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Welcome future chiropractors! I am glad you are here. Passing Part 1 of 
the Chiropractic National Board Examination proves to be difficult and 

I am here to walk with you through it step by step. It is my mission 
to ensure an accessible and stimulating learning experience as 

you navigate this hurdle of passing Part 1 and to becoming a 
member of the chiropractic community.

“Medicine is the study of disease and what causes man to 
die. Chiropractic is the study of health and what causes man 
to live.”  

~ B. J. Palmer

For 20 years I have had the privilege to teach, work with, and 
learn from thousands and thousands of students just like you. 

Many of them have become lifelong friends. I am humbled by the 
words of gratitude from students and the lasting change in their 

knowledge. I am thrilled to meet you and to celebrate your successes, 
the little ones and the big ones, too!

We are members of one of the world’s greatest professions! I am excited to help you 
on your chiropractic journey to pass your Part 1 boards!
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General Anatomy 1

Skin

Skin Layers
Epidermis 
“Come Let’s Get Some Beers”

Avascular. Contains 
keratinocytes and melanocytes 

Striatum corneum Top layer 

Stratum lucidum Only in thickened areas on 
soles & palms

Striatum granulosum  
Striatum spinosum
Striatum germinativum Basal layer

Dermis blood vessels, hair follicles, 
smooth mm, glands

Papillary dermis 
Reticular dermis
Subcutaneous tissue/fascia 
aka Hypodermis

macrophages, fibroblasts and 
adipocytes (50%)

Types of epithelium
Epithelum General Purpose Location Notes 

Simple Squamous Air & fluid diffusion Alveoli, capillaries, blood & lymph 
vessels 

Thinnest cells, therefore easiest 
for diffusion 

Stratified Squamous Areas of high friction
Keratinized = skin 
Non keratinized = oral cavity, anal 
cavity, vagina, esophagus

“If you are satisfied, then you are 
stratified.”

Simple Cuboidal Secretory cells Kidney tubules, glands & digestive 
tract, choroid plexus

CSF production, ependymal 
cells, follicular & parafollicular 
cells of thyroid

Stratified Cuboidal Secretory Sweat glands

Transitional Stretch – bladder Urinary bladder, ureters, kidneys Allows expansion 

Simple Columnar Absorption Stomach, small and large intestines, 
glands Easy absorption

Ciliated Simple 
Columnar

Reproductive tract Uterus (NOT vagina) 

Pseudostratified 
Ciliated Columnar Respiratory tract

Entire pulmonary tract: nasal 
mucosaàterminal bronchioles 
Exception = alveoli

Cilia = filter
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General Anatomy 2
Head and Neck Anatomy
Anatomical points and fontanelles of skull

• Bregma – the junction of the coronal and sagittal sutures 
(anterior fontanelle)

• Lambda – the point where the lambdoidal and sagittal 
sutures meet (posterior fontanelle) 

• Asterion – the meeting of the lambdoidal, occipitomastoid, 
and parietomastoid sutures (mastoid fontanelle)

• Pterion – the meeting of the great wing of the sphenoid and 
the parietal bone (lateral fontanelle)

• Inion- Internal occipital protuberance 

Nose
The nose is an olfactory and respiratory organ. It consists of nasal skeleton,
which houses the nasal cavity. The nasal cavity has four functions:
1. Warms and humidifies inspired air
2. Filters and traps particulate matter (including pathogens)
3. Drains and clears the paranasal sinuses and lacrimal ducts.
4. Responsible for sense of smell (covered in Spinal Anatomy)

Meatuses
Projection into the nasal cavity creates four pathways for the air 
to flow called meatuses
Inferior meatus – between the inferior concha and floor of the 
nasal cavity.
Middle meatus – between the inferior and middle concha
Superior meatus – between the middle and superior concha
Spheno-ethmoidal recess – superiorly and posteriorly to the 
superior concha

Nasal Conchae
Nasal conchae (or turbinates) are curved shelves of bone that 
project out of the lateral walls of the nasal cavity.
The are three conchae
• Inferior
• Middle
• Superior

Paranasal Sinuses
The paranasal sinuses drain into the nasal cavity.
• The frontal, maxillary and anterior ethmoidal sinuses open into the middle meatus
• The posterior ethmoidal sinuses open out at the level of the superior meatus.
• Nasolacrimal duct – acts to drain tears from the eye. It opens into the inferior meatus
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General Anatomy 3
Rings of Waldeyer (Tonsils) 
Pharyngeal (adenoids)- nasopharynx 
Tubal- eustachian tube
Palatine- oropharynx
Lingual- posterior 1/3 of the tongue 

Tongue
• General sensation of the anterior 2/3 of the tongue is CN V
• Taste to the anterior 2/3 of the tongue is CN VII
• General sensation and taste of the posterior 1/3 is CN IX

Muscles of the Tongue
Muscle Innervation Action
Palatoglossus CN X Elevates tongue
Styloglossus CN XII Elevates and retracts tongue
Hyoglossus CN XII Depresses and retracts tongue
Genioglossus CN XII Depresses and protrudes tongue 

Muscle of Mastication
Muscle Orgin Insertion Action
Temporalis Temporal bone Coronoid process of the mandible Close and retract jaw
Masseter Zygomatic bone External angle of the jaw Close jaw

Internal Pterygoid Medial pterygoid 
process Internal angle of the jaw Close jaw and lateral deviation

External Pterygoid Lateral pterygoid 
process

Condyle of the mandible and TMJ 
disc

Opens and protrudes jaw. Lateral 
deviation

Teeth
Enamel from surface ectoderm and teeth from neural crest cells 
Joint classification: gomphosis (fibrous)
Adult- 32 teeth; 8 per quadrant Child- 20 deciduous (milk) teeth; 5 per quadrant
• 2 incisors
• 1 canine
• 2 premolars
• 3 molars

• 2 incisors
• 1 canine
• 2 molars

Supra and Infrahyoid Muscles
Suprahyoid muscles Infrahyoid muscles
Stylohyoid- CN VII Thyrohyoid- C1 spinal nerve via CN XII
Digastric- Anterior - CN V, Posterior - CN VII Omohyoid- ansa cervicalis
Mylohyoid- CN V Sternohyoid ansa cervicalis
Geniohyoid- C1 spinal nerve via CN XII Sternothyroid-ansa cervicalis
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General Anatomy 4

Laryngeal Skeleton

Three Unpaired
• Cricoid (C6) – trachea begins at cricoid inferior border
• Thyroid (C4-C5)- oblique line of thyroid cartilage is the attachment for the Inferior constrictor of pharynx, Sternohyoid, 
Thyrohyoid
• Epiglottis

Three paired
• Arytenoids – attached vocal cords
• Corniculates
• Cuneiforms

Vocal Cords:
• Posterior cricoarytenoids-opens the glottis
• Lateral cricoarytenoids- closes the glottis
• Thyroarytenoids- relax/shorten
• Cricothyroid- tense/lengthen

Triangles of the Neck - Anterior

Anterior Triangles Boundaries Contents 

Suprahyoid aka Submental Digastric m (anterior), hyoid bone Muscles/floor/mouth Salivary glands 
& ducts

Submandibular aka Digastric Digastric muscle (both heads), inferior border of 
mandible

Salivary glands, hypoglossal, 
Myohyoid muscle

Carotid SCM, posterior digastric, omohyoid – superior 
belly Carotid arteries, IJV, CN X

Muscular aka Inferior Carotid SCM, omohyoid – superior belly, midline/neck Larynx, trachea, thyroid

Triangles of the Neck - Posterior
Posterior Triangles Boundaries Contents  

Posterior triangle (both) SCM (lateral border) Traps (posterior
border) Middle 1/3 clavicle (inferior) Nerves Vessels

Occipital SCM, traps, omohyoid – inferior belly  Cervical plexus Accessory nerve 
Subclavian aka 
Supraclavicular aka 
Omoclavicular

SCM, Omohyoid – inferior belly, clavicle
Brachial plexus, subclavian artery, transverse 
cervical a, suprascapular a, terminal part of 
EJV



© 2020 Polley Board Reviews 

General Anatomy 5

Thorax

Superior Thoracic Aperture aka Thoracic inlet 
• “Ring” around the neck- T1, Rib 1, manubrium
• Contents; Apices of the lung, brachiocephalic, subclavian arteries and veins, trachea, esophagus, vagus and phrenic 

nerves, sympathetic trunk 

Inferior Thoracic Aperture aka Thoracic outlet
• T12, Ribs 11-12, costal margins ribs 7-10, xiphoid process 
• Structures that pass to or from the thorax to the abdomen pass 

through the diaphragm.

Diaphragm
• Orginates from Sternocostal, Crura, and Arcuate Ligaments.
• Insertion- Central tendon

Mnemonic for structures that pass through the diaphragm
I Eat Apples at 8, 10 and 12
• Inferior Vena Cava through central tendon at T8
• Esophagus through right crus at T10
• Aorta between the crura at T12

Muscles of the thorax
Muscle O/I Innervation Action
External intercostal b/n ribs Intercostal Elevate ribs
Internal intercostal b/n ribs Intercostal Depress ribs

Transversus thoracis Posterior sternum to coastal 
cartilage (2-6) Intercostal Depress ribs

Serratus posterior superior C7-T3 SP’s to superior 
border ribs 2-4 Intercostal  (2-5) Elevate ribs

Serratus posterior inferior SP’s T11 - L2 to inferior 
border ribs 9-12 PDR of 9-12 spinal nerve Depress ribs
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Lungs
Surrounded by a pleural sac consisting of visceral pleura and parietal pleura. 
Parietal pleura includes:
• Costal pleura- internal surfaces of thoracic wall
• Mediastinal pleura- mediastinum
• Diaphragmatic plaeura- thoracic surface of diaphragm 
• Cervical pleura (cupula)- apices of the rungs 

Left Lung- 2 lobes, 8 segments (4/4)
• Oblique fissure separates superior and inferior lobes. Has mostly arterial 

impressions (also venous – just not as many) 
• Has lingula on upper lobe (homolog to Right middle lobe) Contains 

cardiac notch on upper lobe 
• Left hilum from superior and inferior: Pulmonary artery, bronchus and 

pulmonary vein 

Right Lung- 3 lobes, 10 segments (3/2/5)
• Oblique fissure separates superior and inferior lobes. Horizontal fissure (at T6 vertebral level) separates superior and 

middle. 
• Has mostly venous impressions (ex. Azygous vein) 
• Right hilum from superior to inferior:  

Bronchus & pulmonary artery, pulmonary vein 
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Mediastinum

Anterior (Inferior) Posterior (Inferior) Middle (Inferior) Superior

Thymus 
Areolar tissue  
Lymph nodes

Thoracic & descending aorta  
Carini & bronchi  
Azygous &  
hemiazygos vein  
Esophagus  
Thoracic duct  
Vagus nerve  
Splanchnic nerve

Heart & pericardium  
Ascending aorta , pulmonary 
artery & vein  
Lower 1⁄2 of SVC, arch  
of azygous  
Phrenic nerve

Thymus 
Arch of aorta  
Trachea  
SVC  
Esophagus  
Thoracic duct  
Vagus nerve  
Phrenic nerve,  
cardiac nerve  
Both recurrent laryngeal nerves 

Heart
The wall of the heart consists of three layers of tissue:
• Epicardium — protective layer mostly made of connective tissue.
• Myocardium — the muscles of the heart.
• Endocardium — lines the inside of the heart and protects the valves and chambers.

Right Atrium contents: Left Atrium contents: Ventricles contents:

SA node
Tricuspid Valve
SVC, IVC and Coronary Sinus Ostium
Crista Terminalis
Fossa Ovalis
Triangle of Koch
AV node

Left Atrial Appendage
Mitral Valve
Pulmonary Veins Ostia

Papillary Muscles
Chordae Tendinae
Interventricular Septum
Aortic Valve (left) Pulmonic Valve (right)
Moderator Band (right)
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General Anatomy 8

Arterial Supply and Venous Drainage of the Heart

Left coronary- Anterior interventricular artery and circumflex artery
Right coronary- Posterior interventricular artery and marginal artery

Small Cardiac Vein- Travels with the marginal artery in coronary groove and drains into right side of coronary sinus
Middle Cardiac Vein-Travels with the posterior interventricular artery in posterior interventricular groove and drains into 
right side of coronary sinus
Great cardiac Vein- Travels with the anterior interventricular artery in anterior  interventricular groove and drains into left 
side of coronary sinus
Cardiac Sinus- Receives the great cardia vein (on left) and the small and middle cardiac veins (on the right) to drain into 
the right atrium. MAIN VEIN

The GI Tract, simplified

Division of Gut Anatomy Blood Supply Innervation 

Foregut: oral cavity 
to the second part of 
duodenum

Oral cavity, pharynx, lower 
respiratory tract

Thoracic Aorta: bronchial, 
esophageal, and posterior intercostal 
aa 

P-Vagus (CN X)
S-Celiac ganglion

liver, pancreas, spleen, 
stomach, duodenum

Celiac trunk- 3 branches 
L gastric artery 
Splenic artery  
Common hepatic artery

Midgut: remaining 
duodenum to the first 
2/3 transverse colon

duodenum, jejunum, 
ileum, cecum, appendix, 
ascending, first 2/3 
transverse colon

Superior mesenteric artery (R side of 
abdomen) 
Venous drainage - superior 
mesenteric vein

P-Vagus (CN X)
S- Superior mesenteric 
ganglion

Hindgut: last 1/3 
transverse colon to 
the anus

Last 1/3 transverse colon, 
descending colon, sigmoid 
colon, rectum, anus

Inferior mesenteric artery (L side of 
abdomen) Venous drainage - inferior 
mesenteric vein

P-S2-4: Pelvic 
Splanchnics 
S- Inferior  mesenteric 
ganglion
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The Abdomen

Abdominal Organs
Stomach
• Fundus- most superior portion
• Cardiac region is just distal to esophageal sphincter
• Antrum is just proximal to pyloric sphincter 
• Rugae- folds of the muscular wall that increase 

surface area
Lesser curvature is supplied by the left gastric artery
Greater curvature is supplied by the right and left 
gastroepiploic arteries 

Small Intestine: duodenum, jejunum and ileum
Duodenum  
• Shortest and widest of the 3. 
• Begins at the pylorus (R) and ends at the duodenoljejunal junction.
• Has four divisions that make a C-shape around the head of the pancreas:

1. superior
2. descending
3. transverse
4. ascending 

Jejunum and Ileum 18-21 feet long. Begins at the duodenoljejunal junction and ends at ileocecal 
junction

Large Intestine: cecum, appendix, colon, rectum and anal canal 
• The 3 teniae coli muscles form sacs named haustra
• Epipolic appendages are small pouches of omentum filled with fat 
• Invagination of ileum into cecum forms ileocecal valve 
• Veriform appendix joins cecum just inferior to the IC valve
• Ascending colon: from cecum to hepatic flexure
• Transverse colon: is the largest and most mobile
• Desending colon: from splenic flexure to sigmoid colon
• Sigmoid colon: the S-shaped connection b/s descending and rectum

Spleen
• Largest lymphatic organ and most frequently injured 
• Red pulp: blood filled cavities- makes up 75% of tissue. 
• White pulp: lymphatic tissue - makes up 25% of tissue
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Pancreas
• The head of the pancreases contacts the duodenum, the body 

contacts the stomach and left kidney and the tail with the 
hilum of the spleen.

• Acts as both an endocrine and exocrine organ.
• Exocrine secretions: trypsinogen, chymotrypsinogen, amylase, 

lipase, and H2CO3 
• Endocrine secretions: glucagon (alpha cells), insulin (beta cells) 

and somatostatin (delta)

Liver
Lobes
• Functionally, there are 2 lobes of the liver, left 

and right. (caudate and most of quadrate are 
part of the left lobe)

• Each has its own blood supply and venous 
drainage. 

Ligaments
• Falciform ligament separates the right and left 

lobes 
• Ligamentum venosum separates the left lobe 

and the caudate 
• Ligamentum teres (round ligament) separates 

left lobe  and quadrate lobe
• Coronary ligament and falciform ligament 

attach the liver to the diaphragm
• Triangular ligaments are superior/lateral attachments of liver to diaphragm 

Blood Flow
• 75% of blood flow into the liver is venous by way of portal vein. 
• Portal vein is the anastomoses of superior mesenteric, splenic and inferior mesenteric veins. Takes nutrient rich, 

oxygen poor blood from the intestines to the lover. 
• 25% of blood flow into the is arterial by way of hepatic artery. 
• The portal vein and hepatic artery enter the liver with the common bile duct (portal triad) at the porta hepatis.

Biliary ducts/Gallbladder
• Right + Left hepatic ducts form common hepatic duct
• Common hepatic duct + cystic duct form common bile duct
• Common bile duct + main pancreatic duct form hepatopancreatic ampulla 

aka ampulla of vater 
• Ampulla of vater empties into the descending portion of duodenum at the 

summit of the major duodenal papilla (sphincter of Oddi)
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Peritoneum: 
Continuous membrane that has 2 Layers, visceral and parietal. 
Peritoneal cavity is located between the 2 layers  

Retroperitoneal organs: “SADPUCKER” Intraperitoneal organs (SALTD SPRSS)

• Suprarenal glands 
• Aorta and IVC 

Duodenum, except first part
• Pancreas, except tail 

Ureter and bladder
• Colon
• Kidneys
• Esophagus
• Rectum, lower 2/3

• Stomach
• Appendix
• Liver
• Transverse colon
• Duodenum, only first part
• Small intestines
• Pancreas, only the tail
• Rectum, only upper 1/3
• Sigmoid colon
• Spleen

• Mesentery: double layer extension of visceral 
peritoneum that connects organs to a body wall

• Omentum: double layer extension of visceral 
peritoneum that passes from stomach to another 
organ

• Greater omentum connects greater curvature of 
the stomach to the transverse colon  
Greater sac behind greater omentum 

• Lesser omentum connects lesser curvature of 
the stomach to the liver

• Lesser sac (aka omental bursa) behind lesser 
omentum 

• Epiploic foramen aka “foramen of Winslow”: 
the opening between greater & lesser peritoneal 
sacs

Inguinal Canal- transmits contents through anterior 
inferior abdominal wall 

Contents:  
Males- Spermatic cord 
Females- Round ligament of uterus AKA ligamentum teres 
Both- ilioinguinal nerve

Borders:  
Anterior- external oblique aponeurosis 
Posterior- transversalis fascia
Floor- superior portion of inguinal ligament (which is a continuation of the external oblique aponeurosis) 
Roof- internal oblique and transversus abdominus 
 
Rings:  
Superficial inguinal ring: triangular shaped opening in the external abdominal oblique (medial/inferior)  
Deep inguinal ring: out pouching of the transversalis fascia (lateral/superior) midpoint of inguinal ligament 
ASIDE: cremaster muscle – is derives from the internal oblique muscle and is innervated by the genitofemoral nerve
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Pelvis and Perineum 

Bony Pelvis consists of:
1. 2 hip bones (ilium, ischium and pubis)
2. Sacrum
3. Coccyx

Differences between male and female
• Males the pelvic bowl is smaller in diameter, the 

pubic arch is narrow and the obturator foramen 
are round. 

• Female the pelvic bowl is much larger in 
diameter, the pubic arch is wide and the 
obturator foramen are oval.

Superior pelvic aperture (Pelvic brim)
• Above the line- pelvis major aka greater pelvis 

aka false pelvis
• Below the line- pelvis minor aka lesser pelvis aka 

true pelvis 

Pelvic diaphragm- divides the pelvis and the perineum  
It is made of 2 muscles 
1. Levator ani- iliococcygeus, *pubococcygeus, puborectalis
2. Coccygeus (ishiococcygeus)  

Pelvic organs
Bladder
Ureters connect the kidney and the bladder
Bladder surfaces/parts:
1. Superior
2. Inferferolateral surfaces (2) - in contact with levator ani
3. Base and Fundus on the posteroinferior surface
4. Apex- anterior end
5. Neck- inferior portion (where fundus and inferolateral 

surfaces converge) 

Male Urogenital Structures
Penis
3 cylinders of erectile tissue covered by tunica albuginea 

• Corpus cavernosa (2) are lateral, starts at crus of penis 
and is responsible for erection 

• Corpus spongiosum is medial and ventral and contains 
spongy urethra

• Root of the penis- crura, bulb, ischiocavernosus and 
bulbocavernosus muscles

• Erection- parasympathetic (POINT) 
• Ejaculation- sympathetic (SHOOT)

Urethra
Divided into 4 sections
1.   Pre-prostatic urethra until it reaches the prostate (pelvis) 
2.   Prostatic urethra: as the urethra passes through the prostate (pelvis) 
3.   Membranous urethra: as it passes the urogenital diaphragm (deep perineal space) 
4.   Spongy urethra: as it passes through the corpus spongiosum of the penis (perineum)
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Spermatic cord- acts as both suspension of the testes within the scrotum and a conduit for several structures including 
vas deferens, pampiniform plexus, several arteries (testicular, cremaster)

Testes
Located in the scrotum covered by tunica vaginalis
Primary functions
1. Form sperm
2. Testosterone production

Muscles:  
Cremaster- raises the testes 
Dartos- contracts the scrotum in response to cold

Epididymis 
Superior posterolateral aspect of testes
Common shaped structure for maturation of sperm 
 
Ductus deferens (vas deferens) is continuation of the epididymis that ascends in the spermatic cord
Joins with seminal vesicles which secrete an alkaline fluid that mixes w/sperm to form ejaculatory ducts (near the neck of 
the bladder) and empties into prostatic urethra  
Prostate walnut sized gland with 4 lobes (anterior, posterior, lateral and median)
 
Bulbourethral glands
Located posterolateral to the membranous urethra 
Pea-sized glands that secretes a mucus like secretion duding sexual arousal 

Female Urogenital Structures
Uterus
Body of Uterus
• Fundus on top
• Body is superior 2/3
• Cervix is inferior 1/3
• Internal os is the junction of the cervical 

canal with uterine body
• External os is the opening of the cervical 

canal to vagina

Fallopian/Uterine Tubes- 4 parts:
1. Infundibulum- fimbriae, abdominal ostium  
2. Ampulla- usual site of fertilization  
3. Isthmus- enters horn of uterine body 
4. Uterine part- passes through uterine wall

Ligaments:
Ovarian ligament: ovary to uterus  
Suspensory ligament of ovary: ovary to 
abdominal wall  
Round ligament of uterus: uterus to labia majora

Broad ligament: uterus to abdominal wall (3 parts)
1. Mesovarium – portion attaching to ovary 
2. Mesoalpinx – portion attaching to fallopian tube  
3. Mesometrium – attaches to everything else 
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Perineum
Perineum is separated from the pelvis by the pelvic diaphragm
External urogenital and anal structures
Diamond shaped area with the following borders:
1. Anterior- pubic symphysis
2. Posterior- coccyx
3. Lateral- Ischial tuberosities  
Divided into 2 triangles, urogenital triangle and anal triangle
 
Spaces/Pouches
Superficial perineal space is located b/n the perianal membrane and the superficial perineal fascia 
Deep perineal space is contained within the urogenital diaphragm 

Superficial Deep

Males root of penis, ischiocavernosus, bulbospogiosus, puedenal 
nerves, spongy urethra 

membranous urethra, bulbourethral 
glands, sphincter urethrae muscle 

Females root of clitoris, ischiocavernosus, bulbospogiosus Proximal urethra, sphincter urethrae 
muscle 
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Bones/Landmarks of the Lower Extremity 

Femur

Fovea capitis = small indentation at head of femur 

Lesser trochanter
• Psoas major attachment 
• 
Greater trochanter
• Glute muscles attachment
• Piriformis attachment
• Obturator internus and gemelli muscle attachment

Intertrochanteric line- anterior aspect of femur between 
greater and lesser trochanters

Intertrochanteric line- posterior aspect of femur between 
greater and lesser trochanters

Linea aspera 
• Lateral lip = continuation of gluteal tuberosity
• Medial lip = continuation of spiral line which continues to 

become trochanteric line
• Point of attachment for vastus lateralis & medialis and the 

distal attachment of adductor brevis, adductor longus and 
adductor magnus 

Condyles (lateral and medial)  

Adductor tubercle (medial condyle of femur) 
• adduct magnus attachment 
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Tibia/Fibula

Tibia
• Medial & lateral condyles
• Pes anserine on medial condyle 

(SGT) 
• Soleal line on posterior tibia 
• Intercondylar eminence 
• Medial malleolus 

Fibula- non weight bearing bone
• Not part of knee joint 
• Forms lateral malleolus
• Articulates with lateral condyle of 

tibia
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Knee

Ankle/Foot

ACL- prevents anterior displacement of tibia on the femur 
Transverse ligament- joints the anterior edges of the two menisci 
Lateral meniscus- does not attach to LCL aka fibular collateral 
ligament
Medial meniscus- attaches to MCL aka tibial collateral ligament
PCL-  prevents posterior displacement of tibia on the femur

Ligaments of Knee 
Cruciate ligaments 
ACL- prevents hyperextension
PCL- prevents hyperflexion
MCL-stressed with valgus
LCL- stressed with varus 
Oblique popliteal ligament aka ligament of Wrisberg- 
strengthens knee posteriorly 
Coronary ligaments- attach convex margins of menisci to 
condyles of tibia  

2 joints
Talocrural joint- allows for dorsiflexion and plnatarflexion
Subtalar joiant- allows for inversion/eversion of calcaneous 

7 tarsal bones
calcaneous, talus, navicular, cuboid, 3 cunneiforms (medial, 
intermediate and lateral)

3 lateral ligaments
Anterior talofibular
Calcaneofibular 
Posterior talofibular 

Deltoid ligament- 4 bands
Anterior tibiotalar
Tibionavicular
Tibiocalcaneal
Posterior tibiotalar

Spring ligament 
Plantar calcaneonavicular ligament 
Helps to maintain medial arch 
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Muscles of Lower Extremity
Muscles of Thigh: Anterior Compartment 
MUSCLES NERVE ORIGIN INSERTION ACTION 

Iliacus Femoral n 
(L2-L4) Iliac fossa Lesser trochanter of 

femur
Flex thigh, lateral 
rotation of femur 

Quadriceps 
Rectus femoris  
Vastus lateralis  
Vastus intermedius  
Vastus medialis

Femoral n 
(L2-L4)

AIIS  
Linea aspera & intertrochanteric 
line  
Upper shaft of femur  
Linea aspera & intertrochanteric 
line

Patella and tibial 
tuberosity 
Rectus femoris crosses 2 
joints

Rectus – flexes hip 
and extends leg 
Vastus muscles – 
extends leg

Sartorius Femoral 
(L2-L4) ASIS Upper medial side of the 

tibia

Flex leg, Flex thigh, 
Laterally rotates 
the thigh

Muscles of Thigh: Medial Compartment 
MUSCLES NERVE ORIGIN INSERTION ACTION 

Adductor brevis Obturator Pubis Femur (linea aspera) Adducts thigh Flexes 
thigh

Adductor 
longus Obturator Pubis Femur (linea aspera) Adducts thigh Flexes 

thigh

Adductor 
magnus

Obturator (adductor portion) 
and Tibial division of sciatic 
(hamstring portion)

Ischium

Adductor portion (linea 
aspera) 
Hamstring portion on 
adductor tubercle

Adducts thigh Extends 
thigh

Gracilis Obturator 
 
Pubic 
symphysis

Tibia Adducts thigh Flexes 
thigh Flexes leg

Pectinius Obturator and femoral Pubic crest Pectineal line on femur Adducts thigh Flexes 
thigh

Psoas major Spinal nerves L2 & L3
Discs and TPs 
all lumbars & 
T12 

Lesser trochanter of 
femur

Flexes and rotates 
thigh laterally

Muscles of Thigh: Posterior Compartment
MUSCLES NERVE ORIGIN INSERTION ACTION 

Biceps femoris – long 
head Tibial division of sciatic Ischial 

tuberosity Head of fibula
Flexion of leg 
Lateral rotation of leg 
Extension of thigh

Biceps femoris – short 
head

Common peroneal divison of 
sciatic Linea aspera Head of fibula

Flexion of leg 
Lateral rotation of leg 
Extension of thigh

Semimembranosus Tibial division of sciatic Ischial 
tuberosity

Medial condyle of 
tibia

Flexion of leg 
Medial rotation of leg 
Extension of thigh

Semitendinosus Tibial division of sciatic Ischial 
tuberosity 

Tibia (medial 
surface upper 
part) 

Flexion of leg 
Medial rotation of leg 
Extension of thigh
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Muscles of Thigh: Lateral Compartment
MUSCLES NERVE ORIGIN INSERTION ACTION 

TFL Superior Gluteal ASIS Illiotibial Tract (IT Band) on 
lateral condyle of Tibia

Abduction of hip 
Stabilizes ITB during gait

Gluteus Maximus Inferior Gluteal
Posterior gluteal 
line Illium sacrum 
and coccyx

Greater trochanter of 
femur 
Fascia Lata

1 - extend thigh
2 - abduct thigh
3 - lateral rotation of thigh

Gluteus Medius Superior gluteal Anterior gluteal 
line of Illium

Greater trochanter of 
femur

1 - abduct thigh
2 - medial rotation of thighs

Gluteus Minimus Superior gluteal Inferior gluteal 
line of Illium

Greater trochanter  of 
femur

1 - abduction of thigh
2 - medial rotation of thigh

Muscles of Leg: Anterior Compartment
MUSCLES NERVE ORIGIN INSERTION ACTION
Extensor 
digitorum longus Deep peroneal Lateral condyle/ tibia & 

fibula 4 lateral toes Extends 4 lateral toes and 
dorsiflexes foot

Extensor hallucis 
longus Deep peroneal Lateral tibia and 

interosseous membrane
Distal phalanx of 
big toe

Extension of big toe and 
dorsiflexion & inversion of foot

Tibialis anterior Deep peroneal Tibia and interosseous 
membrane

Medial cuneiform 
& first MTP Dorsiflexion & inversion of foot

Peroneus tertius Deep peroneal Fibula and interosseous 
membrane

Styloid and fifth 
MTP

Dorsiflexion and eversion of 
foot

Muscles of Leg: Lateral Compartment 
MUSCLES NERVE ORIGIN INSERTION ACTION 

Peroneus brevis Superficial peroneal Fibula Styloid of fifth Metatarsal Eversion and plantar 
flexion of foot

Peroneus longus Superficial peroneal Fibula & lateral 
condyle of tibia 

Medial cuneiform & first 
metatarsal

Eversion and plantar 
flexion of foot

Muscles of Leg: Posterior Compartment

MUSCLES NERVE ORIGIN  INSERTION ACTION 

Gastrocnemius Tibial Medial and lateral epicondyles of 
femur Calcaneus Plantar flexion of foot & 

flexion of leg at knee

Plantaris Tibial Femur Calcaneus Plantar flexion of foot & 
flexion of foot and leg

Soleus Tibial Tibia (soleal line) and fibula Calcaneus Plantar flexion of foot
Flexor digitorum 
longus Tibial Tibia DIPs 2-5 Flexion of 4 lateral toes & 

plantar flexion of foot 
Flexor hallucis 
longus Tibial Fibula Distal phalanx great 

toe
Flexion of big toe (distal 
phalanx)

Popliteus Tibial Lateral femoral condyle Posterior tibia Flexion of leg and medial 
rotation of leg 

Tibialis posterior Tibial Tibia, fibula, interosseous 
membrane

Navicular, 
cuneiforms, cuboid
2-4 metatarsals 

Plantar flexion and inversion 
of foot
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Muscles of the foot
MUSCLE NERVE ACTION
4 dorsal interossei Lateral plantar n “DAB” – dorsal interossei abduct
3 plantar interossei Lateral plantar n “PAD” – plantar interossei adduct

4 lumbricals First lumbrical = medial plantar n 
2-4 lumbricals = lateral plantar n 

Flexion of MTP but extension of PIP and DIP at 
the same time

Blood Supply to Lower extremity 
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Venous Drainage

Deep venous drainage- Anterior tibial vein, posterior tibial vein and peroneal vein from the popliteal vein

Superficial venous drainage-
Great saphenous vein arises from the medial aspect of dorsal venous arch. Ascends up the anteromedial aspect of the 
leg to drain into the femoral vein, close to the inguinal ligament. 

Small saphenous vein arises from the lateral aspect of the dorsal venous arch. Ascends up the posterolateral aspect of 
the leg to drain into the popliteal vein. 
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Bones of the Upper Extremity
Scapula 
• Coracoid process
• Acromion at superior end of spine of scapula 
• Supraglenoid tubercle- Origin of long head of biceps 
• Infraglenoid tubercle- Origin of long head of triceps 
• Root of spine of scapula at T3
• Transverse scapular ligament- converts scapular 

 

Clavicle 
• First bone to begin ossification (and last to fully ossify)
• Sternoclavicular joint is a sellar/saddle joint. (has articular 

disc)
• Connects axial and appendicular skeleton at SC joint
• Lateral end articulates with acromion
• Transmits forces from the arm 
• Trapezoid line (lateral and Conoid tubercle (medial)  notch 

into scapular foramen
 
 
Ligaments 
• Coracoclavicular ligament = Trapezoid + Conoid 
• Glenohumeral ligament: strengthen the front of the 

capsule
• Transverse humeral ligament: passes from the 

lesser to the greater tubercle of the humerus- 
converts the intertubercular groove into a tunnel for 
the long head of the biceps

• Coracohumeral ligament: strengthens the superior 
part of the capsule 

• Glenoid labrum: a fibrocartilaginous rim around the 
margin of the glenoid fossa



© 2020 Polley Board Reviews 

General Anatomy 23

Humerus

Humerus 
• Greater tuberosity
• Lesser tuberosity 
• Anatomical neck immediately distal to the 

head 
• Surgical neck below greater and lesser 

tuberosities 
• M/c fracture of the humerus is at surgical neck 

and can damage axillary nerve 
• Deltoid tuberosity- deltoid attachment 
• Spiral fracture at midshaft can damage radial 

nerve
• Spiral groove of humerus contains radial nerve
• Deltoid tuberosity- deltoid attachment 
• Capitulum- articulates with radius 
• Trochlea- articulates with ulna
• Cornoid fossa (anterior) articulates with 

coronoid process
• Olecranon fossa (posterior) articulates with 

olecranon process
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Radius 
• Ulnar notch on distal radius articulates w/the head 

of ulna
• Radial tuberosity
• Styloid process at wrist 
• Lister tubercle – distal radius  

“put a cap (capitulum of humerus) on head of 
radius”

Ulna 
• Radial notch on proximal ulna articulates with head 

of radius
• Ulnar tuberosity, 
• Coronoid process 
• Olecranon process
• Head of ulna
• Styloid at wrist
• Trochlear notch  

Hand 
Carpal bones
Proximal row (lateral to medial) 
Scaphoid�lunate�triquetrum�pisiform  

Distal row (lateral to medial) 
Trapezium�trapezoid�capitate�hamate  

Scaphoid- m/c fractured.
Forms the floor of the anatomical snuff box  
Lunate- m/c dislocated
 
MCPs = Haygarth’s nodes in RA  
PIP = Bouchards nodes in RA or OA  
DIP = Heberden’s nodes in OA  
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Muscles of the Upper Extremity
Rotator Cuff Muscles (SITS) 
Muscles Nerve Origin Insertion Action

Supraspinatus Suprascapular (C5, 6) Superior scapula
Superior facet of 
greater tuberosity of 
humerus

Abduction, first 30°, 
then over 90°

Infraspinatus Suprascapular (C5, 6) Inferior scapula Middle facet of greater 
tuberosity

External rotation 
(primary action)

Teres minor Axillary (C5, 6) Lateral border of 
scapula

Inferior facet of 
greater tuberosity

1° = adduction 
2° = external rotation

Subscapularis Upper & Lower 
subscapular (C5, 6) Anterior scapula Lesser tuberosity Internal rotation 

Muscles of the back, chest and shoulder
Muscles Nerve Origin Insertion Action 

Deltoid Axillary (C5, 6) Around AC joint Deltoid tuberosity of 
humerus

Abducts, flexes and 
extends humerus

Latissimus dorsi Thoracodorsal 
(C6 ,7, 8)

Iliac crest, inferior 4 ribs, 
spinouses T6 to Sa

Floor of 
intertubercular groove 

Extend, adduct, 
internally rotate 
humerus at shoulder 

Levator scapulae Dorsal scapular 
(C5,6) TPs of C1-C4 Superior/medial 

border of scapula Elevate scapula

Pec major
Medial (C8, T1) & 
Lateral (C5, 6, 7) 
pectoral nerves

Clavicular head = anterior 
surface medial 1/3 
surface Sternal head = 
manubrium & body of 
sternum Abdominal head 
= costal cartilages of ribs 
2-6 

Lateral lip of 
intertubercular groove

Flexes, adducts, and 
internally rotates 
humerus at shoulder 
joint

Pec minor Medial pectoral nerve 
(C8, T1) 3-fifth ribs Coracoid process of 

scapula Depresses shoulder

Rhomboid major Dorsal scapular (C5) SPs, T2-T5 Medial border of 
scapula 

Adduct and retract 
scapula 

Rhomboid minor Dorsal scapular (C5) SPs, C7-T1 Medial border of 
scapula

Adduct and retract 
scapula

Serratus anterior Long thoracic n (C5, 
6, 7) “SALT”

External surface of first 
8- 9 ribs

Anterior + medial 
surface of vertebral 
border of scap

Protracts and abducts 
scapula

Subclavius Subclavian (C5, 6) First rib Groove for subclavian 
muscle on clavicle Depresses clavicle

Teres Major Lower subclavior 
nerve (C5, 6) Inferior angle of scapula Medial lip of 

intertubercular groove
Adducts, internally 
rotates humerus

Trapezius CN XI, and C3, 4
Medial superior nuchal 
line, EOP, ligamentum 
nuchae, SPs C7-T12

Lateral 1/3 clavicle, 
acromion, spine of 
scapula

Elevate, depress, 
retract, scapula



© 2020 Polley Board Reviews 

General Anatomy 26
Muscles of Upper Arm: Anterior Compartment 
Muscles Nerve Origin Insertion Action

Biceps Musculocutaneous 
(C5-7)

Long head = supraglenoid 
tubercle Short head = coracoid 
process of scapula 

Radial tuberosity Flexion Supination

Coracobrachialis Musculocutaneous 
(C5-7) Coracoid process of scapula Humerus

Adduction 
Flexion of 
shoulder

Brachialis Musculocutaneous 
(C5-7)

Humerus (lower anterior 
surface)

Coronoid/ulnar 
tuberosity Flexion of forearm

Muscles of Upper Arm: Posterior Compartment
Muscles Nerve Origin Insertion Action 

Triceps Radialerve 
(C5-T1)

Long head = infraglenoid tubercle Lateral 
head = post/lat aspect of humerus, above 
radial groove Short head = post/lat aspect of 
humerus, below radial groove 

Olecranon 
process Extend elbow

Muscles of Forearm: Anterior Compartment 
Muscles Nerve Origin Insertion Action 
Pronator teres 
(S)

Median 
(C5-T1)

medial epicondyle of humerus, coronoid 
process of ulna

Middle of lateral 
surface of radius 

Pronation of 
forearm

Flexor carpi 
ulnaris (S) Ulnar (C8-T1)

Humeral head = medial epicondyle of 
humerus 
Ulnar head = olecranon and posterior 
border of ulna 

Pisiform, hook of 
hamate, base of fifth 
MCP

Flex & adduct hand 
at carpus, flexes 
forearm

Palmaris 
longus (S)

Median 
(C5-T1) Medial epicondyle of humerus Palmar aponeurosis Flex hand and 

forearm

Flexor carpi 
radialis (S)

Median 
(C5-T1) Medial epicondyle of humerus Base of second and 

third MCP 

Flex and abduct 
hand, flexes 
forearm 

Flexor 
digitorum 
superficialis 
(I) 

Median 
(C5-T1)

Humeroulnar head- medial epicondyle, 
coronoid process of ulna, ulnar collateral 
ligament

Palmar aspect of 
middle phalanx of 
digits 2-5

Flexes PIPs, hand 
and forearm

Flexor pollicus 
longus (D)

Anterior 
interosseous 

Anterior surface of radius and 
interosseous membrane

Base of distal 
phalanx Flexes IP of thumb

Flexor 
digitorum 
profundus (D)

Median and 
Ulnar

Proximal anterior ulna and interosseous 
membrane DIPs 2-5 Flexes DIPs and 

hand

Pronator 
quadratus (D)

Anterior 
interosseous Distal aspect of anterior ulna Distal aspect of 

anterior radius 
Pronation of 
forearm
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Muscles of Forearm: Posterior Compartment 

Muscles Nerve Origin Insertion Action  

Supinator Radial 
(C5-T1)

Lateral epicondyle of humerus, 
lateral collateral ligament of 
elbow, annular ligament, proximal 
posterior and lateral ulna

Proximal 1/3 radius Supinates forearm

Anconeus Radial 
(C5-T1) Lateral epicondyle of humerus Olecranon of ulna

Extends elbow & 
abducts ulna during 
pronation

Extensor carpi 
radialis longus

Radial 
(C5-T1)

Lateral supracondylar ridge of 
humerus

Posterior aspect of base 
of second MCP

Extends & abducts 
hand

Extensor carpi 
radialis brevis

Radial 
(C5-T1) Lateral epicondyle of humerus Posterior aspect base of 

third MCP
Extends fingers and 
abducts hand

Extensor carpi 
ulnaris

Radial 
(C5-T1)

Lateral epicondyle of humerus and 
olecranon

Lateral aspect of base of 
fifth MCP 

Extend and adduct 
hand 

Extensor 
digitorum 
communis

Radial 
(C5-T1) Lateral epicondyle of humerus

Posterior surfaces of 
bases of middle and 
distal phalanges of digits 
2-5

Extends fingers and 
hand

Extensor digiti 
minimi

Radial 
(C5-T1) Lateral epicondyle of humerus

Base of middle and 
distal phalanges of fifth 
digit 

Extend fifth digit 

Extensor indicus Radial 
(C5-T1) Ulna and interosseous membrane Joins tendon of extensor 

digitorum to index finger Extends index finger 

Extensor pollicus 
longus

Radial 
(C5-T1)

Posterior midshaft ulna and 
interosseous membrane

Base of distal phalanx of 
thumb

Extends distal phalanx 
of thumb; abducts hand

Extensor pollicus 
brevis

Radial 
(C5-T1)

Posterior surface of radius and 
interosseous membrane

Base of proximal 
phalanx of thumb

Extends proximal 
phalanx of thumb; 
abducts hand

Abductor pollicis 
longus

Radial 
(C5-T1)

Posterior surface of radius and 
ulna and interosseous membrane Base of first MCP Abducts thumb and 

hand

Brachioradialis Radial 
(C5-T1)

Lateral supracondylar crest of 
humerus

Distal radius, proximal to 
styloid process Flexes elbow

Muscles of the hand
Muscle Nerve Action
4 dorsal interossei Ulnar “DAB” – dorsal interossei abduct
3 plantar interossei Ulnar “PAD” – plantar interossei adduct

4 lumbricals Medial 2 lumbricals- ulnar  
Lateral 2 lumbricals- median 

Flexion MCP but extension of PIP and DIP at the same 
time
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Blood Supply to Upper extremity

Arterial supply to the upper extremity  
• The subclavian artery has 3 main branches. It changes names at the anterior border between the first rib and clavicle 

and becomes the Axillary artery.
• The axillary artery has 6 main branches. It changes names at the inferior border of teres major and becomes the 

Brachial artery. 
• The brachial artery has one main branch. At the inferior border of the cubital fossa, it bifurcates and becomes the 

Ulnar and Radial arteries. 
• The ulnar artery has one main branch and terminates into the superficial palmar arch
• The radial artery terminates into the deep palmar arch
• Aortic Arch gives rise to: Brachiocephalic Trunk, Left Common Carotid and the Left Subclavian
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Venous Drainage of the upper extremity

Superficial venous drainage
• Venous drainage begins with dorsal venous arch which receives blood from digits
• Cephalic vein drains lateral side of dorsal venous arch, and drains into axillary vein.
• Basilic vein drains medial side of dorsal venous arch

Deep Venous Drainage
• Radial and Ulnar veins form brachial vein 
• Brachial veins and the basilic vein form the axillary vein
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Bone Cell Types
Osteoprogenitor cells- derived from mesenchymal cells give rise to osteoblasts 
Osteoblast- bone forming cell “blast builds bone”  
Osteoclast- multinucleated cell that breaks down/resorbs bone
Osteocytes- derived from osteoblasts and maintain bone 
Osteoid- secreted by osteoblasts to make new bone  

Bone Terminology
Epiphysis- end of long bones  
Metaphysis- between epiphysis & diaphysis  
Diaphysis- shaft of long bone  
Cancellous bone- spongy bone  
Cortical bone- compact bone on the surface of bones  
Periosteum- adheres to surface of bone
Endosteum- source of new osteoblasts of new bone formation if remodeling is needed  
Haversian system aka osteon- central canal surrounded by concentrically arranged lamellae  
Basic structural unit of compact  
Lamellae- thin plate of matrix concentric arranged around osteon 
Lacuna- small space/cavity between the lamellae that contain osteocytes 
Canaliculi- spoke like projections between lacuna that allow for communication  
Volkmann’s Canal- transverse canal in bone and contains nutrient artery
“Lacuna of Howship aka resorptive lacuna- pits or cavities on the outside of bone that contain osteoclasts  

Types of ossification
1. Intramembranous ossification is characterized by the formation of bone tissue directly from mesenchyme and not 
dependent on a cartilage model.
Flat bones of the skull (parietal and occipital bones) and the clavicle are formed using this process.
2. Endochondral ossification is dependent on a cartilage model. All other bones, such as the femur, fibula and phalanges 
are formed by this process.

Fetal Blood Bypasses
Bypass Organ Connections Remnant 
Ductus venous Liver Umbilical vein to IVC Ligamentum venosum
Forman ovale Lung Hole between  L and R atria Fossa ovalis
Ductus arteriosus Lung L pulmonary artery and aorta Ligamentum arteriosum 

Lymphatic System
• Transports clean fluids back into the blood
• Drains excess fluid from tissues
• Removes waste/debris from cells of the body
• Transports most fats (chylomicrons) from the digestive system  

Plasma which is filtered by the blood capillaries is known as interstitial fluid  When this fluid passes into lymph capillaries, 
it is known as lymph fluid 

Left Lymphatic Duct aka Thoracic Duct 
Begins as a dilation in front of L2 known as the cisterna chyli  
It is the main collecting duct of the lymphatic system and receives lymph from the left side of the head, neck and chest, 
the L upper limb, and the entire body below the ribs  
The thoracic duct empties all of its lymph into the left subclavian vein  
 
Right Lymphatic Duct 
Drains lymph from the R upper body 
It empties all of its lymph into the junction of the R IJV and the R subclavian vein
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Spaces, Shapes and Holes

Name Boundaries Contents

Greater Sciatic 
Foramen

Anterior- greater sciatic notch
Inferior- sacrospinous ligament
Posterior- sacrotuberous ligament

Piriformis muscle 
Superior gluteal nerve and artery
Nerve to obturator internus and quadrates 
femoris, inferior. gluteal, pudendal, 
posterior femoral cutaneous, and sciatic 
nerves (SNNIPPS)

Lesser Sciatic Foramen 
Anterior- lesser sciatic notch
Superior- sacrospinous ligament
Posterior- sacrotuberous ligament

Obturator internus muscle 
Nerves- Pudendal nerve
Internal pudendal artery (and vein) 
Nerve to obturator internus (PIN)

Femoral Triangle
Medial- adductor longus
Lateral- sartorius
Superior- inguinal ligament 

Lateral to Medial (NAVL)
Femoral nerve
Femoral artery
Femoral vein
Lymphatics

Adductor hiatus
Posteromedially- adductor longus and magnus
Lateral- vastus medialis
Anterior-sartorius

Femoral vein
Femoral artery
Saphenous Nerve

Popliteal fossa

Superolateral- biceps femoris
Supermomedial- semimembranosus and 
tendinosis
Inferolateral and medial- lateral and medial 
heads of gastrocnemius 

Popliteal artery and vein
Tibial and common peroneal nerve
Small saphenous vein
Lymphatic vessels

Petits Triangle
Medial- latissimus dorsi  
Inferior- iliac crest  
Lateral- external oblique 

Triangular Space 
aka upper Triangular 
Space

Superior- teres minor 
Inferior- teres major
Lateral- long head of triceps

Circumflex scapular artery

Quadrangular Space
 

Superior- teres minor
Inferior- teres major
Medial- long head of triceps 
Lateral- humerus

Axillary nerve 
Posterior humeral circumflex artery 

Triangular Interval  aka 
Lower Triangular Space

Superior- teres major
Medial- long head of triceps 
Lateral- lateral head of triceps

Radial nerve (spiral groove) Profunda 
brachii artery

Cubital Fossa

Lateral- brachioradialis 
Medial- pronator teres 
Superior- imaginary line between medial and 
lateral epicondyles of humerus 

Lateral to Medial
Radial nerve
Biceps tendon
Brachial artery 
Median nerve

Anatomical Snuffbox

Medial- extensor pollicus longus
Lateral- extensor pollicus brevis & abductor 
pollicus longus
Floor- scaphoid

Radial artery
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Germ Layer Derivatives

Ectoderm
“nerves and skin Surface Ectoderm Epidermis, Ant Pituitary, lens of eye, hair, nails, teeth enamel

Neural Tube
(Neuroectoderm)

Brain and Spinal Cord (CNS), Post Pituitary, Retina, Astrocytes,
Oligodendrocytes

Neural Crest Cells
(Neuroectoderm)

PNS, Schwann Cells, DRG, Ganglia of ANS, Adrenal Medulla, 
Melanocytes, Thyroid C Cells

Mesoderm
“muscles”

Notochord- remnant become nucleus pulposus 
31 pairs of somites. Sclerotome (bone), Myotome (muscles) and 
Dermatome (skin) *except skull
CV and lymphatic system
Urogenital system (incl kidney’s- see below)

Endoderm
“tubularnstructures”  Gi organs and epithelium, respiratory epithelium, urogenital epithelium

Arch Number Artery Cranial 
nerve Muscles Skeletal derivatives Pouch derivatives

I (Mandibular) Maxillary V Mm of mastication malleus, incus, Auditory tube

II (Hyoid) Stapeidal and 
hyoid VII Mm of facial 

expression stapes, stylohyoid lig Palatine tonsil

III Internal carotid IX Stylopharyngess Parts of hyoid cart thymus, parathyroid 
gland

IV R Subclavian, 
aorta X Mm of the larynx and 

pharynx Laryngeal cart thymus, parathyroid 
gland

Embrology

Branchial Arches and Pouches

The kidney develops from intermediate mesoderm in a cranial to caudal manner 3 Stages:
 1. Pronephros- no there is no excretion or filtration
 2. Mesonephros- has basic functions like filtration
 3. Metanephros develops the kidney itself

Ejaculatory and urinary ducts- mesonephros
Kidney- metanephros
Uterus & uterine tube and cervix- paramesonephric ducts aka Müllerian ducts 

Urachus connects belly button (umbilicus) to bladder 
Allantois gives rice to umbilical cord and urachus 
The two medial umbilical ligaments are the obliterated urachus 
Patent urachus- If urine comes out of umbilicus

Vesicles and Derivatives

Primary Vesicle Secondary Vesicle Derivatives and cavities CN 
nerves

Prosencephaloon
(Forebrain)

Telencephalon Cerebral cortex,  basal ganglia and lateral ventricles CN I

Diencephalon Hypothalamus, Thalamus, sub thalamus,  epithalamus 
(pineal gland) and 3rd ventricle CN 2

Mesencephalon
(Midbrain) Mesencephalon Midbrain, tectum (sup and inf colliculi) tegmentum, 

cerebral peduncles, rubro nucleus and Cerebral Aqueduct
CN 3 
and 4

Rhombencephalon
(Hindbrain)

Metencephalon Pons, Cerebellum, Part of 4th ventricle CN 5-8
Myelencephalon Medulla Oblongata, Part of 4th ventricle and central canal CN 9-12
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Types of nerve Cells in PNS and CNS
1. Glial cells- provide a supportive framework to support neurons 

eg Schwann cells, astrocytes, microglia etc
2. Neurons- Communication

Neurons
Cell body aka Soma
Axons carry away from soma.
Dendrites carry impulses toward cell body.
Bipolar Neurons are m/c in special senses 
pathways.
Multipolar neurons are the m/c in NS.

Types of Gilal Cells Function

Schwann Cells Myelination of axons in PNS
Oligodendrocytes Myelination of axons in CNS
Astrocytes Blood Brain Barrier, M/c glial cell in CNS 
Microglia Phagocytosis, Macrophage 
Ependymal Cells CSF production- Lining of the ventricles and spinal cord 

Axon/Cell Body Terms and Locations
Tissue Matter CNS PNS
Bundle of Axons White matter Tract Nerve
Collection of cell bodies Gray Matter Nucleus Ganglia

Type of Neurons
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Numerical 
Class Myleniated Diameter (um) Conduction Velocity m/s Letter 

Class Types of Sensations

I Yes 12-20 75-120 Aα Limb position and motion

II Yes 6-12 30-75 Aβ Tactile, pressure and 
vibration

III Yes 1-6 5-30 Aδ Fast pain, cold
IV No <1.5 .5-2 C Slow pain, warmth 

Nerve fibers

Connective Tissue

Action Potential

• Endoneurium - Nerve Fibers
• Perineurium - Nerve 

Fascicles
• Epineurium - Nerve Sheath

The Nervous System Made Easy
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Lobe/Region Area Function

Frontal Primary motor cortex in 
Pre-central gyrus Orgin of many descending pathways

Pre-motor cortex in 
Pre-central gyrus

Assists primary motor cortex with initiating voluntary 
movements

Broca’s Area Production of spoken (motor speech) and written 
language

Prefrontal Cortex Higher functions ie personality, insight

Parietal Post central gyrus Primary somatosensory cortex

Left inferior lobule Word comprehension (Wernicke’s area)

Remainder of cortex Complex aspects such as directing attention and 
spatial orientation

Temporal Superior temporal gyri Primary auditory cortex
Left posterior superior gyrus Word comprehension (Wernicke’s area)
Inferior temporal lobe Visual processing (complex)
Medial temporal lobe Learning and memory (complex)

Occipital Calcarine Sulcus Primary Visual Cortex

Visual Association Cortex Visual processing (complex) that extends to temporal 
lobe

 Limbic
Medial side of the cortex.
Mainly comprised of cingulate and 
parahippocampal gyri

Interconnected to many structures that comprise the 
limbic system

Diencephalon Thalamus Sensory Relay Center All sensory info is relayed 
through thalamus except smell

Hypothalamus
Controls ANS.  Sexual arousal, endocrine regulation, 
emotion, thermoregulation, osmoregulation, hunger/
satiety. Part of the limbic system

Basal Ganglia

5 major nuclei-caudate nucleus, lenticular 
nuclei (putamen,and globus pallidus), 
nucleus accumbens, subthalamic nucleus 
and the substantia nigra

Control of motor movements. Damage is associated 
with defective movement, not weakness as motor 
cortex and LMN’s are intact

CNS

Cerebral Cortex/Hemisphere 
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Limbic System - Center of emotional and behavioral expression:
The limbic lobe is not a single brain structure per se, but a C-shaped brain region that is vital for endocrine functions and some auto-
nomic functions as well as the functioning of memory, learning, motivation, and emotion

Major Structures:
• Amygdala 
• Hippocampus
• Hypothalamus
• Limbic Lobe = Cingulate gyrus +
• Parahippocampal gyrus

Functions- 5 “F’s”:
• Feeding (satiety and hunger) 

Hypothalamus
• Fighting (emotional response) 

Amygdala
• Fornicating (Sexual arousal ) 

Hypothalamus
• Forgetting (memory) Hippocampus
• Family (sexual reproduction) 

Hypothalamus

Lobes “Highways” Inputs Outputs Nuclei

Anterior- coordinates trunk 
and limb movement

Superior peduncle 
(SCP)

Mossy fibers from the 
pons (MCP)

Red nucleus 
(SCP) Fastigial nuclei- 

regulation of posture

Flocculonodular- controls 
eye movements and postural 
adjustments to gravity

Middle peduncle 
(MCP)

Climbing fibers from 
the inferior olivary 
nucleus (ICP)

Thalamus 
(SCP)

Interposed nuclei- 
globose nucleus 
(posteromedial) and 
the emboliform nucleus 
(anterolateral)- involved 
in adjusting joint 
movement

Posterior- coordinates 
voluntary movement 

Inferior peduncle 
(ICP)

Spinocerebellar 
tracts- Ventral (SCP) 
and Dorsal (ICP)

Vestibular 
nuclei (SCP)

Dentate nucleus (most 
fibers in SCP come 
from dentate)- plans 
and programs voluntary 
movement

Cerebellum: “little brain”
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Sinus Drainage: 
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Lobe Surface Artery

Frontal Lobe Lateral Middle Cerebral
Frontal Lobe Medial Anterior Cerebral
Parietal Lobe Lateral Middle Cerebral
Parietal Lobe Medial Anterior Cerebral
Occipital Lobe Lateral Middle Cerebral
Occipital Lobe Medial, Inferior Posterior Cerebral
Temporal Lobe Lateral Middle Cerebral
Temporal Lobe Medial, Inferior Posterior Cerebral
Temporal Lobe Temporal Pole Middle Cerebral

Blood Supply to the Cortex:

CSF Flow
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Spinal Cord: White Matter:
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Tract Function Orgin Termination 

DCML

Conscious 
proprioception, 
2-pt discrimination, 
vibration, fine touch

Skin, joints

Cunnetae nuclei (arms)
Gracile nuclei (legs). 2nd order 
neurons project to contralateral 
VPL nucleus of thalamus

Posterior column

Spinothalamic 
Tracts

Pain, temperature, 
crude touch Skin

Dorsal horn. Cross over in spine. 
2nd order neurons project to VPL 
nucleus

Venterolateral 
column

Dorsal 
Spinocerebellar

Unconscious 
proprioception

GTO’s, mm 
spindles, touch 
and pressure 
receptors 

Cerebellum via inferior cerebella 
peduncle 

Lateral column- 
via Clarke’s 
column

Ventral 
Spinocerebellar

Unconscious 
proprioception

GTO’s, mm 
spindles

Cerebellum via superior 
cerebella peduncle Lateral column

Spinoreticular 
Pathway

Pain-deep and 
chronic Deep somatic Reticular formation Venterolateral 

column

Sensory/Ascending tracts:

Receptor Location Function Adaptation 

Pacinian Deep dermis Insignificant vibration Very Rapid

Meissner’s Superficial Dermis Light touch Rapid

Merckels Superficial Dermis Deep touch Slow 

Ruffini Deep dermis Joint position sense Slow 

Thermoreceptors Epidermis temperature

Hair Follicle Superficial Dermis Hair displacement Rapid

Sensory Receptors:

Tract Function Orgin Termination 

Lateral 
Corticospinal

Fine motor control of distal 
extremities

Motor/Premotor 
cortex Anterior horn Lateral column- pyramidal 

decussation
Anterior 
Corticospinal

Gross motor control of 
proximal and axial mm

Motor/Premotor 
cortex Anterior horn Anterior column- crosses 

over in cord

Rubrospinal Motor function of the 
proximal flexors

Red nucleus 
(midbrain) Ventral horn Lateral column

Vestibulospinal Lateral vestibular 
nuclei Anterior horn Ventral column

Reticulospinal
Extensor mm of limbs and 
trunk. Modulates sensory 
transmission

Reticular formation Ventral and 
dorsal horns Anterior column

Tectospinal Cervical rotation- visual or 
auditory reflex

Superior (eyes) 
or Inferior (ears) 
colliculus 

Ventral horn Ventral column

Motor/Descending tracts:
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Spinal Cord: Grey Matter:
Rexed Lamina of the 
spinal cord

Lamina II
•Substantia gelatinosa blocks pain
•Tract of Lissauer
•For spinothalamic tract

Lamina VII
•Nucleus Dorsalis of Clark aka 
Clark’s column for the cerebellum 

Lamina IX
•Anterior horn, alpha motor
•Anterior horn, gamma motor

Lamina X
•Gray commissure, central canal

Spinal Cord: Cauda Equina/Dural Sac/Filum terminale
 • Spinal Cord Ends at L2
 • Dural sac is from L2-S2 and houses the cauda equina “horses tail”
 • Filum terminale- anchors the conus medullaris to the coccyx
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Peripheral Nervous System (PNS)

Autonomic Nervous System (ANS)

Sympathetic division:
Cell bodies in the lateral horn of spinal cord (intermediolateral cell columns) of the spinal cord from T1 to L2 - 
Thoracolumbar outflow.

Parasympathetic division:
Cell bodies from one of two locations: brainstem (cranial nerves III, VII, IX, X) or sacral spinal cord (S2, S3, S4)- 
Craniosacral outflow.

Adrenergic receptors:
Sensitive to norepinephrine and epinephrine
Alpha receptors are more sensitive to norepinephrine
Alpha 1= Vasoconstriction of arterioles, dilation of pupil
Alpha 2= Autoinhibitory to Alpha 1 and lower BP
Beta receptors are more sensitive to epinephrine
Beta 1= increased pulse and contractility of heart 
Beta 2 = vasodilation of arterioles, uterine relaxation, bronchodilation

Cholinergic receptors:
Sensitive to acetyl choline
Nicotinic type= activated by nicotine from tobacco- seen in presynaptic SNS and PSNS 
Muscarinic = activated by muscarine from mushrooms- seen in postsynaptic of PSNS and SNS 
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Ganglia of the ANS “COPS 3977”
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CN
# Name Projects to/

from Function Ganglia/Nucleus Formina/Bone

I Olfaction Frontal 
Lobe S: Olfaction Olfactory mucosa Cribiform plate; 

Ethmoid

II Optic Thalamus S: Vision
R: Afferent light reflex Ganglion cells Optic foramen; 

Spehnoid

III Occulo-motor Midbrain
M: All but SO and LR
R: Efferent light reflex
P: Constrict pupil

Oculomotor nucleus 
Edinger Westphal 
nucleus

SOF; Sphenoid

IV Trochlear Midbrain M: Superior oblique Trochlear nucleus SOF; Sphenoid

V1 Opthalamic Pons
S: corner of eye to 
forehead
R: corneal reflex

Trigeminal aka 
gasserian SOF; Sphenoid

V2 Maxillary Pons S: Eye to upper lip Trigeminal aka 
gasserian

Foramen rotunda; 
Sphenoid

V3 Mandibular Pons

S: bottom lip to chin
M: TIME muscles 
R: Jaw jerk- afferent/
efferent 

Trigeminal aka 
gasserian nucleus

Foramen ovale; 
Sphenoid

6 Abducens Pons* M: Lateral rectus Abducens nucleus SOF; Sphenoid

7 Facial Pons*

S: Taste ant 2/3 tongue
M: Facial mm
R: Efferent corneal
P: Crying spitting

S: Geniculate ganglion
M: Facial nucleus or 
Superior Salvitory 
nucleus

IAM and/or 
Stylomastoid 
foramen; Temporal

8 Vestibulocochlear Pons* S: Hearing/Balance Cochlear ganglion /
Vestibular ganglion IAM; Temporal

9 Glosso-pharyngeal MO

S: Posterior 1/3 tongue
M: Stylopharyngeus
R: Carotid afferent
P: Parotid glands

S: Inferior 
petrosal, superior 
glossopharyngeal 
ganglia
M; Inferior Salvitory 
Nucleus

Jugular foramen; 
Temporal and 
Occipital

10 Vagus MO

S: Tympanic membrane
M: Pharynx, larynx, 
palate
R: Carotid, gag
P: Foregut/midgut

M: Dorsal motor, 
ambiguus, solitary*
S: Superior jugular, 
Inferior Vagal

Jugular foramen; 
Temporal and 
Occipital

11 Spinal Accessory MO M: SCM and Traps Ventral Horns at C2-5 Jugular foramen; 
Temporal and 
Occipital

12 Hypoglossal MO M: mm of tongue, hyoid 
bone Hypoglossal nucleus Hypoglossal foramen; 

Occiput

Cranial Nerves:
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Special Senses

Visual Pathway:

Rods and Cones
�

Bipolar Cells
�

Ganglion Cells
�

Optic Nerve (CNII)
�

Optic Chiasm
�

Optic Tract
�

Lateral Geniulcate Nucleus 
�

Optic Radiation
�

Visual Cortex in Occipital Lobe
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Special Senses

Light Reflex Pathway:

Rods and Cones
�

Bipolar Cells
�

Ganglion Cells
�

Optic Nerve (CNII)
�

Optic Chiasm
�

Optic Tract
�

Pretectal nucleus
�

Edinger-Westphal nucleus
�

Ciliary ganglion
�

Spinchter pupillae muscles
�

Pupil constriction
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Auditory Pathway:
External Auditory Canal

�
Tympanic membrane 

�
Malleus, Incus, Stapes

�
Oval window 

�
Scala Vestibuli

�
Scala Tympani

�
Basilar membrane

�
Organ of Corti

�
Sterocilia

�
Cochlear division of CN 8

�
Cochlear nuclei

�
S buperior Olivary Complex

�
Lateral lemniscus 

�
Inferior colliculus

�
Medial Geniculate body of thalamus 

�
Primary Auditory Complex

Olfaction Pathway
Olfactory nerve cells

�
Olfactory nerves (CNI

�
Olfactory bulb (within olfactory sulcus)

�
Olfactory stalk (axons from olfactory bulb trav-

el within the stalk)
�

Anterior olfactory nucleus
�

Primary olfactory cortex and amygdala, 
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Taste: 

Taste Buds:
Vallate:
-Separate anterior 2/3 of the tongue and posterior 1/3
-Largest and fewest in #

Fungiform:
-Look like “button mushrooms”

Filiform: 
-Not involved with taste 
-Smallest and most numerous in #

Foliate:
-Sides of tongue

The vertebral artery and Suboccipital nerve are transmitted through the SO triangle 

Obliques Capitus Sup Obliques Capitus Inf Rectus Capitus Post 
Maj

Rectus Capitus Post 
Min

Orgin TP of C1 SP of C2 SP of C2 Post tub C1
Insertion Above nuchal line TP of C1 Lateral Nuchal Line Below nuchal line
Action Lateral rot and ext rot Rot of C1 on C2 Lateral rot and ext rot Lateral rot and ext rot

Features Lat border of traingle
No C2 attachment 

Inf border of traingle
No CO attachment

Medial border of 
traingle
No C1 attachment

Not a part of triangle
No C2 attachment

Suboccipital muscles
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Layer Group Muscles Actions

Superficial Spinotranverse Group Splenius capitus Extension/Flexion and rotation to ipsilateral side
Spenius cervicis Extension/Flexion and rotation to ipsilateral side

Intermediate Erector Spinae Iliocostalis Extension/ipsilateral lateral bending

Longissiumus Extension/ipsilateral lateral bending and 
contralateral rotation

Spinalis Extension/ipsilateral lateral bending

Deep Transversospinal group Semispinalis Extension/ipsilateral lateral bending and 
contralateral rotation

Multifidus Extension/ipsilateral lateral bending and 
contralateral rotation

Rotatores Extension/contralateral rotation
Deepest No Named group Interspinales Extension only

Intertransversarii Lateral flexion only
Levatores costarum Elevation of ribs

Muscles of the Back/Spine:

Spine Body Canal Tp orientation Inf facets Unique features

Cervical Circular Triangular Anterolateral AIL Uncinate processes, bifid spinous, 
transverse foramina- C1, C2, C7= atypical

Thoracic Heart Circular/Oval Posterolateral AIM Facets on sides of bodies and tp’s, SP long 
and inf oriented- T1, T2, T10-12= atypical

Lumbar Kidney Triangular Lateral AIL Mammillary process

Spinal Vertebrae:
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Boundaries of IVF

 • Anterior: Bodies and discs
 • Posterior: Facets
 • Inferior: Vertebral notch of the pedicles
 • Superior: Veterbral notch of the pedicle 

Type of joint Example Degree of movement Tissue Type

Synostosis Sutures of the skull Synartthosis Fibrous

Gomphosis Tooth socket Synartthosis Fibrous

Synchondrosis Epiphyseal plate Synartthosis Hyaline Cartilage

Symphysis IVD/Pubic symphysis Amphiarthosis Fibrous Cartilage 

Syndesmosis Interosseous membrane Amphiarthosis Fibrous

Hinge/Ginglymus Elbow Diarthosis Synovial

Pivot/Trochoid C1/C2, radial head/radial groove Diarthosis Synovial

Ovoid/Condyloid Knee Diarthosis Synovial

Saddle/Sellar Thumb/1st MCP, SC Diarthosis Synovial

Gliding/Planar Facets Diarthosis Synovial

Ball & Socket/
Spheroidal Shoulder/Hip Diarthosis Synovial

Schindylesis Nasal septum Synartthosis Fibrous

Joint Classifications:
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Ribs
1. Typical- have a head, neck and body (3-9)
2. Atypical- have features not common to typical ribs (1, 2, 10, 11 and 12)
3. True- Articulate w/sternum (1-7)
4. False- articulate w/costal cartilage superior to them
5. Floating- No anterior attachment

Rib 1 is shorter and wider than the other ribs and articulates w/only one costal facet on T1. Superior surface has two 
grooves, for the subclavian vessels and attachment for anterior and middle scalene mm
Rib 2 is thinner and longer than rib 1, and has two articular facets on the head as normal. Superior surface has 
attachment for serratus anterior muscle
Rib 10 articulates w/only one costal facet on T10
Ribs 11 and 12 have no neck, and only contain one costal facet, which is for articulation with their corresponding 
vertebrae.
T1 body- full costal facet and one inferior demi-facet
T10- full costal facet and one inferior demi-facet
T11 and T12- full costal facet, no demi-facet

Level/vertebrae structure

C2 1st SP that can be palpated

C3 Hyoid bone

C3-4 Carotid artery bifurcation

C4 Superior border Thyroid cartilage 

C5 Inferior border  Thyroid cartilage 

C6 Cricoid cartilage and carotid tubercle of C6

C7 Vertebral prominens 

T2 Episternal/Suprasternal notch; carina of trachea

T3 Spine of scapula

T4 Angle of Louis, Trachea bifurcation, Sup/Inf mediastinum, Dermatome at nipple

T7 Dermatome at xyphoid

T10 Transpyloric line

L1 Dermatome at umbilicus

L3 Umbilicus

L4 Iliac Crest

L5 Transtubercular line

S2 PSIS

Vertebral Levels/Landmarks:
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Ligament Connections Notes

Anterior Longitudinal (ALL)
Anterior aspect of vertebral bodies 
from 
C2-Sacrum

Limits hyper extension

Anterior atlantoaxial 
membrane

Anterior aspect of vertebral bodies 
from 
C2-C1

Limits hyper extension

Anterior axial-occipital 
membrane

Anterior aspect of vertebral bodies 
from 
C1-C0

Limits hyper extension

Posterior Longitudinal 
(PLL)

Posterior aspect of vertebral 
bodies from C2-sacrum

Limits hyper flexion (weakly), forms 
anterior border of ventrebal canal, helps 
prevent posterior herniations of the nucleus 
pulposus- not posterolateral

Tectorial membrane Posterior aspect of vertebral 
bodies from C2-C0

Limits hyper flexion (weakly), forms anterior 
border of ventrebal canal

Ligamentum flavum
Aka yellow ligament

Lamina to lamina of adjacent 
vertebrae from C2-sacrum Limits hyper flexion

Anterior atlantoaxial 
membrane

Lamina to lamina of adjacent 
vertebrae C2-C1 Limits hyper flexion

Anterior axial-occipital 
membrane

Lamina to lamina of adjacent 
vertebrae C1-C0 Limits hyper flexion

Supraspinous ligament Tip pf spinous process C7-
sacrum Limits hyper flexion

Nuchal ligament Tip pf spinous process C7-C0 Limits hyper flexion
Intertransvere ligament TP to TP of adjacent vertebrae

Interspinous ligament Between SP’s of adjacent 
vertebrae Weak ligament

Alar ligament Posterior aspect of dens to lateral 
Foramen magnum

Apical ligament Apex of dens to anterior Foramen 
magnum

Transverse ligament Holds dens against C1 to maintain 
ADI

There are superior and inferior longitudinal 
bands that combined with transverse from 
cruciate ligament

Denticulate ligaments Teeth like projections of Pia mater that 
anchor the spinal cord to the dura mater

Ligaments of the Spine:
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Level/vertebrae structure

C1 Suboccipital

C2 Greater occipital

C2,3 Lesser occipital

C3 Least occipital

C3, 4 Great auricular

C3, C4, C5 Phrenic

C5 Dorsal scapular

C5, C6 Suprascapular, Subscapular, subclavian, axillary

C5, C6, C7 Long thoracic, lateral pectoral musculocutaneous

C6, C7, C8 Thoracodorsal

C5-T1 Radial n, Median

C8-T1 Ulnar, medial pectoral, & medial antebrachial cutaneous

T12 subcostal

L1 Iliohypogastirc, ilioinguinal

L1, L2 Genitofemoral

L2, L3 Lateral femoral cutaneous

L2, L3, L4 Femoral Obturator

L4-S1 Superior gluteal

L4-S3 Sciatic

L5-S2 Inferior gluteal

S1-S3 Posterior femoral cutaneous

S2-S4 Pudendal

Nerve Roots
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Brachial Plexus
Roots Trunks Divisions Cords Branches

C5-C7 Superior and 
middle trunk Anterior division Lateral cord Musculocutaneous & lateral 

head of median nerve

C8, T1 Inferior trunk Anterior division Medial cord Ulnar & medial head of 
median nerve

C5-T1 Superior, Middle 
and Inferior trunks Posterior division Posterior cord Axillary & radial nerve
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Lumbar Plexus
Nerve Segment Innvervated Muscles Cutaneous Branches

Iliohypogastric T12-L1 Transverse abdominis
Internal oblique

Anterior cutaneous ramus
Lateral cutaneous ramus

Ilioinguinal L1 Transverse abdominis
Internal oblique

Anterior scrotal nerves in males Anterior 
labial nerves in females

Genitofemoral L1, 2 Cremaster in males Femoral ramus Genital ramus
Lateral femoral 
cutaneous L2, 3 None Lateral thigh

Obturator L2-L4 Obturator externus, Gracilis, Adductor
longus, brevis & magnus, Pectinius Patch on medial upper thigh

Femoral L2-L4 Pectinius Iliopsoas Sartorius
Quadriceps

Anterior thigh Saphenous:
medial leg

Short direct 
muscular
branches

T12-L4 Psoas major, Iliacus, Quadratus
lumborum, Lumbar intertransverse
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Sacral Plexus
Nerve Segment Innvervated Muscles Cutaneous

Superior gluteal L4-S1
Superior gluteal nerve provides 
innervation to the gluteus medius, 
gluteus minimus, TFL

None

Inferior gluteal L5-S2 Inferior gluteal nerve provides 
innervation to the gluteus maximus None

Piriformis S1,2 Priformis muscle None
Common  
peroneal division 
of sciatic

L4-S2 Short head biceps fermorus lower posterolateral leg, upper lateral leg

Posterior Femoral 
cutaneous S1-3 None skin of the posterior thigh, buttock and the 

posterior scrotum/labia
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Enzymes

• Enzymes catalyze reactions by lowering the  
activation energy, 

• They are not consumed in the reaction
• Substrate is the molecule that the enemy acts upon to yield a 

product 
• E+S = P
• Km measures the affinity an enzyme has toward a substrate 

(Inverse relationship)
• Michaelis-Menton équation; Km=1/2 Vmax 

 
 
 

Competitive inhibitor-binds to the substrate binding site on the 
enzyme and will:
�Km (lower the affinity)
No change in Vmax

Non-competitive inhibitor- binds to the substrate somewhere 
other than the binding site on the enzyme and will:
No change in Km
�Vmax

Gibbs free energy- The amount of available energy to determine the feasibility 

When △G is negative, the reaction is favorable and spontaneous 
When △G is positive, the reaction is unfavorable and non-spontaneous
When △G is 0, the reaction is at equilibrium 

Allosteric enzymes- regulated by “effectors” (that can be either positive or negative) and often regulate the rate-limiting 
step
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Types of enzymes
Enzyme Characteristic
Synthetase Requires ATP
Synthase No ATP required
Kinase Transfers a phosphate group
Phosphatase Removes a phosphate group
Phosphorylase Adds a phosphate group
Dehydrogenase oxidation/reduction reactions 
Carboxylase Adds carbon
Decarboxylase Removes Carbon

Micronutrients

Water soluble Vitamins

Name/Number Coenzyme Functions Deficiency 

Thiamine
B1

Thiamine 
Pyrophosphate (TPP) 

Decarboxylation reactions Carbohydrate, 
fat, amino acid, glucose, and alcohol 
metabolism

Beriberi (peripheral neuropathy, 
heart failure), Wernicke- 
Korsakoff syndrome

Riboflavin
B2 

Flavin-adenine- 
dinucleotide (FAD) 

Oxidation- reduction reactions  Integrity 
of mucous membranes 

Cheilosis, angular stomatitis, 
corneal vascularization 

Niacin 
B3

Nicotinamide Adenine 
dinucleotide (NAD and 
NADP)

Oxidation- reduction reactions 
Carbohydrate and cell metabolism 

Pellagra (dermatitis, dementia, 
diarrhea, death) Toxicity: 
Flushing 

Pantothenic 
Acid
B5

Component of CoA. Eg acetyl CoA, 
succinyl CoA and fatty acyl CoA None

Pyridoxine
B6 Pyridoxal phosphate 

Transaminations, porphyrin and heme 
synthesis, tryptophan conversion to 
niacin
Nucleic acid biosynthesis

Seizures, anemia, neuropathies, 
seborrheic dermatitis Toxicity: 
Peripheral neuropathy 

Biotin
B7

Biotin Carboxylation reaction Hair thinning/loss and scaly red 
rash

Folate
B9

Tetrahydrofolate Maturation of red blood cells Synthesis 
of purines, pyrimidines, and methionine 
Development of fetal nervous system 

Megaloblastic anemia, neural 
tube birth defects, confusion 

Cobalamin
B12

Methylcobalamin Maturation of red blood cells, neural 
function, DNA synthesis, myelin 
synthesis and repair 

Megaloblastic anemia, neurologic 
deficits (confusion, paresthesias, 
ataxia) 

Vit C Ascorbic acid

Collagen formation (hydroxylation of 
proline lysine) 
Bone and blood vessel health Wound 
healing 

Scurvy (hemorrhages, loose 
teeth, gingivitis, bone defects)
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Fat soluble Vitamins
Vitamin Forms Function Deficiency/Toxicity 

Vitamin A

Retinol- storage and transport 
form Retinal and retinol can be 
interconverted. 
Retinoic acid oxidized from retinol 

Formation of rhodopsin (a 
photoreceptor pigment in the 
retina) Integrity of epithelia

Night blindness, hyperkeratosis, 
xerophthalmia, keratomalacia, 
Toxicity: H/A, peeling of skin, 
hepatosplenomegaly

Vitamin D 1,25-dihydroxycholecalciferol
(1,25-diOH-D3)

Calcium and phosphate 
absorption Mineralization and 
repair of bone

Rickets (sometimes with 
tetany), osteomalacia Toxicity: 
Hypercalcemia, anorexia, renal 
failure, metastatic calcifications 

Vitamin E 8 tocopherols 
α tocopherol is most active 

Intracellular antioxidant 
Scavenger of free radicals in 
biologic membranes 

Red blood cell hemolysis, 
neurologic deficits Toxicity: 
Tendency to bleed 

Vitamin K Menaquinone (K2)
Formation of prothrombin, 
other coagulation factors, and 
bone proteins 

Bleeding due to deficiency of 
prothrombin and other factors, 
osteopenia
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Minerals

Mineral Function Metabolism Deficiency Disease or 
Symptoms

Chromium (Cr) 
(insulin sensitivity) Glucose tolerance factor Helps bind insulin to cell Impaired glucose tolerance

Cobalt (Co) Constituent of vitamin B12  Pernicious anemia (B12) 

Fluoride (F) Increase hardness of teeth Deficiency: dental caries 
Excess = hyperfluorosis

Iodine (I) Component of Thyroxine (T4) and 
Triiodothyronine (T3) Stored as thyroglobulin Children: cretinism Adults: 

goiter, myxedema

Iron (Fe) Component of hemoglobin, 
cytochromes 

Transported: transferrin 
Stored: ferritin 

IDA is m/c form of anemia 
hypochromic microcytic 

Magnesium (most 
people are deficient 
in this)

Binds to ATP 
Muscle contraction/flex Many 
enzymes

Mg:Ca ration = 1:2 Hyperexcitability Muscles 
weakness Sleepiness

Selenium (Se) Component of GSH peroxidase Antioxidant Cardiomyopathy 

Zinc (Zn) Component of oxidase enzymes 
Immune system, taste 
prostate, affects growth 
factor

Impaired wound healing
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Protein

Amino acids: 20 Amino acids that code for protein

Structure
Glycine is not optically active as it does not have a chiral carbon

Type of AA Amino Acids  Notes

Amphoteric AA ALL Can act as acid or base

Essential AA
Phenylalanine, Valine, Tryptophan, Threonine, 
Isoleucine, Methionine, Histidine, Arginine, 
Leucine, Lysine (PVT TIM HALL)

Histidine and arginine are only conditionally 
essential (when you’re young)

Purely Ketogenic 
AA Leucine & Lysine Lysine is a precursor to carnitine (which takes FA 

into mitochondria for B-oxidation)

Aromatic AA Phenylalanine, tyrosine, & Tryptophan 2 aromatic AA are also essential Tryptophan has 
an indole ring

Sulfur-containing 
AA Cysteine, methionine, & cystine Cystine = 2 cysteines linked together

Branched-chain 
AA Isoleucine, leucine, & Valine Can’t break down BCA’s= Maple syrup diseases- 

Thick, dark, and sweet smelling urine

Acidic AA Aspartate (aspartic acid) & Glutamate 
(glutamic acid)

Basic AA Histidine, lysine, & arginine Have the greatest positive charge at NORMAL pH 
of blood

Derivatives of Tryptophan:
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Derivatives of Tyrosine

Protein Source Limiting Amino Acid
Legumes (soy, chickpeas, peanuts) Tryptophan
Maize (corn) Lysine & Tryptophan

Pulses (dried seeds or pods – beans) Methionine (or cysteine) 

Rice Lysine
Wheat Lysine

Protein Structure
Primary (1°) Linear sequence of AA  
Bond: Peptide

Secondary (2°) α-helices,  β-pleated sheets  
Bond: Hydrogen bond- structures are held together between atoms of the polypeptide backbone 
Fibrous protein’s collagen & silk, 2 DNA strand together 

Tertiary (3°)  Folding of a single polypeptide chain in solution  
Bond: Disulfide bond  
Myoglobin is the classic example of a globular protein with tertiary structure  
 
Quaternary (4°)  Association of two or more polypeptide chains to make a functional protein  
Bond: Hydrogen & disulfide bonds  
Hemoglobin is a classic example (a2b2)  
Hemoglobin also allosteric compound: oxygen will change conformational shape  
Aside: Disulfide bonds connect the light and heavy chains of antibody  

Collagen (2° structure) is the most abundant protein in the body
Collagen Types 1-3 are triple stranded helical structures 

Type 1 Skin, bone, tendons, cornea
Type 2 Cartilage, vitreous humor, IVD
Type 3 blood vessels, fetal Skin, muscles,
Type 4 Basement membrane 
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Carbohydrates
Monosaccharides, Disaccharides, Oligosaccharides, Polysaccharides

Monosaccharides - Simple Sugars

• Monosaccharides are categorized as aldehydes or ketones.
• Isomer: Different compounds w/same chemical formula. Eg glucose and fructose are C6H12O6
• Epimer: Monosaccharides that differ around a specific C. Eg Glucose and galactose are C4 epimers
• Enantiomers: Structures that are mirror images on each other. Eg D-glucose and L-glucose
• Anomer; An epimer which has crystallized (incorporated into a ring structure)
• Aldehyde group (C=O) is on Carbon #1
• Ketone group (C=O) is on Carbon #2

 

Glucose Aldohexose 
Galactose Aldohexose 
Mannose Aldohexose 
Fructose Ketohexose
Ribose Aldopentose 

 

Disaccharides
Disaccharide Monosaccharides Bonds Enzymatic breakdown
Sucrose Glucose + Fructose α1, β2 Sucrase
Lactose Glucose + Galactose Β1,4 Lactase 
Maltose Glucose + Glucose α1,4 Maltase
Isomaltose Glucose + Glucose α1,6 Isomaltase 
Cellobiose β Glucose + β Glucose Β1,4 Cellobioase 

Oligosaccharides *(3-10)

Polysaccharides *(>10-100’s)
Polysaccharide Component Bonds Notes

Glycogen Glucose α1,4 and α1,6 Storage of glucose in humans

Starch Glucose α1,4 and α1,6 80-90% amylopectin, 10-20% amylose

Cellulose β Glucose β1,4 Main component of plant cell walls 
Amylose Maltose α1,4 Amylase breakdown into maltose

Amylopectin Maltose and isomaltose α1,4 and α1,6
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Glycosaminoglycans

GAG’s are large unbranched chains composed of a repeating disaccharide unit (Glucosamine) which bind large amounts 
of water lending to their viscous properties. 

M/c GAG’s include:
• Hyaluronic acid- synovial fluid, vitreous humor
• Chondroitin sulfate- cartilage, tendons, ligaments
• Heparin- anticoagulant 

Lipids: 
FAs, TAG, Glycerophospholipids, Steroids/Cholesterol, Sphingoglycolipid

Fatty acids
Has a non-polar/hydrophobic hydrocarbon chain, CH3(CH2)n, attached to a polar/hydrophillic carboxyl group- COOH 

Saturated vs Unsaturated fats
Saturated fats are more shelf stable, and are from animal sources w/exception of coconut oil and palm oil. 

Unsaturated fats have naturally occurring double bonds that exist in the cis-configuration which give the FA a “kinked” 
appearance. Double bonds are more prone to peroxidation, decrease the melting temperature raises the freezing point. 
The presence of unsaturated fatty acids in the phospholipid bilayer helps maintain the fluid nature of the membrane. 
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Saturated Fats
Lauric acid 12
Myristic acid 14
Palmitic 16
Stearic 18
Unsaturated Fats
Oleic acid 18:1
Linoleic (Omega-6) 18:2
Linolenic (a & g) (Omega-3) 18:3
Arachidonic (Omega-6) 20:4

Phospholipids:
Phospholipids contain 2 fatty acids and a polar head group which are esterified to 
glycerol-3-phosphate 
The fatty acid chains are esterified at C-1and C-2 of the glycerol-3-phosphate. 
The alcohol head group is esterified to the phosphate group C-3 
Phospholipids are the major components of the membrane lipids. 
 

Sphingolipids:
Sphingolipids contain sasphingosine backbone. Sphingomyelin is the major lipid 
component of the myelin sheath that surrounds and insulates cells of the nervous system 
Q. The deficiency of sphingomyelinase, causes which if the following? A. Niemann-Pick disease 

Cholesterol:
Cholesterol is the most abundant steroid and the pre-cursor to all other 
steroid hormones, Vit D and bile acids. It is a main structural component 
of all cell membranes. Both exogenous and endogenous supplies. Liver 
maintains homeostasis. Removed via intestinal excretion in the form of 
bile salts. Biosynthesis is regulated by: HMG CoA synthase and HMG CoA 
reductase (RLE)
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Ketones
Formed by the buildup of acetyl-CoA due to the 
incomplete oxidation of fats. 
Three ketones are: 
• Acetone
• Acetoaetate
• Beta Hydoxybutyrate
HMG CoA synthase is rate limiting enzyme 

Steroids:
Cholesterol is the starting point other steroid hormone synthesis. Cholesterol side-chain cleavage enzyme and 
desmolase  convert cholesterol to pregnenolone. All other steroid hormones are derived from progesterone. Eg cortisol, 
aldosterone, estrogen, testosterone

Lipoproteins: Transport lipids in the body
Lipoprotein What and where transported Source 

Chylomicrons Exogenous TGA’s and cholesterol from GI tract to 
peripheral tissue and liver

Synthesized and secreted by intestinal mucosal 
cells

VLDL Endogenous TGA’s from liver to peripheral tissue Synthesized and secreted by the liver

HDL Cholesterol from peripheral tissue to liver Synthesized and secreted by the liver
LDL Cholesterol from liver to peripheral tissue VLDL�IDL�LDL

Density of Lipoprotein = protein/TAG ratio

Lipoprotein lipase breaks TAG’s carried by Chylomicrons and VLDL’s
Density of Lipoprotein Molecules(How we transport triglycerols and cholesterol)

1. HDL
2. LDL
3. IDL
4. VLDL
5. Chylomicrons

GREATEST  

⬇
LEAST
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Metabolic Pathways

Catabolic pathways: breakdown of macro molecules to simple precursors. Generally used to generate ATP & reducing 
power (NADH, FADH2) 
Examples of catabolic pathways:
• Glycolysis 
• Lipolysis (FA oxidation) 
• Glycogenolysis (glycogen breakdown) 

Anabolic pathways: synthesis of macro molecules from simple precursors/ ATP and reducing power generated from 
catabolic pathways are used to drive anabolic reactions 
 
Examples of anabolic pathways include: 

• Gluconeogenesis (synthesis of glucose) 
• Lipogenesis (FA synthesis) 
• Glycogenesis (glycogen synthesis) 
• Nucleic acid synthesis  

Glycolysis: Aerobic, Anaerobic 
• Takes place in the cytoplasm
• Stimulated by insulin
• Inhibited by glucagon

Regulating Enzymes and reactions catalyzed
Hexokinase/glucokinase
Glucose + ATP � Glucose-6-P + ADP

Phosphofructokinase (PFK)- the rate limiting enzyme
Fructose-6-phosphate + ATP � Fructose-1, 6-biphosphate + ADP

Pyruvate kinase
PEP + ADP � pyruvate + ATP

Lactate dehydrogenase (anaerobic glycolysis only)
Pyruvate + NADH � Lactate + NAD+

Pathway ATP NADH Triose and fate
Aerobic glycolysis 2 ATP 2 NADH 2 Pyruvate- PDC

Anaerobic glycolysis 2 ATP 0 NADH (used 
in last step) 2 Lactate- Cori Cycle 
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Cori Cycle- inter-tissue connection between anaerobic glycolysis and GNG 
The Cori cycle converts the lactate produced through anaerobic glycolysis in muscle to pyruvate and eventually glucose 
through GNG. The glucose travels back to the muscle to be used for energy.
 

Pyruvate Dehydrogenase Complex- Connection between aerobic glycolysis and TCA
• Takes place in mitochondria
• Stimulated by insulin
• Inhibited by glucagon. 

Regulatory enzyme and reaction catalyzed
Pyruvate + NAD + CoA � Acetyl CoA + NADH + CO2 

Coenzymes
• Thiamine pyrophosphate
• NAD+ FAD+
• Thiamine pyrophosphate
• Lipoic Acid
• CoA (B5)
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Krebs Cycle aka TCA Cycle aka Citric Acid Cycle:
• Takes place in the mitochondria
• There is no net consumption or production of intermediates
• 2 carbons leave as CO2. 4 electrons are transferred and forms 3 NADH and 1 FADH2

Regulatory enzymes:
• Citrate synthase,
• Isocitrate dehydrogenase
• α-ketoglutarate dehydrogenase 

Energetics per turn:
Acetyl CoA + 3 NAD = FAD = GDP - Pi = H2O � 3 NADH + FADH2 + GTP, +2 CO2, H+ CoA
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Electron Transport Chain:
• ATP is the currency of energy in the body. Oxidative phosphorylation is the synthesis of ATP in the ETC. 
• The ATP is produced due to the proton gradient that is created. 
• O2  is the ultimate acceptor of electrons and forms H2O.
• Takes place in the inner mitochondrial membrane (except cytochrome c)
• Consists of 4 complexes that donate or accept electrons to CoQ and cytochrome c. 
• All components of the ETC are proteins except CoQ, a lipid soluble quinone. (CoQ aka ubiquinone) 
• Each NADH will produce 3 ATP*
• Each FADH2 will produce 2 ATP
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Gluconeogenesis

Synthesizes glucose from non-carbohydrate sources after glycogen stores have been depleted. 

Occurs almost entirely in the cytoplasm. 

The steps of converting pyruvate� oxaloacetate� PEP takes place in the mitochondria and needs malate to transport 
oxaloacetate across the mitochondrial membrane into the cytoplasm. 

Stimulated by glucagon and cortisol and inhibited by insulin

The primary sources are listed as follows:
1. Glycerol: Sugar alcohol and the TAG backbone that is a byproduct of lipolysis. 
2. Lactate. Byproduct of anaerobic glycolysis in muscle. Goes to the liver where it is converted into pyruvate by the Cori 

Cycle. 
3. Amino acids. Certain amino acids can be converted to to veto acids like pyruvate or Kreb cycle intermediates by way 

of transamination reactions (which require pyridoxine (B6). They are completely reversible and use 
 alanine ⇿ pyruvate by way of alanine aminotransferase (ALT)
 
 aspartate ⇿ oxaloacetate by way of aspartate aminotransferase (AST) 

 glutamate ⇿ α-ketoglutarate by way of glutamate transaminase

Regulating Enzymes and reactions catalyzed. 

Pyruvate carboxylase-
Pyruvate + Co2 + ATP � Oxaloacetate + ADP

PEP carboxykinase.
Oxaloacetate + GTP � PEP + GDP + CO2

Fructose-1,6-biphosphatase 
Fructose-1, 6-biphosphate � Fructose-6-biphosphate + P

Glucose-6-phosphatase 
Glucose-6-phosphate � glucose + P
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Glycogen metabolism:

Glycogenesis
• Takes place in the cytoplasm. 
• Stimulated by insulin, inhibited by glucagon. 
• Glycogen synthase is regulating enzyme. 
• UDP-glucose is major intermediate 

Glycogenolysis
• Takes place in the cytoplasm. 
• Stimulated by glucagon and epinephrine  

inhibited by insulin
• Glycogen phosphorylase is regulating enzyme. 

Fatty Acid Synthesis: aka lipogenesis 
• Occurs in the cytoplasm and is a reductive process. NADPH is reducing agent. *14 NADPH are required for 16C FA
• Stimulated by insulin and inhibited by glucagon.
• Acetyl CoA is transported across the mitochondrial membrane into the cytoplasm by citrate.
• Acetyl CoA carboxylase is regulating enzyme. *ACC synthesis increased with low fat, high carb diets
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Fatty Acid Oxidation aka lipolysis
• Occurs in the mitochondria and is an oxidative process. 
• Adipose trigylceride lipase and Hormone sensitive lipase are regulatory enzymes.
• Stimulated by epinephrine and inhibited by insulin.
• FA’s are transported across the mitochondrial membrane into the mitochondria by carnitine.

8 acetyl CoA, 7 NADH and 7 FAHD2 are produced from palmitate

For a total of 131 ATP produced, 129 net ATP 

Urea Cycle:
• Urea is made in the liver and excreted by the kidney. 
• Converts nitrogenous waste from the metabolism of protein/amino acids which is highly toxic into a benign substance 

(urea) to be excreted. 
• Glutamine is the main transporter of the amino groups. Alanine is also a transporter of amino groups. *Ammonia is 

released d/t glutamate dehydrogenase. 
• Takes place in both the mitochondria and the cytoplasm

Regulating enzyme and reaction catalyzed. 
Carbomyl phosphate synthetase-
NH3 + CO2 + ATP (2) � Carbamoyl-P 



© 2020 Polley Board Reviews 

BioChemistry 20

Hexose monophosphate shunt aka Pentose phosphate pathway aka phosphogluconate pathway

• Takes place in the cytoplasm
• Produces NADPH for fatty acid and steroid synthesis
• Produces ribose-5-P for nucleotide formation 

Regulatory enzyme and reaction catalyzed. 

Glucose-6-phosphate dehydrogenase- 
Glucose-6-P � 6-P-Gluconolactone � 6-P-gluconate �Ribulose 5-P
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Nucleic Acids (DNA/RNA)

DNA and RNA are composed of phosphate, a pentose sugar (ribose for RNA, and deoxyribose for DNA), and a 
nitrogenous base

Nitrogenous bases include : 
Purines: adenine and guanine (All Girls are pure)  
Pyrimidines: cytosine, uracil (RNA only) and thymine(DNA only). (CUT the Pie)

Phosphodiester bond (covalent)  linkage is between the 3’ carbon of the one sugar molecule and the 5’  
carbon by another, deoxyribose in DNA and ribose in RNA.  
 
Hydrogen bonds are only in DNA but not RNA (DNA alpha helix)

Purine nitrogen derived from 3AA’s; Aspartate, Glycine, Glutamine

Intermediates in purine metabolism are inosine, hypoxanthine and xanthine (which leads to uric acid) 

Xanthine oxidase = catalyzes conversion of hypoxanthine to xanthine and xanthine to uric acid. Accumulation of uric acid 
= gout

Nucleotide Nucleoside

Pentose sugar + nitrogenous base + phosphate group(s) Pentose sugar + nitrogenous base

They polymerize and form RNA/DNA and act as energy 
storing molecules They have antiviral and anti-cancer properties. 

Deoxyribonucleotides, ribonucleotides, ATP, NADP, FAD Adenosine, guanosine, cytidine, uridine, thymidine, 
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Replication (DNA � DNA) 
Occurs in the nucleus
Proceeds in the 5’ � 3’ direction
DNA replication is anti-parallel and non-comparable 
Enzyme=DNA polymerase 

Transcription (DNA � mRNA)
Occurs in the nucleus 
DNA is transcribed to a molecule of messenger RNA (mRNA)
Proceeds in the 5’ � 3’ direction
A codon encodes for a single AA (every three bases is a codon
Enzyme=RNA polymerase 
Methionine is the first AA coded for 

Translation (mRNA�protein)
Occurs in the cytoplasm on the rough endoplasmic reticulum 
Involves mRNA, tRNA, and ribosomes
Ribosomes surround the mRNA and expose 2codons at a time
Codon of the mRNA is recognized by the anticodon present on tRNAmolecule 
tRNA molecules are also bound to as pecific AA
Enzyme=peptidyltransferase  links two AA together and begins the synthesis of a polypeptide chain (a protein) 

Protein Synthesis
Ribosomes read mRNA in 5’�3’ direction
Synthesis proceeds form N-terminus to C-terminus 
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Heart Physiology

Cardiac Cycle
Initiated by action potential in SA node located in superior lateral wall of RA near opening of SVC
Travels through the atria to the AV node (located in posterior wall of right atrium) which slows the impulse down by .1 
second.
Impulses travel through the left and right bundle branches (located in the inter-ventricular septum) to the Purkinje fibers.

Purkinje rapidly transmit cardiac impulses (1.5-4 m/sec) to the ventricles due to the gap junctions of the intercalated discs 
between the cells that make up the fibers
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Diastole
Isovolumetric relaxation- all valves in the heart are closed and ventricular pressure decreases significantly.
Tricuspid and Mitral valves open (Pulmonic and aortic valves are closed)
Right Atrium receives blood from:
1. SVC- upper body
2. IVC- lower body
3. Coronary sinus- heart
Left atrium receives blood from the left and right pulmonary veins

Atrial Systole
Atria contract forcing last 20% of blood into the ventricles (P wave)

Ventricular Systole
Ventricles contract forcing the tricuspid and mitral valves to shut resulting in the S1 Heat sound (QRS wave) and the 
beginning of systole
Isovolumetric contraction- all valves in the heart are closed and ventricular pressure decreases significantly.

Ejection
The pulmonic and aortic valves open and blood is ejected into the pulmonary trunk/aorta. The decrease in pressure force 
the pulmonic and aortic valves shut resulting in the S2 heart sound and the beginning of diastole
Afterload in heart determines by aortic pressure

• P-Wave - Atrial depolarization followed by atrial contraction
• P-R interval - AV nodal delay
• QRS - Ventricular depolarization followed by ventricular 

contraction (Ventricular depolarization)
• T-Wave - Ventricular repolarization and ventricular 

relaxation
• Atrial repolarization hidden under the QRS complex
• S-T segment � isovolumetric relaxation (50ml of blood in 

ventricles, valves closed)
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Blood Vessels
Layers:
• Tunica intima - Innermost layer- endothelium. Valves in veins, not arteries/arterioles
• Tunica media - middle layer- smooth muscle. Thicker in arteries, thinner in veins
• Tunica adventitia - outer layer. Thinner in arteries, thicker in veins.
Arteries- Large vessels that take oxygenated blood away from the heart. Exception- pulmonary arteries.
Have the highest pressure compared with other vessels
Arterioles- Sympathetics stimulation can constrict arterioles by 80% thereby increasing resistance to flow and pressure
Capillaries- small vessels that allow for just one RBC at a time. Has the largest cross sectional area
• Closed/Continuous capillaries have tight junctions that only allow for small particles to pass. Eg CO2 and O2 in the 

lungs
• Discontinuous capillaries. Fenestrated have larger gaps (glomerulus) and Sinusoidal have the largest gaps (bone 

marrow)
Venules- Bridge between the capillaries and the veins
Veins- Large vessels that take oxygen poor blood to the heart. Exception- pulmonary veins. Blood flow is dependent on 
muscular contraction. Valves keep blood flow from moving backwards. Have the largest lumen

Control of respiration and Hering Breuer reflex
Pons
• Pneumotaxic center inhibits inspiration. It antagonizes the apneustic center by limiting bursts of AP’s in the phrenic 

nerve. This decreases tidal volume/depth of breathing and increases respiratory rate. *the stronger the signal, the 
more shallow and rapid the breathing becomes (30-40 bpm). Weak signal has a deeper and slower breathing (3-5 
bpm)

• Apneustic center promotes inspiration. It sends signals to the inspiratory center (dorsal neuron in the medulla 
oblongata)

Medulla oblongata
• Dorsal neuron (DRG) - inspiratory center- “ramp signal” to diaphragm
• Ventral neuron (VRG) - expiratory center- inactive during normal respiration

Hering Breuer reflex
Stretch receptors in the bronchi and bronchioles send signals to the dorsal neuron via CNX to turn-off inspiration and 
prevent over-inflation of the lungs

Lung Volume & Capacities

Tidal volume (TV) - normal breathing - 500ml
Controlled by dorsal neuron

Inspiratory Reserve Volume (IRV)
Total amount of air you can breath in after TV 
(Forced inspiration) - 3000ml
Allows deep breath
Shuts off Hering-Breuer reflex
Apneustic center in pons shuts off pneumotaxic 
center

Expiratory Reserve Volume (ERV)
Total amount of air you can breathe out after TV 
(Forced expiration) - 1100ml
Controlled by rectus abdominis

Residual Volume (RV)
Amount of air left in lungs after forced expiration which keeps lungs from collapsing- 1200ml



© 2020 Polley Board Reviews 

Physiology 4
Lung Histology
• Type I alveolar- O2 and CO2 exchange
• Type II alveolar- produce surfactant to decrease surface tension in alveoli
• Dust cells- lung macrophage
• Goblet cells- mucus producing cells
• Pseudostratified ciliated columnar cells- “dead space’

Oxygen Transport
Pressure of oxygen in blood (PO2)
Venous blood (exercise)- 15mmHg
Venous blood (normal)- 40mmHg
Arterial blood (normal)- 97mmHg

Bohr Effect
Increases release and delivery of oxygen at the 
tissue level when the hemoglobin disassociation 
curve is shifted to the right

Carbon Dioxide Transport
Chloride Shift

Haldane effect
The binding of oxygen to hemoglobin causes displacement of carbon dioxide from the blood promoting
carbon dioxide transport.
Doubles the amount of carbon dioxide released from blood in the lungs
Doubles the amount of carbon dioxide picked up in the tissues.

Respiratory Acidosis Respiratory Alkalosis Metabolic Acidosis Metabolic Alkalosis
Causes HYPOventilation HYPERventilation Non-lung acidosis Non-lung alkalosis

Examples

Obstruction
Hold breath
Damage to respiratory 
center

Hyperventilation
High altitudes

Renal tubular acidosis
Diarrhea
Diabetes mellitus

Diuretics
Vomiting
� Aldosterone

Compensatory
mechanism

� renal
excretionNH4+

Breathe into bag
� renal excretion of
HCO3

Hyperventilation to
blow of CO2 (if DM,
smell ketones)

Slow breathing
� renal excretion of 
HCO3
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Lung pressures that allow for air movement

Pleural Pressure- the pressure of the fluid in thin space between lung pleura and the chest wall pleura. It is a slightly 
negative pressure (slight suction) that becomes even more of a greater negative pressure w/ inspiration. Reverses w/
expiration.
Alveolar pressure- pressure inside alveoli
Slightly negative (just below atmospheric pressure) to drive air into alveoli. Is even more negative w/ inspiration. Reverses 
w/expiration.
Transpulmonary Pressure- the difference between alveolar and pleural pressures. It is a measure elastic forces in the 
lung at each inspiration aka recoil pressure
Atmospheric pressure- 0 mmHg. Pressure in the respiratory tract with no air flow in or out of lungs
Compliance- How far the lungs will expand per unit of increased transpulmonary pressure
Surface tension- think “rain drop”
As air is forced out of alveoli, they want to collapse. Surfactant (Type II alveolar) reduces surface tension to keep this from 
happening.

Muscles/Skeletal and Smooth

Skeletal Muscle
Motor unit - alpha motor neuron + all muscle fibers it innervated. Considered to be the functional unit of a muscle
Myofibril aka fibril - composed of bundles of myofilaments.
Muscle fiber - collection of myofibrils. Surrounded by endomysium
Muscle fascicle - collection of muscle fibers. Surrounded by perimysium
Muscle belly - collection of muscle fascicles. Surrounded by epimysium

Sarcomere - distance between the Z lines; functional unit of myofibril
A-band - anisotropic Myosin
Remains same with contraction
I-band - Isotropic
Actin only (thin)
Shortens/ disappears with contraction
H-band - only myosin, no overlap with actin
Disappears with contraction

Muscle fiber types
Type I
• Slow
• Slow continuous contractions
Type IIA
• Fast/intermediate
• Short, rapid contractions
• Back/postural muscles
Type IIB
• Fastest
• Rapid contractions, fatigue quickly
• Contract with most force

FAST TWITCH SLOW TWITCH
 White- no myoglobin Red- myoglobin

Explosive power Endurance/steady power

Anaerobic glycolysis Aerobic glycolysis
 Less mitochondria More mitochondria

 More glycolytic enzymes Less glycolytic enzymes
 Spurt muscles, easily 
fatigued

Postural muscles, 
endurance

 Fight or flee (sprint) Fight gravity

 Weight lifters, sprinters Marathon runner
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Skeletal Muscle Contraction
1- AcH is released from synaptic vesicles and binds to AcH 
receptors

2- AP is transmitted down the T-tuble

3- Calcium is released from SR

4- Ca+ binds to troponin causing tropomyosin to uncover actin 
binding sites

5- ATPase of the myosin head cleaves ATP into ADP and Pi
Myosin head attaches to actin binding site = Cross bridge 
formation

6- When nerve stops firing, repolarization of nerve causes Ca+ to 
move back into SR and cross bridge detaches.

Types of Contractions 
Isometric contraction- no joint movement 
Isotonic contraction- joint movement  
•Concentric- muscle shortens
•Eccentric- muscle lengthens 

Sensory Innervation of Muscle Spindles
1° receptors 2° receptors

Endings Annulospiral Flowerspray
Stimulated by Nuclear chain and/or nuclear bag Nuclear chain ONLY
Response Static response & dynamic response Static response ONLY
*Gamma efferent fibers to intrafusal fibers (nuclear chain/nuclear bag fibers)  
Alpha motor neuron to extrafusal fibers

Smooth Muscle
• Smooth muscle contraction can be initiated by 

the nervous signals, hormones, stretch, etc. The 
protein calmodulin replaces troponin in smooth 
muscle

• Influx of extracellular calcium, or Ca+ released 
from the SR binds to calmodulin

• The calmodulin-Ca+ complex activates myosin 
light chain kinase which phosphorylates myosin.

• Phosphorylated myosin forms cross-bridge 
formation with actin and causes muscle contraction

• Relaxation is dependent on a Ca+ pump- slow 
and why smooth muscle contraction is longer

• Phosphorylation of myosin head requires myosin 
phosphatase to compete relaxation
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SKELETAL MUSCLE SMOOTH MUSCLE
Faster Activation Slower Activation 
Weaker Stronger

More Less energy required to sustain contraction 

Ca+ Channels  less involved Ca+ Channels more involved
Na+ Channels more involved Na+ Channels less involved

Ca+ pump- faster to relax Ca+ pump  and myosin phosphatase- slower to 
relax

Endocrinology

Hypothalamus
Hypothalamus Cells Hormone(s) Action/Function

GHRH, GHIH Somatotropes
Growth Hormone
(GH) aka
somatotropin

Body growth, Inhibits insulin, Lipolysis, IGF-1

CRH Corticotropes
Adrenocorticotropin
(ACTH) aka
corticotropin

Glucocorticoid and androgen production

TRH Thyrotropes
Thyroid stimulating 
hormone (TSH)
*Prolactin

T3 and T4 production from follicular cells

GnRH

Gonadotropes Follicule stimulating
hormone (FSH)

Ovarian follicle development, regulation of 
spermatogenesis

Luteinizing hormone
(LH)

Ovulation, corpus luteum formation, stimulates 
estrogen and progesterone production by ovaries 
and testosterone production by testis (Leydig cells)

PIH (dopamine) Mammo/
Lactotropes Prolactin (PRL) Milk secretion and production

Pituitary Gland
Pituitary Adenohypophysis (Anterior) Neurohypophysis (Posterior)
Embryologic 
derivation Surface ectoderm- Rathke’s pouch Neuroectoderm

Connection Hypophyseal portal system Infundibulum (neural stalk)

Hormones

FSH - follicle stimulating hormone
ACTH - adrenocorticotropin hormone
TSH - thyroid stimulating hormone
LH - luteinizing hormone
GH - growth hormone
Prolactin

ADH/vasopressin (Supraoptic nucleus)
•	 � water reabsorption by the kidneys
• Causes vasoconstriction and � BP
Oxytocin (Paraventricular nucleus).
• Uterine contraction
• Milk let down
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Other Endocrine Glands
Gland/Tissue Hormones Major Functions

Anterior
pituitary

1. Growth hormone

2. TSH

3. ACTH

4. Prolactin

5. Follicle-stimulating 
    hormone

6. Luteinizing hormone

1. Stimulates protein synthesis and overall growth of most cells and 
tissues

2. Stimulates synthesis and secretion of T3 and T4
3. Stimulates synthesis and secretion of adrenocortical hormones- 

cortisol, androgens, and aldosterone*
4. Promotes development of the female breasts and secretion of milk
5. Causes growth of follicles in the ovaries and sperm maturation in 

Sertoli cells of testes
6. Stimulates testosterone synthesis in Leydig cells of testes; 

stimulates ovulation, formation of corpus uteum, and estrogen and 
progesterone synthesis in ovaries

Posterior
pituitary

1. Antidiuretic hormone aka  
vasopressin

2. Oxytocin

1.   � water reabsorption by the kidneys, causes               
vasoconstriction and � BP
2.   Uterus contraction and milk ejection from breast 

Thyroid
1. Thyroxine (T4) and 

triiodothyronine (T3)
2. Calcitonin

1.   �  body metabolic rate
2.   Puts calcium in the bones and � extracellular Ca ion concentration

Adrenal cortex 1.  Cortisol
2.  Aldosterone

1.  Controls metabolism of proteins, carbohydrates, and fats; has anti-
inflammatory effects 
2. �renal sodium reabsorption, potassium, secretion, and H ion 
secretion

Adrenal
medulla Norepinephrine, epinephrine Same effects as sympathetic stimulation

Pancreas 1. Insulin (β cells)
2. Glucagon (α cells)

1. Promotes glucose entry into cells and � blood glucose levels
2.  � blood glucose  by synthesis and release of glucose from the liver 
into the body

Parathyroid Parathyroid hormone ￪ calcium serum levels by pulling calcium from bones and � calcium 
absorption by the gut and kidneys

Testes Testosterone Promotes development of male secondary sexual characteristics and 
reproductive system

Ovaries 1. Estrogens
2. Progesterone

1. Promotes development of female secondary sexual characteristics, 
female breasts, and female reproductive system
2. Stimulates secretion endometrial glands and promotes development 
of secretory apparatus of breasts

Placenta Human chorionic
Gonadotropin (hCG)

Maintains the corpus luteum if fertilization occurs
Helps to promote development of some
fetal tissues, as well as the mother’s breasts.

Kidney

1. Renin
2. 1,25-
Dihydroxycholecalciferol
3. Erythropoietin

1. Converts angiotensinogen to angiotensin I
2. � intestinal absorption of calcium and bone mineralization
3. � RBC production

Heart Atrial natriuretic peptide �	sodium excretion by kidneys, � BP

Stomach Gastrin Stimulates HCl secretion by parietal
cells aka oxyntic cells

Small intestine 1. Secretin
2. Cholecystokinin (CCK)

1. Stimulates pancreatic acinar cells to release HCO3 and H2O
2. Stimulates contraction of gallbladder to release bile and release of 
pancreatic enzymes

Adipocytes Leptin Inhibits appetite
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Digestion
Mouth
1. Mechanical breakdown of food through mastication (chewing).
2. Salivary glands produce salivary amylase (Ptyalin) which starts the breakdown of carbohydrates. The bolus passes 

through the pharynx to the esophagus
Swallowing phases - Voluntary, Pharyngeal, Esophageal
Esophagus
Movement (peristalsis) and lubrication (mucus) of the bolus from mouth to stomach (cardiac sphincter)
Stomach
1. Stores food in proximal until it can be digested
2. Mixes food with gastric secretions (see below) to form chyme
Gastric glands (the acid-forming Oxyntic glands) give rise to:
1. Parietal cells (oxyntic cells) produce HCl which activates pepsinogen to pepsin and intrinsic factor (IF) that allows for 

B12 absorption
2. Chief cells (peptic cells) produce pepsinogen for protein digestion (pepsin)
3. Mucous neck cells produce mucous
Pyloric glands secrete:
1. Gastrin (produced by G cells) which increase acidic gastric secretions and increase movement of chyme into 

duodenum (opens pyloric sphincter)
2. Mucous
Small intestine
Chyme enter the duodenum through the pyloric valve and causes:
1. Alkaline rich mucous secretion from Brunner’s glands in the upper duodenum to buffer the very acidic chyme and 

protect the duodenal lining
2. Secretin secretion from S cells of the duodenum to signal pancreas to release HCO3 ions to buffer acidic chyme
3. Cholecystokinin (CCK) secretion from I cells

• Stimulates pancreatic enzyme secretion of amylase, lipase, trypsin and chymotrypsin
• Stimulates gallbladder contraction to secrete bile
• Inhibits stomach emptying (closes pyloric sphincter)

Carbohydrate digestion
Amylase breaks down starches, glycogen etc to disaccharides
Individual disaccharide enzymes will break down the disaccharides into monosaccharides
Monosaccharides sent to liver via portal vein
Protein digestion
Pepsinogen is converted to pepsin in the stomach by HCl
Enterokinase converts trypsinogen into trypsin for breakdown of protein into peptides
Once trypsin is made, trypsin will activate all other proteolytic enzymes including:
• Chymotrypsinogen- breaks down proteins into polypeptides
• Proteolastase in covered to elastase that break down elastin fibers that hold meat together
• Carboxypolypeptidase breaks down polypeptides into individual amino acids that are absorbed into the portal vein
• Aminopolypeptidase and dipeptidase (from enterocytes located in the crypts of Lieberkühn) break down polypeptides 

into tripeptides, dipeptides and amino acids
99% of protein is broken down into amino acids that are sent to the liver via the portal vein
Fat digestion
Fats are emulsified by bile (does not contain any enzymes, but a large amount of bile salts and lecithin) which increases 
the surface area
Lipase breaks down TAG’s into monoglycerides and fatty acids
Bile salt micelles (small spherical globules) “ferry” the broken down fats to the intestinal epithelium for absorption.
The fats are repackaged as chylomicrons in the epithelium and are then absorbed into the lymphatic system by way of 
lacteals, or directly into the portal vein
• Long chain fatty acids (13+ carbons) will be absorbed in the lymphatics
• Medium chains fatty acids (6-12 carbons ) may go through either the portal system or lymphatics
• Small chain fatty acids (5 or fewer carbons ) go directly through the portal vein to the liver
Large Intestine
Some chyme passes through ileocecal valve into the ascending colon where most of the H2O and electrolytes are 
absorbed within the first 1/2 of the large intestine. Feces is stored in the distal colon.
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Renal Physiology

Nephron- Functional Unit of the Kidney
Each nephron has 2 components
1. Renal corpuscle- Glomerulus (capillary bed w/higher than normal pressure) and Bowmans capsule
2. Renal Tubule- PCT, DCT, Loop of Henle and collecting duct

Filtration- Occurs in the glomerulus. Higher pressure forces 
fluid out of the glomerulus and into the PCT. Protein is 
NEVER filtered

Reabsorption- Filtered substances are returned to the 
peritubular capillaries. This primary occurs in the PCT. Eg 
glucose is ALWAYS reabsorbed.

Secretion- Returned to tubule (primarily DCT) from 
peritubular capillaries largely to maintain homeostasis

Excretion- Removal of substances left in the tubules via urine

Plasma volume is 3 liters, GFR = 180L/day
Pressures that increase GFR
• Hydrostatic pressure in glomerulus - 60
Pressure that decrease GFR
• Hydrostatic pressure in Bowman’s capsule - 18
• Oncotic pressure aka colloid osmotic pressure in 

glomerulus- 32

*Vasa recta- peritubular capillaries in the renal medulla that 
parallel Loop of Henle. Only account for 1-2% of renal blood 
flow
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Regulation of GFR
1. Strong sympathetic stimulation will � GFR
2. Myogenic mechanism- constricts afferent arteriole in response to � BP will 
� GFR
3. Hormonal control- will �with epinephrine, norepinephrine, endothelin, will � 
with nitric oxide, prostaglandins
4. Autoregulation of GFR- 2 mechanisms (see diagram)

• Decrease of NaCl detected by the macula dense in the DCT is interpreted 
as low blood volume.

• Causes dilation of the afferent arteriole
• The dilation results in an increase of arterial and glomerular 

hydrostaticpressures
• GFR increases

Renin Angiotensin Pathway- In response to low blood pressure/low blood 
volume
• JG cells in the PCT release renin
• Renin activates angiotensinogen to angiotensin I
• Angiotensin I converted to angiotensin II by ACE in lungs
• Angiotensin II vasoontricts efferent arteriole and stimulates release of 

aldosterone from zona glomerulosa of adrenal cortex
• Aldosterone causes � Na reabsorption and K secretion at DCT

Aldosterone ADH
Angiotensin II � Osmolarity
DCT Collecting duct
Reabsorb Na and Secrete K Reabsorbs H2O (normally impermeable to H2O)

Suprarenal Glands/Adrenal Glands
Adrenal Cortex (mesoderm) Adrenal Medulla (neural crest cell) 
Zona Glomerulosa (mineral corticoid ) aldosterone “salt” 
Zona Fasciculata (glucocorticoid ) cortisol “sugar”
Zona Reticularis (androgens) sex hormones “sex”

Secrete norepinephrine and epinephrine
Stimulated by pre-ganglionic sympathetic fibers 

Spermatogenesis 
• Primordial germ cells migrate to testis and become spermatogonia
• Spermatogonia migrate into Sertoli cells undergo meiosis and become spermatocytes
• Spermatocytes divide to from spermatids that are modified to become spermatozoa (sperm)
• FSH stimulates Sertoli cells
• LH stimulates the Leydig cells to secrete testosterone 
• Testosterone is key for testicular cell growth and division 
• GH promotes early divine of spermatogonia
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Menstrual Cycle
“Follicular” phase: (Day 1-14) 
• 6-12 follicles are stimulated by FSH 
• Follicles begin to secrete estrogen which cause the follicles to become more sensitive to FSH [(+) feedback loop] and 

LH 
• One follicle outgrows all others and secretes larger amounts of estrogen. The estrogen blocks FSH, and causes the 

other follicles to involute.  

Ovulation
• At day 14, LH spike occurs
• This rise in LH allows the follicle to rupture thus releasing the ovum o Estrogen secretion diminishes and progesterone 

secretion begins  

“Luteal” aka “Yellowing” phase: (Day 14-26)
• Remnant follicle is called an organ the corpus luteum is maintained by LH and begins to produce BOTH progesterone 

and estrogen (larger amounts of progesterone)
• 4 stages of corpus luteum- Proliferation, Enlargement, Secretion, Degeneration 
• If fertilization does NOT occur, the corpus luteum involutes, forming the corpus albicans, and the decreased of 

estrogen and progesterone lead to menstruation

Heat Loss/Transfer
• Conduction- loss of temperature through contact 
• Convection- air waves cool off object 
• Radiation- how you normally give off heat 
• Evaporation- perspiration/sweating

Diffusion & Transports 
Passive diffusion follows concentration gradient 

Facilitated diffusion- uses a carrier protein 
• Voltage gates
• Ligand gated channels – bind chemical with protein 

Active Transport- 2 types. Both depend on carrier proteins 

Primary active transport- requires ATP or other high energy phosphate compound. Eg Na+-K+ pump 

Secondary active transport 
• Co-transport- A high extracellular concentration gradient that will “carry” molecules like glucose into a cell as Na+ 

diffuses into the cell (diffusion energy) 
• Counter-transport- A high extracellular concentration gradient that allows intracellular molecules to be transported out 

of the cell as Na+ diffuses into the cell
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The Immune System
Organs:
Spleen
Lymph nodes
Lymphoid tissue (Peyer’s patches and tonsils) 
Thymus- maturation of T cells
Bone marrow: maturation of B cells

Two forms of immunity:

1. Nonspecific (innate) immunity provides the first defense against pathogens; 
PICA
• Phagocytosiss 
• Inflammation
• Complement system can be activated by microbial surfaces (alternate and lectin pathways) and by immune 

complexes (classical pathway)
• Anatomic and physiologic barriers (skin)

The Complement System consists of a large # of serum and cell surface proteins that form an enzymatic cascade. 

The three complement pathways differ initially, but all generate a common membrane attack complex (MAC) C5-C9 and 
meet at C3BW

1. Alternate pathway- does not require antibody for activation is activated by microbial surfaces and cell surface 
components and initiates an early, innate response.
2. Lectin pathway interacts with sugar on the surfaces of bacteria, viruses and fungi
3. Classical pathway is activated primarily by antigen-antibody complexes containing IgM or IgG and constitutes a major 
effector mechanism of humoral immunity

2. Specific (acquired) immunity: (DAMS)
• Diversity; Ability to recognize and respond to a vast number of different antigens
• Antigenic specificity; Ability to discriminate subtle molecular differences among molecules 
• Memory; Ability to “remember” prior encounter with a specific antigen and mount a more effective secondary response
• Self and nonself recognition; Ability to discriminate subtle molecular differences among molecules

Two types of acquired immunity:
1. Cell-mediated immunity- effected by T lymphocytes
2. Humoral immunity effected by antibodies secreted by differentiated B lymphocytes called plasma cells
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Major cell types of the immune system
Cell Type Function
Granulocytes

Basophils, mast cells Release histamine, heparin and bradykinin and to mediate allergic and 
anaphylactic responses

Eosinophiles Involved in allergic reactions and parasitic reactions “Sneezes, wheezes, weird 
ass diseases”

Neutrophils Phagocytose and kill bacteria nonspecifically
Myeloid cells

Macrophages
3 P’s “Phagocytose and digest bacteria and cellular debris, Process and 
Present Ag to CD4 TH cells. Secrete cytokines that promote acute phase and T 
cell responses

Dendritic cells Process and present Ag to T cells. Secrete cytokines that promote and direct T 
cell responses

Lymphocytes

B cells Recognize class II MHC molecule and generate plasma cells and memory B 
cells

Plasma cells Synthesize and secrete Ab

Helper T cells Recognize class II MHC molecules and generate memory TH cells and 
cytokine-secreting effector cells

Cytotoxic T cells Recognize class I MHC molecules. Generate memory effector cells that 
destroy virus-infected, tumor, and foreign graft cells

Memory B or T cells Mediate anamnestic response; generated during primary response
Natural killer cells Kill virus-infected and tumor cells

Immune system mediators
cytokine- any of several non-antibody proteins released by a cell population on contact with a specific antigen and act as 
intercellular mediators, as in the generation of an immune response. Eg interleukins, interferon, TNF
lymphokine- a type of cytokine produced and released by T lymphocytes that attract macrophages to the site of infection 
or inflammation and prepare them for attack.
Interleukin- a group of cytokines that initiate and mediate immune responses. Eg IL-1, IL-2, IL-17
Interferon-  secreted in response to viral infection that protects non-affected cells by inducing “antiviral state”. Also 
activates NK cells to destroy virus affected cells.

Immunoglobulins:  
Antigen-binding glycoproteins (antibodies), synthesized by B cells, that function in the recognition of and defense against 
antigens.

Formation:
Macrophage/dendritic cell (APC) process and present the antigen to T-cells. T-cells stimulate B-cells to differentiate into 
plasma cells and release antibodies
Ab % Action Notes
IgG 75-85 Primary response 2nd exposure Crosses placenta, longest half life
IgM 5-10 Primary response 1st exposure Largest Ab
IgA 5-15 Prevents Ag crossing membrane Breast milk, mucous, saliva
IgD <1 Activates B cells

IgE <1 Type I Hypersensitivity and mediates parasitic 
reactions Parasitic infections, allergies, hay fever 



Microbiology 3

© 2020 Polley Board Reviews 

Hypersensitivity Reactions
Type Effects Notes
Type I
Anaphylactic
<30min

asthma, hay fever, systemic anaphylaxis IgE dependent degranulation of 
mast cell, basophils  

Type II
Cytotoxic
<8hours

Transfusion reactions, erythroblastosis fetalis, 
Rh disease, Goodpasture syndrome, Graves Dz, 
myasthenia gravis

IgG involved, antigen-antibody

Type III
Immune- complex mediated
<8hours

Serum sickness, GMN, SLE  IgG 
antigen-antibody + complement

Type IV
Delayed hypersensitivity aka 
cell- mediated
24-72 hours to >1wk

TB skin test, contact dermatitis 
Transplant rejection via MHC 

 
T-cell Lymphocytes 
 

Major histocompatibility complex (MHC molecules), aka human leukocyte antigens (HLAs)- the diversity of HLA genes 
(>100) allows binding of diverse antigenic peptides for antigen presentation and activation of protective immune 
responses. HLA differences trigger host rejection of transplanted tissue (Type 4 Hypersensitivity reaction) NOTE: RBC’s 
do not express HLA antigens however, the ABO blood group works in the same manner and can trigger antibody-
mediated transfusion reactions (Type 2 Hypersensitivity)

Active Immunity vs Passive Immunity
Active Must actively make antibodies (Ab) Passive; Receives preformed antibodies (Ab)
Natural Active
Body makes antibodies when exposed to a disease. Most 
effective form of immunity, normally life long 

Natural Passive
In utero IgG crosses the placenta “gee mom, thanks” 
Breastfeeding (IgA)

Artificial Active
Injection of an organism to elicit antibody formation 
Examples: vaccinations like DPT and MMR

Artificial Passive
Injection of preformed antibodies Can treat people w/
CMV or diphtheria or after exposure to prevent dz (Hep 
A/B)

Stains & Growth Mediums 

Name Stain/Growth 
Medium Notes 

Blood agar Growth medium Contains 5% sheep blood. Determines hemolytic capabilities of a microbe. 
Is diagnostic feature of Streptococci 

Chocolate agar Growth medium Heated blood agar- checks for Neisseria and Haemophilus species
Giemsa stain Stain Protozoa

Gram stain Stain Categorization based on cell wall: Gram(+) = thick cell wall or Gram(-) = 
thin cell wall

Mannitol salt Growth medium Staphylococcus

Thayer Martin Agar Growth medium Selected chocolate blood agar- checks for Neisseria gonorrhoeae

Tissue culture Growth medium Viruses need living host to reproduce 
Ziehl-Neelsen Stain acid-fast stain used to identify mycobacteria, particularly M. tuberculosis. 
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Labs
Test Test for
Ames test Carcinogenicity, mutagenicity; uses Salmonella typhimurium
Ascholi test Anthrax
ASO titer Antistreptolysin O titer; tests Strep pyogenes. Rh fever
Bile solubility Strep pneumoiae vs. from all other alpha hemolytic Strep 
Biological Oxygen Demand BOD used to test for water pollution 
Catalase Staph (cat+) vs Strep (cat-)
Chick Embryo culture Virus culture m/c for influenza virus 
Coagulase Staph aureus (Coag +) vs other staph (coag -) pathogenic vs non-pathogenic 
Colliform Checks for E. coli contamination in water

Coombs Tests for antigens on surface of RBC’s ; blood transfusion, autoimmune hemolytic 
anemia; erythroblastosis fetalis aka Rh disease

Dick test Susceptibility to scarlet fever (strep pyogenes)

Neufeld Reaction Aka Quellung reaction (demonstrates swelling of the capsule) gold standard for 
serotyping Strep pneumoniae. 

ELISA Enzyme-linked immunosorbent assay
Paul Bunnel  Tests for infectious mononucleosis
Phosphatase Absence of alkaline phosphatase indicates milk is fully pasteurized 
Schick test  Immunity to diphtheria 
Schultz-Carlton reaction Antitoxin reaction to scarlet fever 
Weil Felix serology test for Rickettsia. Coxiella burnetti is negative
Widal Tests fo typhoid fever

Tzank test Examination of fluid from a blister (bulla)- herpes zoster, chicken pox (varicella) and 
herpes simplex

Vaccines
Vaccine Type Diseases
Toxoid Diphtheria, Tetanus 
Live Attenuated Measles, Mumps, Rubella, Varicella-zoster (chicken pox), Sabin, Influenza
Subunit Hep B, HPV
Inactivated Hepatitis A, Influenza

Notable Scientists
Scientist Contribution
Albert Sabin Oral polio vaccine (live)
Alexander Flemming Discovered penicillin
Antony Leeuwenhoek Discovered bacteria, developed 1st microscope 
Dimitri Ivanosky Discovered the virus (tobacco mosaic virus)
Edward Jenner Developed smallpox vaccine 
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Scientist Contribution

Élie Metchnikoff Discovered phagocytes/macrophages and concept of cell mediated 
immunity 

Felix  D’Herelle Discovered bacteriophage
Ignaz Semmelweis Hand disinfection drastically reduced puerperal fever aka childbed fever
Jonas Salk First polio vaccine by (dead)
Joseph Lister Sterilization of surgical instruments-used carbolic acid as antiseptic

Louis Pasteur Pasteurization; rabies vaccine; disproved spontaneous generation; 
Father of Germ Theory

Paul Ehrlich Cure for syphilis, “magic bullet” concept
Rebecca Lancefield classified Streptococcus 

Robert Koch Isolated anthrax, TB and cholera, Koch’s postulates of germ theory, 
anthrax vaccine 

Rudolph Virchow Cell theory,  Father of pathology 
Scientist Discovery/Contribution(s)
Stanley Prusiner Discovered prions- infectious agents composed of protein
Walter Reed Discovered that yellow fever transmitted by mosquito

Drugs
Drug Target Organism
Penicillin Cell wall synthesis Gram (+) bacteria 
Cephalosporin Cell wall synthesis Gram (+) bacteria 
Vancomycin Cell wall synthesis Gram (+) bacteria, esp Staph
Bacitracin Cell wall synthesis Gram (+) bacteria 
Streptomycin Protein Synthesis Gram (-) bacteria 
Tetracycline Cell wall synthesis Chlamydia, Rickettsia species
Erythromycin Protein Synthesis Gram (+) and Gram (-) bacteria 

(Anti-viral drugs usually end in either “vir” or “dine”) 

Disease Terminology
Emerging- new disease or rapid increase of a disease in incidence or in geographic range 

Endemic- an expected, small number of cases in specific geographic location 

Epidemic- rapidly affects many persons in a certain area within a few days or weeks 

Pandemic- global spread of a disease

Incidence- NEW cases in give time period. Eg How many cases last year? 

Prevalence- ALL cases at a PARTICULAR POINT in time  Ex.total number right now?
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Governmental Agencies

CDC Center for disease control- Compiles morbidity & epidemiological statistics (MMWR- mortality 
and morbidity weekly report). Located in Atlanta, GA

EPA Environmental Protection agency- Monitors soil, air, and water quality 

FDA Food & Drug Administration- Regulates health products released to public and product 
misinterpretation in health promotion and advertising

NIH National Institute of Health- Funding and/or standards for research. Located in Bethesda. MD

OSHA Occupational Safety and Health Administration- Workplace safety 
Makes rules concerning occupational toxicity levels of hazardous materials 

USDA US Department of Agriculture- Responsible for milk and milk products
WHO World Health Organization- Writes literature on diseases and publishes it

Bacteria
Bacteria are microorganisms that have circular double-stranded DNA and (except for mycoplasmas) cell walls.

Morphology
• Cylindric (bacilli)
• Spherical (cocci)
• Spiral (spirochetes)

Staining
Gram stain is the most common stain for general bacterial identification. Gram-positive bacteria retain crystal violet 
dye (appearing dark blue) after iodine fixation, alcohol decolorization, and counterstaining with safranin; Gram-negative 
bacteria, which do not retain crystal violet, appear red. Gram-negative bacteria have an additional outer membrane 
containing lipopolysaccharide (endotoxin), increasing the virulence of these bacteria.

Ziehl-Neelsen; acid-fast stain used to identify mainly mycobacteria, particularly M. tuberculosis. Carbolfuchsin is 
applied, followed by decolorization with hydrochloric acid and ethanol and then counterstaining with methylene blue.

Encapsulation
Encapsulation increases bacterial virulence as the capsule helps to protect against phagoytosis. Eg Streptococcus 
pneumoniae and Haemophilus influenzae

Bacterial Growth:

Bacteria divide by binary fission and is marked by four phases:
A. Lag- getting used to environment and begin DNA and 
protein synthesis
B. Log- rapid increase in the number of cells
C. Stationary- no net increase in number of cells
D. Death- rapid cell death
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Oxygen requirements
Aerobic bacteria (obligate aerobes) require oxygen to grow in culture. Eg Neisseria, Corynebacterium, Mycobacterium, 
Pseudomonas. Brucella, Bordetella, Francisella, Legionella, Leptospira

Anaerobic bacteria  (obligate anaerobes) can not grow in culture if oxygen is present. M/c seen in the GI tract, vagina, 
dental crevices. Also is chronic wounds when blood supply is impaired. Eg Clostridium perfringens

Facultative bacteria (facultative anaerobes) can grow in a culture with or without oxygen. Eg Streptococcus, Bacillus, 
Gardnerella, Escherichia, Salmonella, Shigella, Treponema, Borrelia

Microaerophilic bacteria prefer a reduced oxygen tension (eg, 2 to 10%) eg Campylobacter, Helicobacter, Vibrio

Obligate intracellular parasites acquire energy from the host cell and do not produce it themselves. Eg Chlamydia, 
Coxiella and Rickettsia

Temperature requirements
Psychrophilic 15°C or lower
Mesophilic 25-40°C- Optimal is 35°C-37°C,  normal body temp
Thermophilic 45°C or above

Colony Characteristics
Color Bacteria
Green ring around colony (α hemolysis) Strep viridians and Strep, pneumonia
Clear ring around colony (β hemolysis) Strep progenies and Staph aureus
Yellow colonies Staph aureus
Blue green colonies Pseudomonas aeruginosa
Red colonies Serratia marcescens

Terms to know

Endotoxin The lipid A component of LPS present in the cell wall of all gram-negative bacteria released 
during early stages of infection

Exotoxin
Tissue-degrading enzymes that cause inappropriate release of cytokines with possible life-
threatening autoimmune responses and death of T cells. Eg Toxic shock syndrome Secreted by 
certain gram-positive and gram-negative

Antitoxin Passive immunization with human antitoxin immunoglobulin to neutralize circulating 
tetanospasmin (C tetani)

Toxoid Inactivated toxin used in Active immunization (DPT)  C.diphtheria and.C. tetani
Opsonin Anything that will bind to an antigen and make it more susceptible to phagocytosis 
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Genetic Transfer

Bacterial enzymes causing tissue damage
Catalase Staph aureus Reduces phagocytic killing by converting H2 O2 to H2O
Coagulase Staph aureus Helps encase infection by forming fibrin layer around abscess
Enterotoxins Staph aureus Responsible for gastrointestinal food poisoning

Exfoliative toxins (A, B) Staph aureus Cause splitting of cell junctions (desmosomes) in epidermis; 
responsible for scalded skin syndrome

Hemolysin Staph and Strep Increases β hemolysis 

Hyaluronidase Staph, strep, or 
Clostridia Promotes tissue destruction and bacterial spread

Leukocidins Staph or strep Damage and lyse leukocytes limits host response; releases tissue-
damaging substances

Streptokinase β-Hemolytic strep Promotes bacterial spread into tissue by breaking down blood clots

Streptolysin O and S β-Hemolytic strep Lyse blood cells and platelets; stimulate release of lysosomal 
enzymes

Medically important Gram Positive:
Shapes of Cell Family Genus
Cocci Micrococcaceae Micrococcus, staphylococcus
Cocci Streptococcaceae Streptococcus, enterococcus
Bacilli Bacillaceae (spore-formers) Bacillus, clostridium-anaerobic
Bacilli Propionibacteriaceae Corynebacterium
Bacilli Lactobacillaceae Lactobacillus
Bacilli Uncertain affiliation Listeria
Bacilli Actinomycetaceae Actinomyces, Bifidobacterium
Bacilli Nocardiaceae Nocordia
Bacilli Mycobacteriaceae Mycobacteria
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Gram Positive
Organism Condition Signs/Symptoms Notes

Bacillus anthracis Anthrax Itching, ulcer w/vesicles 
Respiratory failure w/high mortality rate

Cutaneous m/c
Ingestion
Inhalation

Clostridium 
botulinum Botulism

18-36 hours after ingestion. Nausea, 
vomiting, abdominal cramps, and 
diarrhea frequently precede neurologic 
symptoms 1st symptom = diploplia. 2nd 
symptom = death. 

Improperly home canned goods 
m/c low acid foods <4.5ph. Toxin 
is not heat labile, spores are

Clostridium 
perfringens

Gas Gangrene 
aka Clostridial 
myonecrosis

severe pain, tissue becomes red or 
bronze, often with blebs or bullae, and 
finally turns blackish green

Primarily after a crush/
penetrating trauma

Clostridium tetani Tetanus Jaw stiffness, difficulty swallowing, stiff 
neck, arms or legs, tonic spasms Soil and feces

Corynebacterium 
diphtheria Diptheria Dirt gray, tough fibrinous pharyngeal 

exudate aka pseudomembrane
Respiratory droplets, contact with 
secretions or skin

Listeria 
monocytogenes Listeria high fever without localizing symptoms 

and signs

contaminated dairy products, 
raw vegetables, meats, or, 
particularly, refrigerated foods 
that require no cooking before 
they are eaten

Staphylococcus 
aureus 

Scalded Skin 
Syndrome

large bullae and peeling of the upper 
layer of skin aka exfoliative dermatitis 

M/c in infants and children < 5 
years.

Staphylococcus 
aureus 

Toxic Shock 
Syndrome

high fever, �blood pressure, diffuse 
erythroderma, and multiple organ 
dysfunction, which may rapidly progress 
to severe and intractable shock

�Exotoxin produced by 
preexisting S aureus in vagina 
related to tampons or other 
devices in the vagina

Staphylococcus 
aureus Osteomyelitis fever, weight loss, fatigue, with swelling, 

tenderness, and warmth locally  

M/c/c (80%) by spread from 
adjacent infected tissue or open 
wounds

Staphylococcus 
aureus 

Staph skin 
infections Includes impetigo, carbuncles, folliculitis Mc/c of impetigo

Streptococcus 
mutans Dental caries Sucrose is converted to acid, eroding 

enamel Alpha hemolytic

Streptococcus 
pneumoniae 
(pneumococci)

Pneumonia, Otits 
media, Meningitis, 
Endocarditis, 
Sinusitis 

Infection normally begins in lungs 
colonize in rest tract) or middle ear 

Airborne droplets. Alpha 
hemolytic
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Organism Condition Signs/Symptoms Notes
Streptococcus 
pyogenes

Strep throat/
Pharyngitis

Sore throat, fever, inflamed pharynx, 
purulent exudate Beta hemolytic

Streptococcus 
pyogenes Erysipelas Swollen erythema on face w/fever, HA Superficial cellulitis

Streptococcus 
pyogenes Rheumatic fever fever, heart failure and  asymmetrical, 

migrating,  inflammation of joints Sequelae to strep throat

Streptococcus 
pyogenes

Glomerulonephritis 
(acute) Hematuria, proteinuria,

Streptococcus 
pyogenes

Impetigo/Skin 
infection

Honey crusted lesions on face and trunk, 
itching 2nd m/c/c of impetigo

Streptococcus 
pyogenes Scarlet Fever Sand paper like rash and strawberry 

tongue
Seen within 24-48 hours of 
pharyngitis

Streptococcus 
viridans

Subacute bacterial 
endocarditis

Bacteria adhere to previously damaged 
heart valves Alpha hemolytic

Medically important Gram Negative bacteria
Shapes of Cell Family Genus
Cocci Neisseriaceae Neisseria 

Bacilli Enterobacterioceae Enterobacter, Escherichia, Klebsiella, Proteus, Salmonella, 
Serratia, Shigella, Yersinia

Bacilli Vibrianaceae Vibrio
Bacilli Spirillaceae Campylobacter
Bacilli Pseudomonadaceae Pseudomonas
Bacilli Pasteurellaceae Haemophilus, Pasteurella
Bacilli Miscellaneous Bordatella, Brucella, Francisella, streptobacillus
Bacilli Legionellaceae Legionella 
Bacilli Bacteroidoceae Bacteroides – anaerobic
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Gram Negative
Bacteria Condition S/S Tranmission Notes

Bordetella pertussis Pertussis aka 
Whooping Cough

Spasmodic coughing with 
a high pitched, hurried, 
deep inspiration 

Respiratory droplets M/c and most fatal in 
infants < 6mo

Brucella abortus- 
cattle Brucellosis

chills and fever, severe 
headache, joint and low 
back pain, malaise, and 
occasionally diarrhea

Contact with secretions, 
form, ingestion of 
contaminated meat, 
milk or milk products. 
Average 2 week 
incubation period

M/c seen in 
meatpackers, hunters, 
farmers, veterinarians, 
and livestock workers

C. jejuni Campylobacter

Watery, sometimes 
bloody diarrhea
Relapsing or intermittent 
fever

Ingestion of 
contaminated food 
or contact with 
contaminated food

C Jejumi accounts 
for more cases of 
diarrhea in the US 
than Salmonella and 
Shigella combined. 
m/c/c of GBS

Enterotoxigenic 
E. Coli is m/c/c

Traveler’s 
Diarrhea

Nausea, vomiting, 
hyperactive bowel 
sounds, abdominal 
cramps, and diarrhea 
begin 12 to 72 hours after 
ingesting

Food and water 

Taking antacids, and 
proton pump inhibitors 
can make one more at 
risk

Francisella tularenis Tuleremia headaches, chills, 
nausea, vomitting, fever

Contact with infected 
rabbit

Hunters, butchers, 
farmers, and fur 
handlers at risk

Helicobacter pylori Ulcers Duodenal ulcer- antrum
Gastric ulcer- body Fecal oral Urea breath test for 

diagnosis
Klebsiella 
pneumoniae

Klebsiella 
pnemonia

Dark brown or red-currant 
jelly sputum Often hospital acquired m/c in diabetics and 

alcoholics 

Legionella 
pneumophila

Legionnaires’ 
Disease

Flu like symptoms (fever, 
chills, H/A, etc)

Inhalation of 
contaminated water 
particles

Pontiac fever is the 
nonpneumonic infix

Mycobacterium 
leprae

Leprocy aka 
Hansen Dz

Skin- Non-pruritic rash
Peripheral nerves- 
numbness and weakness

Nasal droplets and 
secretions

Chronic infxn that is not 
highly contagious 
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Bacteria Condition S/S Tranmission Notes

Mycobacterium 
tuberculosis Tuberculosis yellow/green sputum

Hemoptysis w/cavitary TB
Inhalation of airborne 
particles

1st- 1º infxn 95% 
asymptomatic 
2nd- latent
3rd- active

Neisseria
meningitidis Meningitis fever, headache, and stiff 

neck
Septic shock

Contact with respiratory 
secretions

Teenagers, college 
students living in dorms 
and military recruits are 
high risk

Neisseria 
gonorrhoeae Gonorrhea

Men- urethritis w/purulent 
yellow green discharge
Women- Cervicitis with 
dysuria and discharge

Sexual contact

PID in 10-20% of 
women
Best visualized on a 
chocolate blood agar 
aka Thayer Martin Agar

Pseudomonas 
aeruginosa

No named 
conditions

Varies with where it 
enters the body

Opportunistic- immune-
compromised patients, 
hot tubs

70% of CF pts will 
acquire. Burn victims

Salmonella enterica Nontyphoidal 
Salmonella 

nausea and cramping 
abdominal pain followed 
by diarrhea, fever, and 
sometimes vomiting

Contaminated poultry, 
meat, eggs and egg 
products

10-30% of adults 
can develop reactive 
arthritis weeks to 
months after diarrhea 
stops

Salmonella typhi Typhoid Fever
fever, prostration, 
abdominal pain and a 
rose colored rash

Food or water 
contaminated with feces. 
Food m/c developed 
areas, water m/c where 
sanitation is poor

typhoid is uncommon 
and occurs mainly 
among US travelers 
returning from endemic 
regions

Serratia marcescens
Affinity for the urinary 
tract, sometimes 
respiratory tract

Rare opportunistic 
nosocomial pathogen 
M/C acquired in 
hospitals and long term 
care facilities 

Klebsiella, Enterobacter 
and Serratia are normal 
flora that are closely 
related and rarely 
cause dz

Shigella dysnteriae Shigellosis
Severe abdominal pain, 
tenesmus and bloody 
diarrhea

Fecal/oral

S Dysnteriae can 
produce Shiga toxin 
causing hemolytic-
uremic syndrome

Vibrio cholera Cholera
Abrupt, painless, watery 
diarrhea (rice water 
stools) and vomiting

contaminated water or 
food by the excrement 
of people infection

If untreated, circulatory 
collapse with cyanosis 
and stupor may follow. 
Prolonged hypovolemia 
can cause renal tubular 
necrosis.

Yersinia pestis
formerly Pasteurella 
pestis

Bubonic Plague 
aka Black Death

Sudden fever, chills, 
swollen/tender lymph 
nodes (buboes)

rodent to human by the 
bite of an infected rat 
flea vector
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Medically Important Miscellaneous Bacteria
Family or Order Genus
Spirochaetales Treponema, borrelia, leptospira
Chlamydiaceae Chlamydia
Mycoplasmataceae Mycoplasma
Rickettsiaceae Rickettsia, Coxiella

Rickettsial Diseases
Bacteria Condition S/S Vector Notes

Rickettsia rickettsii Rocky mountain 
spotted fever

Starts w/severe H/A and 
chills, progresses to fever 
and rash

Ixodid (hard 
shelled) tick

Use preventative 
measures

Rickettsia prowazeki Epidemic 
typhus       

Prolonger fever, 
maculopapular rash and 
H/A

Louse Brill-Zinsser can occur 
years afterwards

Rickettsia typhi/felis Murine (endemic) 
typhus       

S/Sx less severe than 
epidemic typhus Rat or cat fleas

Orientia 
tsutsugamushi 
(was Rickettsia 
tsutsugamushi)

Scrub typhus       Fever, chills, H/A and 
enlarged lymph nodes.

Chiggers (Mite 
larvae) Endemic in Asia-Pacific 

Rickettsia akari Rickettsial pox        Local lesion and rash Mites/chiggers

Coxiella burnetii* Q-fever   
            

Acute symptoms resemble 
influenza 

No vector- 
inhalation of 
particles

Weil-Felix (-)

Chlamydia and Mycoplasma
Bacteria CONDITION S/S Tranmission Notes

Chlamydia 
pneumoniae

RTI, atypical 
pneumonia 

pneumonia, 
hoarseness, and 
sore throat

inhalation of 
airborne particles

Can be indistinguishable 
from Mycoplasma 
pneumoniae

Chlamydia psittaci Psittacosis aka 
Parrott Fever

Pneumonitis- infix 
of the walls of the 
alveoli 

psittacine 
birds such as 
parrots 

Workers in poultry 
processing, or handle 
ducks and turkeys

Chlamydia 
trachomatis Reactive arthritis Conjunctivitis, 

urethritis, arthritis Sexual Reiter’s syndrome

Mycoplasma 
pneumoniae

Community acquired 
pneumonia 

Mild- low grade 
fever, cough, sore 
throat 

Droplets Lacks a cell wall
“walking pneumonia” 
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Spirochete Diseases
Bacteria Condition S/S Vector Notes
Borrelia 
burgdorferi Lyme disease Erythema migrans aka 

bulls eye rash Deer tick most commonly reported 
tick-borne illness in the US

Borrelia 
recurrentis

Relapsing Fever 
aka Tick Fever

High fever 3-5 days 
followed by 1 week 
afebrile period before 
fever returns

Ticks or louse.Ticks m/c/c 
in US

Up to 10 relapses can 
occur

Leptospira Leptospirosis
Biphasic-
1- septicemic phase
2- immune phase

contact with infected 
urine or tissue or 
indirectly by contact with 
contaminated water or 
soil

Weil Syndrome is severe 
form of Dz
Transplacental 
transmission cause 
abortion

Treponema 
pallidum

Syphilis 

Primary- hard 
painless chancre 
Secondary- widespread 
mucocutaneous lesions 
Tertiary- gumma

STD
trasplancental 
transmission will cause 
congenital syphillis

Treponema 
pertenue Yaws

Ulcerative lesion (Yaw) 
that heals and is followed 
by successive lesions

close skin contact, 
sexual or not, primarily 
between children living 
in conditions of poor 
hygiene.

No trasplancental 
transmission. m/c seen in 
humid countries near the 
equator

Viruses
Lack independent metabolism and dependent on host (bacterial, plant or animal) for survival I.e. intracellular obligate 
parasites

A virion (viral particle) has either a core of either DNA (replicate in the nucleus) or RNA (replicate in the cytoplasm), but 
not both

A protein shell, or capsid, surrounds and: 
1. protects the nucleic acid and from digestion by enzymes, 
2. contains special sites on its surface that allow the virion to attach to a host cell
3. provides proteins that enable the virion to penetrate the host cell membrane

Classification dependent on characteristics of virions as well as mode of transmission, host range, symptomatology, etc

• Respiratory; Adeno, echo, rhino, influenza 

• Systmeic w/skin lesions; Measles, rubella, herpes I, II 

• Systemic w/ hematopoietic disorders; CMV, Epstein Barr, HIV, HTLV 

• Arbovirus and hemorrhagic; Dengue fever, Yellow, Ebola 

• CNS; Polio, Rabies, Encephalitis

Latent infection: DNA or RNA remains in host cells no longer replicating or causing disease sometimes for many years 
however may be transmissible during the asymptomatic period, facilitating person-to-person spread. A trigger (particularly 
immunosuppression) eg stress can sometimes causes reactivation.



Microbiology 15

© 2020 Polley Board Reviews 

Respiratory Viruses
Condition Virus S/S Transmission Notes

Adenovirus More than 50 
different types

M/c cause respiratory 
illness. i.e. common cold, 
pneumonia, croup, and 
bronchitis.

airborne droplets
 or contact with 
contaminated material. 
can be fecal-oral

DS DNA

Hantavirus 
Pulmonary 
Syndrome

Hantavirus

nonspecific flu-like illness, 
GI symptoms. later 
development of pulmonary 
edema and hypotension.

inhalation of aerosols of 
rodent excreta Southwestern US

Influenza
aka
Flu
Grip
Grippe

Influenza A- 
typically 70% of 
cases
Influenza B
Many strains of 
each A and B

chills, fever, muscle aches, 
headache, a sore throat, a 
cough, a runny nose

airborne droplets
< 18 you should avoid 
aspirin with flu d/t risk 
of Reyes Syndrome

Respiratory 
syncytial virus 
(RSV)

RSV runny nose and fever, 
cough and wheezing, airborne droplets m/c/c of LRI in young 

infants

Croup Parainfluenza seal bark cough airborne droplets

Common Cold Rhinovirues Acute coryza with or 
without fever airborne droplets Universal, especially 

during cold months

Exanthomatous Viruses
Condition Virus S/S Transmission Notes

HSV-1
HSV-2

Herpes 
Simplex

HSV-1 gingivostomatitis 
(Coldsores)
HSV-2 Genital lesions

close contact with a 
person who is actively 
shedding virus

Rubella
German 
measles aka 
3-day measles

mild- swollen lymph nodes, 
rose-colored spots on the 
roof of the mouth and a rash

Fever,H/A, stiff, swollen 
joints, swollen lymph 
nodes in the neck and 
head

CRS- miscarriage, 
still birth, severe birth 
defects

Rubeola Measles
Cough, coryza, 
conjunctivitis, fever, Koplik 
spots

Airborne droplets from 
cough that can remain for 
2 hours

Maculopapular 
rash spreads 
cephalocaudally

smallpox virus 
(orthopoxvirus) Smallpox

No cases of smallpox have 
occurred in the world since 
1977

inhalation or, less 
efficiently, by direct contact

No cases of smallpox 
have occurred in the 
world since 1977
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Condition Virus S/S Transmission Notes

Varicella Zoster 
HSV 3

Shingles
(Herpes 
Zoster)

Pain along affected 
dermatome with vesicular 
eruption

Reactivation of latent 
phase in a DRG

Varicella Zoster 
HSV-3 Chickenpox

Mild headache, moderate 
fever, and malaise- lesions 
usually begin on the trunk 
and face, later appearing on 
the arms and legs

airborne droplets/ 
aerosolized particles or
direct contact with the 
virus (eg, via skin lesions)

Transplacental to the 
fetus if chickenpox 
develops during 
the 1st or early 2nd 
trimester

Molluscum 
Contagiosum Poxviurs

clusters of pink, dome-
shaped, smooth, waxy, 
or pearly and umbilicated 
papules

Direct contact- skin to skin 
or towels, sponges and 
water

Common among 
children- usually not 
pruritic or painful

Roseola infants HSV-6B
High fever for 3-5 days 
followed by rash on chest/
abdomen

Airborne droplets or direct 
contact with infected 
person

Infants and very 
young children

Neurologic Viruses
Condition Virus S/S Transmission Notes

Polio aka 
Poliomyelitis 

poliovirus (an 
enterovirus) 

fever, severe headache, deep 
muscle pain
weakness or flaccid paralysis 
may develop

contact with contaminated 
material or air droplets. 
(fecal-oral)

25% to 30% of infected 
people develop any 
symptoms.

Rabies Lyssavirus

fever, headache, malaise
Later encephalitis excessive 
salivation
hydrophobia

Bite from rabid animal bat 
m/c

Tx-clean and debride 
wounds, give the 
rabies vaccine and 
immunoglobulin.

Western equine 
encephalitis Togaviridae Fever and CNS involvement Mosquitoes Arbovirus

Eastern equine 
encephalitis Togaviridae Fever and CNS involvement Mosquitoes Arbovirus

St Louis 
encephalitis Flaviviridae Fever and CNS involvement Mosquitoes Arbovirus

West Nile Flaviviridae Fever, malaise, headaches, 
myalgia, rash Mosquitoes Arbovirus

Zika Flaviviridae Fever, malaise, headaches, 
myalgia, rash Mosquitoes Arbovirus

Viruses that cause Hemorrhagic Fever
Condition Virus S/S Tranmission Notes

Dengue Fever Flaviviridae high fever, headache, rash, and back 
and bone pain lasting 6 or 7 days Mosquitoes Arbovirus

Yellow Fever Flaviviridae Fever, malaise, headaches, myalgia, 
hemmerhagic signs Aedes Mosquitoes Arbovirus
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Retroviruses
Using the enzyme reverse transcriptase, a double-stranded DNA copy aka provirus, of their RNA genome is created which 
is inserted into the genome of their host cell and are particularly prone to mutation.
Condition Virus S/S Tranmission Notes

AIDS
<200 CD4 cells HIV

lymphadenopathy, fever, 
weight loss, diarrhea, night 
sweats, fatigue

IV drug use, sexual 
blood transfusion, and 
breastfeeding

Opportunistic diseases like 
PJP 
m/c/c of death

Adult T cell 
leukemia/
lymphoma (ATLL)

HTLV-1 Usually asymptomatic Same as HIV 1st human retrovirus to be 
discovered 

Hepatitis
Hep A Hepatitis B Hepatitis C Hepatitis D Hepatitis E

RNA or DNA? RNA DNA RNA RNA RNA

Transmission Fecal/Oral Shared needles, 
STD

tattoos, blood 
transfusions

Co-infection with 
Hep B Fecal/Oral

Carrier for life No Yes Yes Yes No
Sequelae None Liver cancer Liver cancer Liver cancer None 

Prions
Proteins which lack nucleic acids and elicit no host immune response. They are resistant to inactivation with heat, 
disinfectants or radiation. Prion diseases include BSE/Mad Cow, Creutzfeldt-Jakob disease and Kuru (New Guinea)

Inclusion Bodies
Inclusion Bodies Disease/Condition
Aschoff Found in the heart- Rheumatic fever
Babes Ernst Body Metachromatic granules seen in diphtheria
Councilman cells Visible in the liver- Yellow Fever
Downey cell Atypical lymphocytes seen in EBV
Ghon Complex Scar tissue from healed TB lesions
Gummas Tertiary syphilis
Koplik spots Rubeola- found on buccal membrane 

Lewy bodies Parkinson’s, AKA paralysis agitans;- substantia nigra

Mallory bodies Hepatitis (alcoholism)
Negri bodies Rabies

Reed Sternberg cells Hodgkin Lymphoma

Russell bodies Associated with multiple myeloma
β-type inclusions Guarneri Bodies (old term) poxviruses 
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Parasites
Protozoa are single-celled organisms that multiply by simple binary division in their human hosts, causing infection and 
eosinophilia. They are classified my their method of locomotion into:
Ameboid Entamoeba histolytica
Ciliated- Balantidium coli
Flagellated- Giardia lamblia, Trichomonas vaginalis, Trympanosoma cruzi, Trympanosoma gambiense,  Leishmaniasis 
donovani 
Sporozoan- Plasmodium, Toxoplasmosis, Cryptosporidium,

Flagella arrangement 
• Monotrichus- single flagella on one pole
• Lophotrichus- multiple flagella on one pole (tuft at one end) 
• Amphitrichus- both” flagella on both poles
• Peritrichus- around” – flagella everywhere

Protozoa
Organism DIsease/Condition Transmission S/S Notes
Cryptosporidium 
(parvum and hominis) Cryptosporidosis Fecal oral- especially water Watery diarrhea/cramping- can 

be severe in AIDS patients 

Entamoeba histolytica Amebiasis Person to person, food and water
frequent semiliquid stools that 
often contain blood, mucus, and 
live trophozoites

Giardia lamblia Giardiasis aka Beaver 
Fever Waterbourne m/c intestinal parasite in the US- 

resistant to chlorine 

Leishmania (multiple) Cutaneous, Mucosal, 
Visceral leishmaniasis Sandflies Kala-azar aka Dumdum fever = 

visceral form

Naegleria fowleri Primary Amebic 
Meningioencephalitis 

Swimming in warm fresh 
contaminated water 

Enters CNS through the nose 
and is usually fatal

Plamodium falciparum Most fatal from = 
Blackwater fever 

Merozoites from infected 
RBCs infect other RBCs and is 
pathogenic in this stage 

Sickle Cell allele protects 
against malaria. 

Plamodium malariae Malaria
Female Anopheles mosquito 
injects sporozoite (infective 
stage) into human blood. 

Plamodium ovale Malaria
Female Anopheles mosquito 
injects sporozoite (infective 
stage) into human blood. 

Endemic in Africa, India and 
South Asia 

Plamodium vivax Malaria
Female Anopheles mosquito 
injects sporozoite (infective 
stage) into human blood. 

Fever, hemolytic anemia and 
splenomegaly.     

Toxoplasma gondii Toxoplasmosis Feline feces, transplacental (rare) 15% of US is sero +, symptoms 
are rare

Trypanosoma brucei 
gambiense

African Sleeping 
Sickness
African Trypanosomiasis 

Tsetse fly
1.skin lesions, 2.intermittent 
fever, headache 3. often fatal 
meningoencephalitis

Trypanosoma cruzi
Chagas Disease 
American 
Trypanosomiasis 

Triatominae bugs aka kissing or 
reduvid bugs bite

Endemic in South/Central 
America and Mexico



Microbiology 19

© 2020 Polley Board Reviews 

Helminths (Parasitic Worms)
Worm Types Common Name  Body Shape
Tapeworm Cestodes Long Ribbon-like body
Roundworms Nematodes Cylindrical, unsegmented
Fluke Trematodes Flat, ovoid body

Nematodes (Roundworms)
Worm Disease/Condition Transmission S/S Notes

Ascaris lumbricodes Ascariasis Fecal-oral -m/c intestinal helminth 
in the world

Bowel obstruction in children 
often deadly 

Enterobius vemicularis Enterobiasis aka 
Pinworm infection

Females lays egg around anus 
causing pruritus ani Cellophane test for ova

Loa loa
African eye worm Loiasis Deer or horse fly Filarial worm migrates under 

conjunctiva 
Necator americanus 
or Ancylostoma 
duodenale

Ancylostomiasis aka 
Hookworm Infection 

Fliariform larvae can live 4-5 
weeks before penetrating skin

c/c of Iron def anemia in 
endemic regions 

Onchocerca volvulus Onchocerciasis aka 
River Blindness

Blackfly- they breed in fast moving 
streams 

Worms produce microfilariae 
and invade eyes

Trichinella spiralis Trichinosis Raw/undercooked pork Larvae encyst in striated 
muscles 

Trichuris tirchiura Trichuriasis Fecal-oral 3rd m/c roundworm infection

Wuchereria bancrofti Lymphatic Filiariasis 
aka Elephantiasis Mosquitoes acute adenolymphangitis and 

epididymitis 

Cestodes (Tapeworms):

3 stages of Tapeworms: 1. Eggs 2. Larvae 3. Adults
Adults in habit the intestine of its host I.e. human 
3 parts of a tapeworm:
• Scolex (head); attaches to intestinal mucosa
• Neck; Highly regenerative and unsegmented 
• Proglottids (segments); hermaphroditic sex organs that generate eggs

Cestodes (Tapeworms)
Worm Disease/Condition Transmission S/S Notes
Diphyllobothrium 
latum

Fish tapeworm- Fresh 
water fish ONLY

M/c seen in cool lakes 
contaminated by sewage

Can cause B-12 deficiency 
(megaloblastic anemia)

Echinococcus 
granulosas

Canines are def hosts, 
humans int hosts 

Larval from is infective and 
causes Hydatid Disease

Hydatid cysts m/c lodge in liver and 
lungs

Hyemenolepsis 
nana Dwarf tapeworm d/t size Intestinal tapeworm m/c human cestode- seen in areas 

of poverty 

Taenia saginata Beef tapeworm Eating larval form causes 
infection

Mostly asymptomatic- not seen in 
US cattle

Taenia solium Pork tapeworm Larval from can cause 
cysticercosis 

Cysts are normally asymptomatic 
unless in CNS



Microbiology 20

© 2020 Polley Board Reviews 

Trematodes (Flukes)
Non-segmented flatworms with flat, ovoid bodies which infect blood vessels, liver, lungs, or gastrointestinal tract

Fluke Disease/Condition Transmission S/S Notes

Schistosoma- Blood 
fluke
Blood vessels of GI or 
GU

Schistosomiasis Swimming in contaminated water- 
freshwater snails are host

S. mansoni and S. japonicum 
m/c species 

Fascioloa hepatica
Liver fluke Fascioliasis Contaminated water plants e.g. water 

cress Can cause biliary obstruction

Clonorchis sinensis
Liver fluke Clonorchiasis Undercooked freshwater fish- snail is 

intermediate host Can cause biliary obstruction

Paragonimus 
westermani
Lung fluke

Paragonimiasis Contaminated crabs or crayfish-2nd. 
Snail is 1st intermediate host

Eggs exit body in bloody sputum 
(hemoptysis)- endemic in Far 
East

Fasciolopsis buski
Intestinal fluke Fasciolopsiasis Contaminated water plants e.g. water 

chestnuts-snail is intermediate host Found in pigs in Asia and India

Mycoses (Fungal Infections)
Superficial Mycoses: fungal infection of skin Aka “Ringworm”, “Dermatophytoses”. 
Detect using:
1. “Woods Lamp” = UV light.
2. Skin scrapings(from periphery of lesion), tested in solution of potassium hydroxide (KOH). No blood tests.

Organism Condition 
Tinea barbae Ringworm of beard
Tinea capitis Ringworm of scalp
Tinea Corporis Ringworm of body
Tinea Cruris Ringworm of groin “Jock Itch”
Tinea Pedis Ringworm of foot “Athletes foot”
Tinea Unguinum Ringworm of nail
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Mycoses: Systemic
Organism Condition Vector S/Sx, notes
Aspergillus 
fumigatus Aspergillosis Nuts & grains Fungus ball in lungs. Aflatoxin 

causes 1° liver cancer

Blastomyces 
dermatitidis Blastomycosis Inhalation of contaminated soil with 

encapsulated yeast

Ohio–Mississippi River valleys 
(extending into the middle Atlantic 
and southeastern states)

Coccidioides 
immitis Coccidiomycosis Deserts of Southwest San Joaquin valley fever

Cryptococcus 
neoformans Cryptococcosis Inhalation of contaminated soil with 

encapsulated yeast

Most never get sick, only 
immunocompromised- defining 
opportunistic infection in AIDS

Histoplasma 
capsulatum Histoplasmosis Bird or Bat droppings 

Mississippi/Ohio valley fever. 
Calcific lesions in lung similar to 
TB

Pneumocystis 
jirovecci AIDS Pneumonia Pigeon droppings

#1 fungal infection in AIDS
#1 cause of death in AIDS 
(Pneumonia)

Sporotherix 
schenckii Sporotrichosis Rosebush thorns, flowers Gardeners at risk
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Pathology 1

Cell Injury and Death

Apoptosis Vs Necrosis
Apoptosis (regulated cell death) that serves to eliminate unwanted and irreparably damaged cells, with the least possi-
ble host reaction, characterized by enzymatic degradation of proteins and DNA and removal of dead cells by phagocytes  

Necrosis (accidental cell death) is a form of cell death in which cellular membranes fall apart, cellular enzymes leak out 
and ultimately digest the cell 

Nuclear Changes in Necrosis:
1. Pyknosis- Characterized by nuclear shrinkage and increased basophilia; the DNA condenses into a dark shrunken 

mass.
2. Karyorrhexis- The pyknotic nucleus can undergo fragmentation
3. Karyolysis-  The basophilia fades because of digestion of DNA by deoxyribonuclease (DNAase) activity. In 1 to 2 

days, the nucleus in a dead cell may completely disappear.  

Types of necrosis:
Caseous “cheesy” like necrosis seen in TB
Cloudy swelling Albuminous. Membrane injured which effects ionic transfer
Coagulation Ischemia/hypoxia to any organ except the brain. Normally associated with a MI

Dystrophic calcification Normal calcium levels w/infiltration into abnormal/damaged tissue

Fatty/Enzymatic Seen in the pancreas. Caused by lipase and amylase release from the pancreas

Liquefactive Slimy liquid like mass seen in the Brain following ischemic injury or skin/organs from infection

Metastatic calcification Increased calcium levels w/infiltration into normal tissue

Wallerian Peripheral nerves. Degenerates to the next Node of Ranvier (demyelination) 

Zenker’s (Waxy) Hyaline. Most common in SKM (acute infection or toxemia) Muscle replaced with hyaline

How cells adapt to stress
Atrophy Decrease in size of cells. Eg disuse atrophy
Hypertrophy Increase in size of cells (no new cells, they just get bigger)
Hyperplasia Increase in number of cells

Metaplasia
One adult cell type is replaced by another adult cell type. Eg Pseudostratified ciliated 
columnar epithelium (PCCE) changing into stratified  squamous in lungs of a smoker. Can be 
reversed 

Dysplasia Change in size, shape, or function of a cell. Can be reversed. Precancerous. 
Anaplasia Loss of differentiation of normal cells- reliable indicator of malignancy
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Benign Vs Malignant Neoplasms
Benign Malignant
Small Large
Well demarcated Poorly demarcated
Slow growing Fast Growing w/necrosis and hemorrhage 
Noninvasive Locally invasive
Nonmetastatic Metastatic
Well differentiated Poorly differentiated 

Acute inflammation has 3 components:
1. Vasodilation to increase blood flow
2. � Vascular permeability so WBC’s and plasma proteins can leave circulation

Movement of WBC’s to site of injury and activation to eliminate trigger 
 
Margination = Movement of WBC’s toward the endothelial lining to bind and adhere
Leukocyte extravasation aka transmigration = Movement of neutrophils and monocytes through a blood vessel wall
Chemotaxis = WBC’s move toward the site of injury
Edema = Excess of fluid in interstitial tissue
Exudate = Extravascular fluid high in protein and cellular debris
Transudate = Extravascular fluid low in protein and little/no cellular debris

Mediators and roles in inflammatory reactions
Mediator Reaction

Prostaglandins vasodilation, fever, pain

Histamine vasodilation, � vascular permeability, 

Leukotrienes � vascular permeability, chemotaxis

Tissue necrosis factor (TNF) chemotaxis, fever

Interluekin-1 chemotaxis, fever
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Genetic and Pediatric Disorders

Genetic/Pediatric Disorder You were born to know this!

Marfan syndrome Autosomal dominant condition w/ subluxation of the lens, arachnodactyly, ligament laxity, 
medial necrosis of the aorta. “Abe Lincoln Dz”

Ehlers-Danlos syndrome Autosomal dominant collagen disorder with hyper mobile joints, hyper-elastic and fragile 
skin

Phenylketonuria (PKU) Autosomal recessive lack of phenylalanine hydroxylase and can’t convert phenylalanine 
to tyrosine. Mental retardation and seizures   

Tay-Sachs disease � gangliosides in the brain, ANS and retina d/t absence of hexosaminidase A enzyme. 
“cherry red” spot on macula. More common in Ashkenazi Jews

Niemann Pick’s � sphingomyelin in liver, spleen, bone marrow- sphingomyelinase deficiency. Death 
within 3 years

Gaucher disease � glucocerebrosides in brain, liver, spleen and bone marrow; lack of glucocerebrosidase. 
More common in Ashkenazi Jews. 

Krabbe disease � galactocerebrosides in white matter; lgalactocerebroside beta-galactosidase deficiency. 

von Gierke disease Autosomal recessive. Glycogen storage dz. Lack of glucose-6-P dehydrogenase. 
Hypoglycemia and hepatomegaly 

Down syndrome Trisomy 21 m/c chromosomal disorder. Mental retardation ,flat face, epicanthic fold, 
1/700 births

Edward syndrome Trisomy 18. 50% stillborn and <10% make it to 1st birthday. 1/8000 births

Patau syndrome Trisomy 13. 80% die in 1st month as defects are not compatible w/life 1/15,000 births 

Klinefelter syndrome 47,XXY. Hypogonadism, tall, “eunuch like”, gynecomastia, � body, facial hair *20X� of 
breast cancer

Turner syndrome 45,X karyotype. Short stature females, webbing of neck, no 2° characteristics, 1° 
amenorrhea *coarctation of the aorta

Fragile X syndrome Most hereditary cause if mental retardation, males>females. FMR1gene abnormality on 
X chromosome 

Neuroblastoma Malignant tumor of the adrenal medulla or sympathetic ganglia that secrets 
catecholamines 
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Blood Vessel Disorders 
Blood Vessel Disorder It will not be in vein to know this

Ateriosclerosis Hardening of the arteries w/ thickening of arterial wall and decreased elasticity 

Monckeberg sclerosis Calcification of the tunica media of medium sized muscular arteries- the lumen 
remains intact. >50 y/o

Atherosclerosis
Lesions (atheromas) of the tunica intima resulting in narrowing of arterial lumens 
of large- and medium-sized muscular arteries Can rupture and completely occlude 
vessel

Aneurysm Dilation of blood vessels (congenital or acquired) - classified by shape, saccular and 
fusiform 

Saccular aneurysm Small out pouching on one side of a vessel 

Fusiform aneurysm Large dilation of the entire vessel 

Abdominal aortic aneurysm AAA- major cause is atherosclerosis in males >50 

Aortic dissection Blood filled channel in aorta (ascending). m/c/c HTN

Giant Cell (Temporal) Arteritis Granulomatous inflammation in large to small arteries of head. Dx thru biopsy of 
temporal artery >50 

Takayasu arteritis Granulomatous inflammation of aorta and arch vessels. Vision problems with 
decreased pulses in UE aka pulseless dz

Polyarteritis Nodosa Systemic vasculitis affecting vessels of the kidney, heart, liver and GI tract. 

Kawasaki Disease Acute vasculitis of medium to large vessels in kids <4

Granulomatosis with 
Polyangitis (GPA)

formerly-Wegener’s Granulomatosis. Necrotizing granulomatous inflammation, 
vasculitis and GMN m/c affecting the upper and lower respiratory tract and kidney’s 

Buerger Disease  AKA thromboangitis obliterans. Affects small to medium arteries in <35 y/o males with 
history of  heavy smoking. Pain upon exertion that resolves at rest

Raynaud phenomenon 
Vasospasm of arteries in hands and feet. Produces triphasic color change from pallor 
(white) to cyanosis (blue) to rubor (red). Brought on by cold or emotion. Can lead to 
dry gangrene.

Prinzmental’s angina Coronary artery vasospasm 

Thrombophlebitis Aka Phlebothrombosis. Venous thrombosis w/inflammation

Kaposi sarcoma Vascular tumor caused by HHV-8, m/c in AIDS patients 
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Heart Disorders
Heart condition Aorta tell you that this is important

Angina Pectoris intermittent chest pain caused by transient, reversible ischemia- Prinzmetal/
variant angina is a form 

Arrhythmia Include tachycardia, bradycardia, palpitations

Atrial septal defect (ASD) Allows unrestricted blood flow between atria. Starts as L�R shunt. Usually 
asymptomatic until adulthood 

Cardiac tamponade Blood in pericardial sac severe enough it prevents proper ventricular filling. 
Hypotension w/distended neck veins

Cardiomyopathy Generic term for intrinsic heart dysfunction caused by a diverse group of 
(primary or secondary) disorders 

Coarctation of aorta Congenital arrowing of aorta distal to the L subclavian. Produces 
HYPERtension in UE and HYPOtension in LE

Congestive Heart Failure Heart is unable to meet the metabolic demands of the body. Onset can be 
abrupt or slow. 

Cor Pulmonale (R) ventricular hypertrophy caused by pulmonary hypertension 

Left Sided Heart Failure m/c/c MI or systemic HTN

MI “heart attack” major cause of IHD caused by occlusion of vessels. LAD is m/c

Myocarditis m/c/c by coxsackie virus (A and B) 
Myxoma m/c primary cardiac tumor (benign) w/most in left atrium 

Patent ductus arteriosus (PDA) Shunt between left pulmonary artery and aorta. L�R shunt

Pericarditis m/c/c by virus. Uncommon 
Right Sided Heart Failure m/c/c left sided heart failure 

Tetralogy of Fallot (DRIP)

R�L Shunt m/c/c/ cyanotic heart disease  
Dextrorotation of aorta – transposition of aorta 
Right ventricular hypertrophy  
Interventricular septal defect (VSD) 
Pulmonic stenosis

Valvular Lesions Mitral valve, aortic and mitral valve

Ventricular septal defect (VSD) m/c congenital cardiac issue. L�R shunt. Most close spontaneously 

Heart Disorders- ARMS PRTS
Diastole Systole

A - aortic P - pulmonic A - aortic P - pulmonic

R - regurgitation R - regurgitation S - stenosis S - stenosis

M - mitral T - tricuspid M - mitral T - tricuspid

S - stenosis S - stenosis R - regurgitation R - regurgitation
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Blood disorders
Blood disorder Know this, or It’s gonna get bloody- this is not a Type-O

Anemia Reduction in the O2 transporting capacity of blood d/t a decrease in the RBC mass. 
Result of bleeding, hemolysis, decreased RBC production 

Hemorrhage Acute blood loss causing decrease of blood volume= shock and death
Sickle Cell Anemia Mutation in β-globin that distort/change the shape of the RBC

Thalasemia Hemolytic anemia d/t defective hemoglobin synthesis. 2 types- alpha and beta

Malaria Hemolysis of RBC’s caused by Plasmodium species See Micro notes 

Iron Deficiency Anemia IDA m/c nutritional deficiency in the world. Chronic blood loss from GI tract or female 
genital tract is m/c/c of IDA- insufficient hemoglobin synthesis 

Megaloblastic Anemia Caused by B12 or B9 deficiencies. 
Pernicious Anemia B12 deficiency caused by a problem with Intrinsic Factor
Aplastic Anemia Bone marrow failure and pancytopenia. 2/3 cases are idiopathic 

Polycythemia
Aka erythrocytosis. �of RBC’s that can be either 1° Polycythemia vera- blood volume 
expands and the increased number of RBCs can cause hyperviscosity or 2°- hypoxia �’s 
EPO levels 

Acute Lymphoblastic 
Leukemia (ALL)

85% affect children . Survival rates have been vastly improved with aggressive 
chemotherapy (t 95 of children with ALL obtain a remission, and 75 to 85 are cured(

Acute Myeloid Leukemia 
(AML) Older adults >50. Overall survival rate in all patients only 15%-30% w/chemo

Chronic Lymphocytic 
Leukemia (CLL) m/c leukemia in adults. Prognosis varies 

Chronic Myelogenous 
Leukemia (CML) Adults m/c 30-50 y/o. Philadelphia chromosome. Philadelphia Chromosome #22

Burkitt Lymphoma NHL, affects children and young adults. “starry sky” pattern. Assoc w/EBV

Multiple Myeloma 
m/c primary malignancy in adults. Affects the bone marrow and results in lytic lesions 
(punched out) and fractures. Malignant plasma cells produce Bence-Jones proteins 
excreted in urine. Russell body = inclusion body

Hodgkin lymphoma 
B-cell tumor Characterized by a giant tumor cell, the Reed-Sternberg cell 
(pathognomonic). Fever, night sweats, unintentional weight loss, pruritus, splenomegaly, 
and hepatomegaly. 75% cure rate

Throbocytopenia Bleeding disorder in which � destruction or � production of platelets leads to � bleeding 
tendency w/normal coagulation tests 

Von Willebrand disease Hereditary � of von Willebrand factor causing platelet dysfunction w/normal platelet 
count. � bleeding tendency. m/c inherited bleeding disorder

Hemophilia A Factor VIII deficiency. X-linked condition. m/c inherited cause of serious bleeding and 
m/c hemophilia 

Hemophilia B Factor IV deficiency aka Christmas Factor. X-linked condition. Clinically the same as 
Hemophilia A, but less common
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Immunodeficiencies: Primary and Acquired 
Immunodeficiency Don’t be deficient in this section

X-linked aggamglobulinemia aka Bruton 
disease Mature B-cell deficiency with resultant absence of Ab’s in blood

DiGeorge syndrome aka Thymic hypoplasia Mature T-cell deficiency 

Severe Combined Immunodeficiency 
(SCID)

Deficiency of T-cells and B-cells. 2 forms, X linked and autosomal 
recessive 

AIDS Caused by HIV virus (retro virus). Transmitted by bodily fluids Defined by 
infection w/certain infections, <200ml CD4+ count or CD4+ <15%

Pulmonary Disorders
Pulmonary disorder You’ll get “A lung” a lot better if you know this 

Atelectasis Collapse of lung tissue m/c/c by airway obstruction (foreign body) or compression 
(tumor) 

Pneumothroax Air in the pleural space resulting in lung collapse (partial or total). Can occur 
spontaneously, or be caused by trauma or medical procedures. 

Acute Respiratory Distress 
Syndrome

Respiratory failure occurring within 1 week of a known clinical insult Eg pneumonia 
and sepsis 

Emphysema COPD- alveolar destruction, with limited airflow, hyperinflation of lungs m/c in 
smokers. Alpha-1 antitrypsin deficiency in non-smokers

Chronic Bronchitis COPD- increased mucus production in large airways w/persistent productive cough

Asthma Bronchocontriction (reversible), Airway edema, inflxn, and hyperactivity. Curshmann’s 
spirals can be found in the sputum. 

Charcot Leyden crystals Found in the blood of patients with high absolute eosinophilia e.g. asthma, parasitic 
infections

Bronchiectasis Permanent dilation and destruction of the larger bronchi typically caused by chronic 
infections or inflammation- caused by obstruction (CF) or chronic infection

Cystic Fibrosis
Inherited disease of exocrine glands affecting the lungs and GI tract. Cl- channels 
are affected resulting in high sweat electrolytes. Dx with sweat test. 75% will have 
Pseudomonas Aeruginosa infection.

Pulmonary Fibrosis Honey Comb Lung d/t appearance of the irregular air spaces between bands of 
dense fibrous connective tissue

Sarcoidosis Inflammatory condition characterized by noncaseating granulomas in one or more 
organs, m/c lungs and lymphatics multi-system disease of unknown etiology

Pulmonary Embolism Pulmonary arteries blocked by thrombi that m/c originate in large veins of the legs or 
pelvis (DVT). 60-80% are asymptomatic 50K deaths/year.

Pulmonary Hypertension >25mm Hg at rest. Caused by a diverse set of factors  

Good Pasture Syndrome Autoimmune condition caused by anti-GBM antibodies resulting in alveolar 
hemorrhage and glomerulonephritis. Hemoptysis is m/c seen

Acute Lung Infections See Micro

Tuberculosis Chronic progressive granulomatous infection caused by Mycobacterium tuberculosis. 
Caseous necrosis. m/c seen the apices of the lungs
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Pulmonary Disorders You’ll get “A lung” a lot better if you know this 
Fungal Lung Infections See Micro

Non-small cell lung cancer 
(NSCLC)

85% of all cases and include adenocarcinoma (40%), squamous cell carcinoma 
(25%) and large cell carcinoma (10%). Prognosis depends on the stage (I-IV)

Small cell lung cancer 15% of all cases, highly aggressive w/poor prognosis (almost all have  metastasized 
at Dx) Almost always occurs in smokers

Environmental Pulmonary Disease- Pneumoconioses 
Condition Pneu-mo messing around!

Anthracosis Coal Dust- aka Black Lung Disease. Coalminers with black lung + RA = Caplan syndrome

Asbestosis Asbestos exposure- can lead to pleural mesothelioma 

Silicosis Silica particles from rock, sand, or glass. Miners, quarry workers stonecutters and glassmakers 
most at risk m/c worldwide

Beryllium disease Beryllium dust or fumes- now rare

Byssinosis Cotton Dust - seen in cotton, flax and hemp workers
Siderosis Iron dust

Kidney Disorders
Kidney Disorder You gotta be Kidney me

Azotemia Build-up of nitrogenous products in the blood- typically seen in Acute kidney 
disease (AKD)

Nephritic syndrome Acute onset m/c/c by GMN. Hematuria, proteinuria, RBC casts and azotemia. 
HTN and edema also common

Nephrotic syndrome Proteinuria (>3g/day), edema and hypoalbuminemia (HEP). More severe than 
nephritic syndrome. Will also see hyperlipidemia.

Glomerulonephritis (GMN) M/c/c by Strep pyogenes 

Good Pasture Syndrome Autoimmune condition caused by anti-GBM antibodies resulting in alveolar 
hemorrhage and glomerulonephritis. Hemoptysis is m/c seen

Acute Pyelonephritis Ascending suppurative infection from UTI to renal pelvis. WBC and WBC casts in 
urine   

Autosomal Dominant Polycystic 
Kidney Disease (ADPKD)

m/c/c/ Autosomal dominant condition. Progressive expansile cyst formation in 
both kidneys causing damaged/destroyed kidney tissue. “Moth eaten”

Urinary calculi aka Nephrolithiasis aka kidney stones. 85% calcium oxalate. Flank/kidney pain if 
lodged in upper ureter, groin pain if in lower ureter. 

Hydronephrosis Obstruction of urinary flow leading to dilation of renal pelvis and calyces. m/c/c by 
anatomical abnormalities, kidney stones or prostate issues

Wilms tumor Nephroblastoma. m/c kidney tumor in children

UTI’s 
Upper tract infection involves the kidney’s (pyelonephritis) and lower tract 
infections involve the bladder (cystitis) , urethra (urethritis) or prostate 
(prostatitis). M/c/c of UTI’s is bacterial. 
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GI Disorders
GI Disorder Gee, I’ would know this

Achalasia Failure of the lower esophageal sphincter to relax when swallowing with decreased 
esophageal peristalsis. Absence of ganglion cells in myenteric plexus. Dysphagia

GERD Gastroesophageal relax disease. Clinical term for reflux esophagitis

Barrett Esophagus Esophageal tissue replaced w/intestinal tissue- complication of chronic GERD- precursor to 
adenocarcinoma 

Mallory-Weiss Syndrome Longitudinal tears of lower esophagus and proximal stomach caused by severe retching or 
vomiting. 

Gastritis Acute: mucosal injury w/neutrophils present
Chronic: caused by H pylori (see micro notes)

Peptic ulcer Caused by H pylori and/or NSAIDs gastric ulcer if in stomach, peptic ulcer if in duodenum. 

Gastric adenocarcinoma 90% of all stomach cancers. H pylori is commonly associated. Appearance can be Linitis 
plastica aka “leather bottle’ stomach

Intussusception Telescoping of the intestine into the next segment- may proceed to obstruction 

Hirschsprung disease Aka congenital megacolon. Absence of the Meissner and Auerbach autonomic plexus

Volvulus Twisting of the intestines. Causes obstruction 

Hemorrhoids External can become painful and rarely bleed, internal are rarely painful and often bleed. 
Frank blood 

Celiac disease aka 
Celiac sprue

Immune mediated intolerance to gluten marked by malabsorption, inflammation and 
atrophy of the villi. 

Environmental enteric 
dysfunction

Malabsorption disease affecting resident of or visitors to, tropical areas Old term- Tropical 
sprue

Diverticulitis Out pouchings in the colon that become obstructed and cause inflammatory changes. 
Sigmoid m/c location

Meckel Diverticulum Pouch on the wall of the distal ileum within 2ft of IC valve that is congenital.  May contain 
tissue that is identical to stomach or pancreas tissue

Chron disease aka 
regional enteritis 

m/c in the ileum and cecum. Causes skip lesions. Mucosa has cobblestone appearance. 
Typically has remissions and relapses

Ulcerative colitis Starts in rectum and ascends into the proximal colon. Bloody diarrhea w/cramping and 
abdominal pain. Relapses are common

Peutz-Jeghers Syndrome Hereditary (AD) dz characterized by polyposis from the stomach to the colon and purple 
lesions around the lips/mouth, hands and feet

Colorectal cancer Adenocarcinoma m/c malignancy in the GI tract. Peaks at 60-70
Pilonidal disease Chronic draining sinus or acute abscess in the sacrococcygeal area
Marasmus Diet is severely lacking in calories 
Kwashiokor Diet is severely lacking in protein 
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Liver and Gallbladder Disorders
Condition Liver and let die

Cirrhosis Chronic condition where fibrotic tissue surrounds regenerative nodules. m/c/c alcoholism 
and preceded by fatty liver disease

Hepatitis See Micro

Hemochromatosis m/c a hereditary disorder in which excessive Fe absorption/accumulation causes tissue 
damage 

Wilson disease Genetic defect in copper transport w/accumulation in liver, brain and eye (Kayser-
Fleischer rings)

Gallstones 80% are cholesterol stones � by stasis, largely asymptomatic 

Cholestasis Impaired secretion of bile causing jaundice and hyperbilirubinemia m/c/c gallstones 

Cholecystitis 1° caused by gallstones obstructing the bile duct 

Budd-Chiari syndrome Occlusion (thrombotic) of  2 or more hepatic veins resulting in hepatomegaly, ascites, 
liver failure

Hepatocellular carcinoma m/c/c by HBV (eastern) and HCV (western), aflatoxin and ETOH. Mets from colon, lung 
and breast is m/c liver cancer 

Pancreas Disorders 
Pancreas Disorder if you don’t study this you may PanCRYas

Diabetes mellitus
HYPERglycemia. Polydipsia, polyuria, polyphagia. 
Type 1- � insulin levels, younger onset, obesity not common
Type 2- variable insulin levels, later onset, obesity very common

Acute Pancreatitis Abdominal pain w/� levels of amylase and lipase. Can be a medical emergency. m/c/c/ 
gallstones and ETOH

Pancreatic cancer Exocrine tumors that arise from ductal cells and occur in the head. Poor prognosis, high 
mortality rate 

Urogenital Disorders 
Urogential Disorder Urine trouble if you don’t know this
Hypospadia Urethral opening is on the ventral aspect of the penis
Epispadia Urethral opening is on the dorsal aspect of the penis
Cryptorchidism Undescended testis (1 or both)  � risk of testicular cancer 
Seminoma Germ cell tumor, M/c testicular cancer

Nonseminomas Embryonal carcinoma, Yolk sac tumor (�AFP), Choriocarcinoma (�hCG), Teratoma (all 
3 germ layers)

Prostate cancer Adenocarcinoma of the prostate is the m/c cause of cancer in men >50. PSA test is 
used to dx

Endometriosis Endometrial tissue outside of the uterus implanted  into the ovary, bowel and rectum

Polycystic ovarian syndrome Polycystic ovaries, anovulation, menstrual abnormalities, � fertility,

Leiomyoma Uterine fibroids, m/c benign tumor in women (30-50% of all child bearing age)

Krukenberg tumor Tumor of the ovary that has metastasized from the stomach
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Urogenital Disorders Urine trouble if you don’t know this

Ovarian tumor Teratomas are m/c ovarian tumor in young women and can grow to a very large size

Ectopic pregnancy Implantation of fertilized egg outside of the uterus. Rupture is a medical emergency 

Hydatidiform mole Mass of chorionic villi resembling a “grape like” mass. 

Preeclampsia/eclampsia HTN, edema and proteinuria (HEP) in the 3rd trimester. Severe progression = 
eclampsia 

STD’s 
Organism Condition Hope you’ve never experienced this

Chlamydia trachoma’s Lymphogranuloma venereum 
Bacteria

Asymptomatic skin lesion w/enlarged lymph nodes in 
groin/pelvis

Haemophilus ducreyi Chancroid
Bacteria Painful superficial chancroid

HPV Genital Warts, Condylomata 
Acuminata- Virus Raised or flat warts on skin or genital area. M/C STD

HSV Genital herpes
Virus Genital lesions- remains dormant in ganglia

Molluscum Contagiosum Virus clusters of pink, dome-shaped, smooth, waxy, or 
pearly and umbilicated papules

Neisseria gonorrhoeae Gonorrhea 
Bacteria

Men- urethritis w/purulent yellow green discharge
Women- Cervicitis with dysuria and discharge

Treponema pallidum Syphilis 
Spirochete 

Primary- hard painless chancre Secondary- 
widespread mucocutaneous lesions
Tertiary- gumma

Trichomonas vaginalis Protozoan Green frothy, foul, fishy, vaginal discharge 

Endocrine Disorders
Endocrine Disorders rollin down the street smokin ENDO sippin on gin and juice
Acromegaly � secretion of GH after growth plates have closed (adults)
Gigantism � secretion of GH before growth plates have closed (children/teens)
Pituitary Dwarfism GH deficiency in children. Short stature, normal proportions
Diabetes insipidus ADH/vasopressin deficiency. Polydipsia and polyuria

Hypothryroidism � levels of free T3 and T4 and � TSH levels. Decreased metabolism; cold 
intolerance, weight gain, dry skin, facial puffiness

Hashimoto thyroiditis
Autoimmune, m/c form of HYPOthyroidism with transient periods of 
HYPERthyroidism (hashitoxicosis). Women 10-20x more affected. Autoantibodies 
attack and deplete thyroid tissue

Congenital hypothyroidism (old 
term Cretinism) Caused by severe iodine deficiency. Major cause of intellectual disability 

Hyperthyroidism aka 
Thyrotoxicosis 

� levels of free T3 and T4 with � TSH levels. Increased metabolism; weight-loss, 
tachycardia, nervousness, tremor, fatigue, exophthalmos

Graves disease m/c/c of HYPERthyroidism (85%) Will normally have goiter and/or exophthalmos 



© 2020 Polley Board Reviews 

Pathology 12

Endocrine Disorders rollin down the street smokin ENDO sippin on gin and juice

Simple non-toxic Goiter Hypertrophy of the thyroid gland. Non-cancerous. Thyroid function is generally 
normal . Iodine deficiency is m/c/c

Cushing syndrome aka 
Hypercortisolism 

� cortisol levels due to � ACTH production by anterior pituitary. Moon face, buffalo 
hump, purple straie on abdomen

Conn syndrome Primary aldosteronism. � sodium, � potassium with hypertension and water retention 

Addison
Primary adrenocortical insufficiency causing deficiency of mineralocorticoids 
(aldosterone) and glucocorticoids (cortisol). Hypotension, hypoglycemia and 
hyperpigmentaiton. Elevated or normal ACTH levels

Adrenal virilism m/c/c by tumor of adrenals or adrenal hyperplasia. Symptoms more noted in females 
(e.g. hirsutism). Males may be infertile 

Pheochromocytoma Tumor of the adrenal medulla causing increased catecholamine secretion. 
Paroxysmal  hypertension 

Bone Disorders
Bone Disorders Its a bone-us to remember this

Achondroplasia Skeletal dysplasia d/t impaired cartilage growth; m/c form of dwarfism Autosomal 
dominant disorder. 

Osteogenesis Imperfecta Type 
1 collagen disease

m/c hereditary disorder of connective tissue. Blue sclera, joint hyper mobility and pain, 
fragile bones. In most severe, soft skull

Osteopetrosis aka marble 
bone disease

A group of rare genetic disorders that cause increased density of the bones (and 
abnormal skeletal remodeling/growth. � osteoclastic activity. Bone are fragile and 
easily fx

Osteopenia Decreases in quantity of bone mass
Osteoporosis Severe osteopenia that sig � rinse of fx
Osteomalacia Vit D deficiency in adults- decreases the quality of bone
Rickets Vit D deficiency in children

Hyperparathyroidism HYPERcalcemia (asymptomatic) Can cause osteoporosis and brown tumor. Painful 
bones, kidney stones, abdominal groans and psychic moans. m/c/c adenoma

Paget Disease aka Osteitis 
Deformans

� bone quality and � bone quantity. >40 y/o. 4 phases:
1- lytic
2. mixed 
3. blastic
4. osteosarcoma

Osteonecrosis aka avascular necrosis m/c/c trauma or corticosteroids

Osteochondrosis
Non-infectious and non-inflammatory derangements of bone growth at ossifications 
centers in bone. Eg Köhler dz (tarsal), Legg-Calvé-Perthes dz (femoral capital 
epiphysis), Osgood-Schlater dz (tibial tuberosity), Schueurmann dz (vertebral bodies)

Osteomyelitis Inflammation and destruction of bone and marrow d/t infection (m/c Staph aureus). 
Sequestrum- necrotic bone. Involucrum surrounds sequestrum

Pott disease Infectious destruction of the vertebrae caused by TB
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Bone Tumors and Cysts
Tumor Age Location B-own this! 

Multiple myeloma >40 Bone marrow
m/c 1° bone cancer. Lytic lesions (punched out) and 
fractures. Bence-Jones proteins in urine. Russell body 
= inclusion body

Osteosarcoma 10-20 Metaphysis of long bones m/c 1° bone cancer in children, 2nd m/c 1° bone 
cancer overall. sunburst periosteal rxn. 

Ewing Sarcoma 10-20 Diaphysis of long bones 2nd m/c 1° bone cancer in children. Lytic tumor 
w/“onion skin” periosteal rxn.

Chondrosarcoma 40-60 Shoulder/Pelvis Painful, progressive, enlarging mass. Limited 
vascularity

Chordoma >50 Sacrum/base of skull Tumor develops from remnants of notochord. Rare

Fibrosarcoma 10-20 Metaphysis of long bones Very similar to osteosarcoma

Lymphoma of bone 40-60 Any bone Pain, swelling and pathological fx

Osteochondroma 10-30 Metaphysis of long bones
Exostosis. m/c benign bone tumor. Cartilage capped 
tumor attached by a bony stalk. Multiple = Hereditary 
multiple exostosis HME

Enchondroma 30-50 Small bones in the hands/
feet

Ollier dx- multiple enchondromas. Maffucci syndrome= 
Ollier, soft tissue swelling, bone deformity

Osteoid osteoma 10-20 Metaphysis of distal femur/
primal tibia (knee) Pain worse at night relieved by aspirin <2cm

Osteoblastoma 10-20 Vertebral column Similar to osteoid osteoma >2cm
Unicameral bone 
cyst <20 Distal to epiphyseal plate Cyst caused thinning of the cortex leading to a “buckle-

like” fx. 

Aneurysmal bone 
cyst 10-20 Metaphysis of long bones

Slow growing, periosteal “ballooning” *new bone shell 
forms around the expansile lesion and is often wider 
than the original bone

Fibrous dysplasia <20 Any bone- may affect 
multiple bones

“ground glass” lesion. McCune-Albright syndrome= 
multiple fibrous dyplasias, café-au-lait spots (Maine) 
and precocious puberty

Giant cell tumor 20-40 Epiphysis of long bones “Giant” osteoclasts. Locally aggressive w/destruction of 
bone. Can metastasize to lung

Chondroblastoma 10-20 Epiphysis Rare- continued growth destroys bone/joint
Hemangioma <10 M/C head and neck M/c benign tumor of the spine

Osteoma Kids or 
Adults Skull M/c in the frontal sinus
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Arthritis and other inflammatory joint conditions
Joint Disorder The force is strong with Dathritis 

Osteoarthritis (OA) aka DJD
m/c joint disorder. Loss of articular cartilage/joint space, subchondral sclerosis, 
osteophyte formation. M/c in hip, spine and knee. Uni- or bilateral; asymmetrical. 
DIP (Herberden), PIP (Bouchard) 

Rheumatoid arthritis (RA)
Chronic autoimmune dz that I° attacks the joints producing progressive, proliferative 
synovitis (pannus) m/c begins in PIP (Bouchard),MCP (Haygarth) or wrist. 
Symmetrical and bilateral. (+) RF test 

Seronegative 
spondyloarthopathies

(-) RF factor, (+) HLA-B27. Include reactive arthritis (Reiter syndrome), ankylosing 
spondylitis and psoriatic arthritis (RAP)

Reactive arthritis Urethritis or cervicitis (Chlamydia), conjunctivitis and arthritis. Can’t see, can’t pee, 
can’t dance with me. (+) HLA-B27 

Ankylosing spondylitis (AS) Prototypical spondyloarthopathy. Men 3x higher risk. 20-40. Starts in SI joints. 
Destruction of articular cartilage w/bony ankylosing. (+) HLA-B27.

Psoriatic arthritis Chronic arthritis in 30% of people w/psoriasis of skin/nails. Sausage like appearance 
of fingers and toes

Seropositive 
spondyloarthopathies

(+) RF factor, (-) (HLA-B27. Includes RA, Caplan Syndrome, Felty Syndrome and 
Sjögren syndrome

Sjögren syndrome Xerophthalmia, xerostomia, and RA (RF+)

Caplan Syndrome Aka rheumatoid pneumoconiosis. RA (RF+) with anthracosis (coal) or silicosis

Felty’s Syndrome RA (RF+),  splenomegaly and neutropenia. Rare and potentially serious

Gout Acute inflammatory dz caused by uric acid crystals in and around synovium. 

Psuedogout (CPPD) Accumulation of calcium pyrophosphate crystals in joints
Infectious arthritis Acute pain, swelling, warmth in a single joint. m/c knee 

Systemic lupus erythematosus 
(SLE)

Autoimmune involving multiple organs and multiple autoantibodies (antinuclear 
antibodies-ANA’s). Joint pain/inflammation and malar rash. M/c in women

Systemic Sclerosis aka 
Scleroderma 

Excessive fibrosis and vascular abnormalities in skin, joints and internal (multiple) 
organs. Calcinosis cutis, Raynaud, Esophageal dysmotility, Sclerodactyly, 
Telangiectasis (CREST)

Juvenile idiopathic arthritis (JIA) not a single disease but a number of chronic arthritides that occur in children <16 
and share certain features

Fractures
• Greenstick - Incomplete fracture. The broken bone is not completely separated.
• Transverse - The break is in a straight line across the bone.
• Spiral - The break spirals around the bone; common in a twisting injury.
• Oblique - Diagonal break across the bone.
• Muscular Dystrophies  
• Compression - The bone is crushed, causing the broken bone to be wider or flatter in appearance.
• Comminuted - The break is in three or more pieces and fragments are present at the fracture site.
• Segmental - The same bone is fractured in two places, so there is a “floating” segment of bone.
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Muscle Disorder Muscle through this!

Duchenne muscular dystrophy
X-linked mutation in dystrophin gene. Weakness in pelvic girdle mm, toe walk, 
waddling gait <3 y/o. Pseudohypertrophy of calf mm. Gower manuever. Death 
by 20

Becker muscular dystrophy Less severe form of Duchenne- faulty or � dystrophin levels
Myotonic dystrophy m/c adult form. Sustained contraction of a group of mm
Limb-girdle muscular dystrophy Affects proximal mm of trunk and limbs, 31 subtypes. 
Facioscapulohumeral muscular 
dystrophy

Autosomal dominant. Begins in teen years (<20) causing weakness in facial and 
shoulder girdle muscles. 

Hematoma/Hemorrhage 
• Epidural- dura has peeled off skull, arterial blood sits on top
• Subdural- dura attached to skull, venous blood lies beneath
• Subarachnoid- rupture of berry aneurysm. “Thunderclap H/A”

Disorders of the Nervous System
NS Disorder Don’t be nervous!
Amyotrophic lateral sclerosis 
(ALS)

aka Lou Gehrig’s disease. m/c motor neuron dz. Anterior horn & Corticospinal tracts 
affects w/o sensory loss. LMN signs in UE, UMN signs in LE

Alzheimer disease Progressive cognitive degeneration � buildup of neurofibrillary tangles and beta-amyloid 
plaques. m/c/c of dementia

Bacterial meningitis 
Infants= E. Coli or Strep pneumoniae 
Young adults= Neisseria meningitidis
Older adults= Strep pneumoniae or Listeria monocytogenes

Brain tumors 

Astrocytoma Type II (diffuse): found in cerebral hemispheres. m/c primary brain tumor 
with best prognosis 
Glioblastoma multiform: worst prognosis 
Medulloblastoma: seen in cerebellum in kids and is m/c brain tumor in kids  
Oligodendroglioma: slowest growing (affects cerebrum) – most likely to calcify  
Ependymoma; occur near 4th ventricle 

Chiari type 1 malformation Cerebellar tonsils herniation through the foramen magnum
Chiari type 2 malformation 
(Arnold-Chiari)

Cerebellar vermis herniation through the foramen magnum with myelomeningocele in 
lumbar spine and hydrocephalus

Combined degeneration of 
the spinal cord 

Neurological s/s w/dorsal columns and corticospinal tracts affected 
Results from long term pernicious anemia ( ̄intrinsic factor) or ̄megaloblastic anemia d/t 
prolonged deficiency Vitamin B12 of B12

Freidreich ataxia Autosomal recessive disorder w/early onset (<10). Ataxia, dysarthria and paresis and loss 
of mental function. Cardiac dz m/c/c of death

Guillain-Barre Syndrome 
Demyelinating disorder (PNS) triggered by infection or vaccination. AKA post-infectious 
polyradiculopathy. Ascending paralysis that can lead to death w/involvement of 
respiratory muscles. 

Horner’s Syndrome Interruptions of cervical sympathetics (Pancoast tumor) presents w/ptosis, miosis, 
anhidrosis, enophthalmoses 

Huntington disease Autosomal disorder causing degeneration of caudate and putanum (striatum). Chorea, 
and progressive dementia. 35-40 age of onset. Death 15 years after onset

Multiple sclerosis Autoimmune disorder with demylenination of CNS. Parasthesia, weakness, visual/ocular 
disturbances with relapses and remissions
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NS Disorder Don’t be nervous!

Myasthenia gravis Autoimmune disorder that tracks Ach receptors. Women 20-40. Ocular symptoms (ptosis, 
diplopia), muscle weakness and fatigue. Thymic hyperplasia and/or thymoma 

Neurofibromatosis aka Von Recklinghausen’s disease. Multiple neurofibromas and lesions 
café au lait spots “Coast of California” appearance

Parkinson disease aka 
Paralysis Agitans

Nuerodegenerative condition w/loss of dopaminergic neurons in the substantia nigra. 
Resting tremor, rigidity, bradykinesia, festinating/shuffling gait and propulsive gait. 
Inclusion bodies = Lewy bodies

Syringomyelia Cyst like formation (syrinx) in the central canal of the spinal cord that leads to loss of pain 
and temp in a “cape like” or “shawl like” distribution of pins and needles sensation

Wernicke-Korsakoff Alcoholic psychosis d/t depletion of thiamine (B1). 2 phases w/Wernicke symptoms 
followed by Korsakoff symptoms


