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S E C T I O N  I I

Anatomy
“Take me, I “Dispel from your mind the thought that an understanding of the human body

in every aspect of its structure can be given in words ...”
––Leonardo da Vinci

am the drug; take me, I am hallucinogenic.”
––Salvador Dali

High-Yield Clinical
Vignettes

High-Yield Glossy
Material

High-Yield Topics
Cell Type
Embryology
Gross Anatomy
Histology
Neuroanatomy

Several topics fall under this heading, including embryology, gross
anatomy, histology, and neuroanatomy. Do not memorize all the
small details. However, do not ignore anatomy altogether. Review
what you have already learned and what you wish you had learned.
Many questions require two steps. The first step is to identify a struc-
ture on anatomic cross-section, electron micrograph, or photomicro-
graph. The second step may require an understanding of the clinical
significance of the structure.

When studying, stress clinically important material. For example, be
familiar with gross anatomy related to specific diseases (e.g., Pan-
coast’s tumor, Horner’s syndrome), traumatic injuries (e.g., fractures,
sensory and motor nerve deficits), procedures (e.g., lumbar puncture),
and common surgeries (e.g., cholecystectomy). There are also many
questions on the exam involving x-rays, CT scans, and neuro MRI
scans. Many students suggest browsing through a general radiology
atlas, pathology atlas, and histology atlas. Focus on learning basic
anatomy at key levels in the body (e.g., sagittal brain MRI; axial CT
of midthorax, abdomen, and pelvis). Basic neuroanatomy (especially
pathways, blood supply, and functional anatomy) also has good yield.
Use this as an opportunity to learn associated neuropathology and
neurophysiology. Basic embryology (especially congenital malforma-
tions) has good yield and is worth reviewing.



ANATOMY—HIGH-YIELD CL INICAL VIGNETTES

These abstracted case vignettes are designed to demonstrate the thought processes necessary to
answer multistep clinical reasoning questions.

■ Baby vomits milk when fed and has a gastric air bubble → what kind of fistula is present? →
blind esophagus with lower segment of esophagus attached to trachea.

■ 20-year-old dancer reports decreased plantar flexion and decreased sensation over the back of
her thigh, calf, and lateral half of her foot → what spinal nerve is involved? → tibial.

■ Patient presents with decreased pain and temperature sensation over the lateral aspects of both
arms → what is the lesion? → syringomyelia.

■ Penlight in patient’s right eye produces bilateral pupillary constriction. When moved to the left
eye, there is paradoxical bilateral pupillary dilatation → what is the defect? → atrophy of the
left optic nerve.

■ Patient describes decreased prick sensation on the lateral aspect of her leg and foot → a deficit in
what muscular action can also be expected? → dorsiflexion of foot (common peroneal nerve).

■ Elderly lady presents with arthritis and tingling over lateral digits of her right hand → what is
the diagnosis? → carpal tunnel syndrome, median nerve compression.

■ Woman involved in motor vehicle accident cannot turn head to the left and has right shoulder
droop → what structure is damaged? → right CN XI (runs through jugular foramen with CN
IX and X), innervating sternocleidomastoid and trapezius muscles.

■ Man presents with one wild, flailing arm → where is the lesion? → contralateral subthalamic
nucleus (hemiballismus).

■ Pregnant woman in third trimester has normal blood pressure when standing and sitting. When
supine, blood pressure drops to 90/50 → what is the diagnosis? → compression of the inferior
vena cava.

■ Soccer player who was kicked in the leg suffered a damaged medial meniscus → what else is
likely to have been damaged? → anterior cruciate ligament.

■ Gymnast dislocates her shoulder anteriorly → what nerve is most likely to have been damaged?
→ axillary nerve.

■ Patient with cortical lesion does not know that he has a disease → where is the lesion? → right
parietal lobe.

■ Child presents with cleft lip → which embryologic process failed? → fusion of maxillary and
medial processes.

■ Patient cannot protrude tongue toward left side and has a right-sided spastic paralysis → where
is the lesion? → left medulla, CN XII.

■ Teen falls while rollerblading and hurts his elbow. He can’t feel the median part of his palm →
which nerve and what injury? → ulnar nerve due to broken medial condyle.

■ 24-year-old male develops left testicular cancer → metastatic spread occurs by what route? →
para-aortic lymph nodes (recall descent of testes during development).

■ Field hockey player presents to the ER after falling on her arm during practice. X-ray shows
midshaft break of humerus → which nerve and which artery are most likely damaged? → radial
nerve and deep brachial artery, which run together.
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ANATOMY—HIGH-YIELD GLOSSY MATERIAL

■ Carotid angiography → identify the anterior cerebral artery → occlusion of this artery will pro-
duce a deficit where? → contralateral leg.

■ H&E of normal liver → identify the central vein, portal triad, bile canaliculi, etc.
■ X-ray of fractured humerus → what nerve is most likely damaged? → radial nerve.
■ X-ray of hip joint → what part undergoes avascular necrosis with fracture at the neck of the fe-

mur? → femoral head.
■ Abdominal CT cross-section → obstruction of what structure results in enlarged kidneys? →

inferior vena cava.
■ Intravenous pyelogram with right ureter dilated → where is the obstruction and what is the

likely cause? → ureterovesicular junction; stone.
■ Illustration of fetal head → medial maxillary eminence gives rise to what? → primary palate.
■ Abdominal MRI cross-section → locate the splenic artery, portal vein, etc.
■ EM of cell → lysosomes (digestion of macromolecules), RER (protein synthesis), SER (steroid

synthesis).
■ Coronal MRI section of the head at the level of the eye → find the medial rectus muscle →

what is its function? → medial gaze.
■ Optic nerve path → defect where would cause diminished pupillary reflex in right eye? Defect

where would cause right homonymous hemianopsia? → right optic nerve; left optic tract.
■ Aortogram → identify adrenal artery, renal arteries, SMA, etc.
■ Chest x-ray showing pleural effusion with layering → where is the fluid located? → costodi-

aphragmatic recess.
■ MRI abdominal cross-section → what structure is derivative of the common cardinal veins? →

inferior vena cava.
■ Sagittal MRI of brain of patient with hyperphagia, increased CSF pressure, and visual problems

→ where is the lesion? → hypothalamus.
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ANATOMY—HIGH-YIELD TOPICS

Embryology

1. Development of the heart, lung, liver, kidney (i.e., what are the embryologic structures that
give rise to these organs?).

2. Etiology and clinical presentation of important congenital malformations (e.g., neural tube
defects, cleft palate, tetralogy of Fallot, tracheoesophageal fistula, horseshoe kidney).

3. Development of the central nervous system (e.g., telencephalon, diencephalon, mesen-
cephalon).

4. Derivatives of the foregut, midgut, and hindgut as well as their vascular supply.
5. Derivatives of the somites, and malformations associated with defects in somite migration.
6. Changes in the circulatory/respiratory system on the first breath of a newborn.
7. Development of the embryonic plate in weeks two and three.

Gross Anatomy

1. Anatomic landmarks in relation to medical procedures (e.g., direct and indirect hernia repair,
lumbar puncture, pericardiocentesis).

2. Anatomic landmarks in relation to major organs (e.g., lungs, heart, kidneys).
3. Common injuries of the knee (including clinical examination), hip, shoulder, and clavicle;

paying attention to the clinical deficits caused by these injuries (e.g., shoulder separation, hip
fracture).

4. Clinical features and anatomic correlations of specific brachial plexus lesions (e.g., waiter’s
tip, wrist drop, claw hand, scapular winging).

5. Clinical features of common peripheral nerve injuries (e.g., common vs. deep peroneal nerve
palsy, radial nerve palsy).

6. Etiology and clinical features of common diseases affecting the hands (e.g., carpal tunnel syn-
drome, cubital tunnel syndrome, Dupuytren’s contracture).

7. Anatomic basis for the blood–testis barrier.
8. Major blood vessels and collateral circulatory pathways of the gastrointestinal tract (e.g., col-

laterals between the superior and inferior mesenteric arteries).
9. Bone structures (metaphysis, epiphysis, diaphysis), including histologic features; linear (epi-

physis) and annular (diaphysis) bone growth.

Histology

1. Histology of the respiratory tract (i.e., differentiate between the bronchi, terminal bronchioles,
respiratory bronchioles, and alveoli).

2. Structure, function, and electron microscopic (EM) appearance of major cellular organelles
and structures (e.g., lysosomes, peroxisomes, glycogen, mitochondria, ER, Golgi apparatus,
nucleus, nucleolus).

3. Structure, function, and EM appearance of cell–cell junctional structures (e.g., tight junc-
tions, gap junctions, desmosomes).

4. Histology of lymphoid organs (e.g., lymph nodes, spleen).
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ANATOMY—HIGH-YIELD TOPICS  (con t inued )

5. Resident phagocytic cells of different organisms (e.g., Langerhans cells, Kupffer cells, alveolar
macrophages, microglia).

6. Histology of muscle fibers and changes seen with muscle contraction (sarcomere structure,
different bands, rigor mortis).

Neuroanatomy

1. Etiology and clinical features of important brain, cranial nerve, and spinal cord lesions (e.g.,
brain stem lesions and “crossed signs,” dorsal root lesions, effects of schwannoma, Weber and
Parinaud syndromes).

2. Production, circulation, and composition of cerebrospinal fluid.
3. Neuroanatomy of hearing (central and peripheral hearing loss).
4. Extraocular muscles (which muscle abducts, adducts, etc.) and their innervation.
5. Structure and function of a chemical synapse (e.g., neuromuscular junction).
6. Major neurotransmitters, receptors, second messengers, and effects.
7. Blood supply of the brain (anterior, middle, posterior cerebral arterial areas, “watershed” ar-

eas) and neurologic deficits corresponding to various vascular occlusions.
8. Functional anatomy of the basal ganglia (e.g., globus pallidus, caudate, putamen).
9. Anatomic landmarks near the pituitary gland.

10. Brain MRI/CT, including morphologic changes in disease states (e.g., Huntington’s chorea,
MS, aging).

11. Clinical exam of pupillary light reflex: pathway tested, important anatomic lesions, swinging
light test.

Radiology

1. X-rays; plain films.
a. Fractures (skull, humerus, etc.) and associated clinical findings.
b. PA and lateral chest films, including important landmarks (costodiaphragmatic recess, ma-

jor blood vessels, cardiac chambers, and abnormalities seen with different diseases [consoli-
dation, pneumothorax, mitral stenosis, cardiomyopathy]).

c. Abdominal films, including vasculature (locate important vessels in contrast films) and
other important structures.

d. Joint films (e.g., shoulder, wrist, knee, hip, spine), including important injuries/diseases
(e.g., osteoarthritis, herniated disc).

2. CT/MRI studies.
a. Brain cross-section (e.g., hematomas, brain lesions, extraocular muscles).
b. Chest cross-section (e.g., superior vena cava, aortic arch, heart).
c. Abdominal cross-section (e.g., liver, kidney, pancreas, aorta, inferior vena cava, rectus ab-

dominis muscle, splenic artery).
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ANATOMY—CELL  TYPE

Erythrocyte Anucleate, biconcave → large surface area: volume Eryth = red; cyte = cell.
ratio → easy gas exchange (O2 and CO2). Source of Erythrocytosis = polycythemia =
energy = glucose (90% anaerobically degraded to increased number of red cells
lactate, 10% by HMP shunt). Survival time = 120 Anisocytosis = varying sizes
days. Membrane contains the chloride-bicarbonate Poikilocytosis = varying shapes
antiport important in the “physiologic chloride shift,” Reticulocyte = baby erythrocyte
which allows the RBC to transport CO2 from the 
periphery to the lungs for elimination.

Leukocyte Types: granulocytes (basophils, eosinophils, neutrophils) Leuk = white; cyte = cell.
and mononuclear cells (lymphocytes, monocytes).
Responsible for defense against infections. Normally 
4,000–10,000 per microliter.

Basophil Mediates allergic reaction. <1% of all leukocytes. Basophilic = staining readily 
Bilobate nucleus. Densely basophilic granules with basic stains.
containing heparin (anticoagulant), histamine 
(vasodilator) and other vasoactive amines, and 
SRS-A. 

Mast cell Mediates allergic reaction. Degranulation = release of Involved in type I hypersensi- 
histamine, heparin, and eosinophil chemotactic tivity reactions. Cromolyn 
factors. Can bind IgE to membrane. Mast cells  sodium prevents mast cell
resemble basophils structurally and functionally but degranulation.
are not the same cell type.

Eosinophil 1%–6% of all leukocytes. Bilobate nucleus. Packed with Eosin = a dye; philic = loving. 
large eosinophilic granules of uniform size. Defends Causes of eosinophilia = NAACP:
against helminthic and protozoan infections. Highly Neoplastic 
phagocytic for antigen–antibody complexes. Asthma

Allergic processes
Collagen vascular

diseases
Parasites

Neutrophil Acute inflammatory response cell. 40%–75% WBCs. Hypersegmented polys are 
Phagocytic. Multilobed nucleus. Large, spherical, seen in vit. B12/ folate 
azurophilic 1° granules (called lysosomes) contain deficiency.
hydrolytic enzymes, lysozyme, myeloperoxidase.
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Monocyte 2%–10% of leukocytes. Large. Kidney-shaped nucleus. Mono = one, single; cyte = cell
Extensive “frosted glass” cytoplasm. Differentiates 
into macrophages in tissues.

Lymphocyte Small. Round, densely staining nucleus. Small amount of pale cytoplasm. B lymphocytes
produce antibodies. T lymphocytes manifest the cellular immune response as well as
regulate B lymphocytes and macrophages.

B lymphocyte Part of humoral immune response. Arises from stem B = Bone marrow.
cells in bone marrow. Matures in marrow. Migrates to 
peripheral lymphoid tissue (follicles of lymph nodes, 
white pulp of spleen, unencapsulated lymphoid 
tissue). When antigen is encountered, B cells 
differentiate into plasma cells and produce antibodies. 
Has memory. Can function as antigen-presenting cell 
(APC).

Plasma cell Off-center nucleus, clock-face chromatin distribution, Multiple myeloma is a plasma
abundant RER and well-developed Golgi apparatus. cell neoplasm.
B cells differentiate into plasma cells, which can 
produce large amounts of antibody specific to a 
particular antigen.

T lymphocyte Mediates cellular immune response. Originates from T is for Thymus. CD is for 
stem cells in the bone marrow, but matures in the Cluster of Differentiation. 
thymus. T cells differentiate into cytotoxic T cells MHC × CD = 8 (e.g., MHC 2 ×
(MHC I, CD8), helper T cells (MHC II, CD4), CD4 = 8).
suppressor T cells, delayed hypersensitivity T cells.

Macrophage Phagocytizes bacteria, cell debris, and senescent red Macro = large; phage = eater.
cells and scavenges damaged cells and tissues. Long 
life in tissues. Macrophages differentiate from 
circulating blood monocytes. Activated by γ-IFN. 
Can function as APC.
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ANATOMY—CELL  TYPE (con t inued )

Airway cells Ciliated cells extend to the respiratory bronchioles; All the mucus secreted can be 
goblet cells extend only to the terminal bronchioles. swept orally (ciliated cells 

Type I cells (97% of alveolar surfaces) line the run deeper). 
alveoli. A lecithin:sphingomyelin ratio

Type II cells (3%) secrete pulmonary surfactant of > 1.5 in amniotic fluid is 
(dipalmitoylphosphatidylcholine), which lowers the indicative of fetal lung 
alveolar surface tension. Also serve as precursors maturity.
to type I cells and other type II cells.

Juxtaglomerular JGA = JG cells (modified smooth muscle of afferent JGA defends glomerular 
apparatus (JGA) arteriole) and macula densa (Na+ sensor, part of the filtration rate via the renin-

distal convoluted tubule). JG cells secrete renin angiotensin system.
(leading to ↑ angiotensin II and aldosterone levels) Juxta = close by.
in response to ↓ renal blood pressure, ↓ Na+ delivery 
to distal tubule, and ↑ sympathetic tone. JG cells also 
secrete erythropoietin.

Microglia CNS phagocytes. Mesodermal origin. Not readily HIV-infected microglia fuse to 
discernible in Nissl stains. Have small irregular form multinucleated giant 
nuclei and relatively little cytoplasm. In response cells in the CNS.
to tissue damage, transform into large ameboid 
phagocytic cells. 

Oligodendroglia Function to myelinate multiple CNS axons. In Nissl These cells are destroyed in 
stains, they appear as small nuclei with dark multiple sclerosis.
chromatin and little cytoplasm. Predominant type of 
glial cell in white matter.

Schwann cells Function to myelinate PNS axons. Unlike Acoustic neuroma is an
oligodendroglia, a single Schwann cell myelinates example of a schwannoma.
only one PNS axon. Schwann cells promote 
axonal regeneration.
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Gas exchange
barrier

ANATOMY—EMBRYOLOGY

Fetal Landmarks
Day 6 Implantation
Day 8 Bilaminar disk
Day 16 Gastrulation
Day 18 Primitive streak and neural plate begin to form
Weeks 3–8 Organogenesis
Week 4 Heart begins to beat, upper and lower limb buds begin to form
Week 10 Genitalia have male/female characteristics

Umbilical cord Contains 2 umbilical arteries, which return Single umbilical artery is 
deoxygenated blood from the fetus, and 1 umbilical associated with congenital 
vein, which supplies oxygenated blood from the and chromosomal 
placenta to the fetus. anomalies.

Embryologic derivatives
Ectoderm

Surface ectoderm Adenohypophysis, lens of eye, epithelial linings, epidermis.
Neuroectoderm Neurohypophysis, CNS neurons, oligodendrocytes, astrocytes, pineal gland.
Neural crest ANS, dorsal root ganglia, melanocytes, chromaffin cells of adrenal medulla, enterochro-

maffin cells, pia, celiac ganglion, Schwann cells, odontoblasts, parafollicular 
(C) cells of thyroid.

Mesoderm Dura connective tissue, muscle, bone, cardiovascular structures, lymphatics, blood, urogenital
structures, and serous linings of body cavities (e.g., peritoneal), spleen, adrenal cortex.

Endoderm Gut tube epithelium and derivatives (e.g., lungs, liver, pancreas, thymus, thyroid, parathyroid).
Notochord Induces ectoderm to form neuroectoderm (neural plate). Its postnatal derivative is the 

nucleus pulposus of the intervertebral disc.

85

Macrophage

Alveolar
space

Capillary
lumen

Air-blood
barrier

Type I 
epithelial cell

O2

CO2

Tight junction 
(continuous endothelium)

Lamellar bodies

Type II 
epithelial cell

Type II 
epithelial cell
also serves as 
progenitor for 
type I cells

Surfactant 
(constitutive secretion)



ANATOMY—EMBRYOLOGY (con t inued )

Early development 2 germ layers (bilaminar disc): epiblast, hypoblast. The epiblast (precursor to
Rule of 2’s for 2nd 2 cavities: amniotic cavity, yolk sac. ectoderm) invaginates to

week 2 components to placenta: cytotrophoblast, form primitive streak. Cells
syncytiotrophoblast. from the primitive streak give

Rule of 3’s for 3rd 3 germ layers (gastrula): ectoderm, mesoderm, rise to both intraembryonic
week endoderm. mesoderm and endoderm.

Aortic arch 1st = part of maxillary artery. 1st arch is maximal.
derivatives 2nd = stapedial artery and hyoid artery. Second = Stapedial.

3rd = common Carotid artery and proximal part of C is 3rd letter of alphabet.
internal carotid artery.

4th = on left, aortic arch; on right, proximal part of 4th arch (4 limbs) = systemic.
right subclavian artery.

6th = proximal part of pulmonary arteries and (on 6th arch = pulmonary and the 
left only) ductus arteriosus. pulmonary-to-systemic shunt 

(ductus arteriosus).

Heart embryology
Embryonic structure Gives rise to
Truncus arteriosus Ascending aorta and pulmonary

trunk
Bulbus cordis Right ventricle and aortic 

outflow tract
Primitive ventricle Left ventricle, except for the 

aortic outflow tract
Primitive atria Auricular appendages
Left horn of sinus venosus Coronary sinus
Right horn of sinus venosus Smooth part of the right atrium
Right common cardinal vein and right anterior Superior vena cava

cardinal vein

Fetal erythropoiesis Fetal erythropoiesis occurs in: Young Liver Synthesizes Blood.
1. Yolk sac (3–8 wk)
2. Liver (6–30 wk)
3. Spleen (9–28 wk)
4. Bone marrow (28 wk onward)

86

4th 4th

3rd 3rd

6th 6th

V
en

ou
s 

   
   

   
   

   
   

  A
rt

er
ia

l



Fetal circulation Blood in umbilical vein is ≈ 80% 
saturated with O2.

Most oxygenated blood 
reaching the heart via IVC is 
diverted through the foramen 
ovale and pumped out the 
aorta to the head.

Deoxygenated blood from the 
SVC is expelled into the 
pulmonary artery and ductus 
arteriosus to the lower body 
of the fetus.

At birth, infant takes a breath;
↓ resistance in pulmonary
vasculature causes ↑ left atrial
pressure vs. right atrial 
pressure; foramen ovale 
closes; ↑ in oxygen causes 
closure of ductus arteriosus.

Fetal-postnatal 1. Umbilical vein—ligamentum teres hepatis Urachal cyst or sinus is a 
derivatives 2. Umbilical arteries—medial umbilical ligaments remnant of the allantois 

3. Ductus arteriosus—ligamentum arteriosum (urine drainage from bladder).
4. Ductus venosus—ligamentum venosum
5. Foramen ovale—fossa ovalis
6. Allantois—urachus—median umbilical ligament
7. Notochord—nucleus pulposus

Branchial Branchial clefts are derived from ectoderm. CAP covers outside from inside 
apparatus Branchial arches are derived from mesoderm and (Clefts = ectoderm, Arches =

neural crests. mesoderm, Pouches =
Branchial pouches are derived from endoderm. endoderm).

Branchial arch 1 Meckel’s cartilage: Mandible, Malleus, incus, sphenoMandibular ligament.
derivatives Muscles: Muscles of Mastication (temporalis, Masseter, lateral and Medial pterygoids), 

Mylohyoid, anterior belly of digastric, tensor tympani, tensor veli palatini.
Nerve: CN V3

Branchial arch 2 Reichert’s cartilage: Stapes, Styloid process, lesser horn of hyoid, Stylohyoid ligament.
derivatives Muscles: muscles of facial expression, Stapedius, Stylohyoid, posterior belly of digastric. 

Nerve: CN VII
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ANATOMY—EMBRYOLOGY ( cont inued )

Branchial arch 3 Cartilage: greater horn of hyoid. Think of pharynx: 
derivatives Muscle: stylopharyngeus. stylopharyngeus innervated 

Nerve: CN IX by glossopharyngeal nerve.

Branchial arches 4 Cartilages: thyroid, cricoid, arytenoids, corniculate, Arch 5 makes no major devel-
to 6 derivatives cuneiform. opmental contributions.

Muscles (4th arch): most pharyngeal constrictors, 
cricothyroid, levator veli palatini.

Muscles (6th arch): all intrinsic muscles of larynx 
except cricothyroid.

Nerve: 4th arch–CN X; 6th arch–CN X (recurrent 
laryngeal branch).

Branchial arch Arch 1 derivatives supplied by CN V2 and V3.
innervation Arch 2 derivatives supplied by CN VII.

Arch 3 derivatives supplied by CN IX.
Arch 4 and 6 derivatives supplied by CN X.

Branchial cleft 1st cleft develops into external auditory meatus. Persistent cervical sinus can 
derivatives 2nd through 4th clefts form temporary cervical sinuses, lead to a branchial cyst in the 

which are obliterated by proliferation of 2nd arch neck.
mesenchyme.

Ear development Bones Muscles Miscellaneous
Incus/malleus—1st Tensor tympani (V3)—1st External auditory meatus—1st cleft

arch arch Eardrum, eustachian tube—1st 
Stapes—2nd arch Stapedius (VII)—2nd arch pouch

Pharyngeal pouch 1st pouch develops into middle ear cavity, eustachian 1st pouch contributes to 
derivatives tube, mastoid air cells. endoderm-lined structures 

2nd pouch develops into epithelial lining of palatine of ear.
tonsil. 3rd pouch contributes to 3 

3rd pouch (dorsal wings) develops into inferior structures (thymus, L and R 
parathyroids. inferior parathyroids).

3rd pouch (ventral wings) develops into thymus. Ultimobranchial bodies arise 
4th pouch develops into superior parathyroids. from neural crest cells but 
5th pouch houses the ultimobranchial bodies, which migrate into 5th pouch.

become the C cells of the thyroid.

Thymus Site of T-cell maturation. Encapsulated. From epithelium Think of the Thymus as 
of 3rd branchial pouches. Lymphocytes of “finishing school” for T cells. 
mesenchymal origin. Cortex is dense with They arrive immature and 
immature T cells; medulla is pale with mature  “dense” in the cortex; they 
T cells and epithelial reticular cells and contains are mature in the medulla.
Hassall’s corpuscles. Positive and negative 
selection occurs at the corticomedullary junction.
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Thyroid Thyroid diverticulum arises from floor of primitive pharynx, descends into neck. Connected 
development to tongue by thyroglossal duct, which normally disappears but may persist as pyramidal 

lobe of thyroid. Foramen cecum is normal remnant of thyroglossal duct. Most common 
ectopic thyroid tissue site is the tongue.

Tongue 1st branchial arch forms anterior 2⁄3 (thus pain Taste is CN VII, IX, X; 
development via CN V3, taste via CN VII). pain is CN V3, IX, X;

3rd and 4th arches form posterior 1⁄3 (thus pain and taste motor is CN XII.
mainly via CN IX, extreme posterior via CN X).

Motor innervation is via CN XII.

Cleft lip and cleft Cleft lip—failure of fusion of the maxillary and medial 
palate nasal processes. 

Cleft palate—failure of fusion of the lateral palatine 
processes, the nasal septum, and/or the median 
palatine process.

Diaphragm Diaphragm is derived from: Several Parts Build Diaphragm.
embryology 1. Septum transversum Abdominal contents may 

2. Pleuroperitoneal folds herniate into the thorax due 
3. Body wall to incomplete development
4. Dorsal mesentery of esophagus (hiatal hernia).

Bone Formation
Intramembranous Spontaneous bone formation without preexisting cartilage.
Endochondral Ossification of cartilaginous molds. Long bones form by this type of ossification at primary

and secondary centers.

Meckel’s Persistence of the vitelline duct or yolk stalk. May The five 2’s:
diverticulum contain ectopic acid–secreting gastric mucosa and/or 2 inches long.

pancreatic tissue. Most common congenital anomaly of 2 feet from the ileocecal valve.
the GI tract. Can cause bleeding or obstruction near 2% of population.
the terminal ileum. Contrast with omphalomesenteric Commonly presents in first 2
cyst = cystic dilatation of vitelline duct. years of life.

May have 2 types of 
epithelia.

Pancreas  Pancreas is derived from the foregut. Ventral pancreatic bud becomes pancreatic head,
and spleen uncinate process (lower half of head), and main pancreatic duct. Dorsal pancreatic bud 
embryology becomes everything else (body, tail, isthmus, and accessory pancreatic duct).

Spleen arises from dorsal mesentery but is supplied by artery of foregut.
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ANATOMY—EMBRYOLOGY ( cont inued )

Genital ducts
Mesonephric (wolffian) Develops into Seminal vesicles, Epididymis, SEED

duct Ejaculatory duct, and Ductus deferens.  
Paramesonephric Develops into fallopian tube, uterus, and part of . 

(müllerian) duct vagina.

Müllerian inhibiting substance secreted
by testes suppresses development of 
paramesonephric ducts in males.

Bicornuate uterus Results from incomplete fusion of the paramesonephric 
ducts. Associated with urinary tract abnormalities
and infertility.

Male/female Corpus spongiosum ≈ vestibular bulbs.
genital Bulbourethral glands (of Cowper) ≈ greater vestibular glands (of Bartholin).
homologues Prostate gland ≈ urethral and paraurethral glands (of Skene).

Glans penis ≈ glans clitoris.
Ventral shaft of the penis ≈ labia minora.
Scrotum ≈ labia majora.

Congenital penile 
abnormalities

Hypospadias Abnormal opening of penile urethra on inferior Hypospadias is more common
(ventral) side of penis due to failure of urethral than epispadias.
folds to close.

Epispadias Abnormal opening of penile urethra on superior Exstrophy of the bladder is 
(dorsal) side of penis due to faulty positioning of associated with epispadias.
genital tubercle.

Sperm Spermatogenesis: spermatogonia → 1° spermatocyte → 2° spermatocyte → spermatid →
development (spermiogenesis) → spermatozoa. Full development takes 2 months. Spermatogenesis 

in Seminiferous tubules.

Derivation of Acrosome is derived from the Golgi apparatus and flagellum (tail) from one of the 
sperm parts centrioles. Middle piece (neck) has Mitochondria. Sperm food supply is fructose.

Meiosis and 1° oocytes begin meiosis I during fetal life and An egg MET a sperm.
ovulation complete meiosis I just prior to ovulation. 

Meiosis I is arrested in prOphase for years until 
Ovulation. Meiosis II is arrested in METaphase
until fertilization.
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Amniotic fluid abnormalities
Polyhydramnios > 1.5–2 L of amniotic fluid; associated with esophageal/duodenal atresia, anencephaly.
Oligohydramnios < 0.5 L of amniotic fluid; associated with bilateral renal agenesis or posterior urethral 

valves (in males).

Potter’s syndrome Bilateral renal agenesis → oligohydramnios → Babies with Potter’s can’t
limb deformities, facial deformities, pulmonary “Pee” in utero.
hypoplasia.

ANATOMY—GROSS ANATOMY

Lumbar puncture CSF obtained from lumbar subarachnoid space between 
L4 and L5 (at the level of iliac crests). Structures 
pierced as follows:

1. Skin/superficial fascia
2. Ligaments (supraspinous, interspinous, liga- 

mentum flavum)
3. Epidural space
4. Dura mater
5. Subdural space
6. Arachnoid
7. Subarachnoid space—CSF Pia is not pierced.

Lower extremity nerve injury
Nerve Deficit in motion Deficit in sensation
Common peroneal Loss of dorsiflexion (→ foot drop) Anat.39 PED = Peroneal Everts and 

(L4–S2) Dorsiflexes.
Tibial (L4–S3) Loss of plantar flexion TIP = Tibial Inverts and 

Plantarflexes; if injured, 
can’t stand on TIPtoes.

Femoral (L2–L4) Loss of knee jerk Anat.43

Obturator (L2–L4) Loss of hip adduction

Spinal cord lower In adults, spinal cord extends to lower border of L1–L2; To keep the cord alive, keep the 
extent subarachnoid space extends to lower border of S2. spinal needle between L3 and 

Lumbar puncture is usually performed in L3–L4 or L5.
L4–L5 interspaces, at level of cauda equina.

Spinal nerves There are 31 spinal nerves altogether: 8 cervical, 12 31, just like 31 flavors!
thoracic, 5 lumbar, 5 sacral, 1 coccygeal.
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ANATOMY—GROSS ANATOMY ( cont inued )

Landmark C2 is a posterior half of a skull “cap.” Gallbladder pain referred 
dermatomes C3 is a high turtleneck shirt. to the right shoulder via 

C4 is a low collar shirt. the phrenic nerve.
T4 is at the nipple. T4 at the teat pore.
T7 is at the xiphoid process.
T10 is at the umbilicus (important for early T10 at the belly butTEN.

appendicitis pain referral).
L1 is at the inguinal ligament. L1 is IL (Inguinal Ligament). 
L4 includes the kneecaps. Down on L4s (all fours).
S2, S3, S4 erection and sensation of penile and “S2, 3, 4 keep the penis off 

anal zones. the floor.”

Rotator cuff Shoulder muscles that form the rotator cuff: S I t S (small t is for teres 
muscles Supraspinatus, Infraspinatus, teres minor, minor).

Subscapularis.

Thenar-hypothenar Thenar: Opponens pollicis, Abductor pollicis brevis, Both groups perform the same 
muscles Flexor pollicis brevis. functions: Oppose, Abduct, 

Hypothenar: Opponens digiti minimi, Abductor digiti and Flex (OAF).
minimi, Flexor digiti minimi.

Unhappy triad/ This common football injury (caused by clipping from Positive anterior drawer sign 
knee injury the lateral side) consists of damage to medial indicates tearing of the 

collateral ligament (MCL), medial meniscus, and anterior cruciate 
anterior cruciate ligament (ACL). ligament.

PCL = posterior cruciate ligament. LCL = lateral “Anterior” and “posterior”
collateral ligament. in ACL and PCL refer to 

sites of tibial attachment.

Femoral sheath Femoral sheath contains femoral artery, femoral vein, Lateral to medial: N-(AVEL) =
and femoral canal (containing deep inguinal lymph Nerve–(Artery–Vein–Empty 
nodes). Femoral nerve lies outside femoral sheath. space–Lymphatics).
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Recurrent Supplies all intrinsic muscles of the larynx except the cricothyroid muscle. Left recurrent 
laryngeal nerve laryngeal nerve wraps around the arch of the aorta and the ligamentum arteriosum. Right 

recurrent laryngeal nerve wraps around right subclavian artery. Damage results in 
hoarseness. Complication of thyroid surgery.

Scalp and Skin, Connective tissue, Aponeurosis, Loose SCALP–skull–DAP.
meninges: layers connective tissue, Pericranium; skull. Loose connective tissue 

Dura mater, subdural (SD) space, Arachnoid,  is vascular.
subarachnoid (SA) space, Pia mater, brain.

Trigeminal ganglion Also called semilunar ganglion or gasserian Trigeminal neuralgia can be 
ganglion. treated with carbamazepine

Located in the trigeminal cave (of Meckel). or surgical decompression.
Trigeminal neuralgia = tic douloureux.

Mastication Three muscles close jaw: Masseter, teMporalis, Medial M’s Munch.
muscles pterygoid. One opens: lateral pterygoid. All are Lateral Lowers (when 

innervated by the trigeminal nerve (V3). speaking of pterygoids with 
respect to jaw motion).

Muscles with All muscles with root glossus in their names (except Palat: vagus nerve.
glossus palatoglossus, innervated by vagus nerve) are Glossus: hypoglossal nerve.

innervated by hypoglossal nerve.

Muscles with palat All muscles with root palat in their names (except Palat: vagus nerve (except 
tensor veli palatini, innervated by mandibular branch tensor, who was too tense).
of CN V) are innervated by vagus nerve.

Carotid sheath Three structures inside: VAN
1. Internal jugular Vein (lateral)
2. Common carotid Artery (medial)
3. Vagus Nerve (posterior)

Diaphragm Structures perforating diaphragm: I 8 10 EGGs AT 12:
structures At T8: IVC I = Ivc @ 8th vertebra; E =

At T10: esophagus, vagus (two trunks) Esophagus, G = vaGus @ 
At T12: aorta (red), thoracic duct (white), azygous 10th vertebra; A = Aorta, 

vein (blue) Azygous, T = Thoracic duct 
@ 12th vertebra.

Diaphragm is innervated by C3, 4, and 5 (phrenic “C3, 4, 5 keeps the diaphragm
nerve). alive.”

Pain from the diaphragm can be referred to the 
shoulder.
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ANATOMY—GROSS ANATOMY ( cont inued )

Coronary artery In the majority of cases, the SA
anatomy and AV nodes are supplied 

by the RCA. Eighty percent 
of the time, the RCA 
supplies the inferior portion 
of the left ventricle via the   
PD artery (= right 
dominant).

Bronchopulmonary Each bronchopulmonary segment has a 3° (segmental) Arteries run with Airways.
segments bronchus and two arteries (bronchial and pulmonary) 

in the center; veins and lymphatics drain along the 
borders.

Lung relations Right lung has three lobes, Left has two lobes and Instead of a middle lobe, the left
Lingula (homologue of right middle lobe). Right lung has a space occupied by 
lung more common site for inhaled foreign body heart. The relation of the 
owing to less acute angle of right main stem pulmonary artery to the 
bronchus. bronchus at each lung hilus 

is described by RALS— 
Right Anterior; Left 
Superior.

Oblique fissure is also found in
Opposite lung.

Horizontal fissure is Higher
than oblique fissure.
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Inguinal hernias
Direct hernia Protrudes through the inguinal (Hesselbach’s) triangle (bounded by inguinal ligament, 

inferior epigastric artery, and lateral border of rectus abdominis). Direct hernia bulges 
directly through abdominal wall medial to inferior epigastric artery. Goes through the 
external inguinal ring only. Usually in older men. Anat.85

Indirect hernia INdirect hernia goes through the internal (deep) inguinal ring and external (superficial) 
inguinal ring and INto the scrotum. Indirect hernia enters internal inguinal ring lateral
to inferior epigastric artery. INdirect hernias occur in INfants, due to  failure of 
processus vaginalis to close. Anat.87

Portal-systemic 1. Left gastric-azygous →
anastomoses esophageal varices.

2. Superior-middle/inferior 
rectal → hemorrhoids. 

3. Paraumbilical-inferior epi-
gastric → caput medusae 
(navel).

4. Retroperitoneal → renal. 
5. Retroperitoneal → para-

vertebral.
Gut, butt, and caput, the 

anastomoses 3. Commonly  
seen in alcoholic cirrhosis.

Retroperitoneal structures 1––Duodenum (2nd, 3rd, 4th 
parts)

2––Descending colon
3––Ascending colon
4––Kidney and ureters
5––Pancreas
6––Aorta
7––Inferior vena cava
Adrenal glands and rectum (not

shown in diagram)
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Kidney anatomy and 
glomerular structure

Ureters: course Ureters pass under uterine artery and under ductus Water (ureters) under the 
deferens (retroperitoneal). bridge (artery, ductus 

deferens).

Ligaments of the 
uterus

Suspensory ligament Contains the ovarian vessels.
of ovaries

Transverse cervical Contains the uterine vessels.
(cardinal) ligament

Round ligament Contains no important structures.
of uterus

Broad ligament Contains the round ligaments of the uterus and 
ovaries and the uterine tubules and vessels.
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ANATOMY—GROSS ANATOMY ( cont inued )

Autonomic Erection is mediated by the Parasympathetic nervous Point and Shoot.
innervation of the system.
male sexual Emission is mediated by the Sympathetic nervous 
response system.

Ejaculation is mediated by visceral and somatic nerves.

Clinically important Pudendal nerve block—ischial spine.
landmarks Appendix—2⁄3 of the way from the umbilicus to the anterior superior iliac spine 

(McBurney’s point). 
Lumbar puncture—iliac crest.

Triangles

Posterior triangle contains CNXI Perineum is formed by urogenital and The femoral triangle contains the 
(accessory nerve) anal triangles. femoral vein, femoral artery, and

Submandibular triangle contains femoral nerve.
CNXII (hypoglossal nerve)

Carotid triangle contains external
carotid artery, laryngeal nerve.

ANATOMY—HISTOLOGY

Peripheral nerve Endoneurium invests single nerve fiber. Perineurium = Permeability 
layers Perineurium (permeability barrier) surrounds a fascicle barrier; must be rejoined in 

of nerve fibers. microsurgery for limb 
Epineurium (dense connective tissue) surrounds entire reattachment.

nerve (fascicles and blood vessels). Endo = inner.
Peri = around.
Epi = outer.
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Meissner’s Small, encapsulated sensory receptors found in dermis of palm, soles, and digits of skin. 
corpuscles Involved in light discriminatory touch of glabrous (hairless) skin.

Pacinian Large, encapsulated sensory receptors found in deeper layers of skin at ligaments, joint 
corpuscles capsules, serous membranes, mesenteries. Involved in pressure, coarse touch, vibration, 

and tension.

Inner ear The bony labyrinth is filled with perilymph (Na+ rich: Peri—think outside of cell (Na+).
similar to ECF) and includes the cochlea (hearing), Endo—think inside of cell (K+).
the vestibule (linear acceleration), and the Endolymph is made by the stria 
semicircular canals (angular acceleration). vascularis.

The membranous labyrinth is filled with endolymph Utricle and saccule contain 
(K+ rich: similar to ICF) and contains the cochlear maculae: for linear accelera-
duct, utricle, saccule, and semicircular canals. Hair tion.
cells are the sensory elements in both the cochlear  Semicircular canals contain 
and vestibular apparatus. ampullae: angular accelera-

tion.

Enteric plexuses
Myenteric Coordinates Motility along entire gut wall. Also known as Auerbach’s plexus. Contains 

cell bodies of some parasympathetic terminal effector neurons. Located between inner 
and outer layers of smooth muscle in GI tract wall. 

Submucosal Regulates local Secretions, blood flow, and absorption. Also known as Meissner’s plexus. 
Contains cell bodies of some parasympathetic terminal effector neurons. Located 
between mucosa and inner layer of smooth muscle in GI tract wall. 
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ANATOMY—HISTOLOGY ( cont inued )

Collagen types Collagen is the most abundant protein in the 
human body.

Type I (90%): bone, tendon, skin, dentin, fascia,  Type I: BONE
cornea, late wound repair.

Type II: cartilage (including hyaline), vitreous body, Type II: carTWOlage
nucleus pulposus.

Type III (reticulin): skin, blood vessels, uterus, fetal 
tissue, granulation tissue.

Type IV: basement membrane or basal lamina. Type IV: Under the floor
(basement membrane)

Type X: epiphyseal plate.

Epidermis layers From surface to base: stratum Corneum, Californians Like Girls in 
stratum Lucidum, stratum Granulosum, String Bikinis.
stratum Spinosum, stratum Basalis.

Glomerular Formed from fused endothelial and podocyte basement In nephrotic syndrome,
basement membranes and coated with negatively charged negative charge is lost (and 
membrane heparan sulfate. Responsible for actual filtration of plasma protein is lost in 

plasma according to net charge and size. urine as a consequence).

Cilia structure 9 + 2 arrangement of microtubules. Kartagener’s syndrome is due 
Dynein is an ATPase that links peripheral to a dynein arm defect,

9 doublets and causes bending of cilium by resulting in immotile cilia.
differential sliding of doublets.

Intermediate Permanent structure. Long fibrous molecules with 10-nm diameter linked to plasma 
filament membrane at desmosomes by desmoplakin. Very insoluble. Tissue specific.

Rich in cysteine.

Tissue type Intermediate filament protein

Epithelial cells Contain cytokeratin.
Connective tissue Contains vimentin.
Muscle cells Contain desmin.
Neuroglia Contain glial fibrillary acidic proteins (GFAP).
Neurons Contain neurofilaments.
Nucleus Contains nuclear lamin.

Nissl bodies Nissl bodies (in neurons) = rough ER; not found in axon or axon hillock.
Synthesize enzymes (e.g., ChAT) and peptide neurotransmitters.
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Functions of Golgi 1. Distribution center of proteins and lipids from ER to I-cell disease is caused by the 
apparatus the plasma membrane, lysosomes, and secretory failure of addition of 

vesicles mannose-6-phosphate to 
2. Modifies N-oligosaccharides on asparagine. lysosome proteins, causing 
3. Adds O-oligosaccharides to serine and threonine these enzymes to be secreted 

residues outside the cell instead of 
4. Proteoglycan assembly from proteoglycan core being targeted to the 

proteins lysosome.
5. Sulfation of sugars in proteoglycans and of selected 

tyrosine on proteins
6. Addition of mannose-6-phosphate to specific 

lysosomal proteins, which targets the protein to the 
lysosome

Rough RER is the site of synthesis of secretory (exported) Mucus-secreting goblet cells of 
endoplasmic proteins and of N-linked oligosaccharide addition the small intestine and 
reticulum (RER) to many proteins. antibody-secreting plasma 

cells are rich in RER.

Smooth SER is the site of steroid synthesis and detoxification Liver hepatocytes and 
endoplasmic of drugs and poisons. steroid-hormone–producing 
reticulum (SER) cells of the adrenal cortex 

are rich in SER.

Sinusoids of liver Irregular “capillaries” with round pores 100–200 nm in diameter. No basement membrane. 
Allows macromolecules of plasma full access to surface of liver cells through space of 
Disse.

Sinusoids of spleen Long, vascular channels in red pulp. With fenestrated T cells are found in the PALS 
“barrel hoop” basement membrane. Macrophages and the red pulp of the 
found nearby. spleen. B cells are found in 

follicles within the white 
pulp of the spleen.

Pancreas endocrine Islets of Langerhans are collections of endocrine cells (most numerous in tail of pancreas). 
cell types α = glucagon; β = insulin; δ = somatostatin. Islets arise from pancreatic buds.

101



ANATOMY—HISTOLOGY ( cont inued )

Adrenal cortex and medulla
GFR corresponds with salt 

(Na+), sugar (glucocorti-
coids), and sex (androgens).

“The deeper you go, the 
sweeter it gets.”

Pheochromocytoma = most 
common tumor of the adrenal
medulla in adults. Bio.30

Neuroblastoma = most 
common in children. Path.58

Pheochromocytoma causes
episodic hypertension;
neuroblastoma does not.

Brunner’s glands Secrete alkaline mucus. Located in submucosa of duodenum (the only GI submucosal 
glands). Duodenal ulcers cause hypertrophy of Brunner’s glands.

Lymph node A secondary lymphoid organ that has 
many afferents, one or more efferents. 
Encapsulated. With trabeculae. 
Functions are nonspecific filtration by 
macrophages, storage/proliferation of B 
and T cells, Ab production.

Follicle Site of B-cell localization and proliferation. 
In outer cortex. 1° follicles are dense 
and dormant. 2° follicles have pale 
central germinal centers and are active.

Medulla Consists of medullary cords (closely packed 
lymphocytes and plasma cells) and medullary 
sinuses. Medullary sinuses communicate 
with efferent lymphatics and contain 
reticular cells and macrophages.

Paracortex Houses T cells. Region of cortex between 
follicles and medulla. Contains high endothelial 
venules through which T and B cells enter from 
blood. In an extreme cellular immune response, 
paracortex becomes greatly enlarged. Not well 
developed in patients with DiGeorge’s syndrome.
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Peyer’s patch Unencapsulated lymphoid tissue found in lamina Think of IgA, the Intra-gut–
propria and submucosa of intestine. Covered by Antibody. And always say, 
single layer of cuboidal enterocytes (no goblet cells) “secretory IgA.”
with specialized M cells interspersed. M cells take 
up antigen. Stimulated B cells leave Peyer’s patch 
and travel through lymph and blood to lamina 
propria of intestine, where they differentiate to IgA-
secreting plasma cells. IgA receives protective 
secretory piece, then is transported across epithelium
to gut to deal with intraluminal Ag.

ANATOMY—NEUROANATOMY

Hypothalamus: Thirst and water balance (supraoptic nucleus). The hypothalamus wears TAN 
functions Adenohypophysis control via releasing factors. HATS.

Neurohypophysis releases hormones synthesized in 
hypothalamic nuclei.

Hunger (lateral nucleus) and satiety (ventromedial If you zap your ventromedial
nucleus). nucleus, you grow ventrally 

Autonomic regulation (anterior hypothalamus and medially (hyperphagia 
regulates parasympathetic activity), circadian and obesity). 
rhythms (suprachiasmatic nucleus).

Temperature regulation:
Posterior hypothalamus—heat conservation and If you zap your Posterior 

production when cold. hypothalamus, you become a
Anterior hypothalamus—coordinates Cooling Poikilotherm (cold-blooded    

when hot. snake).
Sexual urges and emotions (septate nucleus). A/C = anterior cooling.

Posterior pituitary Receives hypothalamic axonal projections from Oxytocin: oxys = quick; tocos =
(neurohypophysis) supraoptic (ADH) and paraventricular (oxytocin) birth.

nuclei.

Functions of Lateral geniculate nucleus = visual. Lateral to Look.
thalamic nuclei Medial geniculate nucleus = auditory. Medial for Music.

Ventral posterior nucleus, lateral part = body senses
(proprioception, pressure, pain, touch vibration).

Ventral posterior nucleus, medial part = facial 
sensation, including pain.

Ventral anterior/lateral nuclei = motor.
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ANATOMY—NEUROANATOMY ( cont inued )

Limbic system: Responsible for Feeding, Fighting, Feeling, Flight, The famous 5 F’s.
functions and sex.

CNS/PNS Astrocytes—physical support, repair, K+ metabolism.
supportive cells Microglia—phagocytosis.

Oligodendroglia—central myelin production.
Schwann cells—peripheral myelin production.
Ependymal cells—inner lining of ventricles.

Blood–brain Formed by three structures: Blood–brain barrier guarded
barrier 1. Choroid plexus epithelium by CIA

2. Intracerebral capillary endothelium Other barriers include: 
3. Arachnoid 1. Blood–gas barrier

Glucose and amino acids cross by carrier-mediated 2. Blood–testis barrier 
transport mechanism.

Nonpolar/lipid-soluble substances cross more 
readily than polar/water-soluble ones.

L-dopa, rather than dopamine, is used to treat 
parkinsonism because dopamine does not cross 
the blood–brain barrier.

Chorea Sudden, jerky, purposeless movements. Chorea = dancing (Greek).
Characteristic of basal ganglia lesion (e.g., Think choral dancing or

Huntington’s disease). choreography.

Athetosis Slow, writhing movements, especially of fingers. Athetos = not fixed (Greek).
Characteristic of basal ganglia lesion. Think snakelike.

Hemiballismus Sudden, wild flailing of one arm. Half ballistic (as in throwing a 
Characteristic of contralateral subthalamic nucleus baseball).

lesion.

Tremors: cerebellar Cerebellar tremor = intention tremor. Basal = at rest (Parkinson’s 
versus basal Basal ganglion tremor = resting tremor. disease) when Parked.
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Cerebral
cortex
functions

Brain lesions
Area of lesion Consequence
Broca’s area Motor (expressive) aphasia Path3.47 BROca’s is BROken speech.
Wernicke’s area Sensory (fluent/receptive) aphasia Anat.56 Wernicke’s is Wordy but 
Amygdala (bilateral) Klüver–Bucy syndrome (hyperorality, hypersexuality, makes no sense.

disinhibited behavior) Path3.54

Frontal lobe Frontal release signs (e.g., personality changes and 
deficits in concentration, orientation, judgment)

Right parietal lobe Spatial neglect syndrome (agnosia of the contralateral 
side of the world)

Reticular activating Coma
system

Mamillary bodies Wernicke–Korsakoff’s encephalopathy (confabulations, 
(bilateral) anterograde amnesia) BehSci.28
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ANATOMY—NEUROANATOMY ( cont inued )

Cavernous sinus CN III, IV, V1, V2, VI all pass through the cavernous The nerves that control 
sinus. Only CN VI is “free-floating.” Cavernous extraocular muscles (plus V1

portion of internal carotid artery also here. and V2) pass through the 
cavernous sinus.

Foramina: middle 1. Optic canal (CN II, ophthalmic artery, central All structures pass through 
cranial fossa retinal vein) sphenoid bone. Divisions of 

2. Superior orbital fissure (CN III, IV, V1, VI, CN V exit owing to 
ophthalmic vein) Standing Room Only 

3. Foramen Rotundum (CN V2) (Superior orbital fissure, 
4. Foramen Ovale (CN V3) foramen Rotundum, 
5. Foramen spinosum (middle meningeal artery) foramen Ovale).

Foramina: posterior 1. Internal auditory meatus (CN VII, VIII) All structures pass through 
cranial fossa 2. Jugular foramen (CN IX, X, XI, jugular temporal or occipital bones.

vein) Path3.55

3. Hypoglossal canal (CN XII)
4. Foramen magnum (spinal roots of CN XI, brain stem, 

vertebral arteries)

Extraocular Lateral Rectus is CN VI, 
muscles and nerves Superior Oblique is CN IV, 

the Rest are CN III.
The “chemical formula” 

LR6SO4R3
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Optic chiasm

Hypothalamus Third ventricle

Pituitary stalk
Diaphragma sella

Pituitary gland

Oculomotor nerve (III)

Trochlear nerve (IV)

Abducens nerve (VI)

Ophthalmic nerve (V1)

Maxillary nerve (V2)

Internal carotid artery

Cavernous sinus
Sella turcica

Sphenoid bone Sphenoidal 
sinus Nasopharynx

Anat.38UC V

UC V

(Note: inferior oblique not in plane of diagram)
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Superior rectus m. Superior
ophthalmic v.

Ophthalmic a. Superior oblique m. 

Medial rectus m. 

Levator palpebrae
superioris m.

Maxillary sinus
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Infraorbital n.
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Inferior 
rectus m.

Lateral 
rectus m. 

Optic n.



Internuclear Lesion in the medial longitudinal fasciculus (MLF). MLF = MS
ophthalmoplegia Results in medial rectus palsy on attempted lateral 

gaze. Nystagmus in abducting eye. Convergence is 
normal. MLF syndrome is seen in many patients with 
multiple sclerosis.

Cranial nerves
Nerve CN Function Type Mnemonic
Olfactory I Smell Sensory Some
Optic II Sight Sensory Say
Oculomotor III Eye movement, pupil constriction,  Motor Marry

accommodation, eyelid opening
Trochlear IV Eye movement Motor Money
Trigeminal V Mastication, facial sensation Both But
Abducens VI Eye movement Motor My
Facial VII Facial movement, anterior 2⁄3 taste, lacrimation, Both Brother

salivation (submaxillary and submandibular 
salivary glands)

Vestibulocochlear VIII Hearing, balance Sensory Says
Glossopharyngeal IX Posterior 1⁄3 taste, swallowing, salivation (parotid Both Big

gland), monitoring carotid body and sinus 
Vagus X Taste, swallowing, palate elevation, talking, Both Brains

thoracoabdominal viscera 
Accessory XI Head turning, shoulder shrugging Motor Matter
Hypoglossal XII Tongue movements Motor Most

Cranial nerves and Cribriform plate I
passageways Optic canal II

Superior orbital fissure III, IV, V1, VI
Foramen rotundum V2

Foramen ovale V3

Internal auditory meatus VII, VIII
Jugular foramen IX, X, XI
Hypoglossal canal XII
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ANATOMY—NEUROANATOMY ( cont inued )

Brain stem anatomy

CNs that lie medially at brainstem: III, VI, XII. 3(×2) = 6(×2) = 12. 

Homunculus Topographical representation of sensory 
and motor areas in the cerebral cortex. 
Use to localize lesion (e.g., in blood 
supply) leading to specific defects.

For example, lower extremity deficit in 
sensation or movement indicates 
involvement of the anterior cerebral 
artery (see following entry).
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Middle cerebellar peduncle

Interpeduncular fossa

Crus cerebri
(cerebral peduncle)

Anterior perforated substance

Pons

CN XII

Pyramid

C 1

Olfactory bulb (CN I)

  Olfactory tract

   CN II

Optic tract

CN III
CN IV (arises dorsally)
CN V

 
  CN VI
  CN VII
 CN VIII
CN IX

       CN X
    CN XI

Pyramidal decussation

Optic chiasm

Infundibulum
Tuber cinereum
Mamillary body

Precentral /
Postcentral

gyrus

Lateral fissure



Circle of Willis

Anterior cerebral artery—supplies medial surface of the brain, leg–foot area of motor and sensory cortices.
Middle cerebral artery—supplies lateral aspect of brain, Broca’s and Wernicke’s speech areas.
Anterior communicating artery—most common circle of Willis aneurysm; may cause visual field defects.
Posterior communicating artery—common area of aneurysm; causes CN III palsy.
Lateral striate—“arteries of stroke”; supply internal capsule, caudate, putamen, globus pallidus.
In general, stroke of anterior circle → general sensory and motor dysfunction, aphasia; 

stroke of posterior circle → vertigo, ataxia, visual deficits, coma.

Visual field defects

1. Right anopsia
2. Bitemporal hemianopsia
3. Left homonymous 

hemianopsia
4. Left upper quadrantic 

anopsia (right temporal lesion)
5. Left lower quadrantic 

anopsia (right parietal lesion)
6. Left hemianopsia with 

macular sparing

KLM sounds: kuh, Kuh-kuh-kuh tests palate elevation (CN X—vagus). Say it aloud.
la, mi La-la-la tests tongue (CN XII—hypoglossal).

Mi-mi-mi tests lips (CN VII—facial).

Vagal nuclei
Nucleus Solitarius Visceral Sensory information (e.g., taste, gut distention, etc.).
Nucleus aMbiguus Motor innervation of pharynx, larynx, and upper esophagus.
Dorsal motor nucleus Sends autonomic (parasympathetic) fibers to heart, lungs, and upper GI.

Lesions and CN XII lesion (LMN): tongue deviates toward side of lesion (lick your wounds).
deviations CN V motor lesion: jaw deviates toward side of lesion.

Unilateral lesion of cerebellum: patient tends to fall toward side of lesion.
CN X lesion: uvula deviates away from side of lesion.
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Posterior 
communicating a.

Posterior inferior 
cerebellar a. (PICA)

Middle 
cerebral a.

Anterior inferior 
cerebellar  a. (AICA)

Posterior 
cerebral  a.

Rt. anterior 
cerebral a.

Optic chiasm

Lateral striate
CN III

Internal carotid a. (ICA)

Anterior 
communicating a.

Basilar a.

Vertebral a.

Anterior spinal a.

Defect in visual field of
Lt. eye  Rt. eye

5

Optic 
chiasm

Optic 
nerve Optic 

tract
(superior 
Meyer's 
loop)

Calcarine
fissure

1

4

3
2

1

2

3

4

5

6

Optic
radiation

Lt. Rt.

6
Lateral 
geniculate 
body



ANATOMY—NEUROANATOMY ( cont inued )

Spinal cord and 
associated tracts

Spinal cord
lesions
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Sacral

Cervical Spinothalamic tract (pain and temperature)

Gray matter

Lateral
corticospinal tract

(motor)

Legs

Arms

Fasciculus 
cuneatus

(upper body,
extremities)

Dorsal 
columns

Fasciculus 
gracilis

(lower body,
extremities)

 (pressure, vibration, touch, proprioception)

Tabes dorsalis: impaired 
proprioception and locomotor 
ataxia resulting from tertiary 
syphilis  Anat.53

Syringomyelia: ventral 
white commissure and 
ventral horns  Path2.27

Vitamin B12 neuropathy/
Friedreich's ataxia: dorsal 
columns, lateral 
corticospinal tracts and 
spinocerebellar tracts 
Path2.14

Poliomyelitis/Werdnig-
Hoffmann disease: lower
motor neuron lesions only, 
flaccid paralysis

Multiple sclerosis: mostly 
white matter of cervical 
region; random and 
asymmetric lesions  Path2.20

ALS: combined upper 
and lower motor neuron 
deficits with no 
sensory deficit  Path2.8

UC V



Dorsal column In dorsal columns, lower limbs are inside to avoid Dorsal column is organized like 
organization crossing the upper limbs on the outside. you are, with hands at 

Fasciculus gracilis = legs. sides—arms outside and legs
Fasciculus cuneatus = arms. inside. 

Brown-Séquard Hemisection of spinal cord. Findings below the lesion:
syndrome 1. Ipsilateral motor paralysis and spasticity 

(pyramidal tract)––not shown
2. Ipsilateral loss of tactile, vibration, proprioception 

sense (dorsal column)
3. Contralateral pain and temperature loss 

(spinothalamic tract)
4. Ipsilateral loss of all sensation at level of lesion

Lower motor LMN injury signs: atrophy, flaccid paralysis, absent Lower MN ≈ everything 
neuron (LMN) deep tendon reflexes. Fasciculations may be lowered (less muscle mass,
signs present. decreased muscle tone,

decreased reflexes,
downgoing toes).

Upper motor UMN injury signs: little atrophy, spastic paralysis  Upper MN ≈ everything up
neuron (UMN) (clonus), hyperactive deep tendon reflexes, possible (tone, DTRs, toes).
signs positive Babinski.

Facial lesion
Central facial Paralysis of the contralateral lower quadrant.
Bell’s palsy Peripheral ipsilateral facial paralysis.

Can occur idiopathically.
Seen as a complication in AIDS, Lyme disease, 

Sarcoidosis, Tumors, Diabetes.
Complete destruction of the facial nucleus itself 

or its branchial efferent fibers (facial nerve 
proper) paralyzes all ipsilateral facial muscles.

ALexander Bell with STD:
AIDS, Lyme, Sarcoid,
Tumors, Diabetes
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Lesion at left
T10 level

4

23

Anat.37UC V

Upper 
division

Lower 
division

Face area 
of motor 
cortex

Cortico-
bulbar 
tract 
(UMN 
lesion=
central 
facial)

Facial
nucleus

CN VII
(LMN 
lesion=
Bell's 
palsy)
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ANATOMY—NEUROANATOMY ( cont inued )

Spindle muscle control
Reflex arc Muscle stretch → intrafusal stretch → stimulates Ia afferent→ stimulates α motor 

neuron → reflex extrafusal contraction
Gamma loop CNS stimulates γ motor neuron → contracts intrafusal fiber → increased sensitivity of reflex arc

Brachial plexus
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C5 C6 C7 C8 T1

Rad = radial n.
Ax = axillary n.
LT = long thoracic n.
MC = musculocutaneous n.
Med = median n.
Uln = ulnar n.

LT

1. Waiter's tip
2. Claw hand
3. Wrist drop
4. Winged scapula
5. Deltoid paralysis
6.  Saturday night palsy
7. Difficulty flexing elbow,

variable sensory loss
8. Decreased thumb function 
9. Intrinsic muscles of hand, 

Pope's blessing

1

4

3

65

7 8

2

9

MC               Med               Uln

RadAx

Golgi Tendon 
Organ

Intrafusal
(regulates
length)

Ib

α

Extrafusal

Ia

γ

(Senses tension and provides 
inhibitory feedback to α motor neurons)



Upper limb nerve
injury Deficit in motion Deficit in sensation

Radial Loss of triceps brachii (triceps reflex), brachioradialis Posterior brachial cutaneous
(brachioradialis reflex), and extensor carpi radialis Posterior antebrachial
longus (→ wrist drop); often 2˚ to humerus fracture cutaneous

Median No loss of power in any of the arm muscles; loss of Loss of sensation over the
forearm pronation, wrist flexion, finger flexion, and lateral palm and thumb and
several thumb movements; eventually, thenar atrophy the radial 21/2 fingers

Ulnar Impaired wrist flexion and adduction, and impaired Loss of sensation over the
adduction of thumb and the ulnar 2 fingers medial palm and ulnar 11/2

fingers
Axillary Loss of deltoid action (shoulder dislocation)
Musculocutaneous Loss of function of coracobrachialis, biceps, and

brachialis muscles (biceps reflex)

Erb-Duchenne Traction or tear of the superior trunk of the brachial “Waiter’s tip” owing to
palsy plexus (C5 and C6 roots); follows fall to shoulder or appearance of arm

trauma during delivery.
Findings: limb hangs by side (paralysis of abductors),

medially rotated (paralysis of lateral rotators), forearm
is pronated (loss of biceps).

Radial nerve Known as the “great extensor nerve.” Provides Radial nerve innervates the 
innervation of the Brachioradialis, Extensors of the BEST!
wrist and fingers, Supinator, and Triceps. To supinate is to move as if 

carrying a bowl of soup.

Cervical rib An embryologic defect; can compress subclavian artery and inferior trunk of brachial 
plexus (C8, T1), resulting in thoracic outlet syndrome:

1. Atrophy of the thenar and hypothenar eminences
2. Atrophy of the interosseous muscles
3. Sensory deficits on the medial side of the forearm and hand
4. Disappearance of the radial pulse upon moving the head toward the opposite side

Clinical reflexes Biceps = C5 nerve root.
Triceps = C7 nerve root.
Patella = L4 nerve root.
Achilles = S1 nerve root.
Babinski = dorsiflexion of the big toe and fanning of other toes; sign of upper motor neuron 

lesion, but normal reflex in first year of life.
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NOTES


