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Muscle Fiber: the name of a single muscle tissue cell
Levels of the connective tissue wrapping
1. Endomysium: surrounds each muscle fiber
2. Perimysium: sheath around a fascicle (bundles of fibers)
3. Epimysium: Connective tissue that surrounds and holds together a group of fascicles. Outside layer of a single muscle. 
4. Deep Fascia: Binds muscles into functional groups
Insertion: attachment on a moveable bone 
 Origin: immovable point of attachment
Arrangements of Fascicles 
There are 4 basic patterns 
1. Parallel: strap like
2. Pennate: short and attach obliquely to a central tendon 
· Unipennate: fascicles insert into only one side of the tendon 
· Bipennate: inserts tendon from opposite sides - looks like a feather
· Multipennate: all insert into one large tendon - looks like many feathers side by side 
3. Convergent: triangular or fanned shaped 
4. Circular: rings around external openings. 
Muscles can be classified into 3 functional groups 
1. Prime mover "agonist": muscle responsible for producing a specific movement. 
2. Antagonist: muscles that oppose a particular movement. 
· Provides resistance to prevent overshoot
· Controls rate of movement
3. Synergists: assist the prime movers with promoting the same movement or reducing an undesired movement. 
Fixators: immobilize a bone. Example: muscles involved in posture. 
Naming Skeletal Muscles 
1. Location of muscle
2. Shape of muscle 
3. Size of muscle 
4. Direction of muscle fibers 
5. Number of origins 
6. Location of origin or insertion 
7. Action of the muscle

Topic 6: Anatomy of The Nervous System
The Central Nervous System is a central unit that divides into 
1. Central Nervous System: Brain + Spinal Cord 
2. Peripheral Nervous System: cranial and spinal nerves that communicate between the CNS and the rest of the body
· Sensory Division: from receptors to CNS 
· Motor Division: from CNS to effectors 
· Somatic Nervous System: voluntary – from CNS to skeletal muscles
· Autonomic Nervous System: involuntary – from CNS to cardiac muscles, smooth muscles and glands
A) Sympathetic Division: "fight or flight:
B) Parasympathetic Division: "rest and digest" conserves energy at rest
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Histology of Nervous Tissue
2 principal types of cells 
1. Neurons 
2. Supporting cells 
· Astrocytes: star shaped, most abundant, anchors neurons close to capillaries 
· Microglia: protective, touch neurons, can transform into microphages 
· Ependymal Cells: line brain cavities and spinal cord 
· Oligodendrocytes: provide myelin sheath to CNS 
Peripheral Nervous System cells 
· Satellite Cells: surround neuron cells in ganglia 
· Schwann Cells: form myelin sheaths around larger neurons in PNS, essential to PNS cell regeneration. 
Labeling a Neuron
[image: ]
Structural Classification of Neurons 
1. Multipolar: most abundant in body and is a major neuron type in the CNS
2. Bipolar: RARE – found in some special sensory organs (eye, ear, olfactory mucosa) 
3. Unipolar: Found mainly in PNS. Common only in dorsal root ganglia of the spinal cord and sensory ganglia of the cranial nerves 
Functional Classification of Neurons 
1. Sensory: toward CNS 
2. Motor: away from CNS to effectors 
3. Association (interneurons): between sensory and motor neurons
The Brain
Complexity of wiring is what matters when it comes to the brain NOT its size 
Divided into 
1. Cerebral Hemispheres 
2. Diencephalon (thalamus, hypothalamus, epithalamus)
3. Brain stem (midbrain, pons, medulla)
4. Cerebellum 
Arrangement of Gray and White Matter 
Spinal Cord: has a central cavity surrounded by gray matter and white matter 
Brain: has the same design but with addition regions of gray matter because the cerebral hemispheres and the cerebellum have outer "bark" of gray matter. 

Ventricles of Brain
Continuous with one another and with central cavity of spinal cord which is filled with cerebral spinal fluid and lined with ependymal cells. 
1. Paired lateral ventricles which are separated by the septum pellucidum 
2. Each ventricle communicates with the 3rd ventricle
3. 3rd ventricle to 4th ventricle via cerebral aqueduct, 4th is continuous with central canal
4. 3 apertures connect the ventricles to the subarachnoid space which surrounds the brain
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The Cerebral Hemispheres 
Makes up 83% of brain mass
Gyri (elevated humps) are separated by sulci (grooves) to make up anatomical landmarks
Cerebral Cortex 
Allows us to perceive, communicate, remember, understand, appreciate, initiate voluntary movements – conscious behavior. 
Make up of cell bodies, dendrites and unmyelinated axons 

Brodmann Areas: numbered according to the difference in thickness, structure of contained neurons, some areas are linked with particular functions. 
Motor Areas – posterior part of frontal lobes 

1. Primary motor cortex: pyramidal cells allow control of skeletal muscles 

Somatotopy: entire body represented spatially in primary motor cortex of each hemisphere
· Motor innervation in contralateral 

Stroke: damage to area of right hemisphere paralyzes body muscles on the left. Vice versa. Only voluntary movement is lost however reflex contraction is still possible. 

2. Cortex: Helps plan movements by selecting and sequencing basic motor movements into more complex tasks 
· Coordinates movements of several muscle groups simultaneously 
· Can control voluntary actions that depend on sensory feedback

3. Broca's Area 
· Is present in one area only – usually the left. 
· Originally thought to be only a motor speech area 
· Is active when we prepare to speak and plan voluntary activities other than speech





4. Frontal eye field 
· Controls voluntary eye movements 

Sensory Areas 

1. Primary somatosensory cortex: receives info from somatic sensory receptors (skin) and proprioceptors (skeletal muscle)

2. Somatosensory association cortex: analyzes somatic inputs 

Visual Areas 

Primary visual Cortex: contains map of visual space on retina 
Visual association area: interprets visual image based on prior experience 

What is the result of damage to the primary visual cortex? To the visual association area? 

Auditory Areas 

Primary Auditory Cortex: sound evaluated pitch, rhythm and loudness 

Auditory association areas: interpretation based on memory 

Vestibular (Equilibrium) cortex: awareness of balance 

Visual Agnosia: the inability to recognize/understand things that you see

1. Anterior Association Area (prefrontal cortex)
· Where working memory is located
· Planning, concern, reasoning, judgement
· Matures slowly; dependent on feedback from social environment 
· Closely linked to the limbic system – involved with mood

Phineas Gage: was a rail road worker that was injured by a tamping bar during an explosion. After his passing and autopsy revealed damage to some parts of the anterior association cortex (prefrontal cortex) which is why he survived however suffered from a drastic change in personality. 

2. Posterior Association Area
· Part of the temporal, parietal and occipital lobes 
· Storage of complex memories 
· Localization of self and surroundings 
· Recognition of patterns and faces


3. Limbic Association area 
· Provides emotional impact
· For example: being aware of the danger associated with a particular situation and remembering it 

Lateralization of Cortical Functioning 

· Each cerebral hemisphere has different abilities 
· Cerebral Dominance: hemisphere that is dominate for language 
· The left hemisphere is the hemisphere that dominates in 90% of individuals 
· Most individuals who have left cerebral dominance are left handed 

Cerebral White Matter: Allows communication between cerebral areas, between cortex and lower CNS centers

Commissural Fibers: connects the 2 hemispheres the biggest is the corpus callosum

Association Fibers: connections within a hemisphere  

 Huntington's Disease 

· A hereditary disorder due to too much movement of the basal nuclei
· Eventually causes the degeneration of the cortex 
· Caudate deteriorates and connections to the frontal lobe are lost causing the affected individual to not be able to control feelings, thoughts or movements. 

Parkinson's Disease 

· Degeneration of dopamine releasing neurons of the midbrain
· Too little movement of basal nuclei 
· Muscles become ridged which causes difficulty in walking, loss of facial expression, difficulty writing.

The Diencephalon - consists of the thalamus, epithalamus and hypothalamus and is enclosed by the third ventricle. 

Thalamus: gateway to the cerebral cortex 
· Bilateral masses of gray matter held together by the intermediate mass
· Sorts and edits information 
· Consists of many different nuclei 




Hypothalamus: "below" thalamus 
· Autonomic control center 
· Center for emotional response and behavior 
· Body temperature regulation 
· Regulation of food intake 
· Regulation of water balance and thirst 
· Regulation of sleep cycles 
· Control of the endocrine system 

Hypothalamic Disturbances: Causes disorders in homeostasis such as body wasting, obesity, sleep disturbances, dehydration, emotional imbalances 

Epithalamus: most dorsal part of diencephalon and forms roof of 3rd ventricle 
· The pineal gland which produces melatonin extends from its dorsal border 
· Also contains the choroid plexus which is a structure that forms cerebral spinal fluid

Brain stem: consists of the midbrain, pons and medulla oblongata 
· Pathway between higher and lower neural centers 
· Automatic behaviors necessary to survival 
· Associated with 10 pairs of cranial nerves 

Midbrain: 2 cerebral peduncles that contain large pyramidal motor tract 
· Cerebral aqueduct runs through midbrain 
· Corpora Quadrigemina
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Pons: Forms part of anterior wall of 4th ventricle 
· Primary bridge 

Medulla Oblongata: from pons to spinal cord 
· Crucial role as autonomic reflex center for homeostasis 
· Cardiovascular centers
· Respiratory centers

Cerebellum
· Processes input from cerebral motor cortex, brainstem nuclei and sensory receptors, timing, patterns of skeletal muscle contraction for daily movements 
· Connected by vermis

Cerebellar Peduncles 
· Connects cerebellum to brain stem 
· All fibers entering and leaving the cerebellum are ipsilateral




1. Superior: connects cerebellum and midbrain
2. Middle: connects pons and cerebellum
3. Inferior: connects cerebellum and medulla

Functional brain systems: networks of neurons that work together but span distances within the brain 

Limbic system: medial aspects of each cerebral hemisphere and diencephalon 
· Links between odors, memories and emotions 
· Links for psychopathic illnesses

Reticular formation: central core of medulla oblongata, pons, midbrain; neurons project to hypothalamus, thalamus, cortex, cerebellum, spinal cord 
· Maintains brain arousal 
· Filter for incoming signals 

Spinal Cord
From the foramen magnum to the 1st/2nd lumbar vertebrae
2-way conduction system 

The spinal cord is held in place by? 
1. Denticulate ligaments: pia mater shelving
2. Filium Terminale: pia mater- covered conus extension

Cauda equina: horses tail 

Gray Matter and spinal roots 
· Gray matter as for other regions of CNS – not all neurons are multipolar 
· Organized like butterfly wings 

Anterior Horns
· Nerve cell bodies of somatic motor neurons – axons exit via ventral roots 
· Largest and lumbar and cervical regions 
Lateral Horns 
· Sympathetic motor neurons to visceral organs also exit via ventral roots
Dorsal root ganglion
· Afferent fibers from peripheral sensory receptors from dorsal roots. Cell bodies are located in the root ganglia and their axons enter the cord to travel to higher brain centers and to synapse with interneurons in posterior horns 

Poliomyelitis: Caused by polio and invades a person's brain and spinal cord which causes paralysis

NOTE: the dorsal and ventral roots are part of the PNS not CNS


White matter: myelinated and unmyelinated fibers – communication between different parts of cord, between cord, and brain

Protection of the CNS 
1. Bones
2. Meninges
3. Cerebrospinal fluid 
4. BBB (blood brain barrier) 

Meninges – 3 connective tissue membranes that 
A) cover and protect CNS 
B) protect blood vessels and enclose sinuses
C) contain cerebrospinal fluid 
D) form partitions with skull 

Dura Mater – 2 layers around brain – outer (periosteal) - inner (meningeal) 
· Spinal cord only has meningeal layer 
· Around brain 2 layers fused except where enclose dural sinuses 

Arachnoid mater 
· Loose covering separated from dura mater by subdural space
· Subarachnoid space; between arachnoid mater and pia mater – filled with cerebral spinal fluid 
· Pia Mater: CT + tiny blood vessels 

Meningitis: inflammation of the membranes surrounding the brain and spinal cord 

Encephalitis: inflammation of the brain which usually results in viral infection because immune response mistakenly attacks brain tissue. 

Cerebrospinal Fluid: liquid cushion to give buoyancy to CNS tissue, also protective.

Choroid Plexuses: in roof of ventricles form cerebrospinal fluid: clusters of permeable capillaries enclosed by layers of ependymal cells – cleans CSF

Total CSF = 150ml and is replaced every 8h 

Hydrocephalus: accumulation of cerebrospinal fluid within the brain which increases pressure inside the skull. 

Blood brain barrier – composed of 3 layers 
1. Continuous epithelium of capillary wall 
2. Thick basal lamina surrounded by external face of capillary 
3. Bulbous feet astrocytes 

Microscopic Anatomy of the PNS 
· 12 pairs of cranial nerves 

1. Olfactory Nerves
· From nasal mucosa to olfactory bulbs 
· Afferent sensory fibers for smell 

2. Optic nerves 
· Fibers from retina form optic nerve which passes through optic foramen of orbit 
· Afferent sensory fibers for vision 

3. Oculomotor nerves
· Eye movers – supplied the majority of eyeball muscles 

4. Trochlear Nerves 
· Innervated eye muscles that loop through pully shaped ligament in orbit 

5. Trigeminal Nerves 
· Largest of the cranial nerves – 3 branches
· Sensory fibers to face and motor fibers for chewing

6. Abductens Nerves 
· Controls eye muscles that abducts eyeball

7. Vestibulocochlear Nerves 
· Sensory nerves for hearing and balance

8. Facial Nerves
· Large nerve for facial expression 
· From pons to lateral face

9. Glossopharyngeal Nerves 
· Tongue and pharynx mixed nerves to and from the medulla 
· Swallowing and gag reflex 

10. Vagus Nerve 
· "wanderer" only cranial nerve to extend beyond head and neck region 
· Mixed nerves to and from the medulla 
· Parasympathetic motor to heart, lungs




11. Accessory Nerves 
· Accessory part of vagus nerve 
· Thought to be a junction of cranial and spinal roots but is really just a spinal root 
· Mixed nerves – mostly motor
· Head and neck movement 

12. Hypoglossal Nerves 
· Beneath toungue 
· Mixed primary motor 
· To tongue for mixing, swallowing and speech 

Spinal Nerves 
· 31 pairs and are all mixed nerves that are name according to the point of issue
· After exiting a foramen each spinal nerve branches into a dorsal ramus and a ventral ramus

Cervical Plexus and the neck 
· Deep under sternocleidomastoid muscle 
· Single most important nerve is the phrenic nerve: motor and sensory fibers to the diagram

Brachial Plexus and upper limb 
A) axillary: nerve to shoulder
B) musculocutaneous nerve: allows arm flexion  
C) median nerve: flexor muscles in anterior forearm and into palm

Ulnar Nerve 
· Medial to elbow "funny bone" and follows ulna along medial forearm and wrist and fingers 

Radial Nerve 
· Largest – to humerus and dorsal part of hand 

The back 
· Dorsal rami: allows segmented plan

Intercostal nerves: to intercostal muscles 

Lumbar Plexus – branches to the abdominal wall muscles and the anterior and medial thigh 

A) femoral nerve: anterior thigh muscles, thigh flexors and knee extensors 
B) obturator nerve: medial thigh and adductor muscles 






Sacral Plexus – immediately at the end of the lumbar plexus 
A) sciatic nerve: posterior thigh 
B) tibial nerve: behind the knee joint to posterior calf and sole of foot
C) Common fibular nerve: to knee joint, calf
D) Superior and Inferior gluteal nerves: to buttocks
E) Pudendal Nerve: muscles and skin of perineum

Dermatome: area of skin innervated by cutaneous branches of a single spinal nerve 

Muscles of the head 
· Epicranius – main scalp muscle 
A) frontalis – raises eyebrows and wrinkles forehead 
B) Occipitalis – pulls scalp posteriorly 

· Orbicularis Oculi – surrounds eyeballs, used for protection, blinking, squinting etc. 
· Zygomaticus – smiling muscle 
· Orbicularis Oris – Surrounds mouth/lips, closes lips
· Mentalis – wrinkles chin, pout face 
· Buccinator – keeps food in place while chewing; nursing infants 
· Platysma- tenses neck skin 

Muscles that move the tongue 
· Hyoglossus - depresses tongue  
· Styloglossus - elevates tongue
· Genioglossus -  prime mover of tongue, prevents respiratory obstruction

Chewing muscles (mastication) 
· Masseter – prime mover of jaw closer 
· Temporalis – allows jaw to remain closed at rest 
· Medial and lateral pterygoid – side to side grinding movement 
· Buccinator – keeps food between teeth while chewing 

Neck and vertebral column muscles 
· Head is moved by muscles originating from axial skeleton 
· Sternocleidomastoid – manubrium, clavicle, mastoid process of temporal bone 
Allows head to tilt and rotate side to side 
· Scalenes - cervical vertebrae to 1st 2 ribs – involved in coughing
· Splenius – vertebrae to mastoid process of temporal bone "bandage muscle" 
· Erector spinae: prime mover of back extension – resistance to bending forward and extensors for returning to the erect position 1. iliocostalis 2. longissimus 3. spinalis
· Semispinalis: maintains posture and movement of the head and the vertebral column 
· Quadratus lumborum: iliac crest to lumbar vertebrae – maintain upright posture 

Muscles of respiration
· External intercostals: 11 pairs, between ribs, oblique – pulls ribs together to elevate ribcage 
· Internal intercostals: 11 pairs, between ribs, draw ribs together and depresses ribcage 
· Diaphragm: dome shaped when relaxed, prime mover of inspiration 

Muscles of Abdominal Wall 
· Rectus Abdominis: pubis to rib cage – lumbar rotation, depresses ribs and stabilizes pelvis while walking 
· External oblique – largest most superficial lateral muscle, increases ab pressure 
· Internal oblique – deeper but same action as external oblique 
· Transversus abdominis – compresses abdominal contents 

Muscles of the pelvis floor and perineum 
· Levator ani - (pubis to inner coccyx) - forms supportive sling at anorectal junction and vagina 
· Coccygeus - (spine of ischium to sacrum and coccyx) supports pelvic viscera and coccyx
· Urogenital Diaphragm - Supports pelvic viscera and constricts urethra 

Superficial muscles of the Thorax: arm movements 
· Pectoralis major: (sternum, rib cage, humerus) prime mover of arm flexion, adducts arm – throwing, pushing
· Latissimus Dorsi: (vertebrae to humerus) broad flat back muscle, prime mover for arm extension, arm adductor – swimming, rowing
· Deltoid: (clavicle, scapula to humerus) thick and rounded, site of IM injection, prime mover of arm abduction and lateral medial rotation – swinging arms while walking 
· Trapezius: occipital + vertebrae to scapula) stabilizes, raises, retracts and rotates scapula 
· Rhomboids: (vertebrae to scapula): deep to trapezius: helps with scapula movement 

Supraspinatus + Infraspinatus + Teres Minor + Subscapularis = rotator cuff muscles

Muscles crossing the shoulder and elbow joints 
· Triceps Brachii: (scapula/humerus to ulna) only muscle of posterior compartment of arm; powerful forearm extensor, helps stabilize shoulder joints 
· Biceps Brachii: (shoulder to radius) flexes elbow joint and supinates forearm 
· Brachialis: (humerus to ulna) deep to biceps brachii, major forearm flexor, lifts ulna as bicept lifts radius 
· Brachioradialis: (humerus to radius) from distal humerus to distal forearm synergist in forearm flexion

Muscles of the forearm: Movements of the wrist, hand and fingers 

2 functional groups allow for movements of the wrist and of the fingers and thumb 


· Pronator Teres: (humerus/ulna to lateral radius) - pronates forearm 
· Flexor carpi radialis: (humerus to metacarpals) diagonally across forearm, powerful flexor of wrist; abducts hand.
· Flexor carpi ulnaris: (humerus/ulna to carpals/metacarpals) - wrist flexor, adducts hand and stabilizes wrist during finger extension
· Flexor digatorum superficialis (humerus/ulna to phalanges) - flexes wrist and middle phalanges. 
· Extensor Carpi radialis longus/brevis: (humerus to metacarpals) extend and abducts wrist 
· Extensor digitorum: (humerus to phalanges) - prime mover of finger extensions, extends wrist and abducts fingers
· Supinator (humerus to radius) - assists biceos brachii to supinate forearm 

Muscles of hip, thigh and leg 
· Ilipsoas: (iliac crest and lumbar vertebrae to femur) - prime mover of hip flexion 
· Sartorius: (iliac spine to medial tibia) - strap like, LONGEST MUSCLE, flexes and laterally rotates theigh, weak knee flexor
· Adductors (magnus, longus, brevis) (pubis to femur) - all adduct, flex and medially rotate thigh – riding a horse, walking
· Pectineus (pubis to femur): adducts flexes and medially rotates theigh
· Gracilis (pubis to medial tibia): adducts thigh, medially rotates leg when walking 
· Rectus femoris: (iliac spine to patella and tibia): extends knee and flexes hip
· Vastus lateralis, medialis and intermedius: all extend the knee
· Tibialis anterial: (tibia to tarsals and metatarsals) prime mover or dorsiflexion, inverts foot
· Extensor digitorum longus (tibia to phalanges) dorsiflexes foot, prime mover of tow extension
· Gluteus maximus: (ilium/sacrum to femur) largest and most superficial buttock muscle, major thigh extensor 
· Gluteus medias: (ilium to femur) - abducts and medially rotates thigh 
· Hamstrings: 3 muscles – all extend thigh and flex knee 
· Gateocnemius: plantar flexes foot when knee extends 
· Soleus: (proximal tibis/fibula to calcaneus) plantar flexes ankle, walking, running, dancing
· Calcaneal (Achilles tendon): largest tendon in the body 
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Figure 12.11a Midsagittal section of the brain.
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Ventricles of Brain:

continuous with one another and with central cavity of spinal cord; filled with
CSF & lined by ependymal cells

(i) Paired lateral ventricles separated by narrow septum pellucidum

(i) Each communicates with narrow 3" ventricle in diencephalon via
interventricular foramen

(iii) 3rd ventricle to 4t ventricle (dorsal to pons) via cerebral aqueduct
(iv) 4t ventricle continuous with central canal

(v) 3 apertures (paired lateral apertures & median aperture) connect
ventricles to subarachnoid space (surrounds brain)
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Aanterior view





