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A&P I Exam 4 Review Slides

Lectures 13-17

Chapters 6-10
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Skeletal System Functions

• Support and Protection

• gives shape to head, etc.

• supports body’s weight

• protects thoracic organs

and brain

• Body Movement

• interacts with muscles

• bones act as rigid bar of a 

lever

• Blood Cell Formation

• hematopoiesis

• red marrow

• Inorganic Salt Storage

• calcium

• phosphate

• magnesium

• sodium

• potassium

• electrolyte and 

acid/base balance

Bone is also called osseous tissue and is a hard 

(supporting) form of connective tissue 
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Components of Bone

• Cells (osteo-)

• Matrix

– Organic Component (Osteoid) – approx. 35% (wt.)

• Fibers = collagen (dense regular CT)

• Ground Substance = proteoglycans, glycoproteins

– Inorganic Component – approx. 65% (wt.)

• Hydroxyapatites = Calcium/Phosphate salts 

( Ca10(PO4)6(OH)2 )

Recall that Bone is a supporting connective tissue with cells 

and a matrix (fibers/ground substance)
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Cells of Bone Tissue

• Osteoprogenitor (osteogenic) – Mesenchymal 
precursors of osteoblasts

• Osteoblasts – mesenchymal-derived; secrete 
matrix of bone (osteogenesis, i.e., creation of new 
bone)

• Osteocytes - osteoblasts trapped in lacunae 
(mature cells that maintain bone)

• Osteoclasts – monocyte-derived; break down 
(‘eat’) bone (this is called osteolysis)
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Structure of a Long Bone

Metaphysis

Metaphysis

Be able to 

label parts of 

a long bone 

as on this 

diagram
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Compact/Spongy Bone/Periosteum

Periosteum is dense irregular CT, 

vascular, and supplied with 

nerves; it aids in growth/repair

Each bone in the skeleton contains two forms of osseous tissue:

- Compact bone (cortical) – solid (with osteons as structural units); found on outer 

parts of bone

- Spongy (cancellous, trabecular) bone – network of struts and plates (trabeculae); 

found within the inner parts of bone
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Spongy (Cancellous) Bone

- Spongy bone is NOT 

arranged in osteons; 

arranged in plates called 

trabeculae (major supports 

of spongy bone)

- Spongy bone gets its 

nutrition by absorption of 

nutrients into canaliculi 

from the blood surrounding 

trabeculae

- Supports and protects 

cells of the red marrow

Figure from: Martini, Anatomy & 

Physiology, Prentice-Hall, 2001
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Bone Growth and Development

Intramembranous Ossification

• bones originate within sheetlike layers of fibrous or mesenchymal connective 

tissues

• broad, flat bones

• skull bones, clavicle (collarbone)

• forms the intramembranous bones

Endochondral Ossification

• bones begin as hyaline cartilage

• most bones of the skeleton

• forms the endochondral bones

Bone is formed by replacement of other types of connective tissue in one of two 

ways:

Ossification (osteogenesis) – replacement of other tissues with bone 

(different than calcification) 

For Intramembranous and Endochondral

Ossification you should know:

1) The starting material for each  process

2)   Which bones form by each process
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Epiphyseal Plates
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Growth at the Epiphyseal Plate

First layer of cells
• proximal end of 

epiphysis

• resting cells

• anchors epiphyseal 

plate to epiphysis

Second layer of cells
• many rows of young 

cells

• undergoing mitosis

• *active growth 

occurs here
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Growth at the Epiphyseal Plate

Third layer of cells
• older cells

• left behind when new 

cells appear

• cells enlarging and 

becoming calcified

Fourth layer of cells
• thin

• dead cells

• calcified

intercellular 

substance

Fractures involving the epiphyseal plate are of great concern

If not repaired correctly, bone may prematurely stop elongating, or 

growth may be unequal with respect to the unaffected limb
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Homeostasis of Bone Tissue

1) Bone Resorption – action of osteoclasts and parathyroid hormone (PTH)

2) Bone Deposition – action of osteoblasts and calcitonin

Bone remodeling is a process that continues throughout life to enable the 

skeleton to adapt to changing demands placed on it. It is accomplished by 

two processes:

• FACTORS INFLUENCING BONE REMODELING, GROWTH AND REPAIR

1. Mineral salts, especially Calcium and Phosphorus

2. Vitamins, epecially A, C, and D

• Deficiency of Vitamin A – retards bone development

• Deficiency of Vitamin C – results in fragile (brittle) bones 

• Deficiency of Vitamin D – rickets, osteomalacia

• Growth factors and Hormones

• Sex Hormones – promote bone formation; stimulate   ossification (closure) of 

epiphyseal plates

• Insulin-like growth factors (IGFs) – stim. by hGH

• Insufficient Growth Hormone – pituitary dwarfism

• Excessive Growth Hormone – gigantism, acromegaly 

• Insufficient Thyroid Hormone – delays bone growth

• Physical Stress (exercise) – stimulates bone growth
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Calcium Homeostasis

Figure from: Martini, Anatomy & Physiology, Prentice-Hall, 2001

Parathyroid hormone (PTH)  blood calcium

Vitamin D

Bone as reservoir of calcium salts

1. 

2. 

3. 
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Calcium Homeostasis

Figure from: Martini, Anatomy & Physiology, Prentice-Hall, 2001

Calcitonin  blood calcium

1. 

2. 

3. 
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Blood Cell Formation

• Hematopoiesis is the process of blood cell 

formation (also called ‘hemopoiesis’)

• In the healthy adult, the red marrow functions in development 

of  two lineages of cells:

1. Myeloid cells - red blood cells, platelets, eosinophils, 

basophils, neutrophils, and monocytes

2. Lymphocytic cells – T lymphocytes and B lymphocytes

• Adult red marrow is primarily found in the spongy bone of the 

skull, ribs, sternum, clavicles, vertebrae, and pelvis, and in the  

epiphyses of long bones
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The Axial Skeleton – Hyoid Bone

Suspended from the styloid processes of the 

temporal bones by ligaments and muscles

The hyoid bone supports the larynx and is the 

site of attachment for the muscles of the larynx, 

pharynx, and tongue

Figure from: Saladin, Anatomy & Physiology, McGraw Hill, 2007
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Axial Skeleton – the Orbit

Optic canal – Optic nerve; 

opthalmic artery

Superior orbital fissure –

Oculomotor nerve, trochlear 

nerve, opthalmic branch of 

trigeminal nerve, abducens 

nerve; opthalmic vein

Inferior orbital fissure –

Maxillary branch of trigeminal 

nerve

Infraorbital groove –

Infraorbital nerve, maxillary 

branch of trigeminal nerve, 

infraorbital artery

Lacrimal sulcus – Lacrimal sac 

and tearduct

Figure: Martini, 

Anatomy & Physiology, 

Prentice Hall, 2001 

*Be able to label a diagram of the orbit 

for lecture exam
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See Fig. 7.13 in Marieb’s Textbook
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Paranasal Cavities and Sinuses

Paranasal sinuses are air-filled, 

mucous membrane-lined chambers 

connected to the nasal cavity.

Superior wall of nasal cavities is 

formed by frontal, ethmoid, and 

sphenoid bones

Lateral wall of nasal cavities formed 

by maxillary and lacrimal bones 

and the conchae

Functions of conchae are to create 

swirls, turbulence, and eddies that:

1. direct particles against mucus

2. slow air movement so it can  be 

warmed and humidified

3. direct air to superior nasal 

cavity to olfactory receptors 
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Infantile Skull
Fontanels – fibrous membranes appearing prior to suture formation in the 

fetal/infant skull to allow 1) movement of the skull bones during birth and 

2) brain growth in infancy.

Anterior fontanel (soft spot) is largest and last to close (by about 

two years of age).  Other fontanels disappear or begin to close 

within one to three months after birth.

(‘Soft spot’)
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• cervical vertebrae (7)

• thoracic vertebrae (12)

• lumbar vertebrae (5)

• sacrum 

• coccyx

Axial Skeleton - Vertebral Column

(Secondary)

(Primary)

(Secondary)

(Primary)

Primary curves are present at 

birth.  These are also called 

‘accommodation’ curves since 

they accommodate the organs 

of the thorax and pelvis.

Secondary curves do not 

develop until several months 

after birth as infants begin to 

hold their head up and stand. 

These are also called 

compensation curves because 

they shift the weight of the 

trunk over the lower limbs. 
Primary curves appear FIRST = Sacral, Thoracic
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Abnormal Curvature of the Spine

Scoliosis (a) – abnormal lateral 

curve 

Kyphosis (b) – exaggerated 

thoracic curve

Lordosis (c) – exaggerated lumbar 

curve

Figure from: Saladin, Anatomy & Physiology, McGraw Hill, 2007

You should know how to spell these (what would that

mean?!?) and know their definitions
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Intervertebral Discs

Figure: © 1998 A.D.A.M. Software, Inc. 

Figure: Martini, Anatomy & Physiology, 

Prentice Hall, 2001 
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Axial Skeleton - Thoracic Cage

• True = 7 pairs

• False = 3 pairs

• Floating = 2 pairs
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Comparison of Pectoral and Pelvic Girdles

Pectoral Girdle 

(Clavicle, Scapula)

Pelvic Girdle 

(Ossa Coxae, 

Sacrum, Coccyx

Articulation with 

vertebral column

None Direct (sacroiliac joint)

Joint sockets for 

limbs

Shallow – maximize 

movement

Deep – maximize 

strength

Overall functional 

characteristics

Maximum movement, 

reduced strength

Maximum strength, 

reduced movement
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Divisions of the Pelvis

(Greater)

(Lesser)

Pelvic brim = (sacral promontory, sacral ala, arcuate line, pectineal line, pubic crest) x 2
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Latin names for thumb/big toe

Hallux (hallucis) = great toe
Pollex (pollicis) = (thumb)

27

Arches of the Foot

Arches of the foot 

- enable it to support the body weight

- ideally distribute body weight over hard and soft tissues

- provide leverage when walking

Flatfoot – Height of medial longitudinal arch is decreased

Clawfoot – Medial longitudinal arch is abnormally elevated

Figure from: Tortora 

and Grabowski, 

Principles of Anatomy 

& Physiology, Wiley 

Press, 2003



10

28

Arches of Foot – Top View

Medial  Longitudinal Arch 

(instep) – Extends from 

heel to base of proximal 

phalanges on medial aspect 

of foot

Lateral  Longitudinal Arch

– Extends from heel to base 

of proximal phalanges on 

lateral aspect of foot

Transverse Arch – Extends 

across cuneiforms, cuboid 

bone and bases of the 

metatarsals

L
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You should know the names and locations of each of the arches 

(you do not have to know the name of the bones in each)
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Classification of Joints

• Fibrous Joints

• dense connective tissues connect 

bones

• between bones in close contact

• Cartilaginous Joints

• hyaline cartilage or fibrocartilage 

connect bones

• Synovial Joints

• most complex

• allow free movement

• have a cavity

• synarthrotic

• immovable

• amphiarthrotic

• slightly movable

• diarthrotic

• freely movable

Structural Functional

How the bones held together             How the joint moves    
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Joint Classification

Structural Classification of Joints

Fibrous Synovial (D)Cartilaginous

Suture (S)

Syndesmosis (A)

Gomphosis (S)

Synchondrosis (S)

Symphysis (A)

Gliding (N)

Hinge (M)

Pivot (M)

Condyloid (B)

Saddle (B)

Ball/Socket (P)

This would be a really good chart to know for the exam!

(S) =  Synarthrosis

(A) = Amphiarthrosis

(D) = Diarthrosis

(N) =  Nonaxial

(M) = Monaxial

(B) = Biaxial

(P) = Polyaxial
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Synovial Joints

* Diarthrotic (freely movable)

Structural features of 

diarthrotic joints

- joint cavity*

- articular cartilage

- synovial membrane

- synovial fluid

- reinforcing 

ligaments, bursae and 

tendons

Synovial fluid: Lubricates, distributes nutrients, and absorbs 

shock
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Synovial Joint Movements

• Flexion – decrease in angle between bones and 

parts come together (usually in direction of greatest 

mobility)

• Extension – increase in angle between bones and 

parts move further apart (usually after flexion)

• Hyperextension – Extension beyond the anatomical 

position (limited by tendons/ligaments/bones)

• Lateral Flexion – movement from side-to-side (in 

the frontal plane)

These usually occur in the sagittal plane
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Synovial Joint Movements (cont’d)

• ABduction – movement away from midline

• ADduction – movement toward midline

• Circumduction – Movement of the distal end of a limb 

in a circle

• Supination – palm facing anteriorly

• Pronation – palm facing posteriorly

• Protraction – anterior movement in transverse plane

• Retraction – posterior movement in transverse plane
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Special Movements of Synovial Joints

Figure from: 

Martini, Anatomy 

& Physiology, 

Benjamin 

Cummings, 2004

Names of joints & ligaments

35

Glenohumeral / humeroscapular joint

Humeroulnar joint, humeroradial joint, 

radioulnar joint

Annular ligament, 

Radial collateral 

ligament, ulnar 

collateral ligament

Coxal joint; Pubo-, Ilio-, and 

Ischiofemoral ligaments 

Tibiofemoral joint, patellofemoral joint, menisci, fibular 

collateral ligament, tibial collateral ligament, patellar ligament, 

anterior/posterior cruciate ligaments

ADD THIS TO YOUR STUDY GUIDE
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Types/Functions/Characteristics of Muscle

• Functions of Muscle

– Provide stability and postural tone

• Fixed in place without movement

• Maintain posture in space

– Purposeful movement

• Perform tasks consciously, purposefully

– Regulate internal organ movement and 

volume (mostly involuntary)

– Guard entrances/exits (digestive/urinary)

– Generation of heat (thermogenesis)

Skeletal Muscle

• usually attached to 

bones

• under conscious 

control (voluntary)

• striated

• multinucleated

Smooth Muscle

• walls of most viscera, blood 

vessels, skin

• not under conscious control

• not striated

Cardiac Muscle

• wall of heart

• not under conscious 

control

• striated

• branched

• Characteristics of Muscle

– Contractile

• Ability to shorten with force

• CANNOT forcibly lengthen

– Extensible (able to be stretched)

– Elastic (returns to resting length)

– Excitable (can respond electrical 

impulses)

– Conductive (transmits electrical 

impulses)
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Organization of Skeletal Muscle

• epimysium 

(around muscle)

• perimysium 

(around fascicles)

• endomysium 

(around fibers, or 

cells)

Alphabetical order largest to smallest: fascicle, fiber, fibril, and filament

Gross: Muscle (and fascia/epimysium), fascicle (and perimysium) 

Histological: Fiber (cell), endomysium 

Molecular: Myofibrils, sarcomere structure, actin/myosin arrangement
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Skeletal Muscle Fiber (Cell)

Transverse tubules contain extracellular fluid ( [Na+],  [K+])

Sarcoplasmic reticulum is like the ER of other cells; but it contains  [Ca2+ ]

Fully differentiated, specialized cell – its structures are given special names

Figure from: Saladin, Anatomy & 

Physiology, McGraw Hill, 2007

• sarcolemma (plasma membrane)

• sarcoplasm (cytoplasm)

• sarcoplasmic reticulum (ER)

• transverse tubule

• triad
• cisternae of sarcoplasmic 

reticulum (2)

• transverse tubule

• myofibril (1-2 µm diam.)
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Structure of the Sarcomere

‘A’ in A band 

stands for 

Anisotropic 

(dArk)

‘I’ in I band 

stands for 

Isotropic (LIght) 

Zones of non-overlap: I band (thin filaments), and H zone (thick filaments)

A sarcomere runs from Z line (disk) to Z line (disk)

Figure from: Saladin, Anatomy & Physiology, McGraw Hill, 2007
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Contraction cycle: 1) Bind (Ca, myosin)  2) Move   3) Detach   4) Reset

Summary of Skeletal Muscle Contraction

Contraction Relaxation
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Modes of ATP Synthesis During Exercise

Continual shift from one energy source to another 

rather than an abrupt change

Muscle stores enough ATP for about 4-6 seconds worth of contraction, but is 

the only energy source used directly by muscle.  So, how is energy provided for 

prolonged contraction?

Figures From: Marieb & Hoehn, Human Anatomy & Physiology, 9th ed., Pearson, 2013
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Energy Sources for Contraction

myoglobin stores extra oxygen so it can rapidly supply 

muscle when needed

Figures From: Marieb & Hoehn, Human Anatomy & Physiology, 9th ed., Pearson, 2013
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Types of Skeletal Muscle Fibers

Slow Oxidative 

(SO)

(REDSOX)

Fast Oxidative-

Glycolytic (FOG)

Fast Glycolytic 

(FG)

Alternate name

Slow-Twitch

Type I

Fast-Twitch

Type II-A

Fast-Twitch

Type II-B

Myoglobin (color) +++ (red) ++ (pink-red) + (white)

Metabolism

Oxidative

(aerobic)

Oxidative and 

Glycolytic

Glycolytic

(anaerobic)

Strength

Small diameter, 

least powerful

Intermediate 

diameter/strength

Greatest diameter, 

most powerful

Fatigue resistance High Moderate Low

Capillary blood 

supply Dense Intermediate Sparse

All fibers in any given motor unit are of the same type
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Muscular Responses

Twitch – Entire ‘cycle’ of contraction/relaxation of a 

muscle fiber (cell)

Latent period – time between 

stimulus and contraction during 

excitation-contraction coupling

Tetany – sustained contraction of a 

muscle fiber (incomplete or 

complete)

Length-tension relationship -

Maximum tension in striated muscle 

can only be generated when there is 

optimal overlap between myosin and 

actin filaments

A single 

twitch

Excitation/Contraction 

Coupling – link between 

nerve/sarcolemma excitation 

and muscle cell contraction.
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Motor Unit and Muscle Tone

• Motor unit - single motor neuron plus all muscle fibers 

controlled by that motor neuron

• recruitment - increase in the number of 

motor units activated to perform a task

• whole muscle composed of many 

motor units

• as intensity of stimulation increases, 

recruitment of motor units continues 

until all motor units are activated

• smaller motor units recruited first

• larger motor units recruited later

• produces smooth movements

• muscle tone – continuous state of partial contraction; alternating firing of motor units
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Types of Contractions

• isotonic – muscle contracts and 

changes length

• concentric – shortening contraction

• isometric – muscle “contracts” but does not change length

• eccentric – lengthening 

contraction
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Types of Smooth Muscle

Single-unit (unitary)smooth 

muscle

• visceral smooth muscle

• sheets of muscle fibers that 

function as a group, i.e., a 

single unit

• fibers held together by gap 

junctions

• exhibit rhythmicity

• exhibit peristalsis

• walls of most hollow organs, 

blood vessels, 

respiratory/urinary/ 

reproductive tracts

Multiunit Smooth Muscle

• fibers function separately, 

i.e., as multiple independent 

units

• allows fine control

• muscles of eye, piloerector 

muscles, walls of large blood 

vessels
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What You Should Know About Muscle Actions

• The muscles you will need to know for the lecture 
exam (name, general location, action) are in the 
Muscle Action Table on next slide.

• Given the name of an UNKNOWN muscle
– Based on the naming conventions discussed previously,

– And using your previous knowledge about the anatomy 
of the body, 

– And using the starred items on the chart handed out in 
class (from Martini – see two slides ahead), 

– You should be able to tell me what the name of a 
muscle implies, e.g., where it is, what it’s attached to, is 
it long or short, etc.
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Know Actions of These Muscles

49

Muscle Name Location Action

Masseter Cheek in front of ear Elevates mandible (raises lower jaw)

Trapezius Upper shoulder Elevates clavicle; 

Extends neck

Sternocleidomastoid Side of neck Rotates head; 

Flexes head toward shoulder 

Deltoid Shoulder Abduction at shoulder

Biceps brachii Front of upper arm Flexion at elbow and shoulder

Triceps brachii Back of upper arm Extension at elbow

Abdominal muscles

External oblique

Internal oblique

Rectus abdominis

Front and side of abdomen Flex trunk (vertebral column); depress ribs (as in forced 

exhalation)

Pectoralis major Front of upper chest Flexion, adduction, and medial rotation of shoulder

Latissimus dorsi Upper back Extension, adduction, and rotation of shoulder

Orbicularis Oris Around mouth Compresses, purses lips

Orbicularis Oculi Around eye Closes eye

Temporalis Side of head (skull) Elevates mandible

Gluteus maximus Buttocks Extension and lateral rotation at hip

Hamstring group

Biceps femoris

Semitendinosus

Semimembranosus

Back of thigh

Lateral part of thigh

Medial part of thigh

Medial part of thigh

Flexes knee/extend thigh (all muscles in group)

Quadriceps group

Rectus femoris

Vastus lateralis

Vastus medials

Vastus intermedius

Front of thigh

Middle

Lateral

Medial

Deep

Extends knee (all muscles in group)

Table from: Martini & Ober, Visual A&P, 2011

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*
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Skeletal Muscle Actions

• origin – immovable* end

• insertion – movable end

• agonist (prime mover ) –

primarily responsible for 

movement

• synergists – assist prime 

mover; stabilizes joint(s)

• antagonist – resist prime 

mover’s action and cause 

movement in the opposite 

direction

Understand these terms

Figure from: Saladin, Anatomy & 

Physiology, McGraw Hill, 2007
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Levers

Four Basic Components

1. rigid bar (bones)

2. Fulcrum – pivot point on which bar moves (joints)

3. Object moved against Resistance (weight; load)

4. Effort (Force) – supplies energy for movement (muscles)

Most common type of 

lever in body

“FRE = 123” (What’s in the middle?)

1 2 3

Effort

Effort

Effort

Effort

Effort

Effort
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Levers and Movement

What types 

of lever are 

these?

Effort

Effort


