Ovulation to Implantation



1.	Distinguish between autosomes and sex chromosomes.



Sex chromosomes are those that determine an individual’s sex, occurring by the presence (male) or absence (female) of the Y chromosome.  Autosomes are those chromosomes that are not sex chromosomes.



2.  What are the steps involved in meiosis?  In mitosis? (pg. 3-7)



Mitosis:

Before mitosis, cells replicate their DNA.  The beginning of prophase is marked by the shortening and thickening of the DNA into chromatids joined at a centromere.  At prometaphase, the chromatids are able to be distinguished.  During metaphase, the chromosomes line up at the equatorial plate.  The division of the chromosomes at their centromeres marks the beginning of anaphase.  The migration of chromatids to opposite sides of the spindles also occurs in anaphase.  Telophase is reached when the chromosomes are uncoiled and a division of the cytoplasm occurs.  The results is that each progeny cell is given a 2n number of chromosomes and has exactly the same genetic make-up as the parent cell.



Meiosis:

This division is made up of 2 successive cell divisions which ultimately result in a haploid (n) number of chromosomes.  DNA is replicated as before, but the chromosomes line up in homologous pairs (called bivalents).  At this point of synapsis, crossover can occur in which chromatid segments may be interchanged between two paired homologous chromosomes.  Chiasma formation occurs during the separation phase.  After the first meiotic division has been completed, each daughter cell contains 1 member of each chromosome pair, each with 2 chromatids.



Thus, we must have another reduction division.  No DNA synthesis occurs in the second division.  The 23 chromosomes divide at their centromeres and each progeny cell received n chromosomes.



Purpose of Meiosis:

-	genetic variability

-	provided chromosomal reduction



3.  Where do primordial germ cells originate?  (pg. 11)



These cells come from the wall of the yolk sac (3rd week) and migrate towards the gonads during development (reaching in the 4th-5th week).



4.  When does meiosis take place in the female?  In the male?

Female



During the developmental months 3 - 5, is when meiotic division occurs.  At 5 months, the total number of germ cells reaches a maximum ~ 7 x 106 .  By 7th month, the surviving cells have all entered 1st meiotic division and are halted in prophase 1 (diplotene stage).   These primary oocytes remain in prophase until puberty is reached.



















Spinal Cord and Autonomics:  Thursday, September 5th 1996





1.	What induces the formation of the neural plate and neural tube?  (pg. 67 & 70)



With the appearance of the notochord, and under its inductive influence, ectoderm overlying the notochord thickens to form the neural plate.  This marks the beginning of neurulation.  The neural tube results due to the expansion of the neural plate, eventually folding upward and fusing into this structure.  So, indirectly, then, induction of neural tube formation must be due to the notochord as well.



2.  	From what do neural crest cells originate?  (pg. 71)



Cells on the lateral border of the neuroectoderm give rise to the neural crest cells.  Theses undergo and epithelial to mesenchymal transition after leaving the neuroectoderm and entering the underlying mesoderm.



3.	Distinguish between neuroepithelial cells, neuroblasts, and gliablasts.  (pg. 375 -377)



Neuroepithelial cells line the wall of the recently closed neural tube.  They divide rapidly and give rise to primitive nerve cells called neuroblasts.   Gliablasts are the precursors to the supporting cells for the neurons.  They are formed by the neuroepithelial cells after production of neuroblasts has ceased.



4.  	Distinguish between the neuroepithelial layer, mantle layer and marginal layer.  Identify each of these three layers as they appear in the adult spinal cord. (pg. 375-376).



The neuroepithelial layer is the innermost lining of the neural tube (eventually becoming the central canal).  The cells of this layer give rise to neuroblasts, which form around the neuroepithelial layer producing the mantle layer.  The mantle layer forms the gray matter of the spinal cord.  The nerve fibers of the neuroblasts produce the marginal layer.  Which eventually becomes the white matter of the spinal cord.



5.	Distinguish between the roof plate, alar plate, basal plate and the floor plate.  What is the sulcus limitans?  What are the adult spinal cord derivatives of the alar plate?  Of the basal plate?  (pg. 376 -377).



The basal plates are the ventral thickenings in the primitive spinal cord due to the massive addition of neuroblasts.  These contain ventral motor horn cells and form the motor areas of the spinal cord.  The dorsal thickenings are the alar plates and they form the sensory areas.  The sulcus limitans is a longitudinal groove which separates the two plates.  The roof and floor plates are the dorsal and ventral midlines of the tube respectively.  These transmit the fibers of the neuroblasts but don’t contain any cell bodies.



6.  What is the difference between a dorsal primary ramus and a ventral primary ramus?  (pg. 383)



The spinal nerve separates into two branches almost immediately after it is formed.  Both branches contain fibers that are sensory and motor (unlike the dorsal and ventral roots).  The dorsal primary ramus is the division of the spinal nerve which innervates the dorsal axial musculature, vertebral joints and the skin of the back.  The ventral primary rami innervate the limbs and ventral body wall and form the major nerve plexuses.



7.	At what vertebral level is the caudal tip of the spinal cord in the newborn?  At what vertebral level is the caudal tip of the spinal cord in the adult?  What is the lumbar cistern?  (pg. 384)



In the newborn the tip of the spinal cord reaches to between L3 and L4.  In adults, it is higher (L2-L3) due to the disproportionate growth of the vertebral column compared with the spinal cord.  The lumbar cistern is (I’m guessing) the area or point where a lumbar puncture is to occur !?!.



8.	What is spina bifida? (pg. 385)



This refers to an improper closure of the vertebral arches, which may result in the neural tissue being exposed (spina bifida meningomyelocele) or spina bifida occulta (doesn’t involve neural tissue).  The typical area for this is the lumbosacral region (L4 - S1).



9.	List the derivatives of neural crest.



-	sensory ganglia				-	odontoblasts

-	sympathetic neuroblasts			-	meninges

-	Schwann cells				-	mesenchyme of pharyngeal arches

-	pigment cells				-	





10.  What is the origin of the adrenal cortex?  Of the adrenal medulla?  (pg. 407)



The cortex has a mesodermal origin and the medulla has an ectodermal origin.



11.	What is congenital megacolon (Hirschsprung’s disease)?



This results from the failure of the neural crest cells to migrate into the wall of part or all of the colon and rectum.  The result is that no parasympathetic ganglia form in the afflicted areas











�Head & Neck - Tuesday September 17th





1.  List the 3 regions from which head mesenchyme is derived.  Which germ layers are represented?  (pg. 312)



Mesenchyme for the formation of the head region is derived from:

1)  paraxial mesoderm forms:

a)  floor of the brain case and small amount of occipital bone

	b)  all voluntary muscles of the craniofacial region

	c)  dermis and connective tissue (CT) of the dorsal region of the head

	d)  meninges caudal to the prosencephalon



2)  lateral plate mesoderm forms the laryngeal cartilages and the CT of that region

 

3)  neural crest - form the midfacial and pharyngeal arch skeletal structures.  This becomes the bones, cartilage, dentin, tendons, dermis pia, arachnoid, sensory neurons and glandular stroma.  This just about covers every damn thing dealing with the head!?! 



4)  ectodermal placodes - thickened regions of ectoderm.  Together with the neural crest, these form the neurons of the 5th, 7th, 9th, and 10th cranial sensory ganglia.



These represent ectoderm and mesoderm germ layers.



2.  Be able to distinguish:  (pg. 315 figure 16.3)

	A.  Pharyngeal arch - Little lobe things.   They have a mesenchymal core with surface ectoderm and endodermal epithelium on the inside.

	B.  Pharyngeal cleft - grooves between the lobe things

	C.  Pharyngeal pouch - little lobe things (inside) along lateral pharyngeal gut



3.  List the 5 mesenchymal prominences that contribute to the formation of the face. (pg. 321 & 324)



a)  maxillary prominences - cheeks and lateral portion of upper lip

b)  mandibular prominences - lower lip

c)  frontonasal prominence - forehead, bridge of the nose, medial and lateral nasal prominences

d)  lateral nasal prominence - alae of the nose

e)  medial nasal prominence - philtrum of the upper lip, crest and tip of nose.



4.  Know Table 16.1 page 315.



5.  From what do the muscles of facial expression arise?  (pg. 316)



These arise from the 2nd pharyngeal arch (a.k.a. Hyoid Arch).



6.  What specific structures develop from the lining of the pharyngeal pouches?  Which germ layer lines the pharyngeal pouches?  Distinguish between dorsal wing and ventral wing derivatives with respect to pouch 3 and 4.  (pg. 319 - 323)



a)  Pouch 1 - External auditory meatus, tympanic membrane, Eustachian tube

b)  Pouch 2 - Palatine tonsil

c)  Pouch 3 dorsal wing - inferior parathyroid gland

                   ventral wing - thymus

d)  Pouch 4 dorsal wing - superior parathyroid gland

                   ventral wing - ultimobrachial body (makes C cells of thyroid which secrete calcitonin)



The germ layer that lines the pouches is endoderm.



7.  What is the stomodeum?  See Figures 5.17, 16.4 and 16.5.



Anterior, ectodermally derived entrance to the alimentary canal/tract.





8.  What two cavities are separated by the buccopharyngeal (oropharyngeal) membrane (pg. 81 and 183)?





9.  What is a branchial fistula?  A lateral cervical cyst?



This is a disorder occurring when the 2nd pharyngeal arch fails to fold over arches 3 and 4.  It therefore leaves portions of the cervical sinus which eventually becomes the lateral cervical cysts (upon closure).



10.  Why are facial anomalies often accompanied by cardiac anomalies?



Much of the craniofacial region comes about from neural crest cells.  Neural crest cells contribute to the division of the heart into aortic and pulmonary channels, thus, disruption of neural crest cell growth/proliferation/migration often results in cardiac abnormalities.



11.  What is the possibility of a baby with craniofacial defect (e.g. Robin sequence) having a hearing disorder?

Craniofacial defects are primarily due to problems with neural crest cells and the pharyngeal arches.  Since the arches are responsible for structures (malleus, incus, stapes) of the ear, problems with hearing I would suspect are more common.









Face and Oral Cavity - September 19th and September 24th







1.  Compare a lateral cervical cyst with a thyroglossal cyst.  (pg. 330, also figure 16.12)



The thyroglossal cyst occurs due to the migration of the thyroid gland inferiorily.  The cyst is the remains of the thyroglossal duct.  These cysts stay along the midline, unlike the lateral cervical cyst which is anterior to the sternocleidomastoid.





2.  What is the foramen cecum?  From what does the thyroid originate?  What is the tuberculum impar? (pg. 329  - 330)



The foramen cecum is a point between the 1st and 2nd pharyngeal arches that eventually gives rise to the thyroid gland.  



A tuberculum impar is the medial swelling of the 1st pharyngeal arch that combines with two lateral swellings to form the anterior 2/3 of the tongue.  It is innervated by the mandibular branch of the trigeminal nerve.





3.  What is the copula?  To what does it contribute? (pg. 327 - 328)



The copula is a median swelling formed by the mesoderm of the 2nd, 3rd, and 4th arches.  This contributes to the posterior (root) portion of the tongue (innervated by glossopharyngeal nerve)







4.  List the components of the intermaxillary segment.  How does the intermaxillary segment interact with the maxillary prominence?  With palatal shelves?  The union of what tissue primordia does the incisive foramen mark?  What germ layer is involved in cleft lip/cleft palate?



The intermaxillary segment is formed by the merging of the maxillary processes from each side of the face.  It is composed of (Figure 16.22):



a)  labial component - forms the philtrum of the upper lip.

b)  upper jaw component - forms the 4 incisor teeth

c)  palatal component - which forms the primary palate (very anterior portion of the palate)



The palatine shelves are responsible for forming the rest of the palate, and these come from the maxillary processes which grow medially to join one another in the midline.  (Figure 16.22).



The incisive foramen is the union of the triangular primary palate with the secondary palate (palatine shelves).



The germ layer involved in cleft lip/cleft palate is: ???????





5.  Describe the origin of the nasal cavities and their relationship with the oral cavity.  (pg. 340)



The nasal pit/cavity is originally separated from the oral cavity by the oronasal membrane.  This membrane degenerates, temporarily connecting the nasal and oral cavities.  Eventually, the secondary palate will rise caudally, meeting the primary palate and divide the two cavities once again.  





6.  What are the ameloblasts?  What are the odontoblasts?  What is the dental cuticle? (pg. 341 - 342)



Ameloblasts are epithelial cells of neural crest origin that produce the enamel outer covering of the teeth.



Odontoblasts are neural crest cells that produce the dentin layer of the tooth.



The dental cuticle is the remnants of the ameloblasts’ retreat back into the stellate reticulum.  This layer is sloughed off after eruption of the tooth.















The Brain and Cranial Nerves Sept. 26th & Oct. 1st 





1.  What induces the formation of the neural plate and neural tube? (pg. 67 & 70)



With the appearance of the notochord, and under its inductive influence, ectoderm overlying the notochord thickens to form the neural plate.  This marks the beginning of neurulation.  The neural tube results due to the expansion of the neural plate, eventually folding upward and fusing into this structure.  So, indirectly, then, induction of neural tube formation must be due to the notochord as well.



2.  From what do the neural crest cells originate? (pg. 71)  List derivatives of the neural crest.  (pg. 383)



Cells on the lateral border of the neuroectoderm give rise to the neural crest cells.  Theses undergo and epithelial to mesenchymal transition after leaving the neuroectoderm and entering the underlying mesoderm.



Derivatives of neural crest

-	sensory ganglia				-	odontoblasts

-	sympathetic neuroblasts			-	meninges

-	Schwann cells				-	mesenchyme of pharyngeal arches

-	pigment cells				-	





3.  Distinguish between neuroepithelial cells, neuroblasts and gliablasts. (pg. 375 -377)



Neuroepithelial cells line the wall of the recently closed neural tube.  They divide rapidly and give rise to primitive nerve cells called neuroblasts.   Gliablasts are the precursors to the supporting cells for the neurons.  They are formed by the neuroepithelial cells after production of neuroblasts has ceased.



4.  Distinguish between neuroepithelial layer, mantle layer and marginal layer. (pg. 375-376).



The neuroepithelial layer is the innermost lining of the neural tube (eventually becoming the central canal).  The cells of this layer give rise to neuroblasts, which form around the neuroepithelial layer producing the mantle layer.  The mantle layer forms the gray matter of the spinal cord.  The nerve fibers of the neuroblasts produce the marginal layer.  Which eventually becomes the white matter of the spinal cord.



5.  Distinguish between roof plate, alar plate, basal plate and the floor plate.  What is the sulcus limitans?  The rostral extent of the sulcus limitans in the adult is found in what subdivision of the brain?  What are the adult brain derivatives of the alar plate?  Of the basal plate?  To what brain structure does the roof plate contribute? (pg. 376 -377).



The basal plates are the ventral thickenings in the primitive spinal cord due to the massive addition of neuroblasts.  These contain ventral motor horn cells and form the motor areas of the spinal cord.  The dorsal thickenings are the alar plates and they form the sensory areas.  The sulcus limitans is a longitudinal groove which separates the two plates.  In the adult, the sulcus limitans is found in the ???????? subdivision of the brain.  The roof and floor plates are the dorsal and ventral midlines of the tube respectively.  These transmit the fibers of the neuroblasts but don’t contain any cell bodies.  In the mylencephalon, these cells combine with pia mater for form the choroid plexus (pg. 388).  The alar plate contributes to the dorsal horn of the spinal cord and the basal plate contributes to the ventral horn.  



6.  What structure in the adult brain marks the most rostral extent of embryonic neural tube?  Why is lamina terminalis misspelled on page 396?

7.  What is the origin of the pituitary gland?  (pg. 394)



The pituitary gland (hypophysis) develops from:

	1)  An ectodermal outpocketing of the stomodeum known as Rathke’s Pouch (adenohypophysis)

2)  A downward extension of the diencephalon called the infundibulum (neurohypophysis or stalk and pars nervosa)



There is a good picture of this (pg. 396 figure 20.25 A)





8.  Which subdivisions of the adult brain retains the most embryonic-like organizational features?  (pg. 391).  



The mesenchephalon is morphologically the most primitive of the brain vesicle.





9.  From what do the cranial nerve ganglia arise?  What is the definitive location of the ganglion for the proprioceptive component of the trigeminal nerve?  (pg. 404)



By the 4th week of development, nuclei of all 12 cranial nerves are present.  All of the nerves arise from the brainstem, except CN I (olfactory) and CN II (optic).  The motor neurons for cranial nuclei are located within the brainstem, and the sensory ganglia are located outside of the brain.



10.  What is meningoencephalocele? Meningohydroencephalocele?  (pg. 400)



The defects occur due to ossification problems of bones of the skull (usu. the occipital bone).  Protrusion of the meninges only is known as meningocele.  Protrusion of the brain is known as meningoencephalocele, and protrusion of the ventricular lumen is known as meningohydroencephalocele.



11.  What is anencephaly?  Polyhydraminos?  (pg. 400)



Anencephaly is a condition which results due to failure of the cephalic part of the neural tube to close.  This preempts the formation of the vault of the skull, leaving a malformed brain exposed.  This also results in inability to swallow.  The pregnancy is characterized by hydramnios (a.k.a. polyhydramnios), an excessive accumulation of amniotic fluid.



12.  What is hydrocephalus?  (pg. 401)



Due to blockage of the passages that CSF travels in, there is an abnormal accumulation of fluid within the ventricles.  Since cranial sutures have not fused, the head can expand.





























Eye and Ear, October 3rd





1.	What is the optic groove, optic vesicle, optic cup?  (pg. 358 and Figure 18.1 A, B, C)



	The optic groove is a depression in the wall of the forebrain.  When the neural tube close, the grooves form outpockets/sacs called optic vesicles.  The vessels induces changes in the overlying ectoderm to form the lens.  After this, the optic vesicle invaginates and forms a double walled optic cup.



2.	List the components of the “seeing” retina (pars optica retina).  (pgs. 358 - 359 and Figure 18.5).



	The pars optica retinae is the postierir 4/5 of the optic cup and is differntialed into 4 layers



		a)  Layer of rods and cones

		b)  Mantle layer:

			1.  Outer nuclear layer

			2.  Inner nuclear layer

			3.  Ganglion cell layer



3.	List the components of the “blind” retina (pars optica ceca).  (pg. 359)



	The pars optica ceca is the anterior 1/5 of the optic cup.  It is only one cell layer thick and later is 	divided into:

		a)  pars iridica retinae

		b)  pars cilliaris retinae - which participates in formation of the cilliary body





4.	What is the origin of the pupil?  Of the iris?  Of the muscles that open and close the iris?  What nerve 	fibers innervate these muscles? (pgs. 360-361)



	The origin of the pupil is the meeting of the lips of the choroid fissure (figure 18.2) at about the 7th 	week.  This marks the primitive pupil.  Later, it is defined by the destruction of the iridopupillary 	membrane.



	In the adult, the iris is formed by the pigmented external layer and the unpigemented portion of the 	optic cup.



	The muscles that open and close the irsi (sphincter and dilator pupillae) are formed form the loose 	mesenchyme that lies betweeen the lens epithelium and the pars ceca. 





5.	What gives rise to the fibers of the optic nerve?  (pg. 363)



	The optic stalk gives rise to the optic nerve.



6.	What are the coverings of the eye?  With which brain covering is each continuous?  What is the 	significance of the subarachnoid space around the optic nerve at the back of the eye?  (Class Lecture)





		The eye is covered by:			Corresponds to the brain covering:



		cornea (ant.)						dura mater

		sclera (post.)						dura mater

			iridopuppilary membrane (ant.)			pia arachnoid

			choroid (post.) 					pia arachnoid



	Because CSF is produced in the subarchnoid space, and that space is continuous with 	subarachnoid/pia of the eye, any increase in pressure (due to buildup of CSF) can squeeze the optic 	nerve and also blanch the retina (loss of blood supply).



7.	What is the choroid fissure?  The hyaloid artery?  A colobma?  (pgs. 363 - 364)



	The choroid fissure is a groove in the optic stalk and optic cup that allows for the pasage of the 	hyaloid artery to develop.  It later closes and contains the central artery of the retina.  A colobma 	occurs when the choroid fissure fails to close.  The result  is a cleft that persists located in the iris.



8.	Is the caption for Figure 18.9B correct?  Incorrect?



	No, that is actually a persistent iridopupillary membrane.





9.	List 3 anatomical subdivisions of the ear.  (pg. 347)



		-	External ear (serves as sound funneling device)

		-	Middle ear (functions as sound conductor from external to internal ear)

		-	Internal Ear (serves to convert sound waves  into nerve impulses and registers changes in 				equilibrium).





10.	What do the cochlear duct, otolith organ, semicircular canals and endolymphatic duct and sac have in 	common?  (pg. 347)



	The structures above each come from the otic vesicles (which are from the otic placodes).  The cochlear duct arises from the saccule, which is part of the ventral portion of the apparatus.  The other components arise from the dorsal portion.



11.	From what do the scala vestibuli and scala tympani arise?  (pg. 347)



	In the 6th week, mesenchyme surrounds the cochlear duct.  By the 10th week, the surrounding mesenchyme begins to form 2 spaces or vacuoles (see figure 17.4).  The scala vestibuli and the scala tympani are the perilymphatic spaces that arise from the vacuolization.  The cochlear duct is separated from the scala vestibuli by the vestibular membrane and the scale tympani by the basilar membrane.



12.	What is the origin of the statoacoustic ganglion?  (pg. 349)



	These are breakaway cells that migrate from the otic placode or otic vesicle.  These have ectodermal and neural crest origin.



13.	The tubotympantic recess is part of what embryonic pharyngeal structure?  The tubotympantic recess is found as what in the adult?  (pg. 350 and figure 17.7 on page 353).



	It is derived endodermally from the 1st pharyngeal arch.



	The distal part of the recess forms the tympanic membrane and the proximal part forms the auditory tube (a.k.a. the Eustachian tube).





14.	What is the evidence supporting the defined origin of the stapedius muscle?  The tensor tympani muscle?  (pg. 351)



	The malleus and incus are ossicles derived from the 1st arch.  However, the stapes is derived from the 2nd arch along with the muscle of the same name.  The evidence of this is that the muscle has motor fibers from CN VII.  



	The tensor tympani must come from the 1st arch, because the innervation is via the mandibular branch of the trigeminal nerve (CN V3).



15.	What 2 germ layers mark the origin of the tympanic membrane?  What 3 germ layers contribute to the definitive tympanic membrane?  (pg. 354)



	The eardrum is made up of:

		a)	Ectodermal epithelium lining the bottom of the auditory meatus

		b)	Endodermal epithelium lining the tympanic cavity

		

		Eventually, also, there is an intermediate layer which develops which is the connective tissue (3rd 	germ layer is mesoderm).



16.	Which pharyngeal arches are credited with contributing mesenchyme to the developing external ear?  What cranial nerves provide sensory innervation to the external ear?



	The external ear is made from pharyngeal arches 1 and 2.



	Auriculotemporal (V3)

	Posterior Auricular (CN VII)







�Embryology Review Questions for 3rd Exam



The Heart - Thursday October 10th and Friday October 11th



1.	What are angiocysts?  From what do they develop?  (pg. 183 and Figure 12.1)



Angiocysts are isolated endothelial cell clusters that form from cells in the splanchnic mesoderm layer of the “pre-somite embryo” at 3 ½ weeks.  The clusters (located laterally) spread cephallically and form a horseshoe shaped plexus (Figure 12.1 A)



2.	What is the anatomical relationship of the early cardiogenic area to the prochordal plate?  How does this relationship change as the heart rotates 180o.  (pg. 183 Figure 12.2)



The cardiogenic area is the anterior, central portion of the horseshoe shaped plexus (Figures 12.1 A & C).  From Figure 12.2, we see that at 18 days old, the cardiogenic area is more cephalic than the prechordal plate.  However, as time goes on, the heart tube moves rostrally and anteriorily.  This motion is due in part to how quickly the CNS is developing.  The prechordal plate (future buccopharyngeal membrane) is pulled forward.





3.	From what does the pericardial cavity develop?  What is the origin and gate of the dorsal mesocardium?  Of the ventral mesocardium?  (pg. 183 and Figure 12.1 B)



The pericardial cavity develops from the intraembryonic coelomic cavity located just above the cardiogenic area (Figure 12.1 B)



The origin of the dorsal mesocardium is the coming together of the 2 lateral endocardial tubes (Figure 12.3 B & C).  They form a central endocardial tube which hangs from the dorsal mesocardium.  Eventually, this tissue degenerates, leaving the transverse pericardial sinus (recall this from Gross).



There is no ventral mesocardium.





4.	Name the 3 components of the early cardiac loop.  Where is each located initially?  (pgs. 186 - 188).



The cardiac loop is created by the ventral, caudal and right bending of the cephalic portion of the tube.  The Atrial portion shifts in a dorsocranial direction and to the left.  See Figures 12.6 A, B, & C.



The three components of the early cardiac loop are  (Figure 12.6 A - C):

		

							Location Initially			Location Finally

	a)		bulbus cordus			Within Pericardium		Within Pericardium

	b)		ventricular portion		Within Pericardium		Within Pericardium

	c)		atrial portion			Outside of Pericardium		Within Pericardium



5.	Name the 3 parts of the bulbus cordis?  What is the fate of the proximal enlarged portion?  (pgs. 187-188).



The bulbus cordis can be broken down further into three parts (Figure 12.7 B):



proximal third:	This will become the trabeculated part of the right ventricle

midportion:	Conus cordus (forms outflow tracts of both ventricles)

distal portion:	truncus arteriosus (forms the roots and proximal portion of aorta and pulmonary artery)



Between the bulbus cordus and the ventricle, there is a bulboventricular sulcus (Figure 12.6C).  It is the sight of the primary interventricular foramen (Figure 12.8)



6.	Follow the fate of the original paired atria to a single atrium to its separation again into the paired condition.  Name each of the structures that contribute to each portion of the definitive paired atria.





Originally, cells of the angiogenic cell clusters (Figure 12.3 A - C) must come together to form the endocardial tube.  This is accomplished by the lateral folding of the embryo.  However, the merging of the tubes is not complete (pg. 183) and the caudalmost ends are separate.  This caudal portion is related to the original (primitive) paired atria.  The book is quite non-specific about how the atria become a common structure, only saying that during the formation of the cardiac loop ,the atria form a single structure.  However, the book does go into some detail about the origin of the sinus venosus ….



At the middle of 4th week, the sinus venosus receives blood from the right and left sinus horns (figure 12.9 A). Each horn receives contribution from 3 vessels:

			a)  vitelline vein

			b)  umbillical vein

			c)  common cardinal vein



Due to shunting of blood, the entrance of the sinus shifts to the right and the following vessels are obliterated:

			a)  right umbillical vein

			b)  left vitelline vein

			c)  left common cardinal vein



What is left over is the oblique vein of the left atrium and the coronary sinus (This entire process is shown in Figures 12.9 A & B).  Also due to the shunting, the right horn forms the smooth walled part of the right atrium.  Its entrance is called the sinuatrial orifice, and it is flanked by the right and left venous valves (Figure 12.11 A).  As the right horn is incorporated into the atrium the left venous valve and the septum spurium (Figure 12.11A) fuse with the developing atrial septum.  



The inferior portion of the right venous valve develops into 2 valves (Figure 12.11 C):

	a)  valve of the inferior vena cava

	b)  valve of the coronary sinus



The crista terminalis sits right at the uppermost portion of the inferior vena cava valve (figure 12.11 C).



The re-establishment of the 2 atria occurs during the end of the 4th week, when the septum primum (Figure 12.11 A & Figure 12.13  A - E ) begins to extend down in the direction of the endocardial cushions in the atrioventricular canal.  The ostium primum (figures 12.13 A & B) is the space between the lower septum primum and the endocardial cushions.  Extension of the endocardial cushions upward meet the septum primum, closing off the ostium primum (Figures 12.13 C & D).  However, before closure, apotosis produces perforations in the upper septum primum called the ostium secundum (Figure 12.13 C & D).  



In the incorporation of the right horn, the lumen of the right atrium expands and a fold called the septum secundum develops.  This never forms a complete partition and the opening left is the oval foramen or the valve of the oval foramen.  Blood flows from right to left atrium via this shunt.



When lung circulation begins after birth, the pressure in the left atrium increases, pressing the oval foramen against the septum secundum closing it off.  Non-closure is known as probe patency.





7.	What two processes take place as illustrated in the septation of the ventricles?  How do each of the ventricles develop?  (pgs. 203 - 205)



At the end of the 4th week of development, the two primitive ventricles begin to expand, and the medial walls of the expanding ventricles become opposed, forming the muscular interventricular septum (Figure 12.24).  The interventricular septum (Figure 12.16) begins to shrink due to the growth of the muscular septum.  Closure of the foramen is accomplished by the inferior endocardial cushion located on top of the muscular septum (Figure 12.22).  This tissue meets the conus septum which is growing downward.  After complete closure, the site is knows as the membranous part of the interventricular septum.





8.	When during embryonic development does septation of the heart occur?  (pg. 191)



The major septa of the heart are formed between the 27th and 37th days of development.  This is about the end of the 4th week to the end of the 5th.



9.	What is the fate of the sinus venosus?  (See the Figures pgs. 192 - 193)



The left sinus venosus eventually becomes the oblique vein of the left atrium and the coronary sinus.  The right sinus venosus will become part of the superior vena cava, inferior vena cava and the smooth part of the right, posterior atrial wall.  (Figures 12.10, 12.11 A & B)





10.	What is the difference between septum primum and septum secundum?  How do they eventually get together to form a valve in the heart of the fetus?  What is this valve called?  How does this valve operate in the newborn?  In the adult?



Septum primum is the first septum which divides the atria.  It is incomplete (ostium primum) as shown in Figure 12.13.  Eventually this hole closes, but not before an ostium secundum appears higher up.  The incorporation of the sinus horn results in a fold in the lumen of the right atrium.  This is the septum secundum.  It overlaps the ostium secundum and results in a foramen ovale.  In the fetus, this valve shunts the blood from the right atrium to the left.  In the adult, this valve is closed.







11.	How does the single channel represented by the conus cordis and truncus arteriosus become two separate channels?  What is “transposition of the great vessels”?  Is this disorder compatible with life?



During the 5th week of development, the truncus arteriosus (Figure 12.7 B) develops a right and left wall swelling (Figure 12.6 A).  These grow towards each other in a twisting motion (Figure 12.22 A - C),  resulting in a spiral course which divides the truncus into an aortic channel and a pulmonary channel.



While all of this is going on, two conus swellings appear as well (Figure 12.16 A).  These grow to each other as well as to the truncus swellings.  When they join, a septum exists which has divided the conus into an anterolateral portion (outflow tract of right ventricle) and a posternomedial portion (outflow tract of the left ventricle).  



Transposition of the great vessels (pg. 208) occurs when the conotruncal septum fails to spiral, but just descends straight down.  Thus, the aorta will arise from the right ventricle and the pulmonary tract from the left ventricle.  It is usually accompanied by a patent ductus arteriosus.  I doubt that this error is compatible with life.





Tuesday October 15th - The Arterial System



1.	Describe the fate of each portion of each of the aortic arches.  Be careful to differential the fate of the left and right sides separately when differences exist.  (pgs. 212 - 214)



The aortic arches along side of the pharyngeal arches (Figure 12.32) during the 4th to 5th weeks.  They arise from a common aortic sac, which gives rise to 5 pairs of arches (See Figures 12.33 and 12.34):



	Arch #		Fate of Right Arch			Fate of Left Arch

		I			Maxillary Artery				Maxillary Artery



		II			Hyoid and Stapedial Arteries		Hyoid and Stapedial Arteries 



		III		Common Carotid Artery,			Common Carotid Artery,

					1st part of Internal Carotid	&		1st part of Internal Carotid &

					External Carotid Artery			External Carotid Artery



		IV		Proximal part of Right			Arch of Aorta between Common						Subclavian Artery			Carotid and the Subclavian Artery

		

		V				This arch never completely forms or regresses



		VI		Proximal part of Right 			Proximal Left Pulmonary Artery &						Pulmonary Artery			Ductus Arteriosus (intrauterine)





2.	What is the ductus arteriosus?  What is its function?  What happens to it at the time of birth?  What is the ligamentum arteriosum?  What is “coarctation of the aorta”?  (pgs. 215 - 217)



The ductus arteriosus is the persistence of the distal left portion of the 6th aortic arch.  It functions as a shunt from the pulmonary trunk to the aorta in the fetus.  This is due to the inoperative nature of the ventricles and the underdeveloped pulmonary circuit.  The mother’s oxygenated blood travels from right to left atrium, then to the aorta.



The ligamentum arteriosum is the collapsed ductus arteriosus, which closes shortly after birth due to muscular contraction.  Permanent closure occurs between 1 - 3 months.



Coarctation of the aorta is a condition in which the aortic lumen below the origin of the left subclavian artery is significantly narrowed due to incorrect intima proliferation.  The constriction may be above or below the entrance of the ductus arteriosus so it is separated into:



	preductal coarctation (Figure 12.36 A) - ductus arteriosus persists

	postductal coarctation (Figure 12.36 B) - ductus is closed, but the arch and descending aorta are 			severely constricted.  Collateral circulation must exist via the internal thoracic artery and the 			intercostal arteries.  





3.	To what in the adult do the vitelline arteries contribute?  (pg. 216)



The vitelline arteries (See Figure 12.32)  fuse to form the arteries of the dorsal mesentery of the gut.  In the adult, these are represented by the celiac, superior mesenteric and inferior mesenteric arteries.  These vessels supply derivatives of the foregut, midgut and hindgut respectively.



4.	How many umbilical arteries are found in the umbilical cord?  To what in the adult do the umbilical arteries contribute?  (pg. 216)



The umbilical arteries are paired ventral branches of the dorsal aorta.  During the 4th week, they acquire a secondary connection with the dorsal branch which becomes the common iliac artery.  After birth, the proximal portions persist as the internal iliac and the superior vesical arteries.  The distal portion is obliterated and forms the medial umbilical ligaments (Netter 236).



5.	What is the condition known as “overriding aorta”?



ASK DR. CLARK …..  IS THIS AN INTERUPTED AORTIC ARCH?









Thursday October 17th - The Venous System



1.	What structure do the vitelline veins first serve?  (pg. 219)



Initially, (during the 5th week), the vitelline veins carry blood from the yolk sac to the sinus venosus (Figure 12.40).  These are paired, right and left structures.



2.	What is the origin of the:

	(a)	hepatic sinusoids?

	(b)	hepatocardiac channel?

	(c) 	portal vein?

	(d)	superior mesenteric vein?



Initially, the vitelline veins form a plexus around the duodenum before entering the sinus venosus.  In this space, “liver buds” begin to grow.  An extensive vascular network forms called the hepatic sinusoids (Figures 12.41 A & B).



The hepatocardiac channel is the pathway from the hepatic sinusoids (plexus) to the sinus venosus.  When the left sinus horn reduces, blood from the left side is re-channeled to the right side, resulting in an enlargement of the right hepatocardiac channel.  This channel eventually forms the hepatocardiac portion of the inferior vena cava (Figure 12.42 A & B).



The original plexus around the duodenum gives rise to the portal vein.



The superior mesenteric vein (which drains the primary intestinal loop), is derived from the right vitelline vein.  



3.	What is the ductus venosus?  What is its function?



The ductus venosus is the direct communication channel formed between the left umbilical vein and the right hepatocardiac channel (Figure 12.42).  This vessel serves as a bypass for the sinusoidal plexus of the liver.





4.	What is the ligamentum venosum? (pg. 220)



After birth, the left umbilical vein and the ductus venosus are obliterated and form the ligamentum teres hepatis and the ligamentum venosum respectively (See Figure 12.42 A & B)



5.	How many umbilical veins are found in the umbilical cord?  (pg. 220)



Initially, the umbilical veins pass on each side of the liver.  However, only the left one continues on and carries blood from the placenta to the liver.  (Figure 12.42 B)



6.	What is the ligamentum teres hepatis?  (pg. 251)



The ligamentum teres hepatis is the remnant of the ductus venosum.  It is also the free margin of the falciform ligament, which contained the umbilical vein.  After birth, this is obliterated to form ligamentum teres hepatis.





7.	Why does the adult have a falciform ligament?  (pg. 255)



When liver cells invade the septum transversum, the mesoderm of the septum located between the liver and foregut and the liver and the ventral abdominal wall becomes membranous.  This layer will form the falciform ligament as well as the lesser omentum.







8.	An anomalous left superior vena cava reflects the retention of what embryonic vessel(s)?  (pg. 223)



This is an abnormality caused by persistence of the left anterior cardinal vein and obliteration of the common cardinal and proximal part of the anterior cardinal veins on the right.  (Figures 12.43 and 12.45 A).



9.	Into what do the supracardinal veins become?  (pg. 221)



The supracardinal veins drain the body wall via the intercostals.  It therefore follows that these veins become the azygous and hemiazygous veins in the adult (Figure 12.43 A & B)



10.	What is the azygous vein?  The hemiazygous vein?  (pg. 222)



These are the veins which drain the intercostal veins (azygous on the right and hemiazygous on the left).  The azygous vein drains the 4th to 11th right intercostal veins and empties into the right supracardinal vein.  The 4th to 7th intercostal veins on the left side form the hemiazygous veins.





11.	What embryonic vessel provides the link between the azygous vein and the superior vena cava?



The posterior cardinal vein joins into the common cardinal vein bringing with it the azygous vein.  This is shown in Figure 12.43 A & B.





12.	If the inferior vena cava is absent, how can blood return to the heart?  (pg. 223 and Figure 12.43 A & figure 12.44 B)



Absence of the inferior vena cava may result when the right subcardinal vein fails to connect with the liver, and instead shunts blood directly into the right supracardinal vein.  The caudal part of the body is drained via the azygous vein into the superior vena cava, and the hepatic vein enters directly into the right atrium.



13.	The presence of what abnormal vein accounts for a double inferior vena cava?  (pg. 223)

The presence of the left sacrocardinal vein results in continued connection with the left subcardinal vein.  This results in  the double vena cava (See Figure 12.44 A)



14.	Which embryonic venous system provides drainage for the head region?



?  Is it the anterior cardinal veins?







Tuesday October 22nd - Body Cavities and Respiratory System





I.	Intraembryonic Coelom



1.	What role does the lateral plate mesoderm play in the formation of the intraembryonic coelom?  (pg. 173 and Figure 11.1)



The lateral plate mesoderm is responsible for becoming invaginated and forming the space that is the intraembryonic coelom.  See Figure 11.1 B.



2.	Distinguish between somatic mesoderm (somatopleure) and splanchnic mesoderm (splanchno-pleure).  ( pg. 173 Figure 11.1 B)



These two layers originate from the same lateral plate mesodermal source.  However, after the cleft forms, the dorsal layer is called the somatic mesoderm and the ventral layer is called the splanchnic layer.  See Figure 11.1 B.



3.	What determines the border between the intraembyronic coelom and the extraembryonic coelom?



The intraembryonic coelom is continuous with the extraembryonic coelom for some time, until folding and pinching off occurs.  The “border” initially would be considered the amniotic cavity (Figure 11.2 B).  After closure of the embryo, the intraembyronic coelom is separated from the extraembyronic coelom by the splanchnic mesoderm, the surface ectoderm, the amniotic cavity and the somatic mesoderm.  (Figure 11.2 C)



4.	What is another name for the extraembryonic coelom?  (pgs. 44 - 45)



This area eventually becomes the chorionic cavity.



5.	What is the destiny of the intraembryonic coelom that is initially located rostral to the buccopharyngeal membrane?



This becomes the thoracoabdominal cavity.  The somatic mesoderm becomes parietal layer of serous membranes lining the peritoneal, pleural and pericardial cavities.  Cells of the splanchnic mesoderm layer form the visceral layer of the serous membranes covering the abdominal organs, lungs and heart.  The visceral and parietal layers come together at the dorsal mesentery (Figure 11.2 C).



6.	Distinguish between:  (pgs. 174 - 176 and Figure 11.3 B and D)

		(a)	omphalocele

				This involves herniation of the abdominal viscera through an enlarged umbilical ring.  					The origin of the defect is failure of the bowel to return to the body cavity from its 					physiological herniation.  This has several other problems associated with it.  



		(b)	gostroschisis

				This is a defect associated with the herniation of the abdominal contents through the 					body wall, directly into the amniotic cavity (through the amnion).  This occurs after the 					the bowel has return through the body wall. 

				

		(c)	umbilical hernia



				This is similar to the omphalocele, in that the herniation is still contained.  However, the 				sac that it is in is peritoneal, not amniotic.



7.	What is a cleft sternum?  (pg. 173)



This is a ventral body wall defect that results from lack of fusion of the bilateral bars of mesoderm responsible for formation of the sternum.  



8.	What is ectopia cordis? (pg. 173)



This defect is associated with the cleft sternum, in which the heart protrudes through the sternal defect.







II.	Diaphragm and Thoracic Cavity



1.	What is dorsal mesentery?  What is ventral mesentery?  (pg. 176 and Figure 11.2 C)



Dorsal mesentery is the mesodermal tissue from which the gut tube is suspended.  It is also the point at which the parietal (somatic mesoderm) and the visceral (splanchnic mesoderm) comes together.



The ventral mesentery is mesodermal tissue that exists on the ventral body wall from the caudal limit of the foregut to the upper portion of the duodenum, it results from thinning of mesoderm of the septum transersum.  See Dr. Burry’s Notes …



2.	From what does the septum transversum arise?



This is a thickened plate of mesodermal tissue occupying the space between the thoracic cavity and the yolk stalk (Figure 11.4 B).  It leaves 2 large holes (pericardioperitoneal canals) on each side of the foregut (Figure 11.4 B).  The lungs begin to grow within this canal.



3.	What are the common cardinal veins?  (pg. 221)  What role do they play in the formation of the pleuropericardial membrane and of the pericardial cavity?  (pgs. 177 - 178 and Figure 11.5)



The common cardinal veins are the joining of the anterior and posterior cardinal veins which drain much of the embryo proper.  The left becomes part of the coronary sinus and the right becomes part of the S.V.C.  (Figure 12.43).



The pleuropericardial fold is a tiny outgrowth projecting into the primitive undivided thoracic cavity (Figure 11.4 C).  These grow outward to meet each other in the midline (see Figure 11.5 A).  This outgrowth is now referred to as the pleuropericardial membrane (Figure 11.5 A).  Within this membrane on the left and right sides are the common cardinal veins (and phrenic nerve).  The common cardinal veins draw the pleuropericardial membranes together to join in the midline (forming the S.V.C.) (See Figure 11.5 B).  When the two membranes fuse, the definitive pericardial cavity is separated from the two pleural cavities.



4.	What are the embryonic components of the diaphragm?  (pgs. 178 - 179 and Figure 11.6)



The diaphragm is made up of 4 components (Figure 11.6 A - C):

	(a)	The septum transversum - forms the tendinous part

	(b)	The pleuroperitoneal folds (two)

	(c)	The lateral dorsal body wall (muscular components)

	(d)	The mesentery of the esophagus - crura of the diaphragm



5.	At what vertebral level is the transverse septum when it is first innervated?



Initially, the septum transversum lies opposite cervical somites and nerve components of 3rd, 4th and 5th cervical nerve segments.  This is ultimately known as the phrenic nerve.



6.	What is the phrenic nerve?  Its origin?  Its termination?  (pg. 179 and Figure 11.5)



The phrenic nerve is the nerve which innervates the transverse septum.  It originates from the cervical plexus of nerves carrying contribution from C3, C4 and C5.  It passes into the septum through the pleuropericardial folds (Figure 11.5 A & B).  It terminates in the diaphragm.



7.	What is the most common site for a congenital diaphragmatic hernia?  What does arrested development mean?



Congenital diaphragmatic hernia is due to the failure of the pleuroperitoneal membranes to close the pericardioperitoneal canals.  85 - 90 % the hernia is on the left side and the abdominal viscera can get up in the left pleura area..



What is arrested development?????



III.	Respiratory System



1.	What is the laryngotracheal groove?  Lung bud?



I believe the laryngotracheal groove is the communication/passageway of the respiratory primordium to the pharynx (See Figure 13.1 B and 13.2 D “laryngotracheal orifice”).



The lung bud (a.k.a. respiratory diverticulum) is an outgrowth from the ventral wall of the foregut.  Hence, the internal lining of the larynx, trachea, bronchi and lungs is of endodermal origin.  Cartilaginous and muscular parts of theses structures is from splanchnic mesoderm.



2.	What tissue separates the developing trachea from the developing esophagus? (pg. 232 and Figure 13.2).



Initially, the lung bud communicates freely with the foregut.  The esophagotracheal ridges pinch off and fuse to form the esophagotracheal septum.  This divides the foregut into the esophagus (dorsally) and the trachea and lung bud (ventrally).  (Figure 13.2 A - C)



3.	Is there a difference between “esophagotracheal” and “tracheoesophageal”?



I believe there is a difference, and these specify different origins and destinations.  A tracheoesophageal fistula indicates that the esophagus leads into the trachea (Figure 13.3 C - D).  A esophagotracheal fistula indicates a different problem (Figure 13.3 A)



4.	What is a tracheoesophageal fistula?  (pg. 232 and Figure 13.3)



This is a condition in which the esophagus incorrectly leads into the trachea (See Figure 13.3 C - D)



5.	What is surfactant?  At what age is it present in sufficient quantities to support life?



Surfactant is a phospholipid-rich fluid that reduces the surface tension air the alveolar-air surface, preventing the collapse and sticking of the lung.  It is produced by type II alveolar epithelial cells.



It seems that one may possibly life at 7 months of gestation, however the last two weeks of gestation produce the needed surfactant to live without artificial assistance.





Thursday October 24th - The Foregut and Midgut



I.	Foregut



1.	What are the rostral and caudal limits of the foregut?  (pg. 242)



The foregut begins most rostrally at the pharyngeal tube and extends as far caudally as the liver bud/outgrowth.  (See Figure 14.1 D)



2.	Be able to identify the transverse septum, the buccopharyngeal (oropharyngeal) membrane and the oronasal membrane.



Transverse septum (Figure 11.4 B & 11.6 A - C)

Buccopharyngeal membrane (Figure 14.1 C & D)

Oronasal membrane (Figure 16.28 A & B)



3.	What is dorsal mesentery?  What is ventral mesentery?  From which does the transverse septum arise?  (pg. 243)



A mesentery is a double layer of peritoneum that encloses an organ and connects it to the body wall.

A peritoneal ligament is a double layer of peritoneum (mesentery) that passes from one organ to another or from an organ to the body wall.



The dorsal mesentery is the mesoderm that attaches much of the gut tube to the posterior abdominal wall.  It extends from the lower end of the esophagus to the cloacal region of the hindgut.  It is given different names in different regions.  For example stomach (greater omentum), duodenum (mesoduodenum), colon (dorsal and transverse mesocolon) and jejunal/ileal loops (mesentery proper).



The ventral mesentery exists on the anterior part of the embryo from the esophagus, stomach to the upper part of the duodenum.  It forms the lesser omentum and the falciform ligament (Figure 14.3).



The ventral mesentery is derived from the transverse septum.



4.	What is esophageal atresia?  (pg. 246)



This is a disorder of the esophagotracheal septum, being deflected posterior.  The result is that the esophagus and trachea are not separated.  (See Figure 14.6)



5.	How is esophageal atresia related to polyhydramnios?  (pg. 247)



Atresia of the esophagus prevents normal passage of amniotic fluid into the intestinal tract, resulting in accumulation of excess fluid in the amniotic sac (polyhydramnios).



6.	How does esophageal atresia differ from a tracheoesophageal fistula?



?



7.	Within what does the spleen develop?  From which germ later?  Is the definitive spleen intraperitoneal or retroperitoneal in position?  (pgs. 248-249)



The spleen develops as a mesodermal proliferation between the two leaves of the dorsal mesogastrium (see Figures 14.8, 14.9 and 14.10)



The definitive spleen is intraperitoneal in position (Figure 14.10 B).  You should see the splenorenal ligament and gastrospenic ligament in Figure 14.10 B.



8.	What artery is associated with the foregut?  (pg. 253)



The foregut is associated with the celiac artery.



9.	What are the relationships between ventral mesentery, lesser omentum, transverse septum and falciform ligament?  (pg. 250)



The ventral mesentery is derived from the mesoderm of the transverse septum.  When the liver cords grow into the septum, it thins to form:

	(a)	the peritoneum of the liver

	(b)	the falciform ligament

	(c)	the lesser omentum



10.	What is pyloric stenosis?  What is the appearance of vomitus from and infant with pyloric stenosis?  How does it compare with that from an infant with esophageal atresia?



Pyloric stenosis occurs when the circular musculature of the stomach in the region of the pylorus is hypertrophied.  This obstructs the passage of food and results in severe vomiting.



?



?



11.	What major artery(ies) supply(ies) the duodenum?  (pg. 253).



The foregut is associated with the celiac artery and the midgut is associated with the superior mesenteric artery.  The duodenum is formed by the terminal part of the foregut and the cephalic part of the midgut, so it is supplied by branches of both arteries.



II.	Midgut



1.	What are the rostral and caudal limits of the midgut?  (pg. 242)



Rostral extent is just caudal to the liver bud (immediately distal to the entrance of the bile duct) and the rostral extent is the junction of the right two thirds and left one third of the transverse colon.  (Figure 14.1 D)



2.	What structure connects the midgut with the yolk sac?   (Figure 14.1 D pg. 243)



The vitelline duct is the passageway from the midgut to the yolk sac (Figure 14.1 D)



3.	Within what does the liver develop?  (pg. 254 and Figure 14.13)



The liver begins as the hepatic diverticulum at the rostral end of the foregut.  Its cells proliferate rapidly into the septum transversum (Figure 14.13 A & B)



4.	Can you account for the origin of the bare area of the liver?  (pg. 255)



Mesoderm on the surface of the liver differentiates into visceral peritoneum, except on the diaphragmatic surface, where it remains in contact with the septum transversum.  The transversum septum becomes the diaphragm and it is this surface of the liver which remains bare.



5.	What is the origin of the pancreas?  (pg. 256 - 257 and Figure 14.19 & 14.20)



The pancreas is formed by 2 buds originating from the endodermal lining of the duodenum.  The dorsal pancreatic bud is located in the dorsal mesentery and the ventral pancreatic bud is located in the ventral mesentery.  When the duodenum rotates to form the “C” shape, the ventral pancreatic bud joins the dorsal bud to form the pancreas.  (See figures 14.19 A & B and 14.20 A & B)



6.	What is the origin of the distal portion of the definitive pancreatic duct?  Of the proximal portion of the definitive pancreatic duct?  (pgs. 256 - 257 and Figure 14.20)



The pancreatic duct is formed by both the ventral pancreas and the dorsal pancreas.  The main pancreatic duct is formed by the joining of the ventral pancreatic duct (ventral pancreas) with the distal part of the dorsal pancreatic duct (dorsal pancreas).  The proximal portion of the definitive pancreatic duct may persist as an accessory pancreatic duct or may be entirely obliterated.  In any case, it is derived from the dorsal pancreas.  (See Figures 14.20 A & B)



7.	What is annular pancreas?  How does it develop?  (pgs. 257 - 258 and Figure 14.21).



The ventral pancreas has a right and left portion which normally fuse before reaching the dorsal pancreas.  When the right portion of the ventral bud migrates along its normal route and the left migrates in the opposite direction, the duodenum is surrounded.  This malformation is known as annular pancreas and is may constrict or entirely obstruct the duodenum.  (See Figure 14.21)



8.	What structure marks the axis around which the midgut rotates during physiological herniation and retraction?



The axis of rotation for both processes is the superior mesenteric artery.  This is seen clearly in Figures 14.23 A & B and 14.25 A & B.



9.	What is Meckel’s Diverticulum?  Where, along the definitive gut tube, will Meckel’s diverticulum be found?



Meckel’s Diverticulum is a persistence of the vitelline duct, which forms an outpocketing of the ileum.  It is located close to the ileocecal valve.



10.  What is gastroschisis?  What is omphalocele?  What is an umbilical hernia?  (pgs. 263 - 265)



Omphalocele - involves herniation of abdominal viscera through an enlarged umbilical ring. The origin of the defect is the failure of the bowel to return from its physiological herniation during development and therefore the viscera are covered by amnion.



Gastroschisis - is a herniation of the abdominal contents through the body wall directly into the amniotic cavity.  The viscera are not covered by peritoneum or amnion.



Umbilical hernia is herniation through the abdominal wall at the umbilicus, but the peritoneum is still a covering.



11.	The Vagus nerve (CN  X) provides parasympathetic innervation of the gut caudally to what level?  (Netter 309 - 310)



The parasympathetic innervation of the Vagus seems to end at approximately the point where the midgut ends and the hindgut begins.  This is the left 1/3 of the transverse colon.





Friday October 25th - The Midgut and Hindgut



1.	What are the rostral and caudal limits of the hindgut?  (pg. 242)



The rostral extent is the left one third of the transverse colon to the cloacal membrane.  (Figure 14.1 D).  This is from the distal 1/3 of the transverse colon to the upper anal canal.



2.	What artery is associated with the hindgut?  (pg. 268)



The inferior mesenteric artery.  (See Figure 14.22)



3.	What is congenital megacolon (Hirschsprung’s Disease)



This condition may arise due to atresia (complete blockage) or agenesis (absence of formation) of the distal colon.  More likely is the absence of parasympathetic ganglia to the lower bowel.



4.	How does the urorectal septum contribute to hindgut development?



The hindgut terminates in the cloaca, as does the allantois.  The urorectal septum lies between the two and as it grows caudally, the cloaca is divided into an anterior primitive urogenital sinus, and a posterior part called the anorectal canal.  (See Figure 14.34 A - C, very good).



5.	What is imperforate anus? What is urorectal fistula?



This is a malformation in which the anal membrane fails to obliterate, thus the anal pit and rectum remain separated (Figure 14.35 A).



A urorectal fistula occurs when the cloaca and hindgut do not separate from the allantois and the primitive urogenital sinus (Figure 14.34 A & B and Figure 14.35 B).





�Review Questions for Embryology Exam #4



Thursday, Oct. 31st and Tuesday November 5th - Urogenital System







I.	Urinary System



1.	Distinguish between the pronephros, the mesonephros and the metanephros.  (pgs. 272 - 274 and Figure 15.2 A & B & 15.3 A)



These structures are the progenitors of the kidney system, and are formed in a cranial to caudal sequence.



a.	Pronephros	-  is rudimentary and non-functional (seen in the cervical region)



b.	Mesonephros	-  functions for a short time during early fetal development.  In the female, these entirely degenerate, and in the male only the most caudal parts persist in the formation of the genital system.



c.	Metanephros	-  forms the permanent kidney, beginning around the 5th week.  Excretory tubules appear and lengthen rapidly, forming an S-shaped loop.  They acquire a glomerulus at their medial extremity (Figure 15.3 A).  The tubules that surround the glomerulus form a Bowman’s capsule.  The capsule and the glomerulus together forms the renal corpuscle.  All of this development occurs in the mesonephros component also, but degenerates.  The duct system development is different between the mesonephros and metanephros.



2.	What is the urogenital ridge? (pg. 273)



The mesonephros forms a large ovoid organ on each side of the midline.  Since the developing gonad is located on its medial side, the ride formed by the two organs is called the urogenital ridge  (Figure 15.3).  These are bilateral ridges are formed by between the developing gonad and the developing mesonephros (pg. 273).  



3.	From what does the permanent kidney arise?



The permanent kidney comes from the unsegmented mesoderm of the metanephric system.  (pg. 273 & Figure 15.2).



4.	What is the ureteric bud?  From what does it arise?  What effect does it have on metanephric tissue?  (pgs. 274 - 277 and Figures 15.2, 15.4, 15.5 and 15.6)



The ureteric bud is an outgrowth of the mesonephric duct close to its entrance into the cloaca (Figures 15.2 B, 15.4).  The bud is responsible for the collecting system of the permanent kidney.  It penetrates the metanephric tissue.  It begins to dilate and divide (Figure 15.5 A - C), forming the renal pelvis, the major calyces, minor calyces and the renal pyramid (which contains 1 - 3 million collecting tubules).



Each collecting tubule is covered at is distal end by a metanephric tissue cap (Figure 15.6 A).  The tubule inductively induces cells of the tissue cap to form the renal vesicles (Figure 15.6 B).  The renal vesicles give rise to small tubules that encapsulate the gomeruli (capillaries) to form the excretory unit of the kidney (nephron).  The proximal end of the tubule becomes the Bowman’s Capsule and the distal end forms the connection with a collecting tubule (Figures 15.6 D - F).  Continuous lengthening of the excretory tubule results in formation of the proximal convoluted tubule, loop of Henle, and the distal convoluted tubule (Figure 15.6 F).



5.	What are the embryonic components of the excretory portion of the definitive kidney?  Of the collecting portion of the definitive kidney?  (pg. 277)



The kidney develops from two different sources:



	1.  metanephric mesoderm	-  gives rise to the excretory units of the kidney (nephrons)

	2.  ureteric bud			-  gives rise to the collecting system (see question 4)



6.	From what does the loop of Henle arise?  (pg. 277)



The loop of Henle arises from the lengthening of the excretory tubule of the nephron (See Figures 15.6 D - E).



7.	What is oligohydramnios?  Renal agenesis?  Are they related?  (pg. 279)



Renal agenesis is caused by the early degeneration of the ureteric bud.  When it does not reach the metanephric tissue cap, the latter fails to proliferate.



Oligohydramnios is a condition that results from bilateral renal agenesis.  The fetus drinks the amniotic fluid but cannot excrete it.  The fetus survives until birth because the kidneys are not necessary for exchange of waste in the fetus.  But, the child will die within a few days.  It is accompanied by abnormalities in the vagina, uterus, vas deferens and seminal vesicles.



8.	What structure potentially blocks the ascent of the kidney and may be responsible for the presence of a pelvic kidney? (pgs. 280 - 283)



The kidneys ascend up the posterior body wall during the normal course of development.  They pass through the arterial fork formed by the umbilical arteries.  When this fails (and is stopped by the umbilical arteries) to occur, the kidney remains in the pelvis, close to the common iliac artery and is known as a pelvic kidney.  A horseshoe kidney occurs when the two kidneys (in their ascent) are pushed too close together so that their lower poles fuse.  The horseshoe kidney is usually present at the level of the lower lumbar vertebrae, since its ascent is prevented by the root of the inferior mesenteric artery.



9.	What is the origin of the urinary bladder?  What is the fate of the allantois?  Of the urachus?  What is the median umbilical ligament?  The medial umbilical ligaments?



During the 4th through 7th weeks of development, the urorectal septum divides the cloaca into the anorectal canal and the primitive urogenital sinus (Figure 15.11 A - C).  The cloacal membrane is divided into a urogenital membrane and an anal membrane ((Figure 15.11 C).  



There are 3 portions to the urogenital sinus:



	a)		Upper part - helps form the urinary bladder.  This is connected to the allantois, but later the allantois is obliterated and a thick fibrous cord remains, called the urachus.  In the adult, this is also called the median umbilical ligament.  (Figure 15.11 B & C)



	b)		Middle part - This is a narrow canal (the pelvic part of the urogenital sinus) gives rise to the prostatic and membranous parts of the urethra in the male.  (Figure 15.12 A & B)



	c)		Lower part - Definitive urogenital sinus (a.k.a. the phallic part).  This gives rise to different structures in the male and female.  (Figure 15.12 B).  In the male, this part develops into the penile urethra.



10.	What is the prostatic urethra?  The membranous urethra?  The penile urethra?  How do these structures compare between the sexes?  (pgs. 283 - 284 and Figures 15.12 A & B)



The prostatic urethra is the portion of the urethra which passes through the prostate gland.  It is formed by the pelvic part of the urogenital sinus.



The membranous urethra is ….. ????.  It develops form the pelvic part of the urogenital sinus.



The penile urethra is that portion which passes through the penis and empties to the environment.  This is from the definitive urogenital sinus.



In the female, these structures are not differentiated by name like this and are simply called the urethra.



More Information:  See Figure 15.13

	During the division of the cloaca, the caudal portions of the mesonephric ducts are absorbed into the wall of the urinary bladder.  The ureteric buds therefore start rostral to the mesonephric duct.  Due to the ascent of the kidney, the orifices of the ureters move farther cranially, and those of the mesonephric ducts move close together to enter the prostatic urethra (in the male becoming the ejaculatory ducts) See Figure 15.13 C & D.



The mesonephric duct and ureter are of mesodermal origin, forming the trigonne of the urinary bladder.  This is eventually replaced by endoderm so that the inside of the bladder is completely lined with endodermal epithelium.



11.	What is urachal fistula?  (pg. 285 and Figure 15.14)



A urachal fistula is the persistence of the lumen of the allantois, resulting in a drainage route from the bladder to the umbilicus.  A urachal cyst is the persistence of the allantois in a localized area without patent lumen to the bladder or the umbilicus.  A urachal sinus is a patency in the allantois from the umbilicus, but not all the way to the bladder.  These are all illustrated well in Figure 15.14.



12.	What is hypospadias?  Epispadias?  Exstrophy of the bladder? (pgs. 299 - 302 and Figures 15.29, 15.32 A, & C)



Hypospadias is a condition in which fusion of the urethral folds is incomplete.  Abnormal openings occur in the inferior aspect of the penis, usually near the glans, along the shaft, and near the base of the penis (Figure 15.32 A).



Epispadias is a condition characterized by the urethral meatus being located on the dorsum of the penis.  This defect is associated with the genital tubercle being formed in the region of the urorectal septum (Figure 15.32).



Exstrophy of the bladder, concomitant with Epispadias always, is a condition in which the bladder mucosa is exposed to the exterior.  When primitive streak of the abdominal wall fails to migrate around the cloacal membrane, the rupture of the membrane extends in a cranial direction (Figure 15.32 C), creating the Exstrophy of the bladder.





II.	Genital System



1.	What determines the genetic sex of an individual?  What determines the phenotypic sex of an individual?  (pg. 286).



The genetic sex of an individual is determined by the presence/absence of the ‘Y’ chromosome.  The ‘Y’ chromosome contains the testis-determining factor (TDF) gene on its sex determining region (SRY).  The presence of this gene causes male gonadal differentiation to occur, and its absence establishes the female pattern.



2.	Where do the germ cells come from that invade the genital ridge?  (pg. 286 and Figure 15.17 & 15.18)



The genital ridge is formed by the proliferation of coelomic epithelium and underlying mesenchyme (See Figure 15.16 A & B).



The germ cells that invade this tissue comes from the endodermal cells in the wall of the yolk sac, close to the allantois (Figure 15.17A).  They migrate by ameboid movement along the dorsal mesentery of the hindgut to the genital ridge (Figure 15.17 B).  If they fail to arrive, the gonads do not develop  (Figure 15.18).



3.	What is the difference between primitive sex cords, testis cords, cortical cords, and medullary cords?  (pgs. 288 - 291 and Figure 15.18, 15.19, 15.20, 15.21 and Table 15.1)



Before and during the arrival of primordial germ cells, the  coelomic epithelium of the genital ridge proliferates, and epithelial cells penetrate the underlying mesenchyme.  They form irregularly shaped cords called the primitive sex cords.



Under the influence of the testis-determining factor (of Y chromosome), the primitive sex cords penetrate deep  into the medulla to form the testis cords (a.k.a. medullary cords).  At the hilum of the testis, the cords break up into small tubules that make up the rete testis (eventually).  With further development, the testis cords loose contact with the surface epithelium by the tunica albuginea (dense layer of fibrous CT).  The testis cords eventually become the seminiferous tubules, which join the rete testis and flow into the efferent ductules.  These ductules are from the mesonephric system  and form the link between the rete testis and the wolfian duct (ductus deferens).



In females, the primitive sex cords dissociate into irregular cell clusters (15.20 A).  The surface epithelium of the female gonad (unlike that of the male) continues to proliferate, giving rise to the cortical cords (Figure 15.20 A).  During further development, the cords split into cell clusters, giving rise to primitive germ cells and follicular cells (Figure 15.20 B).



4.	Be able to list the derivatives of the mesonephric tubules and duct, and those of the paramesonephric duct in both the male and the female.  (pgs. 291 - 294 and Figures 15.21, 15.23, 15.24, 15.25 and Table 15.2)







�Mesonephric Duct�Mesonephric Tubule�Paramesonephric Duct��



Male�

Forms the epididymis, and the ductus deferens (up to the seminal vesicle) after which it is called the ejaculatory duct (Figure 15.23 B).

�

These contribute to the formation of the rete testis and efferent ductules.�

Degenerate, except for a tiny portion in the cranial part of the testis called the appendix testis (Figure 15.23 B).

��







Female





�







Degenerate, no significant contribution�







Degenerate, no significant contribution�Develops into the uterine tube, the uterine canal (fused caudal ducts (2)), and the corpus and cervix of the uterus (Figure 15.24).  It also makes up the very superior portion of the vagina

��







5.	What is the prostatic utricle?  (pg. 294, Figure 15.23)

The prostatic utricle is an outpocketing from the urethra that gives rise to the prostate (????).





6.	What contributes to the formation of the vagina?  (pg. 296 and Figures 15.26 & 15.27)



The vagina is formed by both the urogenital sinus (lower vagina) and the uterine canal of the paramesonephric ducts (upper vagina).



7.	What are the male and female homologues of the genital tubercle, genital swellings, urethral folds,  and sinovaginal bulbs?



�Genital Tubercle�Genital Swellings�Urethral Folds�Sinovaginal Bulbs��Male�Phallus�Scrotum�Penile urethra�?��Female�Clitoris�Labia Majora�Labia Minora�Lower portion of the vagina (Figure 15.26 B)��



8.	What is Klinefelter syndrome, adrenogenital syndrome, testicular feminization syndrome?



Klinefelter syndrome characterized by a karyotype of 47/48 (XXY, XXXY).  The patients have infertility, gynecomastia, impaired sexual maturation, and underandrogenization.  Nondisjuction of the XX homologues is the most common causative factor.



Adrenogenital syndrome (congenital adrenal hyperplasia (CAH)), results in female pseudohermaphroditism (the genotypic sex is masked by the phenotypic sex, closely resembling the opposite sex).  It is due to increased production of ACTH, which in turn produces adrenal hyperplasia and excessive production of androgens.  The external genitalia become a bit masculinized (clitoral hypertrophy, partial fusion of labia majora, persistent urogenital sinus that is small).



Testicular feminization syndrome (a.k.a. androgen insensitivity syndrome) occurs in patients who have a 46, XY compliment, but have external appearance of normal females.  Tissues of the external genitalia are unresponsive to androgens produced by the testes and develop and differentiate as in the normal female under the influence of estrogens.  Since the patients have testes (MIS present), the paramesonephric system is suppressed, and the uterine tubes and uterus are absent.  The vagina is short and ends blindly.



9.	Describe the descent of the gonads.  How does it differ between the sexes?  (pgs. 305 - 309)



At the end of the 2nd month, the testis are attached to the posterior abdominal wall by the urogenital mesentery.  Caudally, this becomes the caudal genital ligament (Figure 15.37 A).  Extending from the caudal part of the genital ligament is the gubernaculum testis.  The gubernaculum grows out extraabdominally,  pulling the testis down with it into the scrotal sac.  Also, the peritoneum of the abdominal wall evaginates forming the processus vaginalis.  This evagination follows the course of the gubernaculum testis into the scrotal swelling, contributing to the visceral and parietal layers of the tunica vaginalis (Figures 15.37 B - D).  



In the female, the cranial genital ligament forms the suspensory ligament of the ovary, and the caudal genital ligament forms the ligament of the ovary proper and the round ligament of the uterus.





Thursday, November 7th - Placenta and Twinning





1.	Review cytotrophoblast and syncytiotrophoblast.  (pgs. 33 - 41 and Figure 3.1 and 3.3)



After the zygote reaches the two cells stage, it undergoes a rapid proliferation, resulting in an increased cell number, without increasing the size.  This stage will be know as the morula (16 cells).  As the morula enters the uterine cavity, fluid begins to penetrate through the zona pellucida into the intercellular spaces of the inner cell mass, forming a blastocele.  At this stage the cell is known as a blastocyst.  Cells of the inner cell mass are called embryoblasts and will give rise to the embryo.  The outer cell mass cells are the trophoblasts.  The trophoblast will differentiate into two layer:



	a)		cytotrophoblasts (mononucleaeted inner layer)

	b)		syncytiotrophoblasts (multinucleated outer zone without distinct boundaries).



See Figure 3.1 and 3.3



2.	During implantation, which of these 2 layers is in direct contact with the maternal endometrium?  (pg. 43 and Figures 3.1 & 3.3).



The syncytiotrophoblastic layer is responsible for contacting the maternal endometrium, and establishing contact with maternal capillaries (sinusoids).  Eventually, trophoblastic lacunae develop, which contain maternal blood vessels.  (Figure 3.4).  At the 13th day, cells of the cytotrophoblast layer proliferate and penetrate into the syncytiotrophoblast, forming villi (Figure 3.6).  Eventually, the cytotrophoblast cells form columns all the way through the syncytiotrophoblast layer, giving 2 “layers” of cytotrophoblast.  There is an inner layer, and an outer cytotrophoblast shell  (See Figures 4.9 and 4.10).



3.	What is the outer cytotrophoblast shell?  When and how does it form?



See Question # 2, especially look at the figures.





4.	What happens to the cytotrophoblast shell in the last half of pregnancy?  (compare Figures 7.2B and 7.7).



It degenerates??









5.	What is the chorionic plate?  (pg. 101 and Figure 7.1)



This is a mesodermal layer which villi are attached/anchored to.  It is in contact with the maternal decidua by the cytotrophoblast shell.  (Figure 7.1).  It comes from the original “inner” layer of cytotrophoblast cells, before they penetrated the syncytiotrophoblast forming the 2 layers.





6.	What is the relationship of the placental villi to the chorionic  plate?  To the cytotrophoblast shell?





The placental villi connect/bridge the chorionic plate and the cytotrophoblast shell (See Figure 7.1)





7.	Within what space do the arborous branches of the villi float?  What fluid is found within this space? (pgs. 101 and Figure 7.1)



The branches of the villi float in the lacunar or intervillous spaces (Figure 7.1).  These spaces are derived from the maternal sinusoids, therefore, my guess would be that maternal blood is found within this space.





8.	What tissue lines the space identified in the previous problem?  (pg. 101, Figure 7.2 C & D)



The tissue that actually lines the space is the syncytium (pg. 103).



Initially, the tissues that line/intervene between the maternal and fetal circulation are the:



	1.		Syncytium

	2.		Cytotrophoblast

	3.		Connective tissue

	4.		Endothelium



After more development, layers 2 and 3 degenerate, leaving only the syncytium and the endothelium.





9.	What are the differences between a primary villus, a secondary villus, and a tertiary villus?



Look at Figure 4.9 (pg. 63) in cross section across the villus.



1o villus = syncytium & cytotrophoblast

2o villus = syncytium, chorionic plate, & cytotrophoblast

3o villus = syncytium, capillaries, chorionic plate, & cytotrophoblast



10.	Be able to identify the location of the chorion frondosum and the chorion laeve.  What does laeve mean?



As pregnancy advances, the villi on the embryonic pole continue to grow and expand, giving rise to the chorion frondosum.  (Figure 7.3 and 7.4).  The chorion laeve is the smooth side of the chorion in which the villi degenerate.  (Figures 7.3 and 7.4).



Laev is a British variation of the root “lev”, which means on the left side.





11.	Be able to distinguish between the decidua basalis, decidua capsularis and decidua parietalis.  What is the anatomical relationship of each to the embryo?  What is the anatomical relationship of each to the uterine cavity.  (pgs. 101 - 102 and Figure 7.4 A & B).



First off, the decidua is the functional layer of the endometrium and it is shed during parturition.  



The decidua basalis consists of compact layer of large cells that lie over the chorion frondosum  (Figure 7.4A).  The decidual layer over the abembryonic pole (laeve) is known as the decidua capsularis (Figure 7.4 A).  As the chorionic vesicle increases in size, this layer stretches and degenerates.  Subsequently, the chorion laeve comes into contact with the uterine wall called, the decidua parietalis (Figure 7.4A), and then fuse, thereby obliterating the uterine lumen.  



So, the placenta is made up of the chorion frondosum, together with the decidua basalis. (Figure 7.4 B) 



The fusion of the amniotic and chorionic membranes forms the amniochorionic membrane, thereby obliterating the chorionic cavity. (Figure 7.4 A & B)





12.	What is the major source of tissue that makes up the decidual septa?  What is a cotyledon?  How many cotyledons are normally present on the maternal side of the placenta at the time of birth?



The major source of tissue of the decidual septa is maternal tissue of the decidua, but the surface is covered by a layer of syncytial cells so that maternal and fetal blood are separated.



The septation results in a number of compartments called cotyledons.  There are approximately 15 - 20 of these cotyledons in a full term fetus.



13.	What is the minimal number of layers that normally separate the fetal and maternal blood?  What are the names of these layers?  (pg. 107, and Figure 7.2 C & D).



Initially, the tissues that line/intervene between the maternal and fetal circulation are the:



	1.		Syncytium

	2.		Cytotrophoblast layer

	3.		Connective tissue of the villus core

	4.		Endothelial lining of fetal vessels



After the 4th month, the placental membrane becomes much thinner, and the cytotrophoblast and connective tissue layers degenerate, leaving only the syncytium and endothelial lining.



14.	What are the contents of the umbilical cord?  What tissue makes up the outer “skin” of the umbilical cord?  (pgs. 110 - 111 Figure 7.9)



The contents of the primitive umbilical cords are:



5th week of development (Figures 7.9 A & C)



	a)		connecting stalk (containing the allantois and umbilical vessels (1 vein and 2 arteries)

	b)		yolk stalk (containing the vitelline duct and vitelline vessels.

	c)		the canal connecting the intraembryonic and extraembryonic coelomic cavities



After further development, (Figures 7.9 B & D)



	a)		intestinal loops and the remnant of the allantois

	b)		umbilical vessels and yolk stalk

	c)		extraembryonic coelom connection



The tissue that makes up the outer layer of the umbilical cord is the amnion.





15.	The failure of what mechanical process us responsible for the formation of conjoined twins?  (pg. 118).



Splitting of the zygote during later stages of development may result in an abnormal or incomplete splitting of the axial area of the germ disc.  This incomplete splitting leads to the formation of conjoined (Siamese) twins.




