus
-semitendinosus
-part of adductor magnus
Posterior leg muscles (plantar flexors of foot, flexors of knee)
-flexor digitorum longus
-flexor hallucis longus
-gastrocnemius 
-soleus
-popliteus
-tibial posterior (inverts foot)
Plantar foot muscles (via medial and lateral plantar nerve branches) 

	Common fibular nerve
	L4-S2
	Short head of biceps femoris (knee flexor)
See also deep fibular and superficial fibular nerves

	Deep fibular nerve
	L4-S1
	Anterior leg muscles (dorsiflex foot, extend toes)
-tibialis anterior (inverts foot)
-extensor hallucis longus
-extensor digitorum longus
-fibularis tertius
Dorsum foot muscles (extend toes)
-extensor hallucis brevis
-extensor digitorum brevis

	Superficial fibular nerve 
	L5-S2
	Lateral leg muscles (foot evertors and plantar flexors)
-fibularis longus
-fibularis brevis

	Smaller branches
	Anterior rami
	Motor innervation

	Inferior gluteal nerve
	L5-S2
	Gluteus maximus (thigh extensor)

	Superior gluteal nerve
	L4-S1
	-gluteus medius
-gluteus minimus 
-tensor fasciae latae (abductors of thigh)

	Posterior femoral cutaneous nerve
	S1-S3
	-

	Pudendal nerve
	S2-S4
	-muscles of perineum
-external anal sphincter
-external urethral sphincter 



[image: ]
















Clinical View
Sacral plexus nerve injuries
· Sciatica is an injury to the sciatic nerve
characterised by extreme pain down the posterior thigh and leg
· Common fibular nerve can be injured due to fracture of the neck of the fibula or compression from a leg cast that is on too tight 

Important reflexes
	Reflex
	Nerves
	Normal action of effector

	Abdominal reflexes
	T8-T12
	-

	Cremasteric 
	L1, L2
	-

	Patellar (knee jerk) 
	L2-L4
	Extends knee when patella ligament is tapped

	Ankle (Achilles)
	S1, S2
	Plantar flexes ankle when calcaneal tendon is tapped

	Plantar 
	L5, S1
	Plantar flexes foot 





CIRCULATION OF THE LOWER EXTREMITY (692-693, 707-710, 718-721)

Arterial flow
· Main arterial supply for the lower limb is the external iliac artery which is a branch of the common iliac artery
· External iliac artery travels inferior to the inguinal ligament, where it is renamed femoral artery.
· The deep femoral artery emerges from the femoral artery to supply the hip joint (via medial and lateral circumflex arteries) and many of the thigh muscles.
· The femoral artery passes through an opening in the adductor magnus muscle and enters the posteriorly placed popliteal fossa = popliteal artery = supplies the knee joint and muscles in this region
· Popliteal artery dives into an anterior tibial artery and a posterior tibial artery
· The posterior tibial artery extends a branch called the fibular artery which supplies the lateral compartment leg muscles.
· Posterior tibial artery continues to the plantar side of the foot, where it branches into medial and lateral plantar arteries.
· The anterior tibial artery crosses over the anterior surface of the ankle = dorsalies pedis artery
· The dorsalies pedis artery and a branch of the lateral plantar artery unite to form the plantar arch of the foot.
· Digital arteries extend from the plantar arch and supply the toes.

Venous drainage
SUPERFICIAL VENOUS DRAINAGE
· On the dorsum of the foot, a dorsal venous arch drains into the great saphenous veins and the small saphenous vein.
· The great saphenous vein originates in the medial ankle and extends adjacent to the medial surface of the entire lower limb before it drains into the femoral vein.
· The small saphenous vein extends adjacent to the lateral ankle and then travels into the popliteal vein. 
· Theses superficial veins have perforating branches that connect to the deeper veins,
· If the valves in these veins become incompetent, varicose veins develop.

DEEP VENOUS DRAINAGE
· The digital veins and deep veins of the foot drain into pairs of medial and lateral plantar veins,
· These veins drain into a pair of posterior tibial veins.
· A pair of fibular veins travel alongside the fibular artery and drain into the posterior tibial veins.
· On the dorsum of the foot and ankle, deep veins drain into a pair of anterior tibial veins, which traverse alongside the anterior tibial artery.
· The anterior and posterior tibial veins merge to form a popliteal vein that accompanies the popliteal artery in the popliteal fossa.
· This vein curves to the anterior portion of the thigh = femoral vein
· Once this vein passes superior to the inguinal ligament = external iliac vein
· External and internal iliac veins merge in the pelvis = common iliac vein 
· Left and right common iliac veins then merge to form the inferior vena cava 


REGIONAL STRUCTURES
Femoral sheath 
Lateral: iliopsoas, femoral nerve
Medial: Pectineus
Superior: inguinal canal

Contents: femoral artery and vein

Femoral triangle
Lateral: medial border of sartorius
Medial: medial border of adductor longus
Superior (base): inguinal ligament
Roof: fascia late, cribriform fascia
Floor: iliopsoas, Pectineus, adductor longus

Contents: femoral artery/ vein/ nerve and profunda femoris artery

Adductor (subsartorial canal)
Lateral: vastus medialis
Medial: adductor magnus and longus
Superficial: sartorius, subsartorial fascia 

Contents: femoral artery/vein, saphenous nerve 

Popliteal fossa
Upper (lateral): biceps femoris
Upper (medial): semitendinosus, semimembranosus
Lower (lateral): plantaris and lateral head of gastrocnemius
Lower (medial): medial head of gastrocnemius
Roof: popliteal fascia
Floor: popliteal surface of femur, oblique popliteal ligament

Contents: common peroneal nerve, tibial nerve, popliteal artery/vein, genicular arteries, small saphenous vein 







MUSCLES AND INNERVATION OF THE ABDOMINAL WALL (344-346, 350-351)
[bookmark: _GoBack]
· Anterolateral wall of the abdomen is reinforced by four pairs or muscles that collectively compress and hold the abdominal organs in place
· Unilateral action means only one muscle (either left or right) is contracting
· Bilateral action means both the left and right muscle are contracting together 
· The aponeurosis of the external oblique forms a strong cordlike inguinal ligament that extends from the anterior superior iliac spine to the pubic tubercle. 
· Unilaterally, the external and the opposite side’s internal oblique work together to rotate the vertebral column. 
· The deepest muscle is the transversus abdominis.
· The rectus abdominis is a long, strap-like muscle that extends vertically the entire length of the anteromedial abdominal wall between the sternum and the pubic symphysis. 
Partitioned into 4 segments by 3 fibrous tendinous intersections, which form the traditional “six-pack” of a muscular, toned abdominal wall.
· The rectus abdominis is enclosed within a fibrous sleeve called the rectus sheath = formed from the aponeuroses of the external oblique, internal oblique and transversus abdominis muscles. 
· The left and right rectus sheaths are connected nu a vertical fibrous strip termed the linea alba. 

	Muscle 
	Action
	Origin/insertion 
	Innervation 

	External oblique
Fibers: inferomedially 
	Unilateral action: lateral flexion of vertebral column; rotation of vertebral column
Bilateral action: flexes vertebral column and compresses abdominal wall; used in forced exhalation 
	O: external and inferior borders of the inferior 8 ribs
I: linea alba by a broad aponeurosis; some to iliac crest
	T8-T12, L1

	Internal oblique
Fibers: superomedially 
	Unilateral action: lateral flexion of vertebral column; rotation of vertebral column
Bilateral action: flexes vertebral column and compresses abdominal wall
	O: lumbar fascia, inguinal ligament, and iliac crest
I: linea alba, pubic crest, inferior rib surfaces (last 4 ribs); costal cartilages of ribs 8-10
	T8-T12, L1

	Transverse abdominis
Fibers: transverse
	Unilateral action: lateral flexion of vertebral column
Bilateral action: flexes vertebral column and compresses abdominal wall; used in forced exhalation
	O: iliac crest, cartilages of inferior 6 ribs; lumbar fascia; inguinal ligament
I: linea alba and pubic crest
	T8-T12, L1

	Rectus abdominis 
	Flexes vertebral column and compresses abdominal wall; used in forced exhalation
	O: superior surface of pubis near symphysis
I: xiphoid process of sternum; inferior surfaces of ribs 5-7
	T7-T12





Skeleton system



Axial Skeleton (80 bones)
-bones along the central axis of the body
1) skull (22+7=31)
2) vertebral column (26)
3) thoracic cage (25)



Appendicular skeleton
-bones of the appendages (upper and lower limbs)
-pectoral and pelvic girdles
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