HST 718

Anatomy of Speech and Hearing

Gross Anatomy Lab Manual 


Meeting location:
Harvard Medical School






Medical Education Building (MEC)






260 Longwood Ave.



(You will need to show your HST ID to get into the building.) 


Lectures: Room 443, MEC. (There is a central atrium on the second floor  

where you can get coffee before class.)

Dissections: Gross anatomy lab,4th floor, room 420, MEC.  We will provide dissection kits.


Anatomy atlases: An atlas is extremely valuable in preparing for lab as 
well as for review. Recommended:



Anderson, J.E. Grant's Atlas of Anatomy, (9th ed.).



Baltimore: Williams & Wilkins, 1991.




or



Clemente, C. Anatomy: A Regional Atlas, (4th ed.).



Baltimore: Urban & Schwarzenberg, 1997.

SUPERFICIAL STRUCTURES 

AND THORAX

Basic  objectives:

Be able to identify bony landmarks.

Know the places of attachment of the major muscles.

Know how the various thoracic muscles function during respiration.
Know the organization of the intercostal nerves and blood vessels.

Know the organization of the pleural cavities and its importance for respiration. 

Know the origin of the major blood vessels from the heart and how they pass into the neck. 

Know the relationship of the major  blood vessels to the lungs.

Anterior Thoracic Wall


 You wil begin with the  dissection of the anterior thoracic wall.  Follow  this dissection manual and attempt to  find the structures in an anatomical atlas before class. 

Observe:
Begin by identifying the following bony landmarks on the articulated skeleton and on your cadaver:

•    sternum,  including the handle-shaped manubrium,  superiorly;  inferiorly, the xiphoid process projecting downward; and the sternal body, the intermediate and largest portion of the sternal bone

•    sternal notch,  at the superior border of the manubrium, also known as the suprasternal or jugular notch
•    clavicle,  the "S"-shaped bone articulating on either side of the manubrium, just lateral to the sternal notch 

•    ribs,  thin, curved bony elements which articulate with the sternum  through a short intervening segment of cartilage for ribs 1 - 7.  Ribs 8, 9 & 10 articulate with the sternum via fusion of their cartilage with  the costal cartilage of the rib above; the combined cartilages form the arched inferior border of the thoracic cage, the costal margin. The last two ribs (11 & 12) are "free" or "floating" and do not attach to the sternum


Realize:
 All structures under the skin are surrounded by a connective tissue called fascia.  In dissecting, one can separate with a scalpel the superficial portions of the fascia from that around the muscles, artificially generating a continuous connective tissue layer called the deep fascia which lies immediately next to the muscle. 

Dissect:
The armpit or axilla should  be appreciated.  The anterior wall of the axilla is the pectoral or  anterior axillary fold,  formed by the pectoralis major muscle.  An incision carried from the axilla down the lateral side of the body to the iliac crest would be along the mid-axillary line.


The thickness of skin varies throughout the body and it is not advisable to "cut down to the bone" until you learn to judge the thickness of the skin and depth of the superfical fascia.  In general, the appearance of a  brownish tissue composed of parallel fibers indicates you are in the muscle layer and too deep;  if the tissue is whitish in color and composed of densely woven fibers, you are in the dermis of the skin and too shallow;  a yellowish tissue, semi-fluid in nature, usually indicates you are in the fatty superficial fascia (a good place to be for our purposes).  Please be assured that you can do no real damage - this is a learning exercise, not delicate surgery, and we are not expecting you to "save all the important things".  If your cuts are too deep, adjust them to a more superficial plane, or vice versa, and continue onwards. 

The skin and underlying superficial fascia should be dissected along the lines shown in the adjacent figure, if they have not already been done. 






[image: image1.wmf]
Two skin flaps  will be produced on either side of the body: the upper flap will remain attached to the body lateral to the acromion process and the lower flap will remain attached along the midaxillary line.


When the skin and superficial fascia have been reflected , you will encounter the most superficial muscle of the upper extremity located on the anterior thoracic wall, the pectoralis major.  It has clavicular and sternocostal heads, named for their proximal sites of attachment.  Trace the muscle distally (laterally) to the point of tendon attachment into the humerus.  


A highly consistent principle of anatomy is that  motor nerves enter a muscle through its deep surface. Verify this arrangement for the pectoral nerves entering the deep surface of the pectoralis major by sweeping under the muscle with your index finger, a non-sharpened dissecting tool which minimizes inadvertent tissue destruction.  You will thus realize that peripheral nerves are relatively tough and resist breaking   Unfortunately, peripheral nerves are not resistant to inadvertent cutting by scissors or knife;  ask your instructor to demonstrate methods of "blunt dissection" with scissors, probe, or fingers; this technique will increase your control over the outcome of your dissection efforts.


Detach the clavicular head at a point close to the clavicle and reflect it towards the humerus.  It will be necessary to cut the nerves and blood vessels entering the deep surface of the muscle. Cut them in the middle of their length, so that you will later be able to see  both ends.


Relax the sternal head of the pectoralis major by flexing and adducting the cadaver's arm at the shoulder.  


Detach the sternocostal head of the pectoralis major and reflect it towards the humerus, thus exposing the pectoralis minor muscle which is located deep to the pectoralis major muscle:  its attachments are to the ribs (costal) and to a small, hook-like appendage projecting anteriorly from the scapula, the coracoid process.  Reflect the muscle upwards after severing its costal attachments, leaving a tag of muscle behind to appreciate that attachment in review.

The eight muscle groups of the thorax are the diaphragm, the internal intercostals, the external intercostals, the subcostals and transversus thoracis, the costal elevators, the serratus posterior superior, and the serratus posterior inferior, although the last two are sometimes considered to be muscles of the back. Mechanical events for quiet breathing require active muscle contraction during the inspiratory phase, but the expiratory forces are passive, or nonmuscular. To facilitate forced exhalation, the abdominal muscles are involved. 


Dissect:
Continue the dissection of the thoracic cavity by identifying the intercostal muscles. The fibers of the external intercostal muscle are directed obliquely, from lateral to medial and superior to inferior, in the intercostal spaces between adjacent ribs; however, the muscle fibers do not extend medially beyond the ends of the bony  portion of the ribs.  Review the cartilaginous components on the articulated skeleton.  

External and internal intercostal muscles contribute to rigidity of the thoracic wall by preventing the intercostal spaces from bulging in and out during breathing. The external and internal intercostals are muscles of inhalation; the contraction of each muscle tends to elevate the lower rib to which it attaches. 


Medially the fibers of the external intercostal muscle are replaced by a thin, but tough, connective tissue membrane, the external intercostal membrane.  Carefully cut through the membrane in the 4th intercostal space (ICS 4; the space inferior to the 4th rib) and separate the external intercostal muscle from the underlying tissue by pushing the handle of your scalpel laterally into the areolar connective tissue deep to the muscle (be careful not to cut the palm of your hand with the blade).  Use the handle as an in situ guide and sever the muscle attachment to the superior rib;  reflect it downward.


The orientation of the fibers of the internal intercostal muscle,  running from medial to lateral and superior to inferior, is 90 degrees out of phase relative to orientation of the external intercostal muscle fibers.  In ICS 4 carefully detach the fibers of the internal intercostal muscle from the inferior rib and reflect them superiorly.  

The third intercostal muscle layer, the innermost intercostals, cannot be seen as it does not extend this far anteriorly and medially in the intercostal spaces; however, you will be able to examine this layer during the dissection of the posterior region of the thoracic cavity.  


With a rib cutter, carefully cut through the 2nd through the 6th or 7th rib as far toward the back as possible.  Make your cuts at right angles to the ribs to minimize the creation of sharp, projecting bony tips.  With a saw, cut horizontally through the sternum at ICS 6, and again at ICS 1.


Gently elevate the block of sternum and attached ribs. Cut through any soft tissues necessary to remove the sternum-rib block, but try to preserve the continuity of the internal thoracic artery and accompanying veins; these vessels run superior to inferior, about 1 cm lateral to the margin of the sternum.  After you have removed the bony anterior thoracic wall , define the course of the internal thoracic vessels; note that the anterior intercostal vessels are branches of the internal thoracic vessels.

Examine the ribs from the back and  look for the intercostal vein, artery and nerve (in that order) just under the edge of a rib. Note the transversus thoracis muscles near the midline. 

Pleural Cavity


Realize:
The interior of the thoracic cavity is divided into two pleural cavities, laterally, and a single midline mediastinum which effectively isolates the pleural cavities from one another. Contents of the mediastinal space include the heart, large vessels passing to and from the heart, trachea and esophagus.  Each pleural cavity houses a lung which is attached to mediastinal structures  at the root of the lung or lung hilus.


The surface of the pleural cavity is lined by the pleural membrane (pleura),  a continuous sheet of simple squamous epithelium (mesothelium) supported by a scant amount of connective tissue. During prenatal development the lung grows into the medial aspect of the sac-like pleural lining of the pleural cavity; thereby the lung receives a covering of pleural membrane as it expands into the cavity.  In the adult the pleural membrane overlying the lung is termed visceral pleura; the pleural membrane attached to the pleural cavity (body wall) is parietal pleura.  The parietal pleura is continuous with the visceral pleura at the root of the lung (where the lung is attached to the mediastinum); the construction of the two pleurae is the same, only the name changes.  The visceral pleura is firmly attached to the surface of the lung; its integrity as a membrane is apparent histologically.


Pleural reflections are places where the transition between subdivisions of the partietal pleura occurs at a very acute acute angle such that two layers of parietal pleura are in contact without intervening lung.  These reflections occur between the costal parietal pleura and both diaphragmatic and mediastinal pleura; the narrow cul-de-sacs intervening between the apposed parietal pleural surfaces are called pleural recesses.  The right and left costodiaphragmatic (pleural) recesses represent the lowermost points of the pleural cavities.  During inspiratory movements the lungs never completely fill these recesses.  The costomediastinal recess is created by the reflection of the parietal pleura from the anterior thoracic wall onto the mediastinum.


The pleural cavities are two separate, closed "potential spaces"; this means that the spaces are normally filled only with a film of serous fluid that lubricates the apposed visceral and parietal surfaces during dimensional changes associated with phases of the respiratory and cardiovascular cycles.  

Under pathological conditions, the potential space of the pleural cavity may become a "real" one if it is the site of collection for  such materials as blood (condition known as hemothorax), air  (pneumothorax), lymph fluid (chylothorax), inflammatory products of an infection, tumor cells mixed with fluid, etc.

Pleurisy is the condition of inflammation of the pleurae which, when resolved, usually leaves "adhesions" between the pleural surfaces of the lung and body wall.  You may encounter these adhesions as you attempt to remove the lungs from the pleural cavity; they can usually be broken with your fingers prior to removing the lung from the pleural cavity.


Dissect:
When you removed the ribs and sternum forming the anterior wall of the thoracic cavity, you most likely also removed the parietal pleura attached to the ribs at this point;  if not, then the parietal pleura will  remain as a "sac" surrounding the lungs.  Open the parietal pleura to gain access to  the lung and palpate the root of the lung;  verify that the lung is attached to the mediastinum at this point.  


Remove the lungs from the pleural cavity as follows: first, push the lung laterally to stretch and expose its root.  Next,with a scalpel in your other hand,carefully divide the root midway between the lung and the mediastinum (be careful not to chop the fingers of your partner if this is a cooperative enterprise).  Break any adhesions attaching the lungs to the walls of the pleural cavity and lift the lungs out of the body  (if you did not create a large enough opening to work comfortably when you removed the sternum and ribs, do so now by trimming more off of the ribs).  Store the lungs in a plastic bag for later examination. 


Continue your exploration of the pleural cavity by examining the mediastinal pleura.  Through palpation, and reference to your atlas, identify the following:

•   superior vena cava,  in the superior region on the right side

•   esophagus, running from superior to inferior, located by palpating posterior to the pericardial sac. The esophagus is subpleural throughout the thoracic cavity, except where it is crossed by the arch of the azygous vein

•   trachea,  a vertical tube reinforced by cartilaginous rings in the thickness of the wall;  the ribbed texture of the wall is apparent by palpating superior to the arch of the azygous and anterior to the esophagus

•   phrenic nerve,  running vertically,  just anterior to the root of the lung, passes caudally to innervate the diaphragm.
•   sympathetic chain of ganglia,  identify the chain on the neck of the first rib and follow it inferiorly as it crosses the heads of the 2nd through the 9th ribs, after which it comes to lie on the lateral sides of the bodies of the lower thoracic vertebrae.  Identify swellings along the chain representing the sympathetic ganglia.  
•   posterior intercostal arteries and veins, deep to the costal parietal pleura of the posterior wall, running along the inferior border of each rib.

On the Left Side:

•   heart,  projecting to the left side, enclosed within the pericardial sac

•   phrenic nerve,  also anterior to root of the lung on this side

•   aortic arch,  superior to the heart, directed from anterior to posterolateral, then continuing inferiorly as the descending or thoracic aorta

•   esophagus,  subpleural as it penetrates the diaphragm.


Peel the parietal pleura off the the rib cage beginning at the edge of the rib cuts.  Be careful over the vertebral column, aorta, esophagus, and pericardium not to disrupt important underlying structures.  Locate the phrenic nerve about 1 1/2 cm anterior to the root of the lung, sandwiched between the mediastinal pleura and the fibrous pericardium.  With the pleura removed, demonstrate the entire intrathoracic course of the phrenic nerve.

Lungs (optional dissection)


Dissect: 
Remove the isolated lungs from the plastic bag and examine them.  The borders of the lung, anterior and inferior, are thin and sharp.  The apex of the lung rises into the neck,  above the medial end of the clavicle.  Which of your isolated lungs is the right one? ... the left one?


Each lung is divisible into an upper and lower lobe by a deep cleft, the oblique fissure.  The orientation of the lungs in situ is such that most of the lower lobe is located in the posterior part of the thoracic cavity; most of the upper lobe is anteriorly located.  The upper lobe of the right lung is additionally divided by the horizontal fissure, resulting in a small middle lobe which extends laterally only as far as the midaxillary line.


Starting at the hilus, utilize two pairs of forceps to dissect away the spongy lung tissue along the pathway of the main bronchus.  You will encounter additional structures at the hilus which you should appreciate, but not necessarily dissect, including:

•   bronchial arteries,  nutrient vessels for bronchial tree (the right bronchial artery arises from the 3rd posterior intercostal artery or from the left superior bronchial artery)

•   lymph nodes,  usually coal-black in color, resulting from the retention of intra- and extracellular carbon particles

•   autonomic nerves, fibers of the vagus and sympathetic nerves ifrom the pulmonary plexuses which innervate the bronchi and pulmonary blood vessals.  


If your section of the root was close to the lung the main bronchus may have remained with the mediastinum and you will begin your dissection with the next level of airway branches, the secondary bronchi (lobar).  In the left lung, isolate the superior (upper) and inferior (lower) lobar bronchi.  In the right lung, isolate the upper, middle, and lower lobar bronchi.  Continue your dissection to the next level of airway branching, the tertiary or segmental bronchi.  Remember that there are ten bronchopulmonary segments in the right lung and eight in the left; their boundaries cannot be identified in the cadaver through dissection.

Realize that the pulmonary arteries  carry deoxygenated blood (use of the term artery refers to direction of blood flow in relationship to heart).  The branches of the pulmonary artery are distributed together with the branches of the bronchial tree; in contrast, the tributaries of the pulmonary venous system  carry oxygenated blood TOWARDS the heart).
Superior Mediastinum


Dissect:
Review the boundaries of the superior mediastinum on the articulated skeleton. Using a chisel or bone cutters, remove the manubrium in order to 

examine the structures deep to it. 


 Carefully clean the left brachiocephalic vein.  The right and left brachiocephalic veins join just posterior to the midpoint of the right margin of the manubrium to form the superior vena cava. Identify the arch of the azygos vein joining the superior vena cava after it has arched over the root of the right lung.  Cut the superior vena cava just superior to this point and reflect it to reveal the arch of the aorta in the next plane deep.


Clean the arch and the three large branches arising from it:

•   brachiocephalic trunk, arising from the summit of the arch, on the cadaver's right

•   left common carotid artery, ascending into the neck
•   left subclavian artery, lying immediately posterior to the left common carotid artery;  this artery ascends, then arches over the first rib to enter the axilla, continuing towards the upper extremity from that point as the axillary artery.


By definition, the arch of the aorta both begins and ends at the plane between the sternal angle and the T4-T5 intervertebral disc.  Observe that the arch passes over the left main bronchus to become the descending aorta posteriorly. By virtue of its anterior to posterior, medial to lateral path the arch is crossed anteriorly by two nerves, the left phrenic and the left vagus.

The left phrenic nerve descends from the neck to enter the thorax in the plane between the subclavian vein anteriorly, and the subclavian artery posteriorly.  After crossing the arch of the aorta, the nerve courses inferiorly about 1 cm anterior to the root of the lung.  Descending further, the nerve runs in the plane between the fused mediastinal pleura and fibrous pericardium.  Upon reaching the diaphragm, the phrenic nerve provides all the motor, and part of the sensory fibers for that muscular organ. 


The left vagus nerve descends in the neck along the posterolateral aspect of the left common carotid artery.  Locate this nerve in the interval between the left common carotid and subclavian arteries.  Follow it across the arch of the aorta, passing posterior to the root of the left lung as it  descends to the proximity of the esophagus in the posterior mediastinum.  Just distal to the vagal crossing of the arch of the aorta, identify the origin of the left recurrent laryngeal branch of the vagus nerve.  The recurrent nerve turns abruptly to run superiorly back into the neck where its course will be demonstrated later. 

 The origin of the left recurrent laryngeal nerve lies just posterior to an interesting remnant of prenatal development, the ligamentum arteriosum.  This stout, obliquely set cord of connective tissue connecting the left pulmonary artery to the arch of the aorta is a remnant of the ductus arteriosus, an important bypass for blood from the right ventricle into the aorta during the fetal period when the collapsed lungs offer very high resistance to vascular perfusion.


Identify and trace the right phrenic and the right vagus nerves.  A significant difference exists between the right and left vagus nerves in the origin and subsequent path of their recurrent laryngeal branches.  The right recurrent laryngeal nerve leaves the vagus much more superiorly than does the equivalent left-side branch; the right-sided branch loops around the right subclavian artery in the lowest part of the neck (this nerve is too superiorly positioned in the superior mediastinum to be accessible at this time; it will be identified during the dissection of the neck).  The more inferior origin of the left recurrent laryngeal nerve places it at greater risk than the right-sided nerve of compression by tumors growing in the mediastinum or apex of the left lung. Compression of the nerve would result in paralysis of the left vocal cord, indicated by the symptom of hoarseness.  As you dissect the vagal nerves in this region you may find some small, medially-directed cardiac branches which participate in the formation of the deep cardiac plexus.


If you have not already done so, detach the ascending portion of the aorta from the pericardial sac, and reflect the arch of the aorta to the left to facilitate dissection of the ligamentum arteriosum and the left recurrent laryngeal nerve.


Palpate the trachea near its bifurcation to identify the horizontally-placed tracheal rings. Are these rings complete or partial?  Open the tracheal tube with a vertical incision through its posterior fibromuscular membrane.  Continue the incision into the right main bronchus and identify the carina, the internal ridge at the tracheal bifurcation.


Are the dimensions of the right main bronchus the same as the left?

Can you explain why  foreign bodies are usually aspirated into the right bronchus? (Clue: Which bronchus is more vertical, shorter,or wider?)


Identify the following four parallel, vertically oriented structures superior to the level of the aortic arch:  esophagus, trachea, left recurrent laryngeal nerve  (if your cadaver is short and obese, this may only be possible later on, when you dissect the neck).  The esophagus lies anterior to the vertebral column, and projects slightly to the left of the trachea.  The trachea is immediately anterior to the esophagus.  The left recurrent laryngeal nerve ascends towards the larynx in the lateral gutter between the esophagus and the trachea.


You will return to the mediastinum during the dissection of the neck to review the continuity of structures between these two regions.  Keep the mediastinal dissection moist by covering it with wet paper towels, replacing the sternum-rib plate and muscle and skin flaps, and layering additional moistened paper towels over the skin.

Diaphragm

The diaphragm is a central muscular sheet separating the thorax from the abdomen. It has a central tendon with radiating  peripheral muscle fibers which attach to the sternum, ribs, costal cartilages and lumbar vertebrae. The diaphragm has three large openings through which the esophagus, the aorta, and the inferior vena cava pass. Examine the diaphragm and its openings. Appreciate the fact that lowering the central tendon  increases the volume of the thorax during inhalation, and decreases the intrapulmonary pressure. During inhalation the muscular portion of the diaphragm sortens and the diaphragm descends. 

Anterior abdominal wall. (This will be demonstrated on a prosected specimen). 


The main abdominal muscles important for respiration (forced exhalation)  include the rectus abdominis, and three thin muscles which alternate in their fiber direction: the external oblique, internal oblique, and the transversus abdominis muscle. 

As a group, these muscles are flexors of the vertebral column. They also support the abdominal contents. With the vertebral column rigid, the  contraction of the abdominal muscles compresses the abdominal contents and draws the ribs downward, decreasing the size of the thoracic cavity.  With the laryngeal muscles contracted and vocal folds closed, the abdominal muscles function in activities requiring high intraabdominal and intrathoracic pressures, such as micturition (urination), defecation, vomiting, and childbirth. 

Dissect: The fibers of the external oblique originate above the costal margin. Observe the digitations of the external oblique from each of the lower 8 ribs.  Between the digitations you may see lateral cutaneous nerves. Clean the surface of the external oblique and note its aponeurosis (a thin fibrous sheet) extending from the muscle medially to insert into the anterior portion of the rectus abdominis sheath. 


Find the plane between the external oblique and the underlying internal oblique and separate their fibers. Note that the fibers of the internal oblique have a different orientation.  The internal oblique originates mainly from the iliac crest of the pelvis and inserts on the lower 4 ribs. Its aponeurosis extends medially and splits to enclose the anterior and posterior sides of the rectus sheath. 


Separate the internal oblique from the transversus abdominis. The orientation of the transversus is horizontal; it originates from the lower 6 cartilages, the iliac crest, and inguinal ligament, and contributes medially to the posterior portion of the rectus sheath. 


Note the rectus abdominis; it arises from the pubic bone of the pelvis and inserts on the cartilages of ribs 5 to 7. Running down the midline separating the rectus muscles of the two sides is the linea alba, a relatively avascular  insertion site of the aponeuroses of the three flat abdominal muscles. 


The anterior abdominal muscles, with the exception of the transversus abdominis, may  act to pull the ribs downward during respiration. 

.

