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Dr. Elmus Beale

Organization and of Upper Extremity

I. Upper Extremity Significance


A. Manual Dexterity is key


B. Hand is one item (as well as brain) distinguishing humans from other species, particularly thumb movement


C. Actions:



1. Shoulder-Ball and socket



2. Elbow-Hinge and pivot joint



3. Wrist- Condyloid joint



4. Fingers-hinge joint



5. Thumb-saddle joint


D. Minor injuries, such as sore shoulder or wrist, can be debilitating


E. Review the joints on your own.

II. Flexor versus Extensor Compartments


A. Arm, forearm, and all parts of appendages organized into fascial compartments.



1. Flexor muscles are on anterior side of arm and forearm.



2. Extensor muscles are on posterior side.



3. These are in separate facial compartments.


B. Example: Cross section of Arm [ref. plate 406, middle cross section, Atlas of Human Anatomy, Netter].  Observe 
investing fascia with medial and lateral septa extending from fascia to bone.



1. Fascia continuos with bone called periosteum.



2. Note that fascia separate flexor muscle (biceps, brachialis) from extensors (triceps).



3. Blood supply and, nerve supply for soft tissues are organized into compartments as well.



4. Note anterior compartment with anterior nerves (musculocutaneous, median and ulnar nerves) on 


medial side of arm.



5. Posterior compartment holds posterior nerves (radial nerve).


C. Example: Cross section of forearm [ref. plate 419, middle cross section, Netter].  Observe 3 compartments: two 

are extensor compartments, one flexor compartment



1. Note anterior flexor, posterior extensor compartment, and lateral extensor compartment



2. The two bones of forearm and dense connective tissue along with the continuous fascia separate the 


flexor and extensor compartments.




a. Radius and Ulna are the bones.




b. Connective tissue is interosseous membrane.




c. Nerves supplying flexor muscles are the median and ulnar nerves.




d. Nerve supplying the extensor muscles is the radial nerve.

III. Anterior Nerves


A. These nerves serve flexors and they branch from the two anterior cords of brachial plexus:



1. Medial Cord



2. Lateral Cord


B. Flexor Compartment of Arm [ref. plate 442, Netter]



1. Innervated by the musculocutaneous nerve and branches


C. Flexor Compartment of Forearm 



1. Ulnar nerve



2. Median nerve



3. Supply flexor muscles in forearm and hand



4. Supply sensory enervation in hand

IV.  Posterior Nerves


A. Extensor Nerves [ref. plates 446-47, Netter]



1. Axillary nerve



2. Radial nerve



3. Supply shoulder and extensor muscles in arm and forearm



4. Radial nerve is also a sensory nerve of skin in posterior side of arm

 V. Organization of Blood Supply in Upper Extremity


A. General Flow of Blood



1. Outward through deep arteries



2. Branching into arterioles and further into capillaries



3. Capillaries then nourish bones and soft tissues



4. Blood flows back deep through veins along the deep arteries



5. Blood also flows back through superficial veins


B. Outflow of blood is deep.



1. Brachial artery


C. Return of blood is deep and superficial.



1. Deep: brachial veins  (2)



2. Superficial:




a. Cephalic vein




b. Basilic vein



D. All along the superficial veins, branching will occur that will join the deep veins.


E. Venae Concomitants



1. Deep veins run alongside deep arteries and actually touch arteries.



2. With each heartbeat, the deep arteries swell with systole and shrink with diastole.



3. Veins also affected, they get pumped since they are adjacent to the arteries.



4. Veins have valves controlling flow, so through such concomitant pumping veins also get “milked”.



5. Usually there are two veins per large artery.


F. Collateral Circulation



1. Each joint has alternative pathways for blood to get around a joint.



2. Joints go through many positions, which may pinch or restrict blood supply.



3. Such multiple routes ensure good blood flow in any position of joint or even during injury (grant’s     



    dissector, fig. 6.9)



4. Example: Axillary artery [ref. plate 398, Netter]




a. Collateral circulation around the scapula and shoulder




b. Superscapular, transverse cervical , subscalpular , and circumflex arteries all have collateral


                  circulation to supply soft tissues attached to the scapula.




c. If there is injury to axillary artery, clamping of both sides of injury does not restrict blood 



    flow to other parts of Upper Extremity because there is collateral circulation by which blood

    reaches the arm through the thyrocervical trunk and the dorsal scapular artery.



5. Example:  Elbow Joint, Brachial artery [ref. plate 405, Netter]




a. Gives off 4 branches, providing collateral circulation around elbow.





i. Two medially 





ii. Two laterally 




b. Below the elbow, it splits into two more arteries [ref. plate 435, Netter]





i. Radial artery





ii. Ulnar artery





iii. These arteries connect together in loops in the hand

Development of Upper Extremity
I. Limb formation


A. By 5th week


B. Limb buds appear on sides of embryo [ref. figure 11-7, Essentials of Human Embryology, Larson]


C. Underlying core of mesoderm and layer of epithelium


D. Swellings occur in lateral plate mesoderm, which give rise to limb buds


E. Fore legs form ahead early in 5th week


F. Hind legs form later


G. As Limb buds are forming, cells from myotome migrate into the limb bud and they will become muscle masses 
of limb bud


H. Limb forms from three different things



1. Ectoderm



2. Two types of mesoderm




1. mesoderm from somites (myotomes) which forms the  muscles




2. lateral plate mesoderm, which forms bones, tendons, joints, ligaments, and blood vessels


I. Bone is going to form as the axial accumulation of mesoderm



1. Mesyenchymal core:




a. embryonic connective tissue




b. loose, mostly unorganized getting organized



 
c. mostly from mesoderm




d. forms bones and muscles.


J. Apical Ectodermal Ridge



1. A ridge of ectodermal cells secrete signal that induce development of mesenchymal core.



2. Signal is Fibroblast Growth Factor (FGF).



3. If Apical Ectodermal Ridge is cut off, the is no FGF, so there is no limb formation.



4. If mesenchymal core removed, ectoderm alone can’t form limb, same result.

II. Bones, Joints and Ligaments arise from the lateral plate mesenchyme. [ref. figure 11-7, Larson] 


A. Axial accumulation of mesenchyme along central axis of limb bud develops into bones, joints and ligaments.


B. Specialized changes take place leading to the formation of hyaline cartilage fibers, synovial membranes, bones, 
basically all joint structures.


C. Exact process not known.

III. Innervation Patterns


A. Core condensation of mesenchyme creates central axis.  [ref. figure 11-7, Larson]


B. Myotomes migrate out into limb bud; the presence of the core prevents myoblasts from occupying central axis



1. Some go dorsal, some ventral.



2. Two muscle masses form initially:




a. Dorsal Muscle mass




b. Ventral Muscle mass




c. Responsible for flexor compartments and extensor compartments


C. Nerves from each cervical-spinal level have already made contact with the myotomes and as myoblasts are 
migrating, those axons migrate with them.



1. Myoblasts from one or more myotomes, which assemble into, muscle



2. Example:  latismus dorsi has three spinal nerves innervating it.  This is because myoblasts from 



myotomes of those spinal nerves organized themselves to form the latismus dorsi and those nerve fibers 


were dragged with them.


D. First migration is into dorsal and ventral muscle masses


E. Then subdivisions into individual muscles [ref. figure 11-9, Larson]



1. C5, C6, C7 grow out to the cranial-dorsal portion of the limb bud.



2. C7, C8, T1 grow out to the ventral-caudal portion of the limb bud.



3. However, there are some exceptions



4. Shoulder almost exclusively C5 and C6



5. Hand almost exclusively T1, some C8



6. As you go from proximal to distal, you go from higher vertebral levels to lower.


[Scribe’s note: there is a discrepancy between the book and lecture regarding the assignment of the spinal nerves to 
the parts of the developing limb: the book does not associate C7 with the branches to the ventral-caudal portion of 
the limb bud.]

Dr Beale’s advice: spend time thinking about it.

IV. Homeotic mutations and HOX genes


A. Segmentation patterns set up early on, some time in 2nd week, certainly by 3rd week.


B. HOX genes control the body’s pattern formation


C. History



1. Discovered in Drosophila 



2. Flies with Ultrabithorax (two thoraxes), Antenaepedia (legs in place of antennae)



3. Both mutations in single gene



Homeotic mutations (one body part to another). Places appropriately formed body part into in an 




inappropriate place.



Most mutations are malformed body parts (or function or pathway)



4. It was learned through cloning that there is a segmental pattern of organization of the development of 


larvae into an adult.



5. This pattern is coded by sets of genes organized in a spatial order of expression as organized in genome



6. Then mice and human DNA were also probed and found to have homologous sets of genes, called 


     homeotic genes or homeobox genes



7. Mammals have 4 clusters, Hoxa, Hoxb, Hoxc, Hoxd of homologous genes organized in certain order and 


expressed in certain order.


D. The theory is that these genes control the segmental aspect of development



1. Encode difference between successive vertebrae



2. Control where arms grow and where legs grow



3. These genes encode transcription factors that in turn regulate genes, so they are the master switch 



genes.



4. Experiments in gene knockout mice have shown that HOX genes do control segmental body patterning.



5. HOX genes also encode proximal to distal patterning of our development.



6. Mutations




a. HOXd13 mutation [ref. fig. 11-14, Larsen]





i. Gene expressed in distal part of limb





ii. Homeotic mutation leading to syndactyly.





iii. Bones with stars are malformed bones, should be metacarpals, but are carpal-like.




b. Other human mutations also, ranging from extra or missing vertebrae to extremely serious 



defects.


E. Caudal-ventral axis orientation i.e. thumb versus little finger placement



1. Controlled by sonic hedgehog



2. Zone of Polarizing Activity




a. region on cranial side on each limb bud




b. secretes Sonic Hedgehog

V. Birth defects of limbs [Figs 11-11 to 11-16, Larsen]


A. Collectively called melias


B. Polydactyly-extra digits


C. Adactyly-no digits


D. Short or missing limbs or digits; fused digits; lobster claw 


E. Teratagenic causes are environmental causes of genetic defects (i.e. chemicals).

Dr Beale then presented some artwork.

