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Chapter 1 - THORAX During the physical examination of a 12-year-old girl a young intern was unable to detect a heartbeat. The radial pulse, however, was normal. After thinking about this, the physician was able to detect a normal heartbeat. 1.1A Where would the physician normally attempt to listen to the apex beat of the heart? The physician would normally listen to the apex beat by placing the bell of the stethoscope over the left fifth intercostals space, medial to the interclavicular line; that is, inferomedial to the nipple. 1.1B What congenital defect of the heart could account for failure to detect a heartbeat on the left side of the thorax? Dextrocardia, a congenital defect in which the heart bends to the left instead of to the right during development, would account for failure to detect a heartbeat on the left side. (See Moore and Persaud, 2003, pp. 374-375.) 1.1C In what other location should you attempt to detect a heartbeat? In a person with dextrocardia, you would expect to hear the apex beat best in the right fifth intercostal space, inferomedial to the right nipple. A 46-year-old woman consulted her physician about a firm, painless lump in her left breast. During the physical examination, the physician felt a lump in the superior lateral quadrant of her breast. He also observed dimpling and thickening of the skin in this quadrant and noticed that her left nipple was noticeably higher than the right one. Palpation of the axilla revealed enlarged, firm lymph nodes. A diagnosis of carcinoma of the breast was made. 1.2A Most cancer cells transported by lymph from the left superior lateral quadrant of the breast pass initially to what site or structures? In general, 75% of lymph flow from the breast, including most lymph from the superior lateral quadrant in particular, drains to the axillary lymph nodes, with the majority going initially to the pectoral (anterior) group of axillary nodes. Thus, the majority of lymphogenous metastatic cells from a breast cancer, and especially those from the superior lateral quadrant, pass initially to the pectoral group of axillary nodes 1.2B



To what other lymph nodes and sites may the lymph carry cancer cells?



Lymph from this quadrant may also carry some cancer cells directly to apical axillary, infraclavicular and supraclavicular lymph nodes, or to small, irregular interpectoral nodes between the pectoral muscles 1.2C What causes thickening and dimpling of the skin and elevation of the nipple in breast cancer?



Interference with the lymphatic drainage of the breast by invasion of cancer cells can produce edema, which gives the skin a thickened, finely dimpled appearance that has been compared to the skin of an orange ("peau d'orange") or to pigskin leather. Localized depressions of the skin and/or retraction of the nipple results when cancer invades the suspensory ligaments, glandular tissue, or lactiferous ducts. Elevation of the entire breast, making the affected nipple higher than its contralateral partner, results from entry of cancer cells into the retromammary space, the pectoral fascia, and the interpectoral nodes A woman was stabbed in the right side of her lower neck. The stab wound was two to three centimeters superior to the medial third of the clavicle. Shortly after the bleeding was controlled, the woman began breathing rapidly and was given oxygen by the paramedics. Physical examination revealed a significant shift of the apex beat of the heart to the left, and poor breath sounds were heard on the right side of her thorax. 1.3A What structures were likely injured? The structures that may have been injured are the right subclavian artery and vein, the suprapleural membrane, cervical pleura, and the apex of the lung 1.3B What injuries could cause the shift of the apex beat of the heart to the left side of the thorax? Injury to the subclavian vessels and parietal pleura could result in the accumulation of air and blood in the pleural cavity (pneumothorax and hemothorax). This condition may in turn result in partial or total collapse of the right lung (atelectasis). Accumulation of air or blood sufficient to increase the volume of the right pulmonary cavity (tension pneumo- or hemothorax) causes the soft mediastinum (including the heart) to shift to the left (mediastinal shift). 1.3C What procedure would likely be performed to rectify the abnormal position of the heart? A thoracocentesis followed by insertion of a valved chest tube (drain) would likely be performed to remove blood from the pleural cavity and allow the lung to inflate. 1.3D What structures are vulnerable during this procedure? The intercostal nerve and vessels are vulnerable to injury during thoracocentesis A 62-year-old man consulted his physician about his difficulty breathing. During the physical examination, the physician palpated the man's trachea in the jugular notch. During cardiac systole, he felt the trachea move abnormally. Radiographic studies revealed an aneurysm of the arch of the aorta. 1.4A What is an aneurysm of the arch of the aorta? An aneurysm of the arch of the aorta is a dilation of the wall of the arch, usually due to an acquired or congenital weakness of the wall of the vessel 1.4B Why is this abnormality common in older people?



This abnormality is common in older people with arterial disease and in certain congenital disorders, such as aortic valve stenosis and Marfan syndrome-a genetic, multisystemic, connective tissue disorder characterized by skeletal changes (long limbs, projecting sternum, joint laxity) and cardiovascular events such as mitral valve prolapsed 1.4C What structures may be compressed by the aneurysm? The arch of the aorta lies posterior to the manubrium and runs superoposteriorly and to the left, anterior to the trachea. The arch then passes inferiorly to the left of the trachea and esophagus. Consequently, pressure may be exerted on the trachea and esophagus, causing dyspnea and difficulty in swallowing. 1.4D Why does the trachea move abnormally during cardiac systole? During ventricular systole (contraction and emptying), blood is forced into the ascending aorta and arch of the aorta, which enlarges the aneurysm and increases the compression of the trachea and esophagus. Abnormal movement ("tugging") of the trachea during systole can be palpated in the jugular notch While having a heated discussion with a client, a 48-year-old businesswoman experienced a sudden, crushing substernal pain in her chest that radiated along the medial aspect of her left arm. The client helped her to the couch where the woman attempted to relieve the pain by squirming, stretching, and belching. When her secretary noted that she was pale, perspiring, and writhing in pain, she called a physician and an ambulance. The ambulance attendants administered oxygen and rushed her to the hospital. She was admitted to the intensive care unit (ICU) since the pain, although diminished, was still present nearly 40 minutes after the event's onset. She was placed under observation with ECG monitoring for detection of potential fatal arrhythmias. Her blood pressure was low (a sign of shock). On questioning, the senior resident learned that the patient had had previous attacks of substernal discomfort during stress that she was reluctant to describe as pain. She said that this discomfort always passed when she rested. When the resident asked the patient to describe her present chest pain, she said that it was the worst pain she had ever felt and clenched her fist to demonstrate its viselike nature. She said that when the pain struck, she had a feeling of weakness and nausea. On auscultation, the resident detected an occasional arrhythmia. Electrocardiogram (ECG): abnormal. Lab Report: elevated serum levels of substances confirming myocardial necrosis. Diagnosis: Acute myocardial infarction (MI) caused by coronary atherosclerosis. 1.5A Define acute MI and coronary atherosclerosis. Acute MI is a disease characterized by inadequacy of blood flow to (ischemia) and subsequent necrosis of ventricular muscle (myocardium), resulting from sudden occlusion of a coronary artery, or by excessive exertion by a person with stenotic coronary arteries. Myocardial necrosis results in dysfunction of the heart as a pump, or in death if the infarcted area is so extensive that cardiac function is severely disrupted. An atheroma (or atheromatous plaque) is a lipid deposit that protrudes from the endothelial surface of a blood vessel. Ulceration and disruption of the atheroma result in the release of atheromatous debris. This embolus is carried along the coronary artery until it reaches a naturally narrowed or stenotic part. Because it blocks the vessel, no blood can pass to the myocardium, and MI occurs.



1.5B Explain the anatomical basis of referred pain from the patient's heart to the left side of her chest, shoulder, and medial aspect of her arm. The dominant symptom of MI is deep and referred visceral pain. Visceral referred pain is the perception of visceral pain as occurring in remote cutaneous areas. Afferent pain fibers from the heart run through the middle and inferior cervical branches and the upper thoracic branches of the sympathetic trunks of the neck and thorax to cell bodies in the spinal ganglia of T1 through T4 or T5 spinal nerves. The central processes (axons) of these primary sensory neurons enter spinal cord segments T1 through T4 or T5 on the left side. Pain of cardiac origin is often referred to (perceived as arising from) the left side of the chest and along the medial aspect of the arm and upper forearm. These are the dermatomes served by the same spinal ganglia and segments of the spinal cord that receive cardiac sensation. A 58-year-old man who had lived in an industrial area all his life consulted his physician because he was coughing up blood (hemoptysis) and was experiencing shortness of breath (dyspnea) during exertion. The physician learned that he had been a heavy cigarette smoker for over 40 years and had had a "smoker's cough" for several years. He stated that his shortness of breath and cough had been getting worse for the last few months. He first noticed that his sputum was blood-streaked approximately three weeks earlier. He thought that might be related to a hoarseness he had recently developed in his voice. He stated that he had experienced chest pain (angina) on the left side at that time. Physical examination revealed that his left medial supraclavicular lymph nodes were slightly enlarged and more firm than usual. His breath sounds and resonance on the left side were more diminished than on the right side. The physician requested chest radiographs. Radiology Report: There is obscuration (indistinctness) of the hilum of the left lung by a mass. Normal left mediastinal contours superior to the hilum cannot be recognized, and there is slight radiolucency of the remainder of the left lung. The mediastinum is shifted slightly to the right. Endoscopy: On examination of the interior of the main bronchi under local anesthesia with a bronchoscope, the otolaryngologist observed a growth that was partly obstructing the origin of the left superior lobe bronchus. He obtained a biopsy of the tumor through the bronchoscope. The enlarged supraclavicular lymph nodes were also biopsied for microscopic examination. Mediastinoscopy: Examination of the mediastinum with a mediastinoscope inserted through a suprasternal incision under anesthesia revealed enlarged superior tracheobronchial lymph nodes. The surgeon biopsied these nodes through the mediastinoscope. Pathology Report: Bronchogenic carcinoma was detected in the bronchial biopsy. The supraclavicular lymph nodes did not show definite tumor involvement, but the mediastinal lymph nodes showed many malignant (cancerous) cells. Diagnosis: Bronchogenic carcinoma with metastases to mediastinal lymph nodes. 1.6A Using your knowledge of the anatomical relations of the bronchi and lungs, state which structures are likely to be involved by direct extension (contiguity) of a malignant tumor of the bronchus. Because of the anatomical relations of the bronchi and lungs, some bronchogenic cancers may extend into the mediastinum, root of the neck, thoracic wall, or diaphragm. In this case, invasion of the left superior mediastinum and root of the neck are most probable. Direct infiltration of the pleurae produces pleural effusion into the pleural cavity. This pleural exudate may be bloody (sanguineous) and may contain exfoliated malignant cells. 1.6B What nerves or nerve formations might be involved in a tumor of this type, and how would that involvement be manifest?



Nerves possibly involved, and the manifestations of that involvement, include: 1. The left phrenic nerve as it crosses anterior to the root of the left lung, or in the root of the neck; may result in paralysis of half of the diaphragm. 2. The left recurrent laryngeal nerve as it passes under the arch of the aorta and above the left main bronchus, adjacent to the superior tracheobronchial nodes, or at the apex of the lung; produces hoarseness because of paralysis of the vocal folds. 3. The left superior thoracic spinal nerves or inferior trunk of brachial plexus; produces anginal-type pain in left thorax, axilla and medial upper limb, and may affect structures, such as the intrinsic muscles of the hand, innervated by the ulnar nerve. 4. The thoracic sympathetic chain and the cervicothoracic (stellate) ganglion, resulting in the Horner syndrome 1.6C Which set of lymph nodes are likely to be primarily and secondarily involved, and how might such involvement be manifest? All lymph from the lung traverses the bronchopulmonary lymph nodes in the hilum. The structures of the root of the lung drain initially to these nodes. As these nodes enlarge, they increase the size of the hilum of the lung, giving it a lumpy appearance. They are also likely to compress the bronchi, interfering with ventilation of the lung. The bronchopulmonary lymph nodes drain into tracheobronchial nodes that lie in the angles between the trachea and bronchi, part of the mediastinal group of lymph nodes. Clinically, the inferior group of tracheobronchial nodes is commonly referred to as carinal lymph nodes because of their relationship to the carina of the bifurcation of the trachea. Splaying and fixation of the bifurcation of the trachea may be associated with enlargement of these nodes due to metastatic tumors in them. These abnormalities can be seen bronchoscopically and radiologically. Enlarged mediastinal lymph nodes may indent the esophagus, which can be observed radiologically as the patient swallows a barium sulfate emulsion 1.6D How might the findings have differed if the tumor had been located in the inferior lobe of the left lung? Lymph from the right lung drains to tracheobronchial nodes and then continues to pass through the right paratracheal nodes, the right bronchomediastinal trunk, and the right lymphatic trunk. Lymph from the superior lobe, and some from the inferior lobe, of the left lung drains to the left superior tracheobronchial nodes and continues along a similar pathway on the left side leading to the thoracic duct. However, most lymph from the inferior lobe of the left lung also drains to inferior tracheobronchial nodes and then continues along the right pathway. Thus, tumor cells in superior tracheobronchial, paratracheal or supraclavicular lymph nodes on the right side may have originated from the inferior lobe of the left lung 1.6E What is the significance, if any, of enlarged or tender supraclavicular lymph nodes? The medial supraclavicular (sometimes called "scalene") lymph nodes lie just superior to the clavicle, where the bronchomediastinal trunks join the subclavian and jugular trunks to form the right lymphatic trunk on the right, or enter the thoracic duct on the left. These nodes are palpable, and tenderness or enlargement of these nodes is often an initial indication of pathology (hence the label sentinel nodes). However, lymphadenopathy of these nodes is not pathognomonic (does not specifically indicate pathology) of bronchogenic cancer. They may also become involved in other pathologies, including breast cancer. In the case of bronchogenic cancer, involvement of these nodes occurs at a rather late stage, and has been considered a sign of tumor inoperability. 1.6F Where would you expect tumor cells to metastasize via the lymph and blood?



Because all lymph finally enters the venous blood at the venous angles via the right lymphatic trunk or thoracic duct, lymph-borne metastatic cells from the lungs and pleurae may enter the right heart in addition to metastasizing to lymph nodes located along the path of drainage. Consequently, the cancer cells may pass through the pulmonary circulation, and return again to the heart for distribution to the body via systemic arteries. Common sites of hematogenous metastases from bronchogenic carcinoma are lungs, brain, bones (ribs and vertebrae), and suprarenal glands. 1.6G Describe possible anatomical pathways for metastasis of cancer cells from a bronchogenic carcinoma to these sites. Once in the capillary beds of the above organs, the tumor cells probably pass between the endothelial cells of the capillaries and enter the parenchymal tissue. Tumor cells may enter the venous blood directly through the wall of a capillary or venule in the lung, and erosion of bronchogenic tumors into the pulmonary veins near the hilum also occurs. Although most cancer cells from the lung are probably transported to the metastatic site via the arterial system, others may be carried by the venous system. It has been suggested that constant coughing and enlarged mediastinal lymph nodes compress the superior and inferior venae cavae, hampering venous return and causing the blood draining the bronchi to reverse its flow and pass through the bronchial veins into the azygos venous system. From here, blood and tumor cells could pass to the extradural (epidural) external vertebral venous plexuses around the spinal dura mater (see Chapter 4). As this plexus communicates with the cranial dural venous sinuses, tumor cells can be transported to the brain. The passage of tumor cells to the veins of the vertebral column also explains the frequency of metastases to vertebrae. During a violent argument with his wife, a 44-year-old inebriated man was stabbed with a paring knife. The knife penetrated the fourth intercostal space just lateral to the left sternal border. En route to the hospital, the paramedic initially controlled the external bleeding by compressing the wound. The patient's heart sounds began to diminish, as did the patient's pulse pressure, yet the veins of the patient's neck and face were becoming engorged. The patient soon began gasping for breath, and entered into shock. While his partner administered oxygen, the paramedic removed the compress from the wound (which had ceased bleeding) and inserted a tube into the wound to a depth at which blood began to flow through the tube. A syringe was used to aspirate about 25 cc of blood. Heart signs improved almost immediately, but soon diminished again and more blood was aspirated. Upon arrival at the emergency room (ER), blood transfusion was started immediately, and the patient was rushed to the operating room (OR) for thoracotomy with pericardiotomy and direct suture of the heart wound. In the OR, endotracheal intubation for assisted respiration was not started until the pericardium had been opened. Diagnosis: Cardiac tamponade consequent to a stab wound. 1.7A Using your knowledge of the surface anatomy of the thorax, what organ(s) would you expect to be punctured by the knife? The knife, entering the fourth intercostal space lateral to the left sternal border, may not have penetrated the left lung because of the cardiac notch in its anterior border. More likely, the knife nicked the parietal layer of pleura of the left lung, and entered the left ventricle. The laceration of both pericardium and myocardium were probably quite small, or the exsanguination (loss of blood) may have occurred much more rapidly with fatal results 1.7B Where would the blood likely accumulate?



Blood accumulated within the pericardial sac (hemothorax 1.7C Discuss cardiac tamponade and how this condition produced the symptoms noted by the paramedic. The increasingly thick "layer" of blood between the pericardial sac and the heart accounts for the diminishing heart sounds. Because the volume of this unyielding sac became more and more compromised, the heart was increasingly less able to expand and accept blood following each contraction (cardiac tamponade). As inflow became progressively more impeded, pressure on the venous side increased, initially within the venae cavae and then within their tributaries. This accounts for engorgement of the patient's neck and facial veins. Obviously, if inflow diminished, so must have cardiac output, resulting in falling pulse pressure. Decreased blood flow to the lungs and brain caused the patient to gasp for breath and enter shock 1.7D What is the procedure the paramedic performed? What did it accomplish? The procedure the paramedic performed was pericardiocentesis-removal of fluid from the pericardial sac. This relieves the tamponade, allowing the heart to expand more fully to receive blood following each contraction, thus restoring a physiological cardiac output 1.7E Why was assisted respiration not started at the outset of the procedure in the OR? Respiratory assistance utilizing positive airway pressure was not started until the pericardium had been opened since it would further increase intrathoracic pressure, exacerbating the tamponade of the heart and venae cavae, perhaps reducing a markedly diminished cardiac output to none at all A short, thin man with spindly limbs (gracile habitus), 42 years old, complained about recent difficulties in breathing during exercise (exertional dyspnea) and extreme fatigue. He stated that other than being physically underdeveloped, he had been well most of his life, until the last year or so when he contracted several respiratory infections. Physical examination revealed a prominent right ventricular cardiac impulse. A moderately loud midsystolic murmur was heard over the second and third intercostal spaces along the inferior left sternal border. An ECG showed changes suggestive of right ventricular hypertrophy. PA and lateral radiographs of the thorax and angiocardiographic studies were requested. Radiology Report: Radiographs showed enlargement of the right side of the heart, especially of the right outflow tract, a small aortic knob (protrusion from the left border of the cardiac silhouette caused by the arch of the aorta), dilation of the pulmonary artery and its major branches, and increased pulmonary vascular markings. During right cardiac catheterization, the catheter easily passed from the right atrium into the left atrium. Serial samples of blood for determination of oxygen saturation were taken as the catheter was withdrawn from the left atrium into the right atrium and then through the IVC. These studies revealed increased oxygen saturation of the right atrial blood compared with blood in the IVC. Serial determinations of pressures showed unequal pressures in the atria (slightly higher in the left atrium). Diagnosis: Atrial septal defect (ASD) classified as a secundum type with a left-to-right atrial shunt of blood. 1.8A Was this man likely born with the ASD? ASD is a congenital malformation. It is an imperfection in the interatrial septum that develops during embryonic formation of the heart



1.8B Which embryonic structures were involved in this defect, and what remains of them postnatally? The common form of ASD is the secundum type of ASD, so classified because it results from abnormal development of the oval foramen and secondary septum (L.septum secundum) (Moore and Persaud, 2003). The site of the prenatal opening, and where most defects occur, is represented by the oval fossa in the adult right atrium. Following birth, the primary septum (L. septum primum) and the secondary septum normally fuse in such a way that no opening remains between the right and left atrium 1.8C What additional complications do you think might occur in this patient in view of the left-to-right shunt of blood? Left-to-right shunting of blood occurs because left atrial pressure exceeds that in the right atrium during the major part of the cardiac cycle. Some of the patient's blood therefore makes two circuits through the lungs. As a result, the workload of the right ventricle increases, and its muscular wall hypertrophies (increases in size). The cavities of the right atrium, right ventricle, and pulmonary artery dilate to accommodate the excess amount of blood in them. During their first 40 years, a majority of ASD patients have a moderate to good exercise tolerance, despite the fact that the opening in the interatrial septum is often two to four cm in diameter. Pulmonary vascular disease (arteriosclerosis) is likely to develop with increased pulmonary artery pressure, particularly if recurrent respiratory infections occur. Severe pulmonary hypertension may eventually result in higher pressure in the right atrium than in the left, reversing the shunt and causing cyanosis, severe disability, and heart failure A 16-month-old boy was helping his mother clean up the morning after a cocktail party when he suddenly started to choke. Thinking he must have something in his throat, she straddled him over her forearm and gave him several back slaps. Although he seemed to be somewhat better after this, it was not long before he began to cough again. When she observed that he was having difficulty breathing, she called her pediatrician who arranged to meet her at the hospital. When asked what the child had been eating when he began to choke, the mother replied, "Nothing! But he could have picked up something that dropped on the floor last night, such as a peanut." Physical Examination: Physical examination revealed that the child was in respiratory distress characterized by coughing and dyspnea. On subsequent examination, the pediatrician noted limited movement of the right side of the chest. Auscultation disclosed reduced breath sounds over the right lung anteriorly and posteriorly. On percussion, the physician thought there was slight hyperresonance over the right lung. She requested a fluoroscopic examination of the thorax and inspiration and expiration chest films. Radiology Report: There is hyperinflation of the middle and inferior lobes of the right lung, with a shift of the heart and other mediastinal structures to the left that decreases on inspiration. It appears that a foreign body is probably lodged in the right middle lobe bronchus, just inferior to the origin of the superior lobe bronchus. Bronchoscopy: Under general anesthesia, the interior of the bronchial tree was examined with a bronchoscope. A foreign object was observed in the right middle lobe bronchus at the site suggested by the radiologist. The bronchoscopist removed the object with some difficulty, using forceps passed through the bronchoscope. The object was a large peanut. Diagnosis: Bronchial obstruction resulting from aspiration of a peanut. 1.9A What is the embryological and anatomical basis for foreign bodies entering the right main bronchus and involving the middle and inferior lobes of the right lung?



Because the right main bronchus is wider, shorter, and more vertical than the left main bronchus, foreign bodies more frequently pass into the right than into the left bronchus. The right middle and inferior lobes of the right lung are usually involved because the right inferior lobe bronchus is in line with the right main bronchus and because the foreign body often lodges in the intermediate bronchus, superior to the origin of the middle lobe bronchus 1.9B If the peanut had not been removed, the right middle and inferior lobes of the infant's lung might have collapsed. Explain why a lung collapses. What term is used to refer to this occurrence? When complete obstruction of a main bronchus occurs, the entire lung eventually collapses as oxygen is depleted and carbon dioxide and nitrogen are absorbed by the blood that continues to perfuse the lung. The lung thus becomes a nonaerated or atelectatic lung, the condition referred to as (secondary) atelectasis. Primary atelectasis refers to a lung that has never filled with air (failure of a lung to inflate at birth). Depending on the site of obstruction, collapse may involve an entire lung, a lobe, or a bronchopulmonary segment 1.9C What would be the appearance of the collapsed lobes in a radiograph? Because a collapsed lung or part of a lung is of soft tissue density (vs. the normal air density of lungs), atelectatic lungs, lobes, or segments appear as homogeneous dense (light) shadows on radiographs, in contrast to a normal air-filled lung that is relatively lucent and appears dark on x-ray films 1.9D What effect, if any, would the collapse of a lung have on the position of the heart, other mediastinal structures, and the diaphragm? When atelectasis of a sizable segment of lung occurs, and the thoracic wall is intact so that air or blood is not accumulating in the pleural cavity, the heart and mediastinum are drawn toward the obstructed side and remain there during inspiration and expiration. The range of excursion of the diaphragm on the normal side either remains normal or increases to compensate for the nonfunctional lung, whereas those of the contralateral (atelectatic) side are markedly reduced A 10-year-old girl wrapped in a blanket was carried into the outpatient department. The nurse took her into an examining room and called a physician. As the nurse prepared the child for the examination, he observed that the child was shivering (chills) and was holding the right side of her chest. He also noted that her respirations were rapid (tachypnea) but shallow. The girl had a hacking cough and brought up some sputum containing some blood-tinged mucous material. Her temperature was 41.5 C and her pulse rate was 115. On percussion of the thorax, the physician noted dullness over the right inferoposterior region of the child's chest. On auscultation, he noted suppression of breath sounds on the right side and a pleural rub. When asked to describe the pain, the child said it was a sharp, stabbing pain that became worse when she breathed deeply, coughed, or sneezed. When asked where she first felt pain, she placed her hand over the inferior part of her right chest. When asked where else she experienced pain, she pointed to her umbilical area and right shoulder. The physician requested a complete blood count, a sputum culture, and chest films in both prone and upright positions. Laboratory Report: The white blood cell count is elevated (leukocytosis) and many pneumococci were seen in the sputum. Radiology Report: There is an area of consolidation (airless lung) in the posterior part of the base, or diaphragmatic surface, of the right lung. There is also a slight shift of the heart and other mediastinal structures to the right side. Diagnosis: Pleuritis caused by pneumococcal pneumonitis.



1.10A What is the function of the pleurae? The parietal and visceral pleurae, and the capillary film of fluid between them, allow the movement of the lungs (the expansion and contraction necessary for respiration) within the pulmonary cavities. Further, the pleural fluid exuded by the membranes provides the surface tension that keeps the lungs from collapsing and causing them to expand when the diaphragm descends or the thorax expands (i.e., it provides "mobile adhesion" of lungs to thorax wall and diaphragm 1.10B Discuss causes of pleuritis, pleural rub, and pleural effusion. When the pleurae are inflamed (pleuritis),the pleural surfaces become rough and the rubbing of their surfaces produces pain and friction that is audible (pleural rub) during auscultation. The pleurae respond to the irritation of inflammation and friction by secreting excessive amounts of pleural fluid (pleural effusion). If the inflammatory process had not been treated, a pleural effusion of serum would have occurred from the blood vessels supplying the pleura. If the inflamed pleurae become infected, pus accumulates in the pleural cavity (empyema 1.10C What findings suggest the presence of fluid in the pleural cavity? Because it is primarily a potential space, the pleural cavity is not usually visible on radiographs, but when air, fluid, pus, or blood collect between the visceral and parietal layers of pleura, the pleural cavity becomes apparent. Pleural exudate in the pleural cavity, especially in its dependent portions, is visible on radiographs as a more or less homogeneous density that obscures the normal markings of the lung 1.10D Give an anatomical explanation of why a slight shift of the heart and other mediastinal structures (mediastinal shift) may occur with pneumonitis. The heart and mediastinal structures shift toward the affected side where there is pneumonitis (inflammation of lung) and occupy the space created by the slight loss of volume of the consolidated lung tissue, resulting from the loss of air from the alveolus. If pleural effusion or empyema occurs, the heart and mediastinal structures are pushed toward the opposite side by the accumulated serum or pus, respectively. 1.10E How is pus removed from the pleural cavity? Empyema may be drained by thoracentesis 1.10F Using your knowledge of the nerve supply to the pleurae, explain the referral of pain to the right side of the chest, periumbilical area, and right shoulder. The parietal pleura, particularly its costal part, is sensitive to pain, whereas the visceral pleura is insensitive. Afferent fibers from pain endings in the costal pleura and the pleura on the peripheral part of the diaphragm are conveyed through the thoracic wall as fine twigs of the intercostal nerves. Irritation of nerve endings in the pleura resulting from rubbing of the inflamed pleurae together, particularly during inspiration, produces stabbing pain. Pain from the costal pleura is perceived in a generally localized area of the thoracic wall overlying the irritation, but may also be referred to the overlying areas of skin (dermatomes) of the thoracic and/or abdominal walls innervated by the same



intercostal nerves affected by the irritation. Pain around the umbilicus is explained by the fact that the 10th intercostal nerve supplies the band of skin (dermatome) that includes the umbilicus. The mediastinal pleura and the pleura on the central part of the diaphragm are supplied by sensory fibers from the phrenic nerve (C3, C4, and C5). Irritation of these areas of pleura, as in this case, stimulates nerve endings of the phrenic nerve, resulting in pain being referred to the root of the neck and shoulder. These areas of skin are supplied by the supraclavicular nerves (C3 and C4), which are derived from two of the segments of the spinal cord that give origin to the phrenic nerve During a lengthy trip in the car, a 38-year-old woman experienced substernal discomfort, pain in the right side of her thorax, and breathlessness. She said that she felt sick to her stomach (nausea) and that she was going to faint (syncope). Believing she may have been experiencing a heart attack, her husband drove her to a hospital. Physical Examination: The physician observed evidence of shock and rapid breathing (tachypnea). He also noted swollen, tender veins (varicose veins), particularly in her right thigh and calf (signs and symptoms of thrombophlebitis). On questioning, he learned that she had had painful varicose veins in her lower limbs for some time and that they became extremely painful during her recent long car ride. He also learned that she had been taking birth control pills for approximately nine years. Examination of her lungs revealed a few small, moist atelectatic rales (transitory, light crackling sounds) in the right side of her chest. Auscultation also revealed a pleural rub on the right side. Cardiac examination detected tachycardia (rapid beating of the heart) and arrhythmia (irregularity of the heartbeat). An ECG suggested some right heart strain. Radiographs of her thorax, pulmonary angiograms, photoscans, and fluoroscopy were requested. Radiology Report: The radiographs show some increase in radiolucency of the right lung. Fluoroscopy of her lungs revealed poor or absent pulsations in the descending branch of the right pulmonary artery and relative anemia of the right lung that is consistent with pulmonary thromboembolism (PTE). The photoscans (scintigrams) obtained after intravenous injection of radioactive iodinated - human albumin microparticles showed practically no pulmonary blood flow to the right lung. Diagnosis: PTE resulting from the release of a thrombus from a varicose vein in the lower limb. 1.11A What are the main factors involved in pulmonary thromboembolism and thrombogenesis? PTE is an important cause of morbidity (sickness) and mortality (death) in patients confined to bed, pregnant patients, and women who have been taking birth control pills for a long time. In approximately 90% of PTE cases, a dislodged thrombus forms the embolus (mass occluding a vessel). In the present case, it is probable that the thrombus was released from the great saphenous vein or one of its tributaries and that the embolus was transported to the pulmonary circulation, where it caused complete or almost complete obstruction of the descending branch of the right pulmonary artery. This leads to respiratory and hemodynamic disturbances (e.g., dyspnea, tachypnea, arrhythmia, and tachycardia). Three factors are involved in thrombogenesis (thrombus formation): stasis, abnormalities of the wall of the vessel, and alterations in the blood coagulation system. Various conditions are associated with thromboembolism (e.g., pregnancy, pelvic fractures, lower limb fractures, abdominal operations, and the use of oral contraceptives). Possibly, the lengthy car trip with a safety belt around the woman's abdomen and the birth control pills were contributory factors to thrombogenesis in this case 1.11B How do you think the radiologist injected the contrast material into the patient's right ventricle during pulmonary angiography? The radiologist probably visualized the right ventricle by right cardiac catheterization during which a radiopaque catheter was inserted into the left femoral vein just inferior



to the inguinal ligament. It would then have been guided with the aid of fluoroscopy into the IVC, right atrium, and right ventricle 1.11C What was the probable cause of the patient's severe substernal discomfort and shoulder pain? The patient's chest discomfort probably resulted from right heart strain and distension of the left pulmonary artery and its branches. As the right main pulmonary artery was obstructed, most of the blood was going through the left pulmonary artery. When the right lung failed to receive an adequate blood supply, changes in the pleura and pulmonary tissue likely resulted. In view of the pleural rub, there was probably some pleuritic chest pain caused by irritation of nerve endings in the costal pleura. The referred pain was felt in the thoracic wall, the area of skin innervated by the intercostal nerves During the physical examination of a 15-year-old girl for summer camp, a "machinelike" murmur was heard during auscultation in the second intercostal space near the left sternal edge. On palpation, the physician felt a continuous thrill (vibration) at the same location. Other physical findings were normal. The young woman said she had always been well, although she feels that she gets "out of breath" faster than other girls. Following consultation with her parents and a cardiologist, the family physician decided to conduct further investigations. He ordered PA and lateral chest radiographs and angiocardiography. Radiology Report: The radiographs of the thorax revealed slight left ventricular enlargement and slight prominence of the pulmonary artery and aortic knob. The ECG indicated a moderate degree of left ventricular hypertrophy. Angiocardiography was then performed. The catheter was passed to the heart through the femoral vein and IVC into her right atrium, right ventricle, and pulmonary trunk; however, a small injection of contrast showed the tip of the catheter had then entered the thoracic aorta. The catheter was drawn back to the right atrium and a right angiocardiogram was performed that showed an essentially normal right heart. Another catheter was passed via the femoral artery to the ascending aorta and contrast medium injected into it (aortography). The ascending aorta and arch of the aorta appeared normal, but the left and right pulmonary arteries, as well as the thoracic aorta, were opacified. These studies demonstrated the presence of a patent ductus arteriosus (PDA). Diagnosis: Left-to-right shunting of blood through a PDA. 1.12A Discuss the site of the ductus arteriosus (DA), its embryological origin and prenatal function, postnatal closure of the ductus, and the failure of the ductus to close. The ductus arteriosus (DA) is a fetal vessel (the persistent distal part of the sixth aortic arch) that connects the left pulmonary artery to the arch of the aorta, just distal to the origin of the left subclavian artery. At birth the DA may be equal to or larger in diameter than either the pulmonary artery or the aorta. The prenatal function of the DA is to allow most of the venous blood in the left pulmonary artery to bypass the uninflated lungs. Because of the relatively high pulmonary vascular resistance to blood flow through the uninflated lungs, and the relatively low resistance in the embryonic thoracic and abdominal parts of the aorta and umbilical arteries, blood easily flows from the pulmonary artery into the arch of the aorta and thoracic aorta. The shunting of blood in this way provides a more direct route for fetal venous blood to pass to and through the umbilical arteries to the placenta, where it is oxygenated. At birth, bradykinin (released from the lungs during their initial inflation) causes contraction of the DA musculature, resulting in almost immediate closure. Complete obliteration of its lumen by intimal proliferation occurs within one to three months. Patency of the DA (PDA) after the perinatal period is a relatively common congenital abnormality, occurring approximately once in every 3,000 births and more often in females than in males. PDA is the most common anomaly associated with maternal rubella infection during early pregnancy.



Although PDA occurs more frequently as an isolated abnormality, it may coexist with other anomalies 1.12B What caused the characteristic "machinelike" murmur and left ventricular enlargement? The typical continuous, loud "machinelike" murmur results from turbulent flow of blood from a high-pressure vessel (aorta) to a low-pressure vessel (pulmonary artery) via the DA. Because the pressure gradient exists during both systole and diastole, the murmur is continuous. 1.12C How can this left-to-right shunting of blood be corrected? Is correction necessary? The left-to-right shunt increases the workload of the left ventricle; as a result, it enlarges and its walls thicken. The left atrium may also enlarge in response to the increased volume of blood returning from the lungs. PDA may result in cardiac failure and pulmonary edema in a premature infant, but its presence is compatible with survival until adult life in most cases. However, because the leading cause of death in adults with this malformation is cardiac failure and/or bacterial endocarditis (inflammation of the endocardium, its valves, and great vessels), ligation of the DA is commonly performed to correct this condition. 1.12D What clinical condition do you think might cause right-to-left shunting of blood through the DA? How is this condition manifest? Pulmonary vascular disease (arteriosclerosis) may develop in a person with a PDA, in which case the high pulmonary vascular resistance results in an increase in pressure in the right ventricle and pulmonary artery. This pressure causes a reversal of blood flow through the DA (i.e., right to left). Consequently, poorly oxygenated blood is shunted from the left pulmonary artery into the arch of the aorta and thoracic aorta. As the DA enters the arch distal to the origin of the left subclavian artery, the toes (but not the fingers) become cyanotic and clubbed (broadened and thickened). The finding of cyanosis in the toes, but not in the fingers, is referred to as differential cyanosis



Chapter 2- ABDOMEN A third year medical student was invited by a senior surgeon to observe an abdominal exploratory operation on a patient with intestinal obstruction. While the surgeon and student were scrubbing their hands, the surgeon asked what abdominal skin incision would be appropriate. After a long pause, the student suggested an incision along the semilunar line (lateral border of the rectus sheath). The surgeon was not pleased with the suggestion and asked the following. 2.1A Anatomically, why is the suggested incision (a pararectus incision) undesirable? A pararectus incision is undesirable because it cuts across the nerve supply to the rectus abdominis. Segmental nerves T7L1 approach and enter the deep surface of the muscle laterally (see Figure 2.8A in Clinically Oriented Anatomy, fifth edition). Rectus paralysis with weakening of the anterior abdominal wall results from section of several of these nerves. Inferiorly, the blood supply from the inferior epigastric artery may also be compromised (see Figure 2.10 in Clinically Oriented Anatomy, fifth edition). 2.1B Based on your anatomical knowledge of the structures in the anterolateral abdominal wall, what other type of vertical incision do you think would be better? Why?



Longitudinal incisions are preferred for exploratory surgeries because they offer good exposure and allow extension when necessary. A paramedian incision is preferred to a midline incision because the blood supply allows better healing. The rectus muscle is retracted laterally to prevent tension its the nerves and vessels. Release of traction on closure allows the intact muscle to bridge the incision through the rectus sheath (Skandalakis et al., 1996).



During an appendectomy, the surgical resident asked an attending senior medical student the following. 2.2A When making a transverse incision in the anterolateral abdominal wall for an appendectomy, what nerve must be identified and preserved? In the region in which incisions are made for appendectomies, the iliohypogastric nerve must be identified and preserved to avoid cutting it. 2.2B Where would you expect to find the nerve? The iliohypogastric nerve runs between transverse abdominal and internal oblique muscles as it enters the right inguinal region, coursing parallel but about two cm superior to the inguinal ligament. 2.2C What may result from sectioning of this nerve? This nerve divides into lateral and anterior cutaneous branches and sends muscular branches to the adjacent portions of both muscles as it enters the region. Since the aponeuroses continuing from these muscles at this level forms the inguinal falx, muscular weakness resulting from section of the iliohypogastric nerve may predispose to the development of direct inguinal hernia. Physical examination of an infant with a severe periumbilical infection revealed enlarged lymph nodes in both axillae and inguinal region. 2.3A What regions other than the abdomen should you examine for infections? The upper and lower limbs should also be checked for possible infection because lymph from them drains into the axillary and inguinal lymph nodes, respectively. 2.3B How would you explain the lymphadenitis in this infant? The umbilicus defines the divide in lymph flow from the anterior abdominal wall. Superior to the umbilicus, lymph flows to the axillary nodes, whereas inferior to the umbilicus, lymph flows to the superficial inguinal nodes. Lymph from the umbilicus and immediate periumbilical region might flow in either or both directions, as it has in this case. Also, because this is a midline structure, lymph may flow to both right and left sets of lymph nodes. During the physical examination of a patient's abdomen, the attending physician asked you to identify key landmark of the abdomen. You said that the L1 vertebra is a classical abdominal landmark. The physician asked you the following.



2.4A What is the anatomical and surgical significance of the L1 vertebra with regard to the abdomen? The L1 vertebra is the vertebral level of the transpyloric plane. This is a key vertebral level or horizontal plane of the abdomen because it marks the level of many important abdominal structures: the fundus of the gallbladder, the neck of the pancreas, the origin of the SMA and the portal vein, the duodenojejunal junction, the root of the transverse mesocolon, and the hila of the kidneys. Despite its name, in living persons the pylorus of the stomach is likely to lie in this plane only when the individual is in the recumbent position. 2.4B During the physical examination of a patient's abdomen, the attending physician asked you to identify key landmark of the abdomen. You said that the L1 vertebra is a classical abdominal landmark. The physician asked you the following Where does the plane of the L1 vertebra lie relative to anterior surface features? The transpyloric plane bisects the line joining the jugular notch and the superior margin of the pubic symphysis. This plane is commonly the level of the medial end (tips) of the ninth costal cartilages. During your ambulatory care rotation as a medical student, the family physician you are observing refers a patient to a surgeon for a vasectomy. 2.5A After the patient leaves, the family physician asks you some What constituent of the spermatic cord is discernable by palpation? The ductus deferens is easily felt between the thumb and index finger as a firm cord (two to four millimeters in diameter). 2.5B What specific location would you attempt to palpate this structure? The duct may be palpated superior to the testis in the superior part of the scrotum. 2.5C Can this structure always be easily palpated? In some individuals this duct cannot be palpated on one side because of an undescended testis (cryptorchidism). Aplasia or dysplasia of the gonad and duct are another possibility. The latter condition is associated with ipsilateral renal agenesis (absence of the kidney on the same side). During clinical rounds a female patient with an indirect inguinal hernia was visited. The physician stated that indirect inguinal hernias are approximately 20 times more common in males than in female. 2.6A What is the basis for the sex difference in the frequency of this type of hernia? An indirect inguinal hernia is more common in males than in females because the testis passes through the male inguinal canal and the relatively large spermatic cord remains within the canal, creating a potentially weak area of the anterior abdominal wall. In females the inguinal canals are never distended by a structure comparable to the testis,



and are occupied only by the much smaller round ligament; consequently, indirect inguinal herniation is uncommon yet possible if a patent processus vaginalis persists. 2.6B Where does the bulging of the hernia occur in females? A complete indirect hernia in a female may protrude at the superficial ring (superior to the inguinal ligament), or extend medially and inferiorly into the anterior labia majora. 2.6C Describe how an indirect inguinal hernia might be distinguished from a femoral hernia, which is more common in females. Femoral hernias pass through the femoral canal, inferior to the inguinal ligament, into the uppermost thigh, lateral to the pubic tubercle, and do not enter the labium majus. While observing a cholecystectomy during open surgery, the surgeon reported severe bleeding. The blood flow was quickly arrested and the bleeding vessels were treated by electrocautery. 2.7A What artery must be ligated and severed in a cholecystectomy? The cystic artery must be ligated and then severed in order to remove the gallbladder. 2.7B What landmarks are used to locate and identify this artery? The cystic artery is usually isolated by careful dissection as it arises from the right hepatic artery within the cystohepatic triangle (of Calot), bounded by the cystic duct, the common hepatic duct, and the visceral surface of the liver. 2.7C During open cholecystectomy, how might the hemorrhage be controlled without using clamps? It is preferable for the hemorrhage to be controlled by compressing the hepatic artery the origin of the cystic branch between the index finger and thumb where it lies in the anterior wall of the omental foramen. Hurried blind clamping to control brisk hemorrhage has been cited as a frequent cause of intraoperative injury to the ductal system. A young man who was thrown from his motorcycle complained of sharp pain on his left side and held his hand over his lower ribs. Radiographic studies revealed fractures of the tenth and eleventh rib. 2.8A What abdominal organ was most likely injured? The spleen is the most commonly injured abdominal organ. 2.8B



Why is this organ so vulnerable to injury?



The spleen has a thin capsule and is soft, friable, and highly vascular. Hence, it is easily ruptured (e.g., by fractured ribs). 2.8C



Can blunt trauma to other regions of the abdomen injure this organ? Blunt trauma to other regions of the abdomen that cause a sudden, marked increase in intraabdominal pressure can also rupture the spleen (e.g., resulting from impalement on a steering wheel during a motor vehicle accident). 2.8D How is severe hemorrhage from this organ controlled? Severe splenic hemorrhage is controlled by splenectomy (surgical removal of the spleen). 2.8E What structures must the surgeon take extra precaution to preserve during a splenectomy? In performing a splenectomy, the surgeon must take care to ligate only the splenic branches of the splenic artery, preserving the short gastric and left gastroomental arteries that arise in the same location. If the latter arteries are inadvertently compromised, ischemia of the left aspect of the stomach is likely. A 55yearold man reported to his primary care physician that he felt a solid swelling in his scrotum. The lump was diagnosed as an advanced carcinoma of the testis. 2.9A Where would you search for lymphogenous spread of cancer cells from the tumor? Malignant cells from a testicular carcinoma metastasize initially to the right or left lumbar (caval or aortic and preaortic) lymph nodes by lymphogenous dissemination. Subsequent spread may involve mediastinal and supraclavicular lymph nodes. 2.9B Is the skin of the scrotum likely to become involved? The skin of the scrotum (and thus the inguinal lymph nodes to which it drains) would not be involved unless an advanced tumor has spread by contiguity, ulcerating the skin of the scrotum and entering the scrotal lymphatics, which drain to the superficial inguinal nodes. In advanced cases, hematogenous spread is more likely for testicular tumors, with metastasis mainly to the lungs but also to the liver, brain, or bone. A 43yearold woman had symptoms of weight loss, vague abdominal discomfort, obstructive jaundice, and pain penetrating into the back. A diagnosis of pancreatic adenocarcinoma was made. 2.10A Based on your anatomical knowledge of the relations of the pancreas, in what part of the gland do you think the cancer was located? Why? The adenocarcinoma was most likely located in the head of the pancreas because of the presence of obstructive jaundice. Because of the posterior relations of the head, a tumor may produce obstructive jaundice by compressing the bile duct that lies either in a groove in the right part of the gland or embedded in its substance. 2.10B Where would you expect to find metastases of neoplastic cells in this case? Metastases of neoplastic cells would be found initially in the pancreaticosplenic and pyloric lymph nodes. Subsequent spread (likely to have occurred by the time of



detection) would most likely also involve the celiac, superior mesenteric, and lumbar lymph nodes that receive lymph from the head of the pancreas. During a brawl outside a bar, a man was kneed in the groin. He doubled up and complained of severe groin pain. He also said that he felt sick to his stomach. 2.11A Pain is likely to be referred to what other location? Nonspecific pain, associated with nausea, would be referred to the lower abdomen, extending superiorly as far as the periumbilical region (T10 dermatome). 2.11B Explain why pain is felt in this location. The fetal testes develop initially as abdominal organs in the upper lumbar region. The testes then descend to the inguinal region during the late period and enter the scrotum before birth. The testes retain their nerve supply, from approximately the lower three thoracic and first lumbar segments of the spinal cord, as they descend. Pain fibers from the testes are visceral afferent fibers with cell bodies located in the spinal sensory (posterior root) ganglia of the lower thoracic or upper lumbar spinal nerves. The T10 L1 dermatomes extend from the region of the umbilicus to the groin. (See the clinical Blue Box on Visceral Referred Pain, p. 000.) A 58yearold college professor has been experiencing constipation and has developed a mass in the left iliac fossa. His family physician refers him for a sigmoidoscopy. A biopsy reveals colon cancer at the beginning of his sigmoid colon. 2.12A If hematogenous metastasis occurs, what is the most likely site of secondary tumors? Hematogenous spread of colon cancer from the descending and sigmoid colon would pass via the inferior mesenteric vein (IMV) usually to the splenic vein (SV) and on to the portal vein. However, the IMV may enter the superior mesenteric vein (SMV), or the junction of SMV and SV (see Figures 2.88B & C in Clinically Oriented Anatomy, fifth edition). In any of these cases the portal vein would deliver the metastatic cells to the liver. However, if portal streaming occurs (i.e, if blood draining via the SMV flows mainly to the right liver, while blood draining via the splenic vein drain maily to the left), the termination of the IMV could influence which part of the liver becomes seeded initially. If the IMV enters the SV (most typical), the cells would pass mainly to the left liver; if the IMV enters the SMV, the cells would pass mainly to the right liver; if the IMV enters the junction of the SMV and SV, then seeding of either or both sides might occur. 2.12B If lymphogenous metastasis occurs, which set of lymph nodes will become involved initially? Lymphogenous spread would pass initially to the inferior mesenteric lymph nodes anterior to the lower abdominal aorta, and then pass to the lumbar (caval and or aortic) nodes. A 32yearold accountant complained to her physician about a burning pain in the pit of her stomach of approximately two weeks' duration. On careful questioning, she revealed that the pain usually began approximately two hours after she had eaten and then disappeared when she ate again or drank a glass of milk. Except for mild tenderness in her right upper quadrant, just lateral to the xiphoid process, the physical examination results were normal. Suspecting a peptic ulcer, the physician ordered Helicobacter pylorii tests, radiographs of the patient's abdomen, and upper GI studies. Endoscopy of



the stomach and upper duodenum was requested later. Radiology Report: The radiographs are normal but the upper GI studies revealed a peptic ulcer in a moderately deformed ampulla (duodenal cap). Bacteriology Report: Helicobacter pylorii bacteria were found in the biopsy of the duodenal mucosa. Diagnosis: Active peptic duodenal ulcer. Treatment: Initially, the patient responded well to medical treatment such as antacids, frequent bland feedings, abstinence from smoking and alcohol, and antibiotic therapy. Although she followed the physician's instructions for approximately two months, she began to work long hours again, smoke heavily, and consume excessive amounts of coffee and alcohol. Her symptoms returned and vomiting sometimes occurred when the pain was severe. One evening she developed acute upper abdominal pain, vomited, and fainted. She was rushed to the hospital. Physical Examination: Extreme pain, rigidity of the abdomen, and rebound tenderness were detected. On questioning, the patient revealed that her ulcer had been acting up and that she had noticed blood in her vomitus. Surgical Treatment: Emergency surgery was performed and a perforated duodenal ulcer was observed and resected. There was a generalized chemical peritonitis resulting from the escape of bile and the contents of her alimentary tract into the peritoneal cavity. The nerve involved in increasing acid secretion by the stomach was surgically interrupted. 2.13A What structures closely related to the superior part of the duodenum might be eroded by a perforated duodenal ulcer? Sometimes organs and vessels adjacent to the duodenum, usually the pancreas but also the gallbladder and liver, adhere to an ulcer and are eroded by it; for example, a posterior penetrating ulcer may erode the gastroduodenal artery or one of its branches, causing sudden massive hemorrhage, which may be fatal. (Peptic ulcers are discussed in the clinical Blue Box on pages 000 [Gastric Ulcers] and 000 [Duodenal Ulcers].) 2.13B Name the congenital anomaly of the ileum in which a peptic ulcer may develop. Peptic ulcers may occur in an ileal (Meckel) diverticulum, a remnant of the yolk stalk attached to the ileum. Gastric tissue that may secrete acid, causing ulcer formation, may be present in the wall of this diverticulum. 2.13C Explain the anatomical basis for abdominal pain in the right upper and lower quadrants. The pain resulting from a peptic gastric ulcer is referred to the epigastric and left hypochondriac regions because the stomach is supplied with pain afferents that reach T7 and T8 segments of the spinal cord through the greater splanchnic nerve (Table 2.14). Pain resulting from a peptic duodenal ulcer is referred to the epigastric region of the anterolateral abdominal wall because both the duodenum and this area of skin are supplied by T9 and T10 spinal nerves. When a peptic duodenal ulcer perforates, there may be pain throughout the abdomen. Sometimes the paracolic gutter associated with the ascending colon may act as a watershed and direct the escaping inflammatory material into the right iliac fossa. This explains why pain from an anterior perforation of a duodenal ulcer may cause right upper and lower quadrant pain. 2.13D What nerves are sectioned during surgical procedures designed to reduce acid secretion by the parietal cells of the stomach? What other structures receive innervation from this source? How might the operation be performed to avoid sacrificing the innervation to these structures? Because the vagus nerves largely control the secretion of acid by the parietal cells of the stomach, section of the vagus nerves as they enter the abdomen (itruncal vagotomyi)



could be performed to reduce acid production. More often, only the gastric branches of the vagus nerves are cut (selective vagotomyi), thereby avoiding adverse effects on other organs (e.g., dilation of the gallbladder). Vagotomy may be performed in conjunction with resection of the ulcerated area and the acid producing part of the stomach (see clinical correlation (blue) box Gastric Ulcers, Helicobacter pylorii, and Vagotomy in Clinically Oriented Anatomy, fifth edition). In most cases, the H. iipylorii bacteria causing the ulcer can be eradicated by antibiotics, making surgical treatment unnecessary. On the way home from work, a 42yearold office worker suddenly experienced a sharp pain in his left side. The pain was so excruciating that he doubled up and moaned in agony. A fellow worker took him to the hospital. When the physician asked him to describe the onset of pain, the patient said that he first felt a slight pain between his ribs and hip bone and that it gradually increased until it was so severe that it brought tears to his eyes. He said that this unbearable pain lasted approximately 30 minutes and then suddenly eased. He explained that the pain comes and goes, but it seemed to be moving toward his groin. Physical Examination: The physician noted some tenderness and guarding (spasm of the muscles) in the left lower quadrant, but no muscular rigidity. While palpating the tender area deeply, he suddenly removed his hand. Instead of wincing, the patient seemed relieved that the probing had stopped (absence of rebound tenderness). By this time, the patient reported that he felt the pain in his left groin and scrotum and along the medial side of his thigh. The physician noted that the left testis was unusually tender and retracted. When asked to produce a urine sample, the patient stated that it was difficult and painful for him to urinate (dysuria). The nurse reported that the patient's urine sample contained blood (hematuria). Although the physician was certain that the man was passing a ureteric stone, he ordered an abdominal radiograph of the right kidney, ureter, and urinary bladder. Radiology Report: Small ureteric stones are visible on the superior right part of the left ureter and in the urinary bladder.



Diagnosis: Ureteric calculi in the left ureter and renal stones in the urinary bladder. 2.14A What probably caused the patient's initial attack of excruciating pain? The patient's initial attack of excruciating pain was almost certainly caused by passage of the kidney stone from the renal pelvis into the superior end of his right ureter. The



pain moves inferomedially (from loin to groin) as the calculus progresses along the ureter. 2.14B Based on the anatomy of the ureter, at what other sites is a ureteric calculus likely to become lodged? The patient likely experienced the severe pain when the calculus was temporarily impeded because of the narrowing and angulation of the ureter as it crosses the external iliac vessels and pelvic brim and, later, when it became wedged in the ureter as it passes through the wall of the urinary bladder, a definite site of luminal narrowing and hence a common site of obstruction. The pain ceases when it passes into the urinary bladder, although tenderness along the course of the ureter often persists for some time (see Figure 2.65A in Clinically Oriented Anatomy, fifth edition). 2.14C Explain the intermittent exacerbation of pain. Because the ureter is a muscular tube in which peristaltic contractions normally convey urine from the kidney to the urinary bladder, pain results from distension of the ureter by the calculus and the urine that is unable to pass by it. The smooth muscular coat of the ureter normally undergoes peristaltic contractions from its superior to its inferior end. As the peristaltic wave approaches the obstruction, forceful smooth contraction causes excessive dilation of the ureter between the wave and the stone. It is the ureteric distension that produces the sharp pain. Exacerbation of pain occurs as distension increases. 2.14D Briefly discuss the course of pain fibers from the ureters and the referred pain resulting from ureteric trauma. The afferent pain fibers supplying the ureter are included in the lesser splanchnic nerve. Impulses enter the T11 through L2 segments of the spinal cord, and the pain is felt in the cutaneous areas innervated by the inferior intercostal nerves (T11 and T12), the iliohypogastric and ilioinguinal nerves (L1), and the genitofemoral nerve (L1 and L2). Consequently, the pain begins in the lateral region and radiates to the groin and scrotum. The retraction of the testis by the cremaster muscle and pain along the medial part of the front of the thigh indicate that the genital and femoral branches of the genitofemoral nerve (L1 and L2) were involved. Ureteral colic is caused by distension of the ureter, which stimulates pain afferents in its wall. Because there was no peritonitis, no rigidity or rebound tenderness was present. When peritonitis is present, pressing the hand into the abdominal wall and rapidly releasing it causes pain when the abdominal musculature springs back into place, carrying the inflamed peritoneum with it. Hence, the abdominal rebound test is useful in the differentiation of ureteric colic from intestinal colic and appendicitis. A 14yearold boy suffered pain in his right groin while attempting to lift a heavy weight. As soon as he noticed a lump in the region where he felt pain, he decided to lie down. The bulge soon disappeared and he went home. Later, he blew his nose hard and again experienced pain, and the swelling reappeared in his right groin. Fearing that he may have a rupture, his father made an appointment with their family physician. Physical Examination: The physician inserted his index finger into the boy's scrotum superior to his right testis and along the spermatic cord to the superficial inguinal ring. Nothing was felt until he asked the boy to cough; he then felt an impulse on the tip of his finger. When the patient was in a prone position, the bulge disappeared, but when he was asked to strain, a plumsized bulge appeared in the right inguinal region superior to the inguinal ligament. Diagnosis: Indirect inguinal hernia.



2.15A What is an indirect inguinal hernia? An indirect inguinal hernia is a protrusion of abdominal contents (fat, especially that of the greater omentum, or viscera in the form of a loop of intestine) into an outpouching of the peritoneal sac that passes through the deep inguinal ring into the inguinal canal; it may than continue to exit through the superficial inguinal ring and beyond. 2.15B Explain the embryological basis of this kind of hernia. The embryological basis of an indirect inguinal hernia is persistent patency of all or the upper part of the processus vaginalis, an embryonic diverticulum of the peritoneum that extends through the abdominal wall toward the labioscrotal swelling in advance of the descending gonad, forming the inguinal canal. Normally, after descent of the gonad has occurred, the processus vaginalis becomes occluded from the deep inguinal ring onward, except in the male where its distal end remains patent as the tunica vaginalis that surrounds most of the testis. A persistent processus vaginalis predisposes a person to indirect inguinal hernia by creating a weakness in the inguinal region of the anterolateral abdominal wall. It also forms a hernial sac into which abdominal contents (usually a loop of intestine) may herniate when the intraabdominal pressure increases substantially, as occurs during straining while lifting a heavy object. Once the deep inguinal ring has been enlarged by a herniation of the intestine, coughing may cause herniation to occur again. This is the basis of the test done during a physical examination, in which the examiner inserts a finger through the superficial ring of the inguinal canal and the patient is asked to cough. 2.15C What layer forms the hernial sac itself, and what layers of the spermatic cord, if any, cover the hernial sac? The processus vaginalis evaginates all layers of the abdominal wall as it proceeds; in males the layers become the coverings of the spermatic cord while in females less distinct layers are formed in relation to the round ligament. The peritoneum of the processus vaginalis actually forms the hernial sac of an indirect inguinal hernia, which may vary from a short one that only traverses the deep ring to enter the inguinal canal (an incomplete hernia), to one that continues through the superficial ring (a complete hernia), or to one that extends into the scrotum or labium majus (scrotal or labial hernia). In addition, the hernial sac is covered by the coverings of the spermatic cord: internal spermatic fascia, cremaster fascia and, if complete, external spermatic fascia (see Tables 2.6 and B2.1 in Clinically Oriented Anatomy, fifth edition). 2.15D What structures are endangered during an operation for repair of an indirect inguinal hernia? What might some of the consequences of their injury be? During the surgical repair of an indirect inguinal hernia, the ilioinguinal nerve is endangered because it traverses the inguinal canal in both sexes and exits through the superficial inguinal ring. It supplies skin of the superomedial area of the thigh, the skin over the root of the penis, and part of the scrotum or labia majora with sensory fibers. If this nerve is injured, anesthesia of these areas of skin is a likely result. The genital branch of the genitofemoral nerve may also be trapped in a hernia repair. It enters the inguinal canal through or immediately adjacent to the deep inguinal ring and supplies the cremaster muscle as well as scrotal skin. If the nerve is constricted by a suture or staple, postoperative neuritic pain may also occur in the scrotum. Because the ductus deferens lies immediately posterior to the hernial sac, it may be damaged when the sac is freed, ligated, and excised. Because the hernial sac is within the spermatic cord, the pampiniform plexus of veins and the testicular artery may also be injured, resulting in



impaired circulation to the testis. Injury to the vessels of the spermatic cord could also result in atrophy of the testis on that side.



A 22yearold married female medical student woke up one morning not feeling as well as usual. She was anorexic (lacked desire for food) and had crampy abdominal pains. As this coincided with the time of her expected menses, she thought the cramps were the beginning of her usual painful menstruation (dysmenorrhea). Because she had missed her last menstrual period, she also thought that she might be having early symptoms of a ruptured ectopic pregnancy. She had a slight fever and felt dizzy; therefore, she decided to stay in bed. The pain soon localized around her umbilicus. By evening the site of pain shifted to the right lower quadrant of her abdomen and she suspected acute appendicitis. As she was in considerable pain, her husband decided to take her to the hospital. pPhysical Examination: The physician observed a slightly elevated temperature and an increased pulse rate. When asked to indicate where the pain began, the patient circled her umbilical area. When asked where she now felt pain, she put her finger on the McBurney point. During gentle palpation of her abdomen, the physician detected localized rigidity (muscle spasm) and tenderness in the right lower quadrant. When the physician suddenly removed her palpating hand from the area of the McBurney point, the patient winced in pain (rebound tenderness). The physician ordered a blood count. Laboratory Report: There is an abnormally high white blood cell count (leukocytosis). Diagnosis: Acute appendicitis. 2.16A What is appendicitis, and what is the source of the initial pain? Appendicitis is an inflammation of the appendix caused by obstruction of the appendicular lumen, often due to hyperplastic lymph follicles in younger people, or by hardened fecal matter (fecaliths) in older individuals. When its secretions cannot escape, the appendix swells and stretches the visceral peritoneum, producing pain. 2.16B What types of incisions could the surgeon make to expose the appendix? Discuss the anatomical basis of these incisions. The type of skin incision used for an open appendectomy depends on the type of patient, the certainty of the diagnosis, and the preference of the surgeon. Usually a transverse right lower quadrant incision or an oblique gridiron incision is used. Following incision of the skin and subcutaneous tissue, the aponeurosis of the external oblique is incised in the direction of its fibers. The muscles of the next two layers (internal oblique and transverse abdominal) are separated in the direction of their fibers, lessening the risk of injury to the nerves supplying them. The iliohypogastric nerve is identified between these muscle layers and retracted to the side of the field. The transversalis fascia and peritoneum must then be incised to expose the cecum. Because each muscle layer runs in a different direction, the incision is well protected when the retracted layers are returned to their normal position on closure. Occasionally, when diagnosis is uncertain, a periumbilical midline incision is used (Townsend, 2001). 2.16C How would you locate the McBurney point, used as a guideline for the skin incisions? What part of the appendix is usually deep to this point? The transverse or gridiron incision is centered over the McBurney point, the junction of the lateral and middle thirds of the line joining the ASIS and the umbilicus. In most people, this point overlies the base of the appendix. However, the true anatomical location of the appendix is the site where pain and tenderness are maximal, and this varies from person to person (Sabiston and Lyerly, 1994).



2.16D When the incision is completed, what reliable procedure should be followed to locate the patient's appendix? When the peritoneal cavity has been entered, the cecum is delivered into the field. The base of the appendix is the point of convergence of the three teniae coli. Following one of the teniae distally thus leads to the base of the appendix. 2.16E What is the most common location of the appendix? Most commonly (64%), the appendix is located retrocecally. 2.16F How might other possible positions and sizes of the appendix affect the signs and symptoms? Variations in length and position of the appendix may give rise to varying signs and symptoms in appendicitis. For example, the site of maximum tenderness in cases of retrocecal appendix may be superomedial to the ASIS, even as far superior as the transumbilical plane. If the appendix is long (10 - 15 cm) and extends into the pelvis minor, the site of pain in a female might suggest peritoneal irritation resulting from a ruptured ectopic pregnancy. When the appendix crosses the psoas major, extension of the thigh may cause pain (psoas test) because it stretches the muscle and its inflamed fascia; thus the patient often flexes the right thigh to relieve the pain. Tenderness on the right side during a rectal examination may also indicate an inflamed pelvic appendix. 2.16G Discuss the occurrence and pattern of referred pain in appendicitis. Initially, the pain of typical acute appendicitis is referred initially to the periumbilical region of the abdomen; later, the pain usually shifts to the right lower quadrant. Afferent nerve fibers from the appendix are carried in the lesser splanchnic nerve, and impulses enter the T10 segment of the spinal cord. As impulses from the skin in the periumbilical region are also sent to this region of the spinal cord, the pain is interpreted as somatic, not visceral, possibly because the brain receives impulses of cutaneous origin more often. pThe shift of pain to the right lower quadrant is caused by irritation of the parietal peritoneum, usually on the posterior abdominal wall. Afferent fibers from this region of peritoneum and skin are carried in the inferior intercostal and subcostal nerves. The pain during palpation results from stimulation of pain receptors in the skin and peritoneum, whereas the increased tenderness detected in the right side of the rectouterine pouch (rectovesical pouch in a male) is caused by irritation of the parietal peritoneum in this pouch. When the abdominal wall is depressed and allowed to rebound, the person usually winces because, as the abdominal muscles spring back, the inflamed peritoneum is carried with it.p 2.16H Inflammation of what other structure could produce an appendix like pain in the right lower quadrant? An inflamed ileal (Meckel) diverticulum could give rise to signs and symptoms similar to appendicitis. An ileal diverticulum represents the remnant of the proximal portion of the yolk stalk and appears as a fingerlike projection from the antimesenteric border of the ileum (see the clinical correlation (blue) box Ileal Diverticulum in Clinically Oriented Anatomy, fifth edition). 2.16I



What alternative approaches are there for appendectomy? The laparoscopic approach may be used for removal of the appendix in selected individuals, or when a diagnosis is uncertain since it allows examination of other abdominal viscera. A 58yearold obese man with a history of heartburn, impaired gastric function (dyspepsia), and belching after heavy meals complained about recent epigastric pain. He stated that the pain was below his breastbone (substernal pain) and in his chest. He said that the pain was most severe after dinner, especially when he stooped down. Fearing the chest pains might be a heart attack, his wife insisted that he consult a physician. Physical Examination: When asked if he had noticed any other abnormalities, the patient stated that he often brought up small amounts of sour or bittertasting substances (gastric reflux), particularly when he stooped to tie his shoes. He also reported that he recently had been having bouts of hiccups and that he occasionally had difficulty swallowing. The physician ordered an ECG and radiographic and ultrasound studies. Cardiology Report: The ECG shows no evidence of heart disease. Radiology Report: The radiographs of the abdomen were negative; however, a fluoroscopic examination of the thorax showed a round space filled with gas and fluid in the inferior part of the patient's posterior mediastinum. On swallowing barium sulphate, the emulsion was seen to enter this space, which was identified as the gastroesophageal region of the stomach. There was no radiological evidence of peptic gastric or duodenal ulcers. The ultrasound examination showed that part of the stomach passed through the esophageal hiatus in the diaphragm when the patient was asked to touch his toes.p pDiagnosis: Sliding hiatus hernia. 2.17A What is a diaphragmatic hernia? What does hiatal hernia refer to? Are there different types? A diaphragmatic hernia is a herniation of abdominal viscera into the thoracic cavity through an opening in the diaphragm. Hiatus hernia, in which the gastroesophageal region of the stomach herniates through the esophageal hiatus into the inferior part of the thorax, is common, particularly in older people. The two main types of hiatal or hiatus hernia are sliding hiatus hernia and paraesophageal hiatus hernia. Some hernias show features of both types and are referred to as mixed hiatus hernias. 2.17B What is the relationship of the esophageal hiatus to the diaphragmatic crura? On which side of the midline is the esophageal hiatus? On which side are hiatal hernias located? The esophageal hiatus is an opening in the right crus of the diaphragm. However, because the right crus passes to the left of the median plane superior to the aortic hiatus, the esophageal hiatus and hernia are to the left of the midline even though they are within the right crus. 2.17C Does hiatus hernia have an embryological basis? Is it usually present at birth? Hiatus hernia is usually acquired, but a congenitally enlarged esophageal hiatus may be a predisposing factor. 2.17D What other factors predispose to development of hiatal hernia? The thoracic region of the vertebral column becomes shorter with age because of desiccation (dehydration) of the IV discs, and the abdominal fat generally increases during middle age. Both of these occurrences favor development of hiatus hernias.



2.17E What caused the patient's epigastric chest pain? Most of the present man's complaints (heartburn, belching, regurgitation, and epigastric pain) resulted from irritation of the esophageal mucosa by the reflux of gastric juice. The irritant effect of the gastric juice produces esophageal spasm, resulting in dysphagia and retrosternal pain. pPain endings in the esophagus are stimulated by the forcible contractions of the smooth muscle in the esophageal wall. Pain of gastroesophageal origin is referred to the epigastric and retrosternal regions, the cutaneous areas of reference for these regions of the viscera.p 2.17F Based on your anatomical knowledge, what structures do you think would be endangered in the surgical repair of a hiatus hernia? Because the esophageal hiatus also transmits the vagus nerves and esophageal branches of the left gastric vessels, these structures must be protected from injury during surgical repair of hiatus hernias. A 40yearold overweight woman was rushed to the hospital with severe colicky pain in the right upper quadrant of her abdomen. When asked where she initially felt pain, she pointed to her epigastric region. When asked where the pain was now, she ran her fingers under her right ribs (hypochondriac region) and around her right side to her back. She stated that the pain was felt near the lower end of her shoulder blade (inferior angle of scapula). On questioning, she said the sharp midline pain followed a heavy meal containing fatty foods, after which she felt nauseated and vomited. The pain gradually increased. Physical Examination: During gentle palpation of the patient's abdomen, the physician noted rigidity and tenderness in the right upper quadrant, especially during inspiration. She ordered radiographic studies, including an ultrasound examination. Radiology Report: There is a small calculus (gallstone) in the proximal part of the cystic duct, and the gallbladder is greatly enlarged. Diagnosis: Biliary colic resulting from impaction of a gallstone in the cystic duct. 2.18A What is the likely cause of the sudden onset of this patient's symptoms? Was the onset of symptoms following a heavy fatty meal related or coincidental? When fat enters the duodenum, cholecystokinin causes contraction of the gallbladder. In the present case it is likely that the woman's gallbladder contracted vigorously after her fatty meal, squeezing a stone into her cystic duct. Acute cholecystitis is associated with a gallstone impacted in the cystic duct in a high percentage of cases. The impacted calculus causes sudden distension of the gallbladder, which compromises its arterial supply and its venous and lymphatic drainage. The abdominal rigidity detected in the present case resulted from involuntary contractions of the muscles of the anterolateral abdominal wall, particularly the rectus abdominis. This muscle spasm was a reflex response to stimulation of nerve endings in the peritoneum associated with the dilated gallbladder. 2.18B What is a gallstone? What materials are in these stones? A gallstone is a concretion in the gallbladder, cystic duct, or bile duct, composed chiefly of cholesterol crystals. 2.18C Explain the anatomical basis for the patient's pain in (a) the epigastric region, and (b) the right hypochondrium and infrascapular region.



Severe pain develops when a biliary calculus is lodged in the cystic or bile duct. (a) A gallstone wedged in the cystic duct caused the sudden severe pain in the epigastric region. Biliary colici is the pain typical of intermittent obstruction of the cystic duct by a calculus. The pain referred to the right upper quadrant and scapular region results from inflammation of the gallbladder and distension of the cystic duct. The nerve impulses pass centrally in the greater splanchnic nerve on the right side and enter the spinal cord through the posterior roots of the T7 and T8 nerves. (b) This visceral referred pain is felt in the right upper quadrant of the abdomen and in the right infrascapular region because the source of the stimuli entering this region of the cord is wrongly interpreted as cutaneous. Often the inflamed gallbladder irritates the peritoneum covering the peripheral part of the diaphragm, resulting in a parietal referred pain in the right hypochondriac and infrascapular region (see Table B2.2 in Clinically Oriented Anatomy, fifth edition). The inferior intercostal nerves supply this part of the peritoneum. 2.18D Although not so in this patient, pain from an inflamed gallbladder may be referred to the right shoulder. What is the anatomical basis for this? In other cases, the peritoneum covering the more central diaphragm is irritated and the pain is referred to the right shoulder because the central area of peritoneum is supplied by sensory fibers in the phrenic nerves. The skin of the shoulder region is supplied by the supraclavicular nerves (C3 and C4), the same segments of the cord that receive pain afferents from the central portion of the diaphragm. 2.18E Does peritoneum separate the gallbladder from the liver? Usually peritoneum does not separate the gallbladder from the liver. The gallbladder lies in a fossa on the visceral surface of its right lobe. The peritoneum on this surface of the liver passes over the inferior surface of the gallbladder. 2.18F What structures are endangered during cholecystectomy? Critical to successful cholecystectomy is being certain that the only ductal structure ligated and cut is the cystic duct, so that a complete functional passageway for biliary drainage remains, and that the cystic artery is the only artery ligated, so that postoperative ischemia does not occur. Anatomical variations in the gallbladder, ducts, and arteries in this region are common. Consequently, surgeons must determine the existing anatomical pattern and identify the cystic, bile, and hepatic ducts and the cystic and hepatic arteries before dividing the cystic duct and cystic arteryusually by attempting to identify the cystohepatic triangle (of Calotsee Case 2.7). The right hepatic artery is particularly vulnerable to iatrogenic injury. Accessory cystic branches from the hepatic arteries may exist; therefore, unexpected hemorrhage may occur during cholecystectomy. Hemorrhage during cholecystectomy may be controlled by compressing the hepatic artery between the finger and thumb where it lies in the anterior wall of the omental foramen (see Case 2.7). A 54yearold mechanic was admitted to the hospital because of severe epigastric pain and vomiting of blood (hematemesis). It was obvious that he had been drinking heavily. Physical Examination: The blood in his vomitus was bright red. On questioning, the physician learned that the patient had experienced upper GI bleeding on previous occasions (ruptured esophageal varices), but never so profusely. The patient's blood pressure was low, and his pulse rate was high. His skin and conjunctivae were slightly yellow (jaundice). His eyes appeared to be slightly sunken. Spider nevi (branching arterioles) were present in his cheeks, neck, shoulders, and upper limbs. The patient's abdomen was large, fluid filled (ascites), and pendulous. Palpation of the patient's



abdomen revealed some enlargement of the liver (hepatomegaly) and spleen (splenomegaly). Several bluish, dilated varicose veins radiated from his umbilicus (caput medusae). During a proctoscopic examination, internal hemorrhoids were observed. On questioning, the patient said that he sometimes saw blood in his stools (bowel movements), which were black and shiny. Diagnosis: Alcoholic cirrhosis of the liver. 2.19A Discuss anatomically the basis of the man's hematemesis, esophageal varices, hemorrhoids, bloody stools, and caput medusae. Alcoholic cirrhosis is a liver disease characterized by progressive destruction of hepatic parenchymal cells. The cells are replaced by fibrous tissue that contracts and hardens. The fibrous tissue surrounds the intrahepatic blood vessels and biliary radicles (roots). As this process advances, circulation of blood through the branches of the portal vein and of bile through the biliary radicles in the liver is impeded. As pressure in the portal vein rises (portal hypertension), the liver becomes more dependent on the hepatic artery for its blood supply and blood pressure in the portal vein rises, reversing blood flow in the normal portacaval anastomoses and resulting in portal blood entering the systemic circulation. Because these anastomotic veins seldom possess valves, they can conduct blood in either direction. This blood flow causes enlargement (varicosities) of the submucosal esophageal veins forming anastomoses at the inferior end of the esophagus (esophageal varices), as well as those forming anastomoses the inferior end of the rectum and anal canal (hemorrhoids), and around the umbilicus (caput medusae). Because of pressure during swallowing and defecation, the esophageal varices and hemorrhoids, respectively, may rupture. Rupture results in bloody vomitus andor bleeding from the anus. Internal hemorrhoids are varicosities of the tributaries of the superior rectal vein. Blood may also pass in a retrograde direction in the paraumbilical veins via the vein in the ligamentum teres. In portal hypertension, the paraumbilical veins may become varicose, forming a caput medusae, a radiating venous pattern at the umbilicus (see Figure B2.24 in Clinically Oriented Anatomy, fifth edition). 2.19B What is the likely cause of the ascites and splenomegaly? Since the ramifications of the portal vein are compressed by the contraction of the fibrous tissue in the portal canals in cirrhosis of the liver, increased pressure in the splenic and superior and inferior mesenteric veins results. Fluid is forced out of the capillary beds drained by these veins and into the peritoneal cavity. Accumulation of fluid in the peritoneal cavity is called ascites – [ NOT THE ONLY CAUSE]. The spleen usually enlarges (splenomegaly) in hepatic cirrhosis because of increased pressure in the splenic vein. Because there are no valves in the portal system, pressure in the splenic vein is equal to that in the portal vein. 2.19C Thinking anatomically, how would you suggest that blood pressure in the portal system be reduced? A common method of reducing portal pressure is by diverting blood from the portal vein to the IVC through a surgically created anastomosis (portosystemic shunts). Similarly, the splenic vein may be anastomosed to the left renal vein (splenorenal anastomosis) (see the clinical correlation (blue) boxes Cirrhosis of the Liver and Portosystemic Shunts



in Clinically Oriented Anatomy, fifth edition). TIPS – TRANSJUGULAR INTRAHEPATIC



PORTOSYSTEMIC SHUNT The initial complaint of a 54yearold man was oval swelling in his left groin. He stated that this painless swelling enlarged when he coughed and disappeared when he lied down. Physical Examination: During examination with the patient in the standing position, the physician put his finger into the man's left superficial inguinal ring. He noticed a sensation that his finger was going directly into the abdomen rather than along the inguinal canal. When the man coughed, the physician felt a mass strike the side of his finger, which was against the posterior wall of the inguinal canal. When the man was asked to lie down, the mass reduced itself immediately. The physician then placed his fingers over the inguinal triangle and instructed the man to hold his nose and blow it. The physician felt a mass protruding from the inferior portion of this triangle. Diagnosis: Direct inguinal hernia. 2.20A Explain what is meant by a direct inguinal hernia. A direct inguinal hernia is a protrusion of abdominal contents (fat, usually part of the greater omentum, or viscera, such as a loop of intestine) that passes through a weak area in the anterior abdominal wall (the inguinal triangle), thus entering the inguinal canal through its posterior wall. 2.20B How does this hernia differ from an indirect inguinal hernia? By contrast, an indirect inguinal hernia enters the inguinal canal through the deep inguinal ring. A direct inguinal hernia is much less common than an indirect inguinal hernia; both types occur more often in men than in women. 2.20C Compare direct and indirect inguinal hernias in terms of their relationship to the inferior epigastric artery. The type of inguinal hernia (direct or indirect) can often be determined by the relationship of the hernial sac to the inferior epigastric artery. The tip of the examiner's finger can feel the pulsations of this artery in the inguinal canal. In direct inguinal hernias, the neck of the hernial sac is in the inguinal triangle and lies imedial to the inferior epigastric arteryi, whereas, in indirect inguinal hernias, the neck of the hernial sac is in the deep inguinal ring and lies lateral to the inferior epigastric artery. 2.20D



Does a direct inguinal hernia have an embryological basis? Does this type of injury occur at all ages? A direct inguinal hernia is usually acquired (instead of congenital) and commonly occurs in men older than 40 years of age. It results from weakness of the anterior abdominal wall (e.g., because of weakness of the transversalis fascia and atrophy of the conjoint tendon) within the inguinal triangle. No known embryological basis exists for this type of hernia. 2.20E What forms the hernial sac in a direct inguinal hernia? What other layers cover the sac? How does a direct hernia compare to an indirect hernia in these regards? The sac of a direct inguinal hernia, like that of an indirect hernia, is formed by the peritoneum. In the case of a direct hernia, it is the peritoneum lining the anterolateral abdominal wall in this region of the inguinal triangle instead of the peritoneum of a patent processus vaginalis. The hernia may protrude through the abdominal wall and escape from the abdomen on the lateral side of the conjoint tendon to pass through the posterior wall of the inguinal canal. In this case, the hernial sac is covered by transversalis fascia, cremaster muscle, cremasteric fascia, and external spermatic fascia. This may seem similar to the coverings of an indirect hernia. However, the coverings of an indirect hernia are those of the spermatic cord (i.e., the hernial sac is inside the cord) while the hernial sac of a direct hernia lies adjacent to the spermatic cord. Occasionally, the hernial sac is forced through the fibers of the conjoint tendon and enters the superficial inguinal ring. When this happens, the hernial sac is covered by transversalis fascia, conjoint tendon, and external spermatic fascia. 2.20F Inadvertent injury to which nerves of the abdominal wall during surgery may predispose to the development of an inguinal hernia? Because the inferior intercostal nerves and the iliohypogastric and ilioinguinal nerves from the first lumbar nerve supply the abdominal musculature, injury to any of them during surgery or an accident could result in weakening of muscles in the inguinal region, predisposing the person to development of inguinal hernia. The ilioinguinal nerve also gives motor branches to the fibers of the internal oblique and transverse abdominal muscles the aponeuroses of which form the inguinal falx (conjoint tendon). Division of this nerve paralyzes these fibers and relaxes the conjoint tendon; this may predispose to development of a direct inguinal hernia.



Chapter 3 – PELVIS & PERINEUM A woman was informed that she has a vulvar malignancy and that removal of all affected lymph nodes would be necessary to avoid the spread of cancer cells to other areas. 3.1A To which lymph nodes would the malignant cells metastasize initially? Primary lymphatic drainage of the vulva is to the superficial inguinal lymph nodes 3.1B If the clitoris was involved in the malignancy, where else might the cancer cells metastasize? If the carcinoma involved the clitoris, the malignant cells would metastasize to both superficial and deep inguinal and perhaps internal iliaclymph nodes



A female gymnast fell during her routine on the balance beam. It was determined later that she had large hematomas in her labia majora. 3.2A What makes this part of the vulva susceptible to this type of injury? The highly vascular bulbs of the vestibule make the labia majora susceptible to hematoma formation following straddle injuries. The blunt trauma disrupts the bulbs or their associated blood vessels, resulting in subcutaneous bleeding and the formation of hematomas 3.2B What arteries supply the labia majora? The labia majora and bulbs of the vestibule are supplied by labial branches of the external and internal pudendal (superficial perineal) arteries A woman who had had two difficult vaginal births consulted her physician about urinary stress incontinence. Exercises were prescribed for treatment of this condition. 3.3A What usually causes urinary stress incontinence in women who have borne children? Urinary stress incontinence usually results from injury to and subsequent relaxation of the fascia and muscles forming the pelvic diaphragm (levator ani). This can result from a difficult childbirth that stretches the muscles supporting the neck of the urinary bladder 3.3B What muscles would likely be involved in the physical rehabilitation? Alternate contraction and relaxation of the perineal muscles or sustained retention of weighted vaginal cones of increasing weight could help strengthen the pelvic diaphragm and the external urethral sphincter, increasing urethral resting pressure and restoring the normal urethrovesical angle A 70yearold man who had a prostatectomy to treat prostate cancer complained two years later of pain in his back. Radiographs revealed metastases in his lumbar vertebrae. 3.4A Using your anatomical knowledge of the prostate, how do you think the cancer cells reached his back? Cancer cells from the carcinoma of the prostate probably passed through the venous system to the back. The prostatic venous plexus drains into the internal iliac veins and, via lateral sacral veins, into the internal vertebral (epidural) venous plexus (especially when recumbent). From there, the cancer cells may invade the vertebral column 3.4B To what other locations would you expect cancer cells to spread? Cancer cells may also pass superiorly via the internal vertebral venous plexuses (especially when recumbent) and enter the dural venous sinuses, enabling metastasis to the brain and or bones of the cranium (skull).



A 62yearold man reported to his physician that his stools were bloodstained and that he was usually unable to completely empty his rectum. He also had pain along the back of his thigh and weakness of the posterior thigh muscles. Digital examination of the anal canal and inferior rectum revealed a tumor in the posterior wall of the rectum. 3.5A Pressure on what nerve plexus by a rectal tumor could cause pain down the posterior thigh? A rectal tumor (e.g., advanced carcinoma) could exert pressure on the sacral plexus located posterolateral to the rectum. 3.5B What nerve was likely affected most? The sciatic nerve, the large nerve to the lower limb, arises from the sacral plexus and descends to the posterior aspect of the thigh. The term sciatica is used to describe the pain produced by irritation or pressure on the sciatic nerve. A female patient was concerned about her difficulty defecating. She explained to her physician that she could defecate if she pressed posteriorly with her fingers in her vagina. Her history revealed that she had had a difficult childbirth. 3.6A What type of visceral prolapse could produce difficulty in defecation? A rectocele is a distension or prolapse of the anterior wall of the rectum that has herniated into the vagina. It could cause difficult defecation for a woman whose anterior rectal wall had herniated into her vagina. 3.6B What causes this condition? This condition, or a predisposition to it, may result from the tearing, stretching, and pressure on the pelvic support tissues that often occurs during vaginal deliveries. In those who are vulnerable to the condition, it may be exacerbated by prolonged straining during defecation (passage of stool).



Radiographs of a man involved in a car accident revealed fractures of his pelvis both anteriorly and posteriorly, the latter involving at least part of the sacroiliac joint. Substantial internal bleeding had occurred, resulting in a large hematoma of increasing size. An arterial ligation was performed on the side of the posterior fracture to control the pelvic hemorrhage. 3.7A What is the likely source of the bleeding? Would ligation of this artery seriously affect blood flow to his pelvic viscera on that side? Internal bleeding from the internal iliac arteries commonly occurs when the pelvis is fractured, resulting in large collections of blood (hematomas) in the lesser pelvis. Internal iliac artery ligation for the control of pelvic hemorrhage does not stop blood flow; it slows the rate of hemorrhage and reduces pulse pressure. 3.7B Describe alternate pathways by which blood could reach viscera supplied by arteries arising from the internal iliac artery.



Blood flow to the pelvic viscera is maintained by collateral pathways formed by anastomoses between the branches of the internal iliac artery and other arteries in the region. Arteries that form anastomoses with branches of an internal iliac artery (and the specific branch with which they anastomose) include: lumbar (to iliolumbar), median sacral (to lateral sacral), superior rectal (to middle rectal), inferior gluteal (to deep artery of the thigh), and inferior epigastric (to obturator). See Table 3.5 in Clinically Oriented Anatomy, fifth edition.



A 68yearold man with a history of prostatic disease informed the emergency room physician that he had been unable to urinate for seven hours and had severe and increasing pain. Because several attempts to catheterize him were unsuccessful, the urologist decided to relieve the bladder pressure by passing a suprapubic catheter (tube) into his bladder. 3.8A What caused the buildup of urine in the patient's bladder? An enlarged prostate is obstructing the man's urethra, preventing urine flow from the bladder. 3.8B Through what structures would the suprapubic tube pass? The suprapubic tube would pass superior to the pubis through the layers of the anterior abdominal wall. If the bladder is distended at the time of the procedure, the tube can then continue through the bladder wall into the bladder. As the bladder fills with urine, it rises into the abdomen between the peritoneum and the transversalis fascia of the anterior abdominal wall. 3.8C Would the catheter enter the peritoneal cavity? The tube would not pass through the parietal peritoneum into the peritoneal cavity if the bladder was sufficiently distended to rise above the level of the pubic symphysis. 3.8D If the bladder ruptured before inserting the tube, where would the urine go? In most cases the superior surface ruptures since it is the thinnest wall and becomes increasingly thinner as distension increases. The term superior surface actually refers to the relatively flat roof of a nondistended bladder; however, it becomes increasingly convex with g, developing superolateral and posterosuperior surfaces. Rupture of the thinnedout wall also tears the peritoneum that covers it, so that urine and blood escape into the peritoneal cavity. A recently remarried 40yearold man and his 32yearold wife have decided they do not wish to bring more children into their combined family. They request that a vasectomy be performed on the husband. 3.9A At what site is the procedure performed? Which nerve(s) must be anesthetized? A small incision would be made in the anterior wall of the scrotum, slightly above the level of the head of the epididymis. First, a local anesthetic would be injected to



anesthetize anterior scrotal branches of the ilioinguinal and genital branch of the genitofemoral nerves. 3.9B Which layers would be incised, and what structures must be identified and moved aside to isolate the ductus deferens? How would the ductus be distinguished from them? Skin, dartos fascia, and the coverings of the spermatic cord (external spermatic, cremasteric and internal spermatic fascia; not necessarily seen as three separate layers) must be incised. Veins of the pampiniform plexus and the testicular artery are moved aside, leaving the ductus deferens isolated. It is identified by the firm, cordlike structure that is due to its relatively thick muscular wall and very small lumen. 3.9C What effect will this procedure have on the testis and epididymis? What will its effect be on the ejaculate (semen) in terms of volume and content? Other than infection (always possible when the skin is incised), what are possible risks of the procedure? If the testicular artery (and its periarterial plexus) remains intact as it should, the testis and epididymis will be unaffected. Other than spermatozoa being absent, the content and volume of the semen should be unaffected. Risks include gangrene of the testis following inadvertent ligation of the testicular artery when ligating the ductus deferens, necessitating testicular removal in a second, more extensive procedure. During her initial prenatal examination, a woman's obstetrician is unable to palpate the patient's uterine fundus while pushing against her cervix during a bimanual pelvic exam. The physician tells the patient that although everything is likely to be fine, further examination will be necessary and the pregnancy, particularly the first half, must be considered higher risk and must be monitored more closely than in most women. 3.10A What condition has the obstetrician discovered in this patient? Why is further examination necessary? The patient's uterus is not in the normal anteverted, anteflexed position so that it rests on the top of the bladder. Instead, it is retroverted and possibly retroflexed as well. Further examination is necessary to rule out the possibility of pelvic pathology, such as endometriosis or adhesions. 3.10B Why must the first half of the pregnancy be considered higher risk? The first half of the pregnancy must be considered higher risk because the more vertically oriented uterus is positioned directly over a hollow, flexible tube instead of having its weight borne by the bladder. When intra-abdominal pressure is raised, instead of pushing the uterus inferiorly onto the bladder, it will tend to push it into or through the vagina. Of course, the weight of the uterus will rapidly increase with the growth of the fetus, adding somewhat to this tendency. During the second half of the pregnancy, they uterus will be sufficiently large that much of its weight will be borne by the structures surrounding the vagina (including the bladder) and eventually by the greater pelvis. 3.10C What are possible longterm considerations for this condition? It is most likely that the uterus will return to its pregravid position. If damage was inflicted on the pelvic floor during the delivery, the risk of prolapse of pelvic viscera in general and the uterus in particular will be increased.



A 23yearold woman has been in labor for nearly 24 hours. The crown of the fetal head was visible through the vaginal orifice. The obstetrician has decided to perform a mediolateral episiotomy. 3.11A Why are episiotomies performed? An episiotomy is performed when a perineal laceration seems inevitable. This procedure minimizes excessive perineal body attenuation and protects the perineal muscles and fascia (and perhaps the pelvic diaphragm) supporting the urinary bladder, urethra, and rectum by providing a controlled, directed incision to enlarge the vaginal orifice while producing minimal disruption of tissue. An episiotomy may reduce complications related to subsequent relaxation of the pelvic floor, such as urinary stress incontinence and prolapse of pelvic viscera. 3.11B Compare and contrast perineal structures cut during a mediolateral episiotomy to those cut during a median episiotomy. In a mediolateral episiotomy, the incision starts at the frenulum of the labia minora (or its former site), and cuts through the perineal skin and posterior wall of vagina; then, as the perineal body is approached, the incision is directed to the right or left through the attachment of the bulbospongiosus and superficial transverse perineal muscles to the perineal body. In a median episiotomy, the incision begins at the same point, also traversing the perineal skin and posterior wall of vagina; however, it then remains in the midline, passing part way into (but not through) the perineal body. 3.11C What structures might have been injured if the perineum had been allowed to tear in an uncontrolled fashion? A tear that is allowed to occur spontaneously is likely to tear pelvic fascia (e.g., the cardinal ligament), perineal muscles, the external anal sphincter, anal canal (including the internal anal sphincter), or the levator ani. 3.11D Describe possible consequences of severe perineal lacerations. Severe perineal lacerations involving the anal sphincters may produce varying degrees of incontinence. Tears into the anal canal may produce an anovaginal fistula. Tears involving the levator ani forming the pelvic diaphragm may result in poor perineal support for the pelvic organs, which can cause sagging of the pelvic floor in later life. This could lead to difficulty in bladder control (iurinary incontinencei) and could be the basis of subsequent prolapse of pelvic viscera into or out of the vagina (cystocele, rectocele, enterocele, or uterine prolapse). A 48yearold man told his physician that he thought he had piles. He said that he occasionally passed bloodstained stools and often observed bright red blood in the toilet or on the toilet paper after wiping. He also said that he felt protrusions from his anus when he strained during defecation. He was aware that advertisements for hemorrhoid treatments usually mentioned itching and burning; however, since he was not experiencing any discomfort, he was concerned that his problem might be something worse (rectal cancer). After a physical examination, the physician informed the man that he had hemorrhoids. 3.12A What are hemorrhoids? Compare and contrast internal and external hemorrhoids.



Hemorrhoids (piles) are abnormal surface protrusions, vascular in nature, that occur in relationship to the anus and anal canal in approximately 35% of the population. piInternal hemorrhoidsi are prolapses of rectal mucosa containing the normally varicoseappearing veins of the internal rectal venous plexus draining blood from the anal canal. The hemorrhoids occur because of a breakdown of the muscularis mucosae. They may be contained in the anal canal, or may enlarge until they protrude through the anal canal on straining during defecation. Bright red bleeding from internal hemorrhoids is common.p pbriExternal hemorrhoidsi are subcutaneous venous thromboses (blood clots) in the tributaries of the inferior rectal vein arising from the external rectal plexus, which drains the inferior part of the anal canal. External hemorrhoids are covered by anal skin and are painful; however, they usually resolve within hours, often by rupturing.p 3.12B Which type of hemorrhoids did this man have? What symptom(s) is/are important in the differential diagnosis? This patient has internal hemorrhoids, which are not normally painful because they develop from rectal mucosa (above the pectinate line) supplied by visceral afferent fibers accompanying autonomic nerves. They are mostly insensitive to touch but may produce an aching sensation during straining. Also, the bright red blood is characteristic of bleeding from internal hemorrhoids, which receive blood from arteriovenous anastomoses, distinguishing hemorrhoidal bleeding from most other causes of rectal bleeding. A 59yearold patient has been diagnosed with prostate cancer. The physician informs the patient that because of the advanced state of the cancer, a transurethral resection of the prostate (TURP) will not be possible, and that he needs to undergo radical prostatectomy by a perineal approach. The physician points out that while his urologist will do everything possible to make it otherwise, impotence (inability to achieve an erection) occurs in men his age following this procedure at least 25% of the time. He tells the patient that if this occurs, a penile prosthesis (implant) may be necessary for him to engage in intercourse, but he should still be capable of reaching climax (orgasm). 3.13A Why is impotence a likely outcome of the radical prostatectomy? The prostatic nerve plexus is the most caudal portion of the pelvic plexuses. The cavernous nerves, which convey the parasympathetic fibers responsible for stimulating the helicine arteries and arteriovenous anastomoses of the erectile bodies to produce penile erection, arise as branches of the prostatic plexuses. The plexuses closely approach the prostatic capsule near the apex of the gland, running lateral to but in close association with the capsular arteries and veins. The deep cavernous nerves accompany the intermediate part of the urethra while superficial cavernous nerves penetrate the perineal membrane to reach the corpora cavernosa. During the surgical procedure to remove the entire prostate (including its capsule, in contrast to the TURP procedure) and control bleeding as its vascular structures are severed, the plexus and cavernous nerves are especially vulnerable to injury.p 3.13B What is meant by a penile prosthesis? How would the prosthesis enable him to engage in intercourse? A penile prosthesis is a semirigid or inflatable device implanted into the corpora cavernosa, assuming the role normally served by the corpora in providing the rigidity necessary to insert and move the penis within the vagina for intercourse.



3.13C How is it possible that the patient could still reach climax? The only component of the male sexual response served by the parasympathetic nerve fibers conveyed by the prostatic nerve plexus and cavernous nerves is the production of an erection. Climax (orgasm) is achieved as a result of sensory (tactile and perhaps visual andor olfactory) and psychogenic afferent stimulation and sympathetic and somatic motor efferent stimulation. Hormones, such as adrenalin, are also involved. With the exception of contraction of the smooth muscle of the prostate and bulbourethral glands, the fibers responsible for the other components of the male sexual response follow other pathways less likely to be adversely affected by the TURP procedure. During the examination of a male child, a congenital anomaly of the penis (hypospadias) was detected. The urethra opened just proximal to the site where the frenulum usually attaches the prepuce to the ventral surface of the penis. There was a slight indentation at the site where the external urethral orifice is normally located. In addition, there was a ventral curvature of the penis (chordee). Micturition was essentially normal except that the child dribbled if he urinated while standing up, wetting his clothing and shoe. 3.14A What is hypospadias, and what variations (types) occur? Which type is present in this case? Hypospadias is a congenital malformation of the penis occurring in one in 300 male infants. The external urethral orifice is located on the urethral surface of the penis, proximal to the tip of the glans penis. Most often the defect is of the glandular type (i.e., the orifice is still on the glans, but not at the tip), as in the present case. In other patients, the opening is in the body of the penis (penile hypospadias) or in the perineum (penoscrotal hypospadias). 3.14B What is the embryological basis of hypospadias? The embryological basis of glandular and penile hypospadias is failure of the urogenital folds to fuse on the ventral surface of the developing penis and form the spongy urethra. The embryological basis of scrotal hypospadias is failure of the labioscrotal folds to fuse and form the scrotum. For more details, see the clinical correlation (blue) box Hypospadias in Clinically Oriented Anatomy, fifth edition). 3.14C How might this condition subsequently interfere with reproductive function? Because the urethral orifice is not located at the tip of the glans and there is usually ventral bowing of the penis (chordee), which is more marked when the penis is erect, reproduction by persons with this malformation is difficult. In some cases the degree of curvature is so severe during erection that intromission (insertion of the penis into the vagina) and natural insemination are impossible. Surgical correction of chordee to produce a straight penis and repair of the urethra (urethroplasty) were recommended in the present case before the boy started school so that it would be possible for him to urinate in the normal standing position and be able to reproduce later in life. A woman in labor was given bilateral injections of anesthetic around the pudendal nerves to relieve vulvar pain and allow performance of an episiotomy. Although the episiotomy was performed without eliciting pain, her labia majora remained sensitive and she continued to complain about pain, suggesting that perhaps the anesthetic had not been properly injected.



3.15A Identify the types of nerve fibers conveyed by the pudendal nerve, indicating specific structures supplied by each type. What category or categories of nerve fibers is not represented? The pudendal nervei arises from the sacral plexus (S2, S3, and S4) and is the main nerve of the perineum. It carries both somatic sensory and motor fibers as well as some postsynaptic sympathetic fibers. General sensory fibers are distributed to most of the skin of the perineum, including the vestibule, vaginal and urethral orifices, the anoderm of the anal canal, and the very sensitive glans of the clitoris. The somatic muscular fibers supply the external anal sphincter and the muscles of the superficial and deep perineal pouches. Sympathetic fibers supply sweat glands, arrector muscles of hairs and blood vessels, including the helicine arteries within the erectile bodies. Not present in the pudendal nerve are presynpatic sympathetic or pre or postsynaptic parasympathetic fibers. 3.15B Based on your knowledge of the anatomy of this nerve, where do you think the obstetrician would inject the anesthetic agent to perform a pudendal nerve block? In addition to locating landmarks, what important function is served by the palpating finger when this procedure is utilized during a vaginal delivery? When the pudendal nerve is blocked via the perineal route, the chief bony landmark is the iischial spinei. With the patient in the lithotomy position, the ischial spine is palpated through the lateral wall of the vagina. The needle is inserted through the vagina (but can also be inserted through the skin) and directed toward the palpating fingertip in the vagina. When performed prior to a vaginal delivery (as most pudendal blocks are), the palpating finger also serves as a barrier between the needle tip and the baby's scalp, the baby's head now being stationed in the lesser pelvis, separated from the finger and needle only by the thin and rapidly dilating cervix. 3.15C Assuming the injections were given properly, why do you think the pudendal nerve block might have failed to prevent all the pain experienced by the patient in her labia majora? The rich and often overlapping innervation of the vulva from the nerves supplying adjacent areas of the skin accounts for the common failure of labial analgesia after a pudendal nerve local anesthetic block. 3.15D How would complete labial analgesia be obtained? When complete perineal anesthesia is required, genital branches of the genitofemoral and ilioinguinal nerves and the perineal branch of the posterior cutaneous nerve of the thigh must also be anesthetized by making an injection along the lateral margin of the labia majora. A 49yearold man complained of tenderness and pain on the right side of his anus. The pain was aggravated by defecation and sitting. Because he had a history of hemorrhoids, he suspected that he might be having a recurrence of this problem. After he explained his symptoms and history, his physician examined his anal canal and inferior rectum. When he asked the patient to strain as if to defecate, prolapsing internal hemorrhoids were detected. During careful digital examination, the doctor detected some swelling in the patient's right ischioanal fossa. The swelling produced severe pain when it was compressed. Diagnosis: Prolapsing internal hemorrhoids and an ischioanal abscess. Treatment: The ischioanal abscess, the more important problem, was drained through an incision in the skin between the anus and the ischial tuberosity.



3.16A What is an ischioanal abscess? Perianal abscesses often result from injury to the anal mucosa by abrasion, stretching, and tearing resulting from the passage of hardened fecal material. Inflammation and or infection of the anal sinuses may result, producing a condition called cryptitis. The infection may spread through a small crack or lesion in the anal mucosa and pass through the anal wall into the ischioanal fossa, producing an ischioanal abscess. 3.16B What nerve is vulnerable to injury during surgical treatment of an ischioanal abscess? The inferior rectal nerve is vulnerable during surgery in the ischioanal fossa. It arises from the pudendal nerve as the latter nerve enters the pudendal canal. The inferior rectal nerve runs anteromedially through the ischioanal fat pad to innervate the external anal sphincter and skin of the perianal region. 3.16C If this nerve were severed, what structure(s) would be partly denervated, and what would be the functional consequence? Damage to the inferior rectal nerve results in impaired action of the voluntary external anal sphincter. Consequently, the patient is likely to have difficulty in maintaining fecal continence during moments of urgency. A 31yearold construction worker was walking along a steel beam when he fell, straddling it. He was in severe pain because of trauma to his testes and perineum. Later he observed swelling and discoloration of his scrotum. When he attempted to urinate, only a few drops of bloody urine appeared. He went to a hospital emergency department. After examining the patient, the physician consulted a urologist who ordered radiographic studies of the patient's urethra and bladder. Radiology Report: The radiographic studies revealed a rupture of the spongy urethra just inferior to the inferior fascia of the external urethral sphincter and deep transverse perineal muscles. Urethrograms showed passage of contrasting material out of the urethra into the surrounding tissues of the perineum. Diagnosis: Rupture of the proximal part of the spongy urethra with extravasation of urine into the surrounding tissues. 3.17A When the patient tried to urinate, practically no urine came from his external urethral orifice. Where did the urine go? Traumatic rupture of the man's spongy urethra in the bulb of his penis resulted in superficial or subcutaneous extravasation of urine when he attempted to urinate. Urine from the torn urethra passed into the perineum, superficial to the perineal membrane, but deep to the membranous layer of superficial perineal fascia. The urine in the superficial perineal pouch passes inferiorly into the loose connective tissue of the scrotum, anteriorly into the penis, and superiorly into the anterior wall of the abdomen. 3.17B Explain why extravasated urine cannot pass posteriorly into the ischioanal fossae, laterally into the thighs, or into the lesser pelvis. The perineal membrane and membranous layer of subcutaneous tissue of the perineum are continuous with each other posteriorly around the superficial transverse perineal muscles and firmly attached to the ischiopubic rami and ischium laterally. Therefore, the urine could neither pass posteriorly nor laterally. It could not extend into the lesser pelvis because the perineal membrane closes the opening into this cavity. After passing



anteriorly and superiorly deep to the membranous layer of subcutaneous tissue (Scarpa fascia), the urine could not descend into the thighs because that membranous layer of the subcutaneous tissue blends with the fascia lata (the strong fascia enveloping the muscles of the thigh), just inferior to the inguinal ligament. A 40yearold unconscious woman was rushed to the hospital because she had sustained multiple injuries during an automobile accident. Priority was given to securing a patent airway by inserting an endotracheal tube. Next, emergency care was directed toward controlling bleeding and treating shock. When the patient's general condition had stabilized, radiographs were taken of the injured regions of her body. Because she had not urinated since being admitted, she was catheterized. The presence of blood in her urine (hematuria) suggested rupture of her urinary bladder. Therefore, a sterile dilute contrast solution was injected into her bladder through a catheter and radiographs of the pelvis and abdomen were taken. Radiology Report: There are fractures of the pubic rami on both sides. The cystogram showed extravasation of contrast material from the superior surface of the bladder. The rupture was not likely caused by a sharp bone fragment. Diagnosis: Fractured pelvis and ruptured urinary bladder. 3.18A Where would the extravasated urine from the bladder go? The urine escaping from the superior surface of the patient's ruptured urinary bladder would pass into the peritoneal cavity. It is most probable that the same compressive blow to the region of the pubic symphysis that fractured the pelvis ruptured the bladder. A full bladder is especially liable to rupture at its superior surface following a nonpenetrating blow. Although not as vulnerable to direct bone injury as the inferolateral surfaces, it is usually thinnest even when empty and undergoes the most distension, becoming increasingly thin with bladder g. 3.18B What covers the superior surface of the urinary bladder? The superior surface of the bladder is almost completely covered with peritoneum. 3.18C Explain possible consequences of extravasation to this location. In a patient with an intraperitoneal bladder rupture, signs and symptoms of peritoneal irritation are likely. Septic peritonitis (see Chapter 2 in Clinically Oriented Anatomy, fifth edition) may occur if pathogenic organisms are present in the urine. 3.18D What findings from physical examination might suggest or confirm the presence of free fluid here? As the urine accumulates in the peritoneal cavity, dullness will be detected over the paracolic gutters during percussion of the abdomen (see Chapter 2 in Clinically Oriented Anatomy, fifth edition). This dullness will disappear from the left side when the patient is rolled onto the right side, and vice versa. This finding indicates free fluid in the peritoneal cavity from a ruptured viscus. 3.18E Had the patient been a male, where would the urine accumulate? What findings from physical examination might suggest or confirm the presence of free fluid here? In a male patient who was upright, the urine would accumulate in the rectovesical pouch between the rectum and the bladder. Bulging of the rectovesical pouch could be palpated during a rectal examination. Bulging would be present when the patient is



mostly upright and would diminish as the patient moved into a horizontal or head down (Trendelenberg position). 3.18F Thinking anatomically, what route do you think the surgeon would take when repairing the ruptured bladder? Access to the urinary bladder for open surgical repair of its ruptured superior wall would most likely be via the suprapubic route. Minimally invasive surgery (endoscopy) may be possible via a laparoscopic incision just below the umbilicus, using a cystoscope inserted through the urethra (easier in females), or a combination of both.



Chapter 4 - BACK A 13yearold competitive gymnast who practiced 18 to 20 hours a week on her routines complained of low back pain. A physical examination and radiographs revealed that she had a stress fracture of L5 vertebra. 4.1A What repetitive movement of the vertebral column may result in a stress fracture of the vertebral column? Continuous hyperextension of the vertebral column can produce stress fractures. 4.1B What region and vertebra of the column are usually involved? The interarticular parts of the lamina of L5 vertebra are usually involved, especially in persons whose vertebral columns are immature. 4.1C What is the clinical name given to this bony defect? This defect, called spondylolysis, may result in anterior movement of the body of L5 vertebra on the sacrum (spondylolisthesis). 4.1D What activities do you think might produce this type of stress fracture? Persons involved in diving, gymnastics, wrestling, and weight lifting are especially vulnerable to these bony defects. Overhead lifting and repetitive activities performed by painters, carpenters, and electricians can also produce spondylolysis. A weight lifter was preparing for competition by lifting increasingly heavy weights. During hyperextension of his vertebral column, he suddenly he felt a severe pain in his lower back. Following a physical examination, a physician decided that the patient was experiencing acute back pain. 4.2A What was the likely cause of the man's acute back pain? The weight lifter probably experienced a severe back spasm. 4.2B Which back muscles are commonly affected?



The back muscles that are usually involved are the intermediate layer of intrinsic (deep) muscles (e.g., the erector spinae or its subdivisions). 4.2C What symptoms and signs would you anticipate in persons with this condition? The usual symptom of muscular spasm is a constant, dull ache in the lower back. The obvious sign is a limited range of motion of the vertebral column and large areas of tenderness. 4.2D What do you think might prevent this type of back injury? Poor posture and improper lifting mechanics cause most acute back pain. Proper sitting and lifting techniques would be advisable, such as lifting with the lower limbs instead of the back. Concerned friends took a female college student to the student infirmary because she suffered a sudden onset of fever, nausea, and vomiting. She told the admitting nurse that she had a massive headache that is worse when she is upright and walking and that it hurts to turn her head. The campus has not been experiencing episodes of flu, and the physician on call suspected meningitis. 4.3A What is meningitis? Meningitis is an inflammation of the meninges, which can result from viral, bacterial or fungal, or parasitic infections. The infection involves the cerebrospinal fluid (CSF), and so usually both cranial and spinal meninges become involved. Viral meningitis is often benign and of limited duration, but other forms have serious consequences, and are often fatal. 4.3B Which symptom, in combination with the others, is most suggestive of meningitis? The most pathognomonic (diseasespecific) symptom for meningitis is the stiff neck (in combination with the other symptoms) due to the meningeal inflammation. 4.3C What physical tests could the physician perform to augment his suspicions? While supine on the examination table, the patient is asked to raise her head off the table (Brudzinski test). Positive responses include increased neck pain (but also head or back), andor involuntary flexion in the lower limb. Another test administered from the same position is to have the patient flex her thigh at the hip while maintaining extension at the knee and dorsiflexion at the ankle (Kernig test). Positive responses are the same as for the Brudzinski test (Slaby et al., 1994). 4.3D What is the anatomical basis of the increased pain? Both tests increase tension on (stretch) the dura mater. The Kernig test is thought to do so indirectly as a result of traction on the sciatic nerve, the major nerve to the lower limb. 4.3E



What procedure should be performed to confirm a diagnosis of meningitis? A diagnosis of meningitis is confirmed by analysis of the CSF, collected by lumbar puncture. A 67yearold man who has been a smoker for most of his life complains of a stiff neck. On physical examination, his range of neck motion is markedly limited. He experiences only mild discomfort in his neck, especially in the mornings, but recently has had episodes of pins and needles (numbness and tingling) and some weakness in his right shoulder and arm. His history reveals that his right hip was replaced five years ago due to chronic pain when walking and standing. Plain film radiographs reveal a hyperextension deformity of the neck, with narrowed IV disc spaces especially at the C34 and C45 levels, with osteophytes at the margins of the vertebral bodies and articular processes. The physician diagnoses the patient with spondylosis and osteoarthritis. 4.4A What sequence of events likely resulted in this condition? During middle and older age, there is an overall decrease in bone density and strength, particularly centrally within the vertebral body, and the IV discs between them become increasingly convex if they remain normal. Consequently, the articular surfaces (endplates) typically bow inward gradually, so that both the superior and inferior surfaces of the vertebrae become increasingly concave. However, in degenerative disc disease (DDD) the discs become uniformly thin. A disc that is thinner than the one superior to it is degenerative. The bone loss combined with abnormal decrease in disc height will cause a more marked decrease than would normally occur in the height of an aging individual. In response to increased compressive forces on the anulus fibrosis, osteophytes develop around the margins of the vertebral body (along the attachments of the fibers of the anuli), especially anteriorly and posteriorly. Similarly, as altered mechanics place greater stresses on the zygapophysial joints, osteophytes and extensions of the articular cartilage (wrap around bumpers) develop. This bony and cartilaginous growth during advanced age has traditionally been viewed as a disease process (ispondylosisi in the case of the vertebral bodies, iosteoarthritisi in the case of the zygapophysial joints), but it is more realistic to view it as inormal anatomyi for a particular age range. However, flattened discs, thinner than those more superiorly located, are degenerative, not just aged. 4.4B What causes IV disc degeneration? DDD commonly occurs in the cervical region. Disc degeneration may be associated with excess dehydration and loss of mucopolysaccharide from the nucleus pulposus, or herniations of the nucleus pulposus may occur that result in narrowing of the IV space and a reduced capacity of the discs to act as cushions between the vertebrae. Disc degeneration diminishes stature, limits mobility, and decreases the size of the IV foramina. 4.4C Explain the patient's neurological symptoms. A decrease in the size of the IV foramen as a result of the decreased disc height, perhaps accompanied by swollen ligamenta flava and the development of osteophytes (osteoarthritis) in relation to the capsules of the zygapophysial joint, is likely to have compressed the nerve roots of the C4 and C5 spinal nerves, causing contusion (bruising) of the nerve tissue, resulting in a tingling sensation (paresthesia). The fact that the patient's history involves isolated, unilateral joints is an indication that the condition is not a systemic (rheumatoid) arthritis.



4.4D What might relieve pain produced by cervical disc degeneration? Superior traction of the head may relieve the pain and numbness caused by narrowing of the IV foramina and pressure on the zygapophysial joint capsules. An asymptomatic 10yearold female visits her pediatrician for a school physical. The patient's gait is normal. When asked to stand straight with your weight on both legs, the patient's vertebral column appears straight, but her waist seems slightly high on the left (as if she were standing with her weight on the left limb), and her right shoulder is somewhat higher than the left. When asked, the patient says she writes using her left hand. 4.5A What condition do these findings suggest? The findings suggest an idiopathic scoliosis. 4.5B



What further test can be performed to confirm the diagnosis?



The patient should be asked to bend forward and touch her toes while the physician stands directly behind the patient and looks for curvature in the alignment of the spinous processes. It may be helpful to mark the position of the spinous processes with a washable marker before flexion occurs. The patient's back should remain symmetrically even as the lumbar lordosis is reduced and then becomes posteriorly convex. Lateral deviations of the row of spinous processes or an asymmetrical elevation of the ribs are positive signs for scoliosis, and the patient should be referred for radiological evaluation (scoliosis plain film series). 4.5C What is the significance of knowing whether the patient is right or left handed? There may be a slight but normal lateral convexity toward an individual's dominant side. In this case, however, the curvature was to the right, and the patient indicated she was lefthanded. 4.5D If gait is normal, the vertebral column appears generally straight, and the patient is asymptomatic, is concern or treatment justified? The most common form of scoliosis involves an idiopathic (cause unknown) onset in females at eight to ten years of age, progressing throughout adolescence. Spinal growth is usually complete in females 18 to 24 months after menarche (onset of menses), and thus preventive treatment is no longer possible. Idiopathic scoliosis is not only potentially disfiguring, but may cause lifelong problems with backache and possible disc degeneration and may also affect lifestyle, career choices (e.g., military eligibility), etc. Early detection may enable treatment with only exercise and posture instruction. Traditionally, treatment has involved the wearing of a supportive (Milwaukee) brace up to 23 hours per day for several years. Transcutaneous electrical stimulation of muscles has been used more recently. Late detection or failure of more conservative treatments requires surgical intervention. A woman who just went into labor is in considerable pain. Her obstetrician decides to perform a caudal epidural block. 4.6A



What is a caudal epidural block? In caudal epidural block, an anesthetic agent is administered using an indwelling catheter inserted into the sacral canal through the sacral hiatus. 4.6B What nerves are usually anesthetized? The anesthetic bathes the S2 through S4 spinal nerve roots, including the pain fibers from the uterine cervix and upper vagina. 4.6C What are the important bony landmarks used for the administration of caudal anesthesia? The sacral cornua (horns) are the bony landmarks used in locating the sacral hiatus for the administration of caudal anesthesia. A physician prepares to perform a lumbar puncture to establish the diagnosis in a patient with suspected intracranial bleeding. 4.7A At what levels should the physician consider inserting the needle? Lumbar puncture is usually done between the L3-L4 or L4-L5 vertebrae. 4.7B Why are these vertebral levels used? These vertebral levels are safe for teenagers and adults because the spinal cord usually ends at L2L3 vertebral level in teenagers and at the L1L2 level most adults. Hence, the inferior end of the dural sac contains the cauda equina and no spinal cord. 4.7C Are these levels safe in infants? No. The L34 level has potential risk in infants. The spinal cord usually ends at the L3 level at birth, and there is variation. Thus, in infants and young children, the L45 level should be used, or CSF should be withdrawn from the posterior cerebellomedullary cistern (L., icisterna magnai; see Chapter 7 in Clinically Oriented Anatomy, fifth edition) by inserting the needle through the posterior atlantooccipital membrane and foramen magnum. 4.7D Why is the patient's back flexed as much as possible when performing a lumbar puncture? The backs of patients are flexed when performing a lumbar puncture to separate the spinous processes and laminae as widely as possible to allow the needle to pass into the lumbar cistern containing CSF. 4.7E Explain why a lumbar puncture is contraindicated when there is a potential for increased intracranial pressure. One should proceed with caution in performing a lumbar puncture when there is a possibility of increased intracranial pressure. If the pressure suddenly drops in the extracranial subarachnoid space when the canal is entered, all or part of the cerebellum



may herniate into the vertebral canal. Increased intracranial pressure can usually be detected by examining the back of the eyeball through the pupil with an ophthalmoscope (see Chapter 10 in Clinically Oriented Anatomy, fifth edition). A physician examined a patient complaining of neck pain. After a physical examination and an MRI scan, the physician told her that she had a C4-C5 IV disc herniation. 4.8A What nerve does a C4-5 cervical disc protrusion affect? The sixth cervical nerve would be affected. 4.8B Explain the reason for your answer to the previous . Although the fifth cervical nerve exits between vertebrae C4 and C5 (i.e., at C4-C5 intervertebral level), the nerves pass through the upper end of the IV foramen as the exit above the level of a posterolaterally herniating disc. Therefore, the nerve on its way to the foramen below (in this case, the sixth cervical nerve, which will exit between vertebrae C5 and C6) will be affected. A physician examined a 68yearold man with back and leg pain. After viewing the MRIs, the physician told the patient that his discomfort is the result of spinal stenosis. 4.9A What is spinal stenosis? Spinal stenosis (or canal stenosis) is a narrowing of the vertebral canal or the IV foramina, usually in the lumbar region of the vertebral column. 4.9B What are the causes of spinal stenosis? Spinal stenosis may be congenital (a malformed vertebra) or acquired (caused by degeneration of structures related to the exit of the spinal nerves). Examples include buckling or calcification of the ligamentum flavum, the development of osteophytes around the zygapophysial joints or IV discs, or IV disc bulging or herniation. 4.9C How does stenosis produce back and leg pain? Although in theory a stenosis (narrowing) of upper lumbar vertebrae could cause compression of the spinal cord, in reality it is the lumbar spinal nerves that are compressed. Symptoms include pain and numbness andor weakness in the lower limb. During a routine radiograph of a young man's back, a common congenital defect of the vertebral arch was observed. No signs of back pain were detected. 4.10A What is a common developmental defect of the vertebral column? A common developmental defect of the vertebral column is spina bifida occulta. This condition results from failure of union of the laminae of the vertebral arch and varies from a slight defect to almost complete failure of the vertebral arch to form. 4.10B Are the spinal cord and meninges usually normal in people with spina bifida occulta?



The spinal cord and meninges are usually normal in people with spina bifida occulta. 4.10C Does this common defect usually cause back pain? The defect is usually asymptomatic. If more than one lumbar vertebra is affected, the frequency of back pain may be greater. During a violent altercation at a local park, a 16yearold youth was stabbed with a knife in the posterior aspect of the neck. As he ducked to avoid his attacker, he flexed his neck. Much to the surprise of his assailants, the youth fell to the ground and was completely immobilized from the neck down. 4.11A How was it possible for the knife to reach a site where it could cause such serious injury? The spinous processes and laminae of the vertebral arches usually protect the spinal cord during injuries to the posterior aspect of the neck, even those resulting from stab wounds. When the neck is flexed, the spaces between these spinous processes and laminae of the vertebral arches increase, permitting a knife to pass between them, enter the vertebral canal, and sever the cervical region of the spinal cord. Verify this movement of the cervical vertebrae during flexion by placing your hand on the back of your neck with the tip of your little finger on the external occipital protuberance and your thumb on the spinous process of C7 (vertebra prominens), then flexing your neck as much as possible. Note that the space between your fingers widens, reflecting the widening of the spaces between the spinous processes of vertebrae C2C7. Had the youth been stabbed in the same place when his head was erect, he probably would not have been severely injured. The knife likely would have struck the spinous processes andor laminae of the cervical vertebrae and glanced off without damaging the spinal cord. 4.11B Explain the basis of the victim's paralysis. What might have occurred if the knife had penetrated at a high level? Complete transection of the spinal cord results in loss of all sensation and voluntary movement inferior to the lesion. The patient is quadriplegic when the lesion is superior to spinal cord segment C5 because the nerves supplying the upper limb are derived from segments C5T1. Had the knife severed the spinal cord superior to segment C4, the lesion would have stopped the patient's breathing. At this site the injury would have interfered with the segments that give rise to the phrenic nerve (segments C3, C4, and C5), which innervates the diaphragm. As a result, the patient may have died in a few minutes. 4.11C How might the anatomical knowledge applied in this case study be used in the diagnosis of diseases of the nervous system and in the administration of anesthetic agents? Similar gaps exist between the lumbar spinous processes when the back is flexed. The presence of these gaps is important because they enable access to the vertebral canal, specifically to the epidural and subarachnoid spaces for the administration of anesthetics agents, and for the withdrawal of CSF for analysis. A 51yearold man was waiting for a traffic light to turn green when his car was rear ended. His body was pushed forward and his head thrown violently backward. He suffered a slight concussion and felt shaky. When he talked to the man who had hit his car and to the traffic officer, he informed them that he was not badly hurt. The officer noted that the head restraint in his car was not raised to the level that would prevent hyperextension of his neck. The next morning the man's neck was stiff and painful, and he felt pain on the left side of his neck and in his left arm. Movement of his head



aggravated the neck pain. He decided to visit his physician. Physical Examination: The physician observed that the man held his head rigidly and tilted it to the right. She also observed that his chin was pointed to the left and that his neck was slightly flexed. Palpation of the posterior aspect of his neck revealed some tenderness over the spinous processes of his inferior cervical vertebrae. His biceps reflex was also weak on the left side. She ordered a radiographical study of the cervical region of his vertebral column. Radiology Report: The IV discs between vertebra C5 and C6 and between C6 and C7 were thin, and there were small fringes of bone on the opposing edges of the bodies of vertebrae C5, C6, and C7. Diagnosis: Hyperextension injury of the neck. 4.12A What is the anatomical basis for the patient's concussion, stiff neck, and pain in his neck and arm? The association of rear end automobile collisions and hyperextension injuries of the soft tissues of the cervical region of the vertebral column is well known. Head restraints (not headrests) and bucket seats have been designed to minimize these injuries. However, a head restraint is useless if it is not raised so that the head will hit it if a rear end collision occurs. The mechanism of injury in the present case was primarily one of rapid hyperextension of the neck. Because the head restraint was not in the correct position, there was nothing to restrict posterior movement of the head and neck. This would likely have occurred because the muscles of the patient's neck, the chief stabilizers of the cervical region of the vertebral column, would be relatively relaxed when the patient was caught off guard. A hyperextension injury of the neck is popularly called a whiplash injury. Many doctors consider this term an unacceptable medical designation because no well defined clinical syndrome or fixed pathological condition is associated with the injury. A hyperflexion injury of the neck also may have occurred when the head was secondarily flung forward onto his chest. This occurs especially when a rear end collision pushes a nonmoving vehicle forward into another car. During severe hyperextension of the neck, the anterior longitudinal ligament and neck muscles would be severely stretched, and some of its fibers were probably torn, leading to small hemorrhages. The resulting muscle spasms would account for the patient's stiff and painful neck. The concussion probably resulted from the sudden impact of the frontal and sphenoid bones against the frontal and temporal poles of his brain. 4.12B What spinal nerve root was probably compressed? The pain in the patient's left shoulder and the weakness of his biceps reflex on the left likely resulted from compression of the left C6 spinal nerve root, possibly by a posterolateral herniation of the IV disc between vertebrae C5 and C6. 4.12C What muscles were probably affected? The musculocutaneous nerve (derived from spinal segmentsnerves C5 and C6) supplies the biceps (brachii) muscle, and the ibiceps reflexi is also mediated through spinal segmentsnerves C5 and C6. 4.12D What probably caused the thinning of the patient's IV discs and the formation of the bony fringes on the edges of his cervical vertebral bodies? The thinning of the IV discs in the cervical region probably resulted from desiccation (loss or removal of fluid) of the nuclei pulposi of the IV discs. Degenerative disc disease often occurs with advancing age and may result in bulging of the anuli fibrosi of the IV discs. Formation of fringes of subperiosteal new bone (osteophytes) on the edges of the



vertebral bodies occurs in older persons. These fringes of bone can also compress the spinal nerve roots. While carrying a heavy box of books, a 45yearold man suddenly experienced severe pain in his lower back. Later, he developed a dull ache in the posterolateral aspect of his left thigh that extended along the calf of his leg into his foot. Lateral deviation of the lumbar region of his vertebral column was also observed. He limped when he walked because he could not fully extend his thigh. His family physician recommended backrest and referred the patient to a back specialist. Physical Examination: The orthopedist observed that the man's back muscles were in spasm. When asked to indicate the site of the most severe pain, the man pointed to his lower lumbar region. During the examination, no ankle reflex was observed on the left side. He experienced increased pain when the physician raised his extended lower limb on that side. The orthopedist arranged for a radiographical study and MRIs of the man's lower back. Radiology Report: The radiographs showed a slight narrowing of the space between the vertebral bodies of L5 and S1. MRI showed that the nucleus pulposus of the L5-S1 IV disc was protruding. Diagnosis: Posterolateral herniation of the nucleus pulposus of the IV disc between L5 and S1. 4.13A What is the anatomical basis for herniation (protrusion) of an IV disc and the resulting low back pain? The patient's low back pain and muscle spasm, sometimes called ilumbagoi, was probably caused by a sudden increase in the pressure on the nucleus pulposus of the IV disc between vertebrae L5 and S1 in the presence of a worn and torn and therefore vulnerable anulus fibrosis. The increased pressure on the IV disc ruptured the anulus fibrosus, enabling protrusion of the nucleus pulposus. The nucleus is located eccentrically, posterior to the center of the disc. Consequently, the anulus is thinner posteriorly. The posterolateral part of the anulus is not supported by either the posterior or anterior longitudinal ligaments; therefore a herniated nucleus pulposus from the IV disc usually protrudes posterolaterally. The sudden rupture of the anulus and impingement upon the posterior longitudinal ligamentboth provided with pain receptors innervated by (recurrent) meningeal nervesis the likely cause of the initial acute lower back pain, followed by pain associated with hemorrhage, muscle spasm, and edema (swelling). Muscle spasm is a reflexive response to the pain that has a protective, splinting effect on the vertebral column, although it can be very painful in itself. 4.13B What produced the lumbar deviation? The lumbar deviation of the patient's vertebral column was produced by spasm of the intrinsic back muscles. 4.13C Why did the patient experience pain in the posterolateral aspect of his thigh, leg, and foot? The protruding nucleus pulposus often affects one or more spinal nerve roots. A posterolateral herniation of the nucleus pulposus through a degenerated anulus fibrosus compresses the spinal nerve roots passing inferiorly, posterior to the IV disc, on its way to the IV foramen one level below the level of the herniation. In this case, the compressed nerve roots were most likely those of spinal nerve S1. Compression of the roots of this nerve would cause pain in the S1 dermatome that extends from the sacroiliac and buttock regions to the posterior aspect of the thigh, leg, and lateral foot. Extrusion of disc material can also cause inflammation of the roots due to chemical irritation from substances released from the nucleus pulposus. Paresthesia (pins and needles sensation) also occurs in the dermatome.



4.13D Why did the pain increase when the orthopedist raised the patient's extended lower limb? Exacerbating pain usually occurs (although some people experience relief) when the extended lower limb is flexed passively at the hip (bending forward at the hip). When the physician raised the patient's extended lower limb at the hip joint, the sciatic nerve, including its S1 component, became tense as it was stretched across the protruding disc, increasing the compression. For those who receive relief in this position, it is assumed that the nerve is pulled in a way that decreases the impact of the herniating mass on the nerve roots. An 18yearold woman was thrown from a horse and sustained a spinal cord injury as the result of severe hyperextension of her neck. Although she was rushed to the hospital using a proper transport technique, she died after approximately five minutes. An autopsy was performed. Autopsy Report: The C1 and C2 vertebrae were fractured as a result of the hyperextension. The spinal cord was severely damaged at the level of articulation of the C2 and C3 vertebrae, with extensive bleeding into the soft tissues of the neck. Diagnosis: Transection of the superior end of the spinal cord resulting from multiple fractures of the cervical vertebrae. 4.14A Describe fractures of the C1 and C2 vertebrae most likely to have occurred as a result of hyperextension. Severe hyperextension of the neck often causes a fracture of the C1 vertebra at one or both grooves for the vertebral arteries, resulting in separation of the posterior arch. The vertebral arch of C2 is most vulnerable to fracture at the isthmus (interarticular part) between the superior and the inferior articular processes (a hangman's fracture) as a result of hyperextension. 4.14B Do cervical fractures usually cause death? The fractures were probably not the cause of the cord injury, since both of these fractures have the effect of enlarging the vertebral canal. Few fatalities are caused by neck fractures, and not all neck fractures result in paralysis. Improper transport techniques, however, can convert a minor injury into a much more serious one. 4.14C What associated structures of the vertebral column were probably also ruptured? The patient's anterior longitudinal ligament and the IV disc between vertebrae C2 and C3 were probably also ruptured. As the patient hit the ground, hyperextending her neck, her cranium and vertebrae C1 and C2 were probably separated from the rest of her vertebral column. As a result, the dislocation most likely sheared her spinal cord at the C23 vertebral level. The violent dislocation at this level is likely to have ruptured one or both vertebral arteries, accounting for the extensive bleeding. 4.14D Although one would expect the patient to be quadriplegic following a cervical spinal cord transection, what probably caused death in this case? People with this severe injury rarely survive more than a few minutes because the injury to the spinal cord is superior to the iphrenic outflowi (origin of phrenic nerves). Because these nerves are the sole motor supply to the diaphragm and, in addition, the actions of the intercostal muscles are lost, unassisted respiration is not possible.



A 62yearold man who was a heavy drinker and smoker consulted his physician about feeling a strong pulse in his abdomen. He said it felt like a second heart. He also complained about pain in his abdomen, back, and groin. The physician arranged for radiographic studies, including CT scans. Radiology Report: The plain radiographs showed calcium deposits in the wall of the abdominal aorta and an apparent aneurysm. The CT scans revealed an abdominal aortic aneurysm that was 11 centimeters in diameter. Before he could be admitted to the hospital for repair of the aneurysm, the patient passed out on his way home and was involved in a minor car accident. He was rushed to the hospital and admitted to surgery for repair of the ruptured aneurysm. During surgery, extensive mobilization of the aorta was necessary, so several segmental arteries were ligated and divided. Although the aorta was successfully repaired using a Dacron graft, the patient was paraplegic and impotent following the surgery, and his bladder and bowel functions were no longer under voluntary control. Diagnosis: Paraplegia and other neurological deficits resulting in sphincter paralysis in the urinary bladder and anal canal. 4.15A Identify the arteries that supply the spinal cord. The spinal cord receives its blood supply from two sources: the vertebral arteries and segmental medullary arteries. At the superior end of the cord, the vertebral arteries give rise to three longitudinal arteries (two posterior and one anterior) that run the length of the cord. Eight to ten segmental medullary arteries occur at irregular intervals, arising from the spinal branches of the vertebral arteries or from the posterior branches of segmental arteries, to reinforce the blood supply to the longitudinal arteries. 4.15B What is the most likely anatomical basis for the patient's paraplegia, sphincter dysfunctions, and impotence? It appears that in this patient the lumbosacral portion of the spinal cord became nonfunctional as a result of a spinal cord infarction. Paraplegia, impotence, and loss of sensation and motor function in lower limb and pelvic and perineal regions supplied by spinal nerves arising from the cord inferior to the lesion would result from such an infarct. 4.15C Why is segmental augmentation of the longitudinal arteries of the spinal cord so important? Although the longitudinal arteries form a continuous anastomotic chain theoretically capable of providing a means of collateral circulation, it is not always adequate to provide the collateral circulation necessary to sustain the cord when the segmental arteries are interrupted. It is most tenuous between the enlargements of the cord, especially in the midthoracic region. Arising more frequently on the left from an inferior intercostal (T6-T12) or lumbar (L1-L3) artery, the great anterior segmental medullary spinal artery enters the vertebral canal through an IV foramen. It is the largest segmental medullary artery and supplies bloodsometimes a disproportionate amountmainly to the inferior twothirds of the spinal cord. 4.15D Based on the symptoms, which arteries were ligated and divided during surgery? In this patient, the segmental artery giving rise to the great anterior segmental medullary artery and perhaps others supplying segmental medullary arteries to the lumbosacral enlargement were ligated. The longitudinal arteries were not able to provide adequate collateral circulation, and at least a complete segment of the cord



must have been deprived of blood. This would have the same effect as a transection of the cord. 4.15E What are the risk factors known to be associated with the development of aneurysms? The development of an aneurysm is accelerated by smoking; aneurysms occur three times more frequently in smokers than in nonsmokers. For a description of the diagnosis and surgical treatment of abdominal aortic aneurysm, including illustrations of aneurysm repair, see Ameli 1989. A 21yearold man was involved in a headon collision. When removed from his sports car, he complained of loss of sensation and voluntary movements in his lower limbs. Upper limb movements were also impaired, particularly in his hands. The patient was kept warm and immobilized until the ambulance arrived. Using a proper transport technique (spine board with the head and neck stabilized), the patient was taken to the emergency department. After examination at the hospital, radiographs of his vertebral column were taken. Radiology Report: Radiographs showed severe dislocation of C6 vertebra on C7 and a chip fracture of the anterosuperior corner of the body of C7. Diagnosis: Dislocation of C6 and C7 vertebrae. Surgical Treatment: Open reduction was carried out, and the spinous processes of C6 and C7 vertebrae were wired together to hold them in normal relation to each other. The reduction was maintained by immobilization of the neck in a plastic collar, thereby allowing the patient to exercise his upper limbs and to sit up within a day or so after the injury. 4.16A Which joints of the cervical region of the vertebral column were dislocated? Both the IV disc and the zygapophysial joints between the bodies and vertebral arches of vertebrae C6 and C7, respectively, were dislocated in this patient. 4.16B Which ligaments binding the vertebrae together were probably strained andor torn? The posterior longitudinal and interspinous ligaments, and the anulus fibrosus, ligamenta flava, and articular capsules of the zygapophysial joints would have been severely injured. Because dislocation occurred in this case, the posterior longitudinal ligament and the ligamenta flava were severely stretched and were probably torn. As the anulus fibrosus of the IV disc attaches to the compact bony rims on the articular surfaces of the vertebral discs, its posterior part would also have been stretched and torn at the C6 and C7 level. It is possible that protrusion of the nucleus pulposus of the IV disc between these vertebrae also occurred because these nuclei are semifluid in young adults. 4.16C What was the most likely cause of the patient's paralysis? Because the vertebral canal in the cervical region is usually larger than the spinal cord, some displacement of the vertebrae can occur without causing damage to the spinal cord. However, in view of the patient's paraplegia, it is likely that the spinal cord was severely stretched andor torn. At the moment of impact, the displacement of C6 on C7 was undoubtedly greater than shown in the radiograph. In hyperflexion injuries of the neck, the anterior longitudinal ligament is usually not torn, and when the patient's neck is placed in a position of extension, this ligament tightens and, along with the plastic cervical collar, tends to hold the vertebrae together. 4.16D What other physiological functions would no longer be under voluntary control?



An initial period of spinal shock in these cases lasts from a few days to several weeks, during which time all somatic and visceral activity is abolished. On return of reflex activity, spasticity of muscles and exaggerated tendon reflexes occur inferior to the level of the lesion. Bladder and bowel functions are no longer under voluntary control. A father takes his 12 year old daughter across the country to visit her 75yearold grandmother, whom neither has seen for several years. The son is shocked to see how much his mother has aged. She has a markedly decreased stature and is stooped over to the point of appearing humpbacked. She seems unsteady on her feet. At her son's insistence, she visits her physician for the first time in years. History: The patient had a hysterectomy soon after her only pregnancy. She did not nurse her baby. She was told as a child that she had a milk allergy and so has avoided dairy products most of her life. She is a smoker and admits to having an alcoholic drink or two daily. She reports that she has never taken female hormones, and that her mother took on a similar appearance in her advanced years. She says she has had headaches and vision problems. She has stopped wearing her glasses (bifocals) because they seem to make her headaches worse. Physical Examination: Excess thoracic kyphosis with compensating cervical extension. She has had a decrease in her weight as well as a marked decrease in height (nearly three inches shorter than reported on her driver's license, which expired five years ago). Radiology Report: Excess thoracic kyphosis due to several wedged, flattened and biconcave thoracic vertebrae. The decrease in her bone mass is apparent radiographically. Diagnosis: Osteoporosis, markedly affecting the thoracic vertebrae. 4.17A Explain the loss of height and radiographic findings. In osteoporosis, the rate of bone resorption exceeds that of bone formation, resulting in a net loss in bone mass that makes bones weak and vulnerable to fracture. Women may eventually lose up to half of their bone mass. The proximal femur, distal radius, and vertebral column are especially affected. In the vertebral bodies, the horizontal trabeculae are most affected, leaving the vertical trabeculae unsupported. The vertebral bodies undergo a series of microfractures that eventually cause them to collapse, becoming shortened or wedgeshaped, thus increasing the thoracic kyphosis and reducing the individual's height, producing a so called dowager's hump in severe cases. 4.17B What facts in the patient's history are likely to have contributed to her condition? Nearly all the elements of this patient's history describe factors that increase the likelihood of developing osteoporosis. Osteoporosis is two and a half times more common in women than in men. In women its occurrence is directly related to decreased availability of estrogen. Her early hysterectomy and noninvolvement in nursing her baby both contributed to reduced estrogen levels. Reduced intake of calcium during the formative years, two or more alcoholic drinks per day, cigarette smoking, and a family history of osteoporosis are all contributing factors. 4.17C What are likely health risks for the grandmother at this point, and what are some steps she could take to reduce them? Because the patient's bones are much more vulnerable to fracture, the risk of serious and perhaps lifechanging injury from a fall are greatly increased. Removal of throw rugs, installing support devices in bathrooms, discontinuing use of step stools in housecleaning, and perhaps the use of a cane or supportive device in walking can all reduce the likelihood of a fall. This patient should have her eyes examined in view of her altered anatomy (excess thoracic kyphosis), which is probably at the root of her



frustration with her bifocals. Wearing suitable glasses will also reduce the risk of a fall and is likely to help her headaches. 4.17D What counseling should the granddaughter receive from the physician? The granddaughter should be counseled regarding her risks for developing osteoporosis and educated about the importance of diet (particularly calcium intake) during the formative years and the risks of smoking.



Chapter 5 – LOWER LIMB 5.1A A primary care physician asked her patient if he would let you (a medical student) palpate his popliteal pulse. He agreed and after several attempts, you were unable to detect a pulse. The physician offered some advice. What is the most likely reason that you were unable to palpate the popliteal pulse? It is likely that you were attempting to palpate the popliteal pulse while the person's knee was extended, which tenses the popliteal fascia. 5.1B How where should the palpating hand or fingers be placed to obtain the popliteal pulse? Place your hands on each side of the person's mildly and passively flexed knee with your thumbs on the patella and fingertips in the popliteal fossa. Apply a deep firm pressure with the fingertips to compress the popliteal artery against the popliteal surface of the femur and make the pulse palpable. 5.1C In what position could the person be placed to optimize success in this procedure? Because this pulse is often difficult to palpate, it is necessary in some cases to ask the patient to lie in a prone position with the knee flexed to a right angle. The patient should not be asked to actively flex his leg because this will tighten the muscles and again make the pulse difficult to palpate. 5.2A A teenager was stabbed with a jackknife approximately five centimeters proximal to the base of the patella. The wound did not bother him too much, so he did not seek medical attention. Two days later his inferior thigh became swollen and tender. He came to an emergency clinic in considerable pain. What structure is deep in this area of the thigh and could account for the swelling? The suprapatellar bursa lies deep to the distal, suprapatellar portion of the quadriceps in this area. 5.2B How is a wound in this region related to the knee joint? The suprapatellar bursa almost invariably communicates freely with the knee joint and surgically forms part of the joint cavity. Consequently, a wound in the anterior aspect of the distal part of the thigh may infect the suprapatellar bursa, and the infection may then spread to the knee joint cavity. 5.3A



During a soccer game a player was kicked hard on the lateral aspect of the knee. Knowing you were a medical student, the trainer asked you to palpate the head of the man's fibula. How would you palpate the fibular head? The fibular head is subcutaneous at the posterolateral aspect of the knee at the level of the tibial tuberosity, and is best palpated from the posterior aspect. 5.3B What structure can be used to direct you to the fibular head? When the knee is slightly flexed, the biceps femoris tendon can be followed to the fibular head. 5.3C Why is it important to be able to palpate the fibular head? It is important to be able to palpate the fibular head because the fibular neck is commonly fractured by a hard blow to the lateral side of the knee. Since the common fibular nerve winds around the fibular neck, it may be injured by such a blow to the knee and severed if the fibular neck is fractured. 5.4A The physician you have been shadowing as a first year medical student asks his patient if she will allow you to test her knee and ankle reflexes. The patient agrees. You ask her to sit on the examination table with her legs dangling freely, and following a few attempts successfully elicit a knee jerk on each side in response to tapping the patellar ligament. You find it difficult and awkward, however, to position yourself relative to the person, and to reach, tap, and observe a calcaneal tendon reflex in this position. The physician offers a few suggestions, and asks you some questionss after leaving the examination room. In tapping the patellar ligament and calcaneal tendon, what are you testing? You are testing the integrity of myotatic (deep tendon) reflexes. A positive response to tapping the patellar ligament (reflexive extension of the knee, or a knee jerk) indicates that the femoral nerve and L2L4 spinal cord segments are functional. A positive response to tapping the calcaneal tendon at the level of the malleoli (plantarflexion of the foot, or an ankle jerk) indicates that the tibial nerve and S1S2 spinal cord segments are functional. 5.4B What position did the physician suggest you ask the person to assume that was less awkward for both you and the person, allowed better access to the calcaneal tendon, and better observation and comparison of the ankle jerk elicited from the right and left limbs? Having the patient kneel on a chair with the toes pointing toward the floor brings the ankles to a comfortable height and provides direct access to the calcaneal tendons. This position also enables easy observation and sidebyside comparison of the evoked reflexes. If the patient is supine in bed, the hip can be flexed and laterally rotated and the knee flexed. This position, however, requires testing the reflex on one side and then moving to the other side of the bed to test the contralateral reflex, and sidebyside comparison is not possible. 5.5A A young man received a superficial slash wound on the superomedial side of his knee. A rounded cord-like tendon, palpable in this position in the contralateral limb, is no longer palpable. Which tendon was most likely severed?



Undoubtedly, the tendon of the semitendinosus was cut. 5.5B How is this tendon related to others? The semitendinosus tendon lies superficial to the tendon of the semimembranosus, and in this area passes superficial to the medial head of the gastrocnemius and posterior to the medial femoral condyle. 5.5C How can the muscle to which this tendon belongs be tested during a physical examination? To test the muscle during a physical examination (but not in the presence of trauma), the person is asked to flex his knee against the resistance of your hand while he is lying prone. If the muscle is normal, the tendon can be palpated proximal to the knee on the medial side. 5.6A A young woman injured her ankle during a basketball game. She said, I turned my ankle in but it's only a slight sprain! An examination by the trainer indicated that she had a severely sprained ankle. What ankle ligament did she most likely tear? The most commonly injured ligament of the ankle of the entire body, in fact is the anterior talofibular ligament. 5.6B What other ligaments may have been torn? In severe sprains, the calcaneofibular and posterior talofibular ligaments may also be torn. 5.6C What bone might she have fractured? An avulsion fracture of the distal fibula is often associated with a severe ankle sprain. 5.7A A woman spoke to her primary care physician about pain in her feet. She was also concerned about the uneven wearing of the soles of her shoes. The physician examined the woman's feet while she was standing. He observed that her longitudinal arch was flatter than normal. What do you think the physician's diagnosis will be? This person has flat feet (pes planus). 5.7B What pattern of excessive shoe wear is most likely to occur in this syndrome? People with flat-feet wear down the soles of their shoes on the medial side, extending to the tip of the shoe. 5.7C What is/are possible cause(s) of this condition in adults? Flatfeet are flexible (flat when weight bearing, but normal in appearance when not bearing weight) or rigid (feet are flat even when not bearing weight). The more common flexible flat-feet result from loose or degenerated intrinsic ligaments (inadequate passive arch support). Rigid flat-feet with a history that goes back to childhood are likely



to result from a bone deformity (such as a fusion of adjacent tarsal bones). iAcquired flatfeeti are likely to be secondary to dysfunction of a tibialis muscle (dynamic arch support) due to trauma, degeneration with age, or denervation. 5.8A During a football game, a linebacker illegally blocked a 20 year old wide receiver by throwing himself against the posterolateral aspect of the runner's legs. The receiver grasped his knee and was in obvious pain. What injury can occur from a block against the posterolateral aspect of the knee if the foot is planted on the ground? Injury to the tibial collateral ligament (TCL) can result from this type of tackle or block. Tearing of this ligament may also cause detachment of the medial meniscus, and the anterior cruciate ligament may also be injured (unhappy triad of knee injuries; also known as a grade III ligament sprain). 5.8B



In what other sport does this knee injury frequently occur?



Injuries of this type also occur in snow skiing, when a skier catches the inside edge of the ski or buries a ski tip in the snow while momentum carries the person forward, resulting in external rotation and valgus stress. 5.8C What is the mechanism of the knee injury? In this case, the knee was bent medially (valgus stress was applied), forcing the medial femoral and tibial condyles apart, rupturing the TCL. Since the medial meniscus is attached to the TCL, it is often torn at the same time. Because the blow was from both posterior and lateral directions, the posterior element could have suddenly jerked anteriorly and medially beneath the femur (femoral condyles) while the foot was planted and the knee flexed. A sudden anterior movement of the tibia relative to the distal femuroften exacerbated by reflexive contraction of the quadricepsmay rupture the ACL. 5.9A While his knee was flexed at a right angle, a football player was tackled in such a way that his tibia was driven in an anterior direction. The trainer examined his knee and observed the anterior drawer sign. What is the anterior drawer sign? The anterior drawer sign is an indication of knee instability when the flexed, non weight bearing leg (tibia) can be pulled anteriorly two to three centimeters beneath the condyles of the fixed femur. 5.9B Application of severe force that drives the tibia in an anterior direction when the knee is flexed at a right angle may cause what kind of knee injury? Forcefully driving the flexed tibia anteriorly with respect to the femur usually causes tearing of the ACL, one of the most common sportsrelated injuries. 5.9C In which sport does this injury commonly occur? ACL injuries sustained as a result of forceful anterior movement of the tibia relative to the femur occur especially in snow skiing since the advent of the rigid ski boot. Injuries occur when a skier lands the tail of the skis when the knees are flexed, or when a beginner skier sits back on the skis to gain control, causing the ski(s) to shoot forward. This ligament is usually torn as part of a more complex knee injury.



5.9D What other knee injuries are often associated with an ACL injury? The TCL and the menisci may also be torn. 5.10A



A young man involved in a street brawl was kicked hard on the anterolateral surface of his leg. The pain in his leg increased severely after several hours, and his leg became swollen. He was unable to extend his toes or dorsi-flex his foot on the side of the injury. He also had a foot-drop when he tried to walk. Neither the tibia nor the fibula was fractured. Explain the anatomical basis of these signs and symptoms. The anterior fascial compartment of the leg has nearly inflexible boundaries formed by the two bones of the leg, the interosseous membrane that connects them, and the anterior deep fascia of the leg that is especially dense superiorly. Consequently, hemorrhage into the anterior compartment from the anterior tibial artery increases intracompartmental pressure, compressing the deep fibular nerve as it traverses the compartment. This explains why the man could not extend his toes or dorsiflex his foot, resulting in footdrop and a steppage (stepping) gait.



5.10B What is this concurrence of signs and symptoms called? These are the signs and symptoms of an acute anterior compartment syndrome. 5.10C What other sign would you expect to find? Compression and hemorrhage of the anterior tibial artery also causes loss of the dorsalis pedis pulse because the dorsal artery of the foot is the terminal branch of the anterior tibial artery. 5.10D How could the severe pain in his leg be relieved? The severe pain could be relieved by performing a fasciotomy, an incision through the anterior intermuscular septum of the leg to relieve the compartmental pressure. 5.11A An elderly woman was knocked down by a man attempting to steal her purse. She was unable to get up, not only because of pain but also because of a fracture of the proximal end of her femur. Her thigh was markedly swollen due to bleeding from ruptured blood vessel. What type of femoral fracture is associated with swelling of the thigh? The woman's fracture was most likely between or through the greater and lesser trochanters. These trochanteric fractures commonly occur through bone that is markedly weakened by osteoporosis, and the fractures are often comminuted. Bleeding from the abundant blood vessels supplying the trochanteric region is into the groin or thigh because these fractures are outside the joint capsule (extracapsular trochanteric fractures). Fractures of the femoral neck all occur within the joint capsule (intracapsular trochanteric fractures); consequently, the blood cannot pass into the groin or thigh; instead, it accumulates in the cavity of the hip joint. 5.11B What would be the position of her lower limb? The lower limb of a person with an extracapsular trochanteric fracture is laterally rotated, as it is with fracture of the femoral neck.



5.11C Is good union of the bone fragments in this region of the femur possible by closed treatment (i.e., is internal surgical fixation of the fragments required)? Trochanteric fractures usually unite well and can usually be reduced by closed treatment using continuous traction (Salter 1999). 5.11D If good union is possible by closed treatment, to what do you attribute this fact? Because of the abundant blood supply to the proximal end of the femur, union of trochanteric fractures can almost always be obtained by closed treatment using continuous traction (Salter, 1999), i.e., internal surgical fixation of the fragments is not always necessary. 5.12A A jogger who started to run several miles a day also ran up several flights of stairs during his run. He complained of point tenderness just posterior to his right greater trochanter and radiation of pain along his thigh. He said the pain increased when the physician manually resisted abduction and lateral rotation of his thigh. What do you think may be causing the hip pain: inflammation of the hip joint or trochanteric bursa? The signs and symptoms suggest trochanteric bursitis (inflammation of the trochanteric bursa). Often this injury results from repetitive actions such as climbing stairs and mountain climbing. 5.12B What are the anatomical reasons for your tentative diagnosis? These movements involve the gluteus maximus and move the tendinous fibers of its superior part repeatedly back and forth over the trochanteric bursa. This type of bursitis is characterized by point tenderness just posterior to the greater trochanter. The pain radiates along the side of the thigh, the course of the iliotibial tract that receives tendinous reinforcements from the gluteus maximus and tensor of the fascia lata. 5.12C Why did resistance to abduction and lateral rotation of the thigh exacerbate the pain? Abducting and laterally rotating the thigh against resistance increases pressure on the trochanteric bursa, evoking increased pain. 5.13A A poorly conditioned 40yearold man recently started to play squash, particularly on weekends. At first he felt pain in his calcaneal tendon, and then he felt sudden calf pain during a game. When the pain disappeared, he continued to play vigorously. He again felt calf pain and heard an audible snap. He had difficulty tiptoeing and climbing stairs, but he found it easy to dorsiflex his ankle. What do you think caused the audible snap and the calf pain that preceded it? The man suffered a rupture of his calcaneal tendon, preceded by calcaneal tendonitis (inflammation of calcaneal tendon). 5.13B What physical sign would you expect to observe? Pain would be localized to the site of the lesion and there would be immediate weakness of plantar-flexion and lack of opposition to dorsiflexion. After the calcaneal



tendon ruptured, the prominence of the calf increased due to shortening (release) of the triceps surae muscles. 5.13C Why did he have trouble tiptoeing and climbing stairs? He had trouble tiptoeing and climbing stairs because the triceps surae, and particularly the soleus, attaches to the calcaneus through the calcaneal tendon. The soleus is the strong plantar flexor of the ankle in all positions of the knee but the gastrocnemius is a weak or non plantar flexor when the knee is flexed. 5.14A Your grandmother slipped on the polished floor in the front hall. As you approached her, she was lying on her back in severe pain. She said she heard a loud cracking noise as she fell. Her right lower limb immediately attracted your attention because it was laterally rotated and noticeably shorter than her left limb. She was unable to get up or lift her limb, and when she attempted to do so, she experienced excruciating pain. You called an ambulance, and she was taken to an emergency clinic. Physical Examination: The right lower limb is noticeably shorter than the left one and is laterally rotated. On palpation, the hip region is tender but no swelling is obvious. Passive movement of the thigh causes extreme pain. A radiological examination of the hip region was requested. Radiology Report: An intracapsular fracture of the femoral neck is present, with the distal part of the femur rotated laterally and shifted proximally. Diagnosis: Fracture of the femoral neck. What is the common fracture site of the femur in adults over 60 years of age? A fracture of the neck of the femur is a common injury in elderly women. 5.14B What is the likely sequence of traumatic events relating to her fall and fracture? As your grandmother stumbled, she tried to prevent herself from falling. She probably exerted a torsional force on one hip, producing a fracture of the femoral neck, the most fragile part of the femur. She fell when the bone fractured; hence, the fracture was the cause of her fall, not the result of it. 5.14C Explain anatomically why her injured limb was shorter than the other one. Lateral rotation and shortening of the injured limb are characteristic clinical manifestations in femoral neck fractures. The separation of the shaft and head of the femur allows rotation relative to each other around the long axis of the limb. The shortening of the lower limb results from the superior pull of the muscles connecting the femur to the hipbone. Spasm of the muscles (sudden involuntary muscular contractions) in response to the pain causes the pull. 5.14D Why is this part of the bone so fragile in elderly women? In osteoporosis, a bone disorder common in elderly women, the body's total bone mass becomes progressively diminished with advancing age, primarily because the amount of new bone matrix produced is insufficient to keep pace with bone resorption. Because of postmenopausal and senile osteoporosis, the femoral neck becomes markedly weakened. Fractures of the femoral neck can result from little or no trauma. 5.14E What are the anatomical reasons for the complications (nonunion and avascular necrosis) commonly associated with these fractures?



The main blood supply to the femoral head and neck arrives via the retinacular arteries (branches of the lateral and especially the medial circumflex femoral arteries), which are typically torn in intracapsular fractures of the femoral neck. Although a branch of the obturator artery, the artery of the ligament of the head, may supply a variable amount of blood to the femoral head, it is often not patent in elderly people due to arteriosclerosis. Further, the ligament itself may be ruptured during hip fractures. A poor blood supply may result in nonunion and avascular necrosis of the femoral head (death and collapse of proximal bone fragment). 5.15A While playing in an old timer's hockey game, a 55yearold man was accidentally kicked with a skate on the lateral surface of his right leg just inferior to the knee. The trainer treated the superficial laceration but the man was unable to continue playing because of pain in the region of the wound and numbness and tingling on the lateral surface of his leg and on the dorsum of his foot. When he removed his skates, he found that he was unable to dorsi flex his right foot or extend his toes, and he experienced sharp pain in the lateral aspect of his leg just below the knee with each step. The trainer advised him to see his primary care physician immediately. Physical Examination: As the man walked into the examining room, the physician observed that he had an abnormal gait. He raised his right foot higher than usual during the swing phase, and his foot came down abruptly following heel strike, slapping the ground. While sitting or lying on the exam table, the right foot assumed a more plantar flexed position than the left. During the physical examination, the physician confirmed the reported tenderness over the head and neck regions of the person's fibula and a sensory deficit on the lateral side of the distal part of his leg, including the dorsum of his foot. Radiographs of the knee region were requested. Radiology Report: Fracture of the neck of the fibula. Diagnosis: Fracture of the fibular neck and peripheral nerve injury. What nerve appears to have been injured? The common fibular nerve was injured. 5.15B What relationships make this nerve vulnerable to injury? If the skate blade had not severed the nerve, what probably would have injured it if he had continued to play? The nerve lies subcutaneously on the lateral aspect of the fibular neck where it can easily be injured by superficial lacerations or by fractures of this end of the bone. Its superficial location over a bony prominence also makes it vulnerable to prolonged pressure by rigid objects (e.g., the hard edge of a bed frame during sleep). Compression by a tight plaster cast may also injure the nerve here. In this case, the nerve injury resulted from the skate grazing the nerve; if it had not been injured, the nerve may have been compressed or torn by the fibular bone fragments if he had continued to skate. 5.15C What is the anatomical basis of the loss of sensation and impaired function in the man's foot? The muscles of the lateral and anterior compartments of the leg are supplied by terminal branches of the common fibular nerve (the superficial and deep fibular nerves, respectively). Consequently, eversion and dorsiflexion of the foot and extension of the toes are impaired, resulting in a characteristic ifootdropi (plantarflexion and slight inversion). A steppage gait is adopted to keep the toes from hitting or dragging on the grounded during the swing phase (see the clinical correlation (blue) box Injury to the Common Fibular Nerve and Footdrop and Figure B5.14 in Clinically Oriented Anatomy, fifth edition). Inability to contract the dorsiflexors eccentrically caused the affected foot to slap the floor on heel strike. The idysesthesiai (impairment of sensation) on the



person's leg and foot resulted from injury to cutaneous branches of the common fibular nerve. 5.15D Since the fibula is not weight bearing, why did he experience pain associated with walking? Although the fibula is not a weight bearing bone, fractures of its proximal end cause pain on walking because the pull of muscles attached to it causes the bone fragments to move, which is painful. 5.16A While a 26yearold worker was attempting to load a heavy crate onto a truck, he lost his balance and fell backward into the street, with his feet and legs below the knee remaining on the sidewalk. The heavy crate fell onto his thighs. The man and his coworkers all thought that his left knee had been bent backwards under the weight of the crate, but alignment seemed normal when the crate was removed. The man experienced severe pain in his leg and the sole of his foot as the first aid team carried him on a stretcher to the physician's office. Physical Examination: Alignment of the knee joint seemed normal on gentle palpation. The physician noted that the popliteal fossa and calf appeared swollen and were tense, warm, and sensitive to touch. The toes were cold and cyanotic. Although guarded, knee movements appeared normal; however, pain increased with flexion due to popliteal swelling. The patient was able to dorsiflex and extend his toes. Plantar flexion was very weak and painful, but toes could not be flexed and the sole of his foot was insensitive. Swelling in the popliteal fossa did not allow the deep palpation necessary to obtain a popliteal pulse; however, even superficial palpation over the region was pulsatile. The dorsalis pedis pulse was weak and no posterior tibial pulse was detected. Radiology Report: No bone abnormalities or trauma are evident. Initial Treatment: The patient was sent for emergency surgery. What injury, if any, is likely to have occurred to the knee joint? How could palpation and radiographic studies indicate normal findings? The knee was dislocated, but (as commonly occurs) the dislocation had reduced spontaneously. When knee dislocation is not obvious or detected by physical examination or radiography, but there is a history of significant knee injury, a dislocation that has spontaneously reduced must be suspected. 5.16B In the presence of such an injury, what steps should the physician take? The initial treatment of a knee dislocation is straightforward, but must begin without delay. If it has not occurred spontaneously, reduction is performed first using longitudinal traction, which is usually possible without sedation. Following reduction, the neurovascular status must be immediately addressed. 5.16C Explain the anatomical basis justifying this suspicion. Arterial injury must be suspected in every knee dislocation. Because the popliteal artery lies deep in the popliteal fossa against the joint capsule of the knee joint, it is often damaged during dislocations of the knee. The popliteal artery divides into its terminal branches (anterior and posterior tibial arteries) at the inferior end of the popliteal fossa, with the fibular artery arising almost immediately from the posterior tibial artery; this trifurcation of the popliteal artery is firmly tethered in place deep to the tendinous arch of the soleus, and consequently these vessels may also be torn. The genicular arteries, branches of the popliteal artery, are similarly vulnerable. They supply the joint capsule and ligaments of the knee joint. Stretching of the popliteal artery and



vein and their branches and tributaries is especially severe in anterior dislocations, frequently resulting in hemorrhage. 5.16D Using your anatomical knowledge, describe the sites where the physician should check for pulses. Pulsations of the posterior tibial artery may be felt halfway between the medial malleolus and heel. The dorsal artery of the footthe continuation of the anterior tibial arterycan also be palpated where it passes over the navicular and cuneiform bones in the foot. These places are good for taking the pulse of the arteries because they are superficial and can be compressed against the bones. Loss of a pulse in these arteries in the present case would suggest a torn popliteal andor tibial artery. 5.16E Why was the person sent for emergency surgery in the absence of an apparent injury to the knee joint? Why is this an emergency situation? What anatomical relationships are involved in making this diagnosis? If the dislocation is not reduced and if the vascular supply is restricted for hours, reduction and restoration of vascular flow may be accompanied by the development of a compartment syndrome. Similarly, massive bleeding into a fascial compartment (the posterior compartment in the present case) can also proceed to a compartment syndrome, which was already beginning in this case. This condition was indicated by the increasing turgidity and warmth of the popliteal and posterior compartments (with superficial pulse palpable from the former), the absence of a posterior tibial pulse, and the cyanosis of the toes. A fasciotomy was performed immediately, followed by exploration of the popliteal fossa to control the hemorrhage. 5.16F What nerve is most likely to have been affected? What signs and symptoms, if any, indicated possible nerve injury? The tibial nerve also appeared to be affected in this person. Since it is the most superficial of the three main structures in the popliteal fossa, it is less vulnerable to direct injury from the dislocation than the artery. In this case, the portion of the nerve inferior to the origin of the medial sural and motor branches to the gastrocnemius seemed to be affected, probably by the developing posterior compartment syndrome, evident in the diminished function of the soleus and long and short flexors of the toes, and absence of sensation from the sole of the foot. 5.17A A 32yearold man slipped on a patch of ice and fell. After he was helped up, he was unable to bear weight on his right foot. When he noticed that his ankle was beginning to swell, he hailed a cab and went to the hospital for treatment of what he thought was a badly sprained ankle. Physical Examination: The physician noted that the person could barely move his ankle because of pain and tenderness, especially over the lateral malleolus. Radiographs of the ankle were requested. Radiology Report: A transverse fracture of the lateral malleolus is visible at the level of the superior articular surface of the talus. Diagnosis: Fracture of the lateral malleolus and a severely sprained ankle with ligament tears. What excessive movement usually results in a sprained ankle? A sprained ankle usually results from excessive inversion of the plantarflexed and weightbearing foot, which ruptures the anterolateral part of the joint capsule of the ankle joint and the calcaneofibular and talofibular ligaments. 5.17B Define the term sprain.



The term sprain is used to indicate some degree of tearing of ligaments. Severe sprains involve the tearing of many fibers of the ligaments, often resulting in considerable instability of the ankle joint. 5.17C Explain anatomically how this fracture probably occurred. Normally, the deep malleolar mortise formed by the distal end of the tibia and malleoli holds the talus firmly in position. In the present case, following the ligament injuries described above, the forcible tilting of the untethered talus against the lateral malleolus avulsed the malleolus, breaking it off. 5.17D What might have happened if the ankle was forced in the opposite direction? Had the man's ankle been forced in the opposite direction (i.e., in an extremely everted position), the strong medial ligament may have avulsed the medial malleolus. As the force continued, it might have tilted the talus, moving it and the lateral malleolus laterally. Because the interosseous ligament acts as a pivot, the fibula breaks proximal to the proximal tibiofibular joint. 5.17E Does the person have a Pott fracture? This person's injury was not a Pott fracture, which, strictly speaking is a bi (or tri) malleolar fracture of the ankle resulting from excessive eversion. Unfortunately, the term Pott fracture dislocation is often loosely used to include most ankle fractures and fracture dislocations involving the malleoli of the ankle. A more meaningful terminology describes a is second degree ankle injury as one that involves two malleoli (or the malleolus and one ligament), and a third degree injury includes both malleoli and the posterior margin of the tibia (or two malleoli and one ligament). 5.18A A 22yearold woman was a front seat passenger in a car that was involved in a headon collision. Although she sustained head injuries, her chief complaint was a sore right hip that prevented her from standing up. Believing that she might have broken her hip, the paramedics at the scene rushed her to the nearest hospital. pPhysical Examination: The examination revealed that her lower limb was slightly flexed, adducted, and medially rotated and that it appeared shorter than the other limb. Radiographs of her hip were requested. Radiology Report: Posterior dislocation of the right hip joint with fracture of the posterior margin of the acetabulum. Diagnosis: Traumatic posterior dislocation of the hip joint. Explain anatomically how this injury probably occurred. The close relationship of the sciatic nerve to the posterior surface of the hip joint makes it vulnerable to injury in posterior dislocations. 5.18B What nerve may have been injured? Traumatic dislocations of the hip joint are uncommon due to the joint's inherent stability, but may occur as a result of highimpact violence, such as automobile accidents, when the hip joint is flexed and the thigh is adducted and medially rotated (sitting position). When impact causes the knee to strike the dashboard in this position, the force is transmitted along the horizontal femur, driving its head into and through the posterior margin of the acetabulum, possibly rupturing through the posterior aspect of the articular capsule as well. This permits the femoral head (and fractured posterior margin of the acetabulum) to lie adjacent to the gluteal surface of the ilium.



5.18C When paralysis of this nerve is complete, what muscles are paralyzed? If the paralysis is complete, which is rarely the case, the hamstring muscles and those distal to the knee will all be paralyzed. 5.18D Where may cutaneous sensation be lost? In addition to the muscular paralysis, anesthesia would involve the lower leg and foot, except for the skin on the medial side, which is supplied by the saphenous nerve (L3 and L4), a terminal branch of the femoral nerve. 5.19A A teenage male, skiing at a speed unjustified by his skill, lost control and crossed over the end of the ski run into some trees. In an attempt to stop, he sat back on his skis and was about to try to fall to one side when one ski struck a tree. Although he had managed to reduce his speed before hitting the tree, the solid impact between tree and ski broke the ski and, due to the rigid ski boots, considerable force was transmitted to his flexed knee. He experienced a pop followed by sharp pain. The ski patrolmen who had been called to provide first aid and bring him down the hill said that it was remarkable that he did not have a boot top fracture of the tibia. Instead, the trauma occurred at the knee. In turning him over to his parents to take to the emergency room, a patrolman stated, I'm afraid he has torn knee ligament. How would you explain the knee injury to his parents, assuming that they have little knowledge of the anatomy of the knee joint? The bony formations involved in the knee joint resemble two balls on an axle, like a dumbbell sitting on a table top. To keep the dumbbell from rolling forward or backward off the table, taut cords extend from the front and back edges of the table to the axle between the balls, tying it in the middle of the tabletop. The cord from the back of the table prevents the dumbbell from rolling to the forward edge, and the cord from the front does the opposite. If a sudden blow is delivered to the front of the table (as from a sledgehammer), knocking its forward edge under the dumbbell, the cord between the dumbbell and the back of the table would likely break. 5.19B What ligament was probably ruptured? The PCL, extending from the intercondylar region of the femur to the posterior aspect of the tibial plateau, is comparable to the cord extending from the axle between the balllike weights of the dumbbell to the back of the table, and is the ligament that would be ruptured in this case. 5.19C Once the pain and swelling have subsided, what physical examination test would confirm your diagnosis? The tibia can be displaced posteriorly under the femoral condyles of the nonweightbearing, flexed kneethe posterior drawer sign. 5.19D Would a specific meniscus also be likely to have been injured? Injury of which ligament(s) of the knee isare linked to specific meniscal injuries? Although the lateral meniscus appears to be linked to the PCL by the posterior meniscofemoral ligament (see Figures 5.63D and 5.64A in Clinically Oriented Anatomy,



fifth edition), there does not appear to be a specific link between injury of the PCL and the lateral meniscus, as there is between the tibial collateral ligament and the medial collateral ligament. 5.20A A 55yearold man became concerned because of a globular swelling in his right groin. He told his physician that the swelling became smaller when he lay down but never completely disappeared. He also said that the mass occasionally became large and bulged under the skin on the anterior aspect of his thigh. When this occurred, he said he felt a pain down the inside of his thigh. Physical Examination: The physician noted that the swelling was inferior to the medial third of the inguinal ligament and lateral to the pubic tubercle. When he inserted his index finger into the superficial ring of the person's inguinal canal and asked him to cough, the invagination test, the physician felt no mass or protruding gut; however, he observed a slight increase in the size of the swelling. When the physician asked the person to point to the site where the swelling first appeared, he placed his finger over the site of the femoral ring. When asked in which direction the swelling came down when he felt pain, he ran his finger along his thigh to the region of the saphenous opening. The physician applied gentle manual pressure to the swelling with the thigh flexed and medially rotated; however, he was unable to reduce the protrusion. Diagnosis: Irreducible complete femoral hernia. Define the terms femoral canal, femoral sheath, femoral ring, and femoral hernia.



The femoral canal is a short, blind, potential space comprising the medial compartment of the femoral sheath, a prolongation of the fascial lining of the interior of the abdomen (fascia transversalis anteriorly and fascia iliaca posteriorly) deep to the inguinal ligament around the femoral vessels. The femoral ring is the patent, abdominal opening of the femoral canal. The femoral canal is a source of weakness in the abdominal wall; thus, when intraabdominal pressure rises very high (as may occur when a chronically constipated person attempts to defecate), abdominal contents (fat, peritoneum, omentum, and usually a loop of intestine) may be forced, inside a pouch of peritoneum, through the femoral ring into the femoral canal, constituting a ifemoral herniai. 5.20B What are the usual contents of the femoral canal?



Normally, the femoral canal contains lymphatic vessels and at least one lymph node embedded in connective tissue. When extrathoracic veins enlarge during a Valsalva maneuver, the femoral canal accommodates expansion of the subinguinal femoral vein. 5.20C Use your anatomical knowledge to explain the initial course of a femoral hernia and the eventual course that might be taken by a large hernia. The hernia descends inferiorly along the femoral canal and then anteriorly through the saphenous opening, forming a swelling inferior to the inguinal ligament (see Figure B5.11 in Clinically Oriented Anatomy, fifth edition). The course followed from here depends on the resistance offered by the surrounding subcutaneous tissue. Denser subcutaneous tissue in the thigh may direct the hernia superiorly, perhaps extending (superficial and) superior to the inguinal ligament, medially into the labium majus or scrotum, or inferiorly along the saphenous vein. While the hernia is in the femoral canal (incomplete femoral hernia) it is usually small, but after it passes anteriorly through the saphenous opening into the loose connective tissue of the thigh, it may become much larger (complete femoral hernia). 5.20D What is the position of the saphenous opening relative to the pubic tubercle? Why is this relationship important in the differential diagnosis of hernias? The saphenous opening is approximately four centimeters inferolateral to the pubic tubercle. Thus the pubic tubercle is the important bony landmark in differentiating an inguinal from a femoral hernia, which may be challenging. Whereas the swelling produced by a small to moderate femoral hernia is inferolateral to that caused by an indirect inguinal hernia of comparable size, the advanced types of femoral hernia may produce a swelling superior to the inguinal ligament. However, if palpation enables one to establish the neck of the hernia in , the neck of an inguinal hernial sac emerges from the superficial inguinal ring superomedial to the pubic tubercle, whereas the neck of a femoral hernial sac is inferolateral to the pubic tubercle as it emerges from the saphenous opening. In addition, if a hernia does not present in the inguinal canal during the iinvagination testi, as in the present case, the hernia cannot be an indirect inguinal hernia. If the hand is placed gently over the hernia and eased inferiorly, the fold of the groin produced by the inguinal ligament will be seen passing superior to a femoral hernia, whereas if the hand is eased superiorly, the fold of the groin will be seen passing inferior to an inguinal hernia. An inguinal hernia cannot form a swelling in the femoral triangle. 5.20E Explain in anatomical terms why femoral hernias are more common in females than in males. Femoral hernia is more common in women than in men (approximately 3:1) because: (1) the femoral ring is relatively larger in women than in men because of the greater breadth of the female pelvis; (2) the femoral vessels of women are typically smaller; (3) since the round ligament of the uterus is much smaller than the spermatic cord, the inguinal canal and inguinal rings are smaller, and do not offer the more vulnerable alternative pathway for relieving internal pressure that they offer in men; and (4) changes occur in the associated tissues as a result of the distension occurring during pregnancy. 5.20F Explain anatomically why strangulation of this type of hernia is common. Strangulation of a complete femoral hernia is common. The tendency for this type of hernia to strangulate (i.e., compress the vessels associated with the hernia) results from



the sharp, firm boundaries of the relatively small femoral ring (e.g., the inguinal ligament anteriorly and the lacunar ligament medially). Stricture of the hernia may also be produced by the sharp edges of the saphenous opening. Thus, blockage of venous return from the protruded loop of intestine often occurs. As arterial blood continues to pass into the loop, it becomes engorged with blood, and circulation through it soon stops. Early surgical intervention is required to prevent necrosis of the strangulated loop of intestine. 5.20G Enlargement of what structure in the femoral canal might be mistaken for a femoral hernia? A soft enlarged lymph node in the femoral canal could be mistaken for a femoral hernia, although the node would be firmer. Cancer or infections in the areas drained by these nodes could cause one or more of them to enlarge.



Chapter 6 – UPPER LIMB 6.1A A 52yearold woman was riding her bicycle along a gravel path. Suddenly she lost her balance and fell on her outstretched upper limb. She said she heard a distinct cracking noise and felt sudden pain in her shoulder region. Her husband, a physician, observed a deformity of her clavicle at the junction of its lateral and intermediate thirds and realized that she had broken her clavicle. He also noted that the lateral part of her shoulder was slumped inferomedially and that the medial fragment of the fractured clavicle was elevated. He made a sling for her limb with his Tshirt. Where does the clavicle commonly fracture? The common site of a clavicular fracture is the junction of its lateral and intermediate thirds, its weakest part. 6.1B Are clavicular fractures more common in adults than in children? The relatively strong clavicles of adults are less frequently fractured than those of children. One in 20 upper limb fractures involves the clavicle, and most of these injuries occur in children and adults involved in contact sports. 6.1C Why did the woman's shoulder slump inferomedially? Her shoulder slumped inferomedially when her clavicle fractured because the free distal (lateral) fragment was no longer able to support the weight of the upper limb. 6.1D Why didn't the woman dislocate her AC joint instead of fracturing her clavicle? The ligaments binding the acromion to the clavicle are much stronger than the clavicle; consequently, a direct force to the shoulder (e.g., a fall on it) is less likely to injure the AC joint (e.g., an AC strain) and fracture the clavicle instead. 6.1E Why did her clavicle fracture rather than her wrist? The clavicle usually fractures in a middleaged adult because the force of the fall is transmitted through the forearm and arm bones to the pectoral girdle. In elderly women,



a fall from a bicycle would likely fracture the distal end of the radius (Colles fracture) because their bones may be markedly weakened by osteoporosis. 6.2A A 35yearold baseball pitcher told his catcher and coach that he felt a gradual onset of shoulder pain. He continued to pitch but had to stop because of pain and weakness, especially during abduction and lateral rotation of his arm. When examined by the team physician, supraspinatus tenderness was detected near the greater tubercle of his humerus. An MRI revealed a tear in the pitcher's rotator cuff. Describe the rotator cuff of the shoulder. The rotator cuff is the musculotendinous cuff for the glenohumeral joint formed by the tendons of insertion of the SITS muscles (see Table 6.2 in Clinically Oriented Anatomy, fifth edition). The cuff reinforces the joint capsule of the glenohumeral joint, giving it stability through the tonic contraction of the muscles holding the head of the humerus in the glenoid cavity of the scapula. 6.2B What usually causes rotator cuff strain? Indirect force to the abducted arm (e.g., during a skiing fall) and frequent microtrauma of the glenohumeral joint during throwing (e.g., a baseball) injures the rotator cuff and may tear it. 6.2C What part of the rotator cuff usually tears? The relatively avascular supraspinous part of the rotator cuff near the greater trochanter of the humerus is the part that usually tears initially. 6.2D Do these injuries occur only in baseball pitchers? Rotator cuff injuries can occur in anyone who throws something or falls with the arm abducted. The injury is common in people older than 45 years of age who strain themselves on weekends or holidays performing activities such as skiing, body surfing, and weight lifting. 6.2E What shoulder movement is weak and causes pain? The mechanism of rotator cuff injury is indirect force to the abducted arm and repetitive microtrauma to the glenohumeral joint. When the rotator cuff is torn, abduction of the arm is weak and pain is severe during 70 to 120font faceLWWSYM%font of arm abduction (see the clinical correlation (blue) box Rotator Cuff Injuries in Clinically Oriented Anatomy, fifth edition). 6.3A Several weeks after surgical dissection of her right axilla for the removal of lymph nodes for staging and treatment of her breast cancer, a 44yearold woman's husband noticed that her right scapula protruded abnormally when she pushed against the wall during her stretching exercises. She also had difficulty raising her right arm above her head when combing her hair. During her return visit with her surgeon, she was told that a nerve was accidentally injured during the diagnostic surgical procedure and that this produced her scapular abnormality and inability to raise her arm normally. What nerve was probably injured?



The long thoracic nerve to the serratus anterior was injured. During surgical axillary dissection, it is normally identified and maintained against the thoracic wall while the lymph nodes are excised. However, the nerve may be accidentally damaged during removal of nodes. 6.3B Why did this injury cause winging of her scapula and difficulty raising her arm? Injury to the long thoracic nerve causesiparalysis of the serratus anteriori, the muscle that keeps the medial border of the scapula in firm apposition with the thoracic wall. The serratus anterior, also powerful, assists the trapezius in rotating the scapula laterally and superiorly when raising the arm over the shoulder. This explains why the person had difficulty combing her hair. 6.3C If these scapular abnormalities were observed in an automobile accident victim, what fractures might have caused the nerve injury? Injuries to the long thoracic nerve and paralysis of the serratus anterior frequently result from weapons (knives, gunshots); however, they may occur during severe automobile accidents, or when a person is run over by a motor vehicle. Scapular fractures and injury to the long thoracic nerve are usually associated with rib fractures. 6.3D What other nerves are vulnerable to injury during removal of axillary lymph nodes? The thoracodorsal, pectoral, and intercostobrachial nerves are also vulnerable during operations on the inferior part of the axilla. 6.3E What abnormalities of arm movement would likely be present as a result of these nerve injuries? The thoracodorsal nerve runs inferolaterally along the posterior wall of the axilla and enters the latissimus dorsi at the level of the second and third ribs. A person with paralysis of the latissimus dorsi would have difficulty adducting the arm and rotating it medially. The pectoral nerves supply the pectoralis major and minor. Paralysis of the pectoralis major would seriously affect adduction and weaken medial rotation of the arm. 6.3F Would any areas have cutaneous anesthesia? The intercostobrachial nerves, the lateral cutaneous branches of the second intercostal nerve, sometimes have to be sacrificed in radical axillary dissections because these nerves pass close to the axillary lymph nodes to reach the arm. Injury to these nerves causes anesthesia of the skin of the axilla and the posteromedial aspect of the arm. 6.4A During a pickup game of football on artificial turf, a 38yearold ball carrier was slammed to the ground by a linebacker. He landed hard on his right shoulder and indicated that he felt moderate pain that became worse when he attempted to raise his arm. An orthopedist noted slight superior displacement of the acromial end of his clavicle. Inferior pressure on the clavicle revealed tenderness and some mobility of the clavicle where it articulates with the acromion. Abduction of the arm beyond caused severe pain and abnormal movement of the acromion and clavicle at the AC joint. What part of the AC joint hit the hard artificial turf?



The acromion of the scapula likely struck the hard artificial turf first. The acromion forms the bony tip of the shoulder. The medial aspect of the acromion articulates with the acromial end of the clavicle. 6.4B Based on your anatomical knowledge of the AC joint, what injury do you think resulted from the fall on his shoulder? In view of the relatively small displacement of the articulating bones, it is likely that the injury was a mild sprain or subluxation of the AC joint 6.4C Would the joint capsule be injured? The joint capsule would be severely stretched and the superior part of it would probably be torn where the clavicle was displaced superiorly. 6.4D What structures are vulnerable in this type of injury? What clinical findings are indicative of the type of injury sustained? If pain and widening of the AC joint were the main findings, an iAC dislocationi would most likely have occurred. In this case, the iAC ligamenti would be completely torn (i.e., disrupted). If these findings were accompanied by considerable instability of the acromial end of the clavicle with a highriding clavicle, it is likely that the coracoclavicular ligaments were also torn; it is an AC sprain (see the clinical correlation (blue) box Dislocation of the Acromioclavicular Joint in Clinically Oriented Anatomy, fifth edition). More severe injuries also occur, involving increasingly serious injury of the deltoid and trapezius. 6.4E If the player had fumbled the ball and landed on his open hand, what bone do you think might have been fractured? If the player had landed on his open hand, he might have fractured his clavicle. The mechanism of injury is that the traumatic force is transmitted through the forearm and arm to the pectoral girdle. In this case, the force is transmitted to the clavicle and does not usually injure the AC joint. 6.5A A 32yearold woman learning to play tennis practiced daily for approximately two weeks. She reported to her coach that she was experiencing pain over the lateral region of her elbow that radiated down her forearm. Familiar with this complaint by beginners, he asked her to hold the tennis racket and extend her hand at the wrist. She felt no pain until he resisted extension of her hand. When he asked her to pinpoint the area of most pain, she placed her finger over her lateral epicondyle. When he put pressure on the epicondyle, she pulled her elbow away because of the severe pain. The coach compressed the common extensor tendon, and she again experienced intense pain. What elbow injury has this woman sustained? The symptoms clearly indicate lateral epicondylitis (tennis elbow), the most common painful condition in the elbow region. 6.5B What are the mechanisms of this injury?



This elbow injury usually results from repetitive microtrauma of the common extensor origin of the forearm extensor muscles. Lateral epicondylitis represents approximately 70% of all sports injuries in persons 40 to 50 years of age. 6.5C Does this injury occur only in tennis players? Lateral epicondylitis also occurs in baseball, swimming, gymnastics, fencing, and golfsports that involve heavy use of the forearm extensors. Lateral epicondylitis can also result from direct trauma to the lateral epicondyle (e.g., a slash with a hockey stick on an unpadded elbow). 6.5D Where is the discrete point of local tenderness in these injuries? The discrete point of local tenderness in lateral elbow injuries is just distal to the inflamed lateral epicondyle. 6.5E Why did the woman experience radiation of pain along the posterolateral aspect of her forearm? As the iinflammation of the common extensor tendoni develops, pain is referred distally along the extensor tendon. 6.5F What additional findings might radiographs reveal in chronic cases? In chronic cases, radiographs may reveal dystrophic calcification in the area of degeneration of the extensor muscle origin. 6.6A A 65yearold man consulted his physician about a dull ache in his right shoulder that often awakened him during the night, especially when he had been sleeping with his arm raised above his shoulder. He said the severe pain sometimes runs down his right arm and that a friend told him the pain might be a symptom of heart disease. During the physical examination, the physician noted that he kept his shoulder in the adducted position. As she pressed his shoulder firmly just lateral to his acromion, she noted extreme tenderness. She asked him to raise his upper limb slowly. When his limb reached approximately 50 degrees of abduction, he said he felt extreme pain. The pain persisted until his limb was well above his shoulder approximately 130 degrees of abduction. As his limb approached his head, he said the pain disappeared. Using your knowledge of the rotator cuff of the glenohumeral joint, what inflammatory condition do you think would cause this arc of painful abduction?



Calcification in the musculotendinous rotator cuff, particularly in its supraspinatus part, is usually the cause of the painful arc syndrome. In iacute calcific supraspinatus tendinitisi, calcium deposited in the supraspinatus tendon causes excruciating throbbing pain that is not relieved by rest. 6.6B Inflammation of what synovial sac would exacerbate the pain? Inflammation of the subacromial bursa, resulting from irritation by calcification in the rotator cuff, aggravates the shoulder pain. 6.6C Why was pressure on the shoulder lateral to the acromion so painful? Pressure on the shoulder lateral to the acromion caused pain because it is close to the greater tubercle of the humerus, where calcium deposits are usually located in the supraspinatus tendon. 6.6D Explain the anatomical basis of the painful arc syndrome. The ipainful arc syndromei can be explained by the fact that at 50 to 60 degrees of abduction, the inflamed area of the supraspinatus tendon comes into contact with the undersurface of the acromion. Because of this, the syndrome is also referred to as the isubacromial impingement syndromei. 6.7A During the difficult birth of a baby, the physician pulled on the baby's head while the shoulder was still in the birth canal. This procedure caused a traction injury of the superior rami of the brachial plexus. Which anterior rami of the brachial plexus were probably injured? The anterior rami of C5 and C6 nerves, which join to form the superior trunk of the brachial plexus, are torn or severely stretched by pulling the baby's head when the shoulder is not delivered. 6.7B



What is the name of the palsy that results from this injury? The clinical condition is called Erb palsy or ErbDuchenne palsy. 6.7C What is the usual clinical appearance of the upper limb when this injury of the brachial plexus occurs? The paralyzed upper limb hangs limply by the side and is adducted and medially rotated; the elbow joint is extended and the forearm is pronated. Consequently, the palmar surface of the hand, instead of facing medially, faces posteriorly when the limb rests at the side in the adducted position. 6.7D How does this nerve injury usually occur in young adults? An upper brachial plexus injury in young adults usually occurs when they fall on the shoulder in such a fashion that the shoulder is forcefully depressed and the head and neck are forcefully flexed to the other side of the body. These injuries commonly result from a fall from a motorcycle. An upper brachial plexus injury may occur during a football game when one tackler is pulling on a ball carrier's arm and another is pulling on the person's facemask. 6.7E What muscles are partially or completely paralyzed by excessive traction on the upper part of the brachial plexus? The muscles partially or completely paralyzed by tearing of C5 and C6 roots of the brachial plexus are those whose sole or major innervation is from C5 andor C6 (e.g., supraspinatus, deltoid, biceps, and supinator). Atrophy of the deltoid results in the shoulder losing its rounded contour and appearing to droop. 6.8A A 28 year old gymnast with a history of biceps tendinitis and rotator cuff injury experienced vague pain in the anterior region of his glenohumeral joint. He said that he had the sensation of popping during his parallel bar routine. During the preliminary examination, the coach noted tenderness over the bicipital groove, flexion and supination weakness of the forearm, and an abnormal bulge in the anterior part of the gymnast's arm. During a radiographic examination, a fracture of the scapula was observed. What muscle was most likely injured? The long head of the man's biceps brachii was likely injured. 6.8B What specific injury of the muscle does the popping sensation and tenderness over the bicipital groove suggest? The popping sensation and tenderness over the bicipital groove suggest that the tendon of the long head of the biceps was ruptured. 6.8C Weakness of what forearm movements supports your preliminary diagnosis? Weakness of flexion and supination of the forearm support the view that the biceps is injured because it participates in both of these upper limb movements. 6.8D What probably caused the abnormal bulge in the anterior part of the gymnast's arm?



Undoubtedly the bulge was formed by the tonically contracted fallen belly of the ruptured long head of the biceps. 6.8E What scapular fracture could be associated with this arm injury? An avulsion fracture of the supraglenoid tubercle of the scapula, the proximal attachment of the long head of the biceps, may occur, allowing the biceps tendon to dislocate from the intertubercular groove. 6.8F In what other sports do you think biceps tendinitis might occur? Biceps tendinitis, the second most common cause of a painful shoulder, occurs in a wide range of throwing, swimming, and racquet sports (Halpern, 2004). Rupture of the biceps tendon may also result from sudden forceful contraction against resistance (e.g., during a checked swing in baseball, a fastpitched softball, or an arm tackle on a quarterback's passing arm). 6.8G Discuss the mechanism of this injury. This injury results from repetitive microtrauma of the biceps tendon and its synovial sheath as it slides to and fro in the bicipital groove of the humerus during flexion and supination of the forearm. The constant use of the muscle may cause fraying and eventual rupture of the tendon. See the clinical correlation (blue) box Rupture of the Tendon of the Long Head of the Biceps Dislocation of the Acromioclavicular Joint in Clinically Oriented Anatomy, fifth edition). 6.9A A professional golfer consulted a physician about an aching pain in his elbow and along the anterior surface of his forearm. The physician detected extreme tenderness in the region of the medial epicondyle and some pain when the forearm flexorpronator group of muscles was compressed. The golfer said that the pain usually subsided after he finished his game but that it has gradually become more severe and constant. Radiographs of the elbow were normal. What elbow injury do you think the golfer has sustained? The symptoms and signs suggest that the golfer has an elbow injury called medial epicondylitis (golfer's elbow). 6.9B Using your anatomical knowledge of the elbow and the flexorpronator group of forearm muscles, what do you think is the mechanism of injury in this case? The mechanism of injury resulting in medial epicondylitis is usually medial tension overload of the elbow from repeated microtrauma of the flexorpronator group of forearm muscles at the common flexor attachment, the medial epicondyle. 6.9C What is the most likely cause of the golfer's pain? The probable cause of pain in medial epicondylitis is inflammation of the medial epicondyle and common flexor tendon of the flexorpronator group of forearm muscles. 6.9D What other condition might cause this type of elbow pain?



A sprain of the ulnar collateral ligament of the elbow could also cause pain in the medial part of the elbow. This ligament passes from the medial epicondyle to the coronoid process and olecranon of the ulna. 6.9E Are golfers the only athletes likely to sustain this type of injury? Despite its common name (golfer's elbow), medial epicondylitis occurs primarily in tennis players using the twist serve. It also results from the acceleration phase in throwing sports. 6.10A A 52 year old carpenter visited his physician concerning severe pins and needles sensations in his right hand, which also involved the palmar surface of his thumb and lateral two and a half fingers. He told the physician that the pain was becoming progressively worse and often awakened him during the night. He said that he has been experiencing difficulty using hand tools and buttoning his shirt. During the physical examination, the physician did not detect objective impairment of sensation in the hand, but she noted slight weakness of the thenar muscles. She told the man that he has a nerve entrapment syndrome. Using your anatomical knowledge of the wrist, what nerve was compressed? The median nerve was compressed at the wrist as it passed beneath the flexor retinaculum. 6.10B What is the name of the entrapment syndrome described by the person? This fairly common condition is carpal tunnel syndrome. 6.10C What conditions can cause this type of nerve entrapment? This syndrome can be caused by a variety of conditions: edema of acute and chronic trauma, synovial cyst in the carpal tunnel, osteophytes (bony outgrowths of carpals), lipoma, tenosynovitis (inflammation of a tendon and its synovial sheath), and excessive exercise. 6.10D What movements would aggravate the symptoms? The symptoms of carpal tunnel syndrome (e.g., sensory changes over the lateral side of the hand, including the lateral two and a half fingers) are aggravated by movements of the wrist. 6.10E If this condition is not treated, what further signs would you expect to develop in a few months? If untreated, median nerve compression might produce objective findings of sensory loss (e.g., elicited by pinpricks) and weakness and atrophy of hand muscles (see Figure 6.2).



6.11A A 25 yea rold woman lost control while skiing and severely fractured her right tibia at the boot line. Because it was a comminuted fracture, a metal plate was surgically placed in her leg to stabilize the fracture. She was told she would be on crutches for approximately three months. After using the crutches frequently for approximately six weeks, she experienced pain and paresthesia in the posterior aspect of her right forearm and on the dorsum of her hand. When she reported this to her physician, he told her these symptoms were the result of prolonged and faulty use of her crutches. Compression of what nerve probably produced the pain and paresthesia in her right forearm and hand? Undoubtedly, the pain and paresthesia in her forearm and hand resulted from compression of her radial nerve in the axilla because all the symptoms relate to the distribution of this nerve. 6.11B Why did the physician say that the neurological symptoms were the result of prolonged and faulty use of her crutches? Prolonged and faulty use of the axillary type of crutches places most of the body's weight on the axilla rather than on the hands. This produces intermittent compression of the radial nerve as it leaves the axilla. 6.11C How could this nerve compression be eliminated? The person should be instructed on how to use the axillary type of crutches, that is, bearing the weight through the hands rather than the axilla. However, it would be better to provide the persons with elbowlength crutches. 6.11D If the cause of the nerve compression is not eliminated, what do you think the result will be? If radial nerve compression (crutch palsy) is not eliminated, paralysis of the finger and wrist extensors may occur (see Table 6.8 in Clinically Oriented Anatomy, fifth edition). This nerve injury is completely reversible, provided the cause is eliminated. 6.12A



A 32 year old man purchased an older home that was badly in need of renovations and painting. As he was painting the ceiling in a large room, he felt pain and tingling in his right shoulder and in the proximal part of his right arm. During the physical examination, the physician examined the radial pulse at his right wrist and observed that it decreased when he raised the man's limb above the shoulder. After the limb had been elevated for several minutes, the person said that he felt tingling and some pain around his shoulder. The physician noted cyanosis, edema of his hand, and distension of the superficial limb vein. Compression of what structures in the axilla could produce the signs and symptoms described? Compression of the axillary artery and vein and the cords of the brachial plexus could produce the symptoms described by the person: piCompression of the axillary nerveiparesthesia over the shoulder and proximal arm and weakness of arm abductionp piCompression of the axillary arteryiweakening of the radial pulsep piCompression of the axillary veini edema of hand and distension of superficial limb veins. 6.12B What bony structure could compress these axillary structures? The axillary structures could become impinged or compressed between the coracoid process of the scapula and the pectoralis minor tendon during prolonged hyperabduction of the arm font color. (See Figure 6.3).



6.12C What is the name of this type of compression syndrome? This type of compression syndrome is called hyperabduction syndrome of the arm. The signs and symptoms depend on which cord(s) of the brachial plexus is compressed. 6.13A As a first year medical student who has just completed the first semester of medical school, including gross anatomy, you have taken advantage of an opportunity to shadow a primary care physician in a clinic. While observing the physician performing a physical examination, you notice that, on each side of the person, he places his thumb in the person's cubital fossa while the elbow is flexed and then strikes his thumb with a reflex hammer. Following this, he strikes the radial border of each of the person's slightly pronated forearms about two centimeters proximal to the wrist. Finally, with the person's elbow flexed to about 90 degrees, he strikes the posterior aspect of the distal arm just above the elbow. Based on your knowledge of anatomy, what are the specific structures that the physician is attempting to stimulate with his reflex hammer? The physician is attempting to produce a sudden stretch of the tendons of the biceps brachii, brachioradialis, and triceps brachii.



6.13B What tests are being performed in this part of the exam? The physician is testing the person's myotatic or deep tendon reflexes in the upper limb. Similar tests will also be performed in the lower limb. 6.13C Explain the anatomical basis of the tests. The sudden stretch of the tendon stimulates primary sensory endings (the stretch receptors of muscle spindles) in the fleshy part of the muscle, causing nerve impulses to be conducted to the sensory spinal (posterior root) ganglion of the spinal nerve serving the muscle. The central process of the afferent neuron synapses on and stimulates an efferent (motor) neuron within the associated segment of the spinal cord. The efferent neuron, in turn, sends a stimulating impulse to the muscle, evoking a short contraction. These particular reflexes are all simple, two neuron (monosynaptic) reflexes. 6.13D For each reflex tested, list the specific structures that must be intact in order to evoke a normal response. For each reflex, the afferent neuron, efferent neuron, and the spinal cord segment in which they synapse must be intact. In the biceps reflex, producing visible or palpable flexion of the elbow, the musculocutaneous nerve conveys both the afferent and efferent fibers, and tests the C5 and C6 spinal cord segments. In the brachioradialis reflex, producing pronation of the forearm and slight flexion of the elbow, the radial nerve conveys both fibers, and also tests the C5 and C6 spinal cord segments. In the triceps reflex, the radial nerve conveys both fibers, and the C6 though C8 spinal cord segments are tested. 6.13E What would constitute an abnormal response (negative finding)? Abnormal responses to myotatic reflexes include the absence of a response, a bilateral response, a sluggish or diminished response, a brisk hyperactive response, and intermittent or transient clonus (contractions and relaxations in rapid succession). The physician explains to you that, as a general rule, hyperactive myotatic reflexes suggest upper motor neuron (CNS) lesions (as produced by stroke), while weak or absent myotatic reflexes suggest lower motor neuron (PNS) lesions (as might be produced by trauma, a herniated disc, or diabetes). 6.14A A 57 year old man was repairing the deck attached to his cottage. After several hours he said he was tired but refused to stop working. Shortly thereafter he fell off the porch, breaking three ribs and both wrists. The left wrist had a hairline fracture; however, the fracture of the right wrist was a typical displaced Colles fracture. An undisplaced fracture of the ulnar styloid process also occurred. The radial fracture was reduced and the man's wrist was immobilized in a below elbow cast for four weeks. The fracture was well united in six week. What wrist deformity is present in a typical Colles fracture? Explain why it happens. The typical clinical abnormality of the wrist in a Colles fracture is a dinner (silver) fork deformity resulting from the posterior displacement and tilt of the distal radial fragment. The hand is typically laterally deviated because of displacement of the distal part of the radius. The styloid processes of the ulna and radius are at the same level, instead of the radial styloid being more distal than the ulnar styloid process, as is normal.



6.14B Why is a Colles fracture more common in older persons? Colles fracture is more common in people older than 50 years of age, especially women, because their bones are often weakened by postmenopausal osteoporosis. 6.14C What joint is often subluxated in malunion of the radial fragments? The distal radioulnar joint may be subluxated when a Colles fracture is not well united. 6.14D Movements of what other joint may be affected? Movements of the wrist and radioulnar joints may be limited. 6.15A During a difficult breech delivery of a large baby, strong lateral flexion of the infant's trunk and neck was performed to deliver the head. Complete loss of sensation and complete paralysis of the right limb was evident from the time of birth. In addition, the infant's right eyelid drooped. What birth injury probably caused this severe injury to the child's upper limb? The lateral flexion of the baby's back and neck severely injured the entire brachial plexus and probably tore one or more of its trunks. 6.15B Do you think this type of brachial injury is amenable to surgery (e.g., suturing of nerves)? This severe type of injury involving the entire brachial plexus is not amenable to surgery (Salter, 1999) because it is likely that some of the anterior rami were completely avulsed from the spinal cord. 6.15C What caused his right eyelid to droop? Drooping of the upper eyelid (ptosis) was caused by injury of sympathetic fibers in the first thoracic nerve root. 6.15D



Of what syndrome is this eyelid defect a part?



Drooping of the eyelid is part of Horner syndrome; other characteristics are a constricted pupil (myosis) and absence of sweating of the face (anhydrosis). 6.16A A 20 year old man complained that he was unable to raise his right upper limb. He held it limply at his side with his forearm and hand pronated. He told his physician that he had been thrown from his motorcycle approximately two weeks previously and that he had hit his shoulder against a tree. He also recalled that his neck felt sore shortly after the accident. Physical Examination: On examination, the physician found that the patient was unable to flex, abduct, or laterally rotate his arm. In addition, he lost flexion of the elbow joint. A lack of sensation was detected on the lateral surface of his arm and forearm. The physician requested radiographs of the cervical and pectoral girdle regions. Radiology Report: No fractures are seen in the cervical region, pectoral girdle, and proximal part of the humerus. Diagnosis: Injury of nerves derived from the brachial



plexus. Using your anatomical knowledge of the nerve supply to the upper limb, discuss the probable cause of this person's loss of motor and sensory functions. When the young man was thrown from his motorcycle and hit a tree, his right shoulder was pulled violently away from his head. This pulled on the superior trunk of his brachial plexus, stretching or tearing the anterior primary rami of C5 and C6 spinal nerves. As a result, the nerves arising from these rami and the superior trunk were affected and the muscles supplied by them were paralyzed. 6.16B What muscles were probably paralyzed? The muscles involved would be the deltoid, biceps brachii, brachialis, brachioradialis, supraspinatus, infraspinatus, teres minor, and supinator. The person's arm was medially rotated because the infraspinatus and teres minor (lateral rotators of the shoulder) were paralyzed. His forearm was pronated because the supinator and biceps were paralyzed. Flexion of his elbow was weak because of paralysis of the brachialis and biceps brachii. The inability of the person to flex his humerus resulted from paralysis of the deltoid and coracobrachialis and probably the clavicular head of the pectoralis major. Loss of abduction of the humerus resulted from paralysis of the supraspinatus and deltoid. 6.16C Is the patient likely to recover full use of his paralyzed limb? The paralysis of his limb muscles would be permanent if the nerve rootlets forming the C5 and C6 rami were pulled from the spinal cord. As these rootlets cannot be sutured into the spinal cord, the axons of the nerves would not regenerate and the muscles supplied by them would soon undergo atrophy (wasting). Movements of the shoulder and elbow will be greatly affected; for example, the person will always have difficulty lifting a glass to his mouth with his right arm. The loss of sensation in his arm resulted from damage to sensory fibers of C5 and C6 that are conveyed in the upper lateral brachial cutaneous nerve (from the axillary nerve), the lower lateral brachial cutaneous nerve (from the radial nerve), and the lateral antebrachial cutaneous nerve (from the musculocutaneous nerve). 6.17A A sheet metal worker sustained a deep cut across the palmar aspect of his middle finger at work but was reluctant to report it or let anyone know about his wound. His foreman was the company safety officer and took great pride in advancing the company sign indicating the of days elapsed without an accident. Although the cut was not washed out, the profuse bleeding convinced the worker that the wound had been self cleansing. For the following week he applied dressings that could fit inside work gloves to hide the wound. Initially, the wound appeared to be healing satisfactorily, but on the third day following the accident the finger became inflamed, tightly swollen, and very tender to touch or motion. Over the next several days, the pain and swelling in the finger became less severe, only to be replaced by a somewhat less tender and less noticeable swelling in the central palm, and a more marked, general swelling of the dorsum of the hand. Just as the worker thought the problem was subsiding, the pain in the central palm worsened. Soon thereafter the swelling spread to his anterior forearm and he developed a fever. At his wife's insistence, he consulted a physician. Physical Examination: The middle finger is swollen and slightly painful. The dorsum of the hand is markedly swollen but not painful to the touch. The ulnar side of the palm and anterior forearm are both swollen and tender. The patient reports that the swelling and pain in the forearm has been increasing. The axillary lymph nodes are enlarged and tender on the side of the injury. The patient has a temperature of 101 degress and his pulse rate is 84 bpm. Laboratory report: Staphylococcus infection. Diagnosis: Suppurative tenosynovitis (pusproducing infection of a tendon sheath) with secondary infection of the ulnar bursa and anterior compartment of forearm. Treatment: A regimen of intravenous antibiotics



was prescribed. Surgical incisions were made (1) along the palmar surface of the middle finger into the synovial sheath, (2) across the palm at or proximal to the distal palmar crease, and (3) along the distal five centimeters of the medial border of the ulnar to evacuate pus. After cleaning the infected tissue spaces, drainage tubes utilizing continuous vacuum pressure were inserted. The tubes were gradually withdrawn as drainage decreased and wound closure occurred. Trace the route of infection from the site of injury from the third finger to the palm. The cut in the patient's finger allowed staphylococci to enter the fibrous digital sheath which, following enough healing to reestablish a closed compartment, became turgid with infection. The infection eventually ruptured the synovial membrane at the entrance to the sheath (just proximal to the head of the third metacarpal), spreading into the mid palmar space of the palm. 6.17B How might the pathway change if the injury had been to the index finger? Had the injury and infection involved the index finger, the infection would have spread to the thenar space rather than the mid palmar space, causing swelling on the radial side of the palm. 6.17C Knowing that fascial compartments typically end at the joints, explain how the infection spread from the palm into the forearm. Most fascial compartments end at the joints. The carpal tunnel is an exceptional case, however, providing continuity between the palmar spaces and the anterior compartment of the forearm. 6.17D Along what other pathway(s) would the infection spread had the injury been to the thumb or little finger (fifth digit)? Compared to the present case, would the spread of infection to the anterior forearm be impaired or facilitated (i.e., are infections conveyed from the thumb or little finger likely to spread to the anterior forearm more quickly than an infection conveyed from the middle finger)? The synovial tendon sheaths of the thumb and little finger are continuations of the radial and ulnar bursae, respectively. They are tendon sheaths that begin proximal to the flexor retinaculum (transverse carpal ligament). These continuous pathways would have allowed an infection to spread more directly and quickly to the anterior compartment of the forearm. 6.17E What is the cause of the swelling on the dorsum of the hand? Why were there no incisions made or drainage tubes inserted into the dorsum of the hand? The noticeable swelling beneath the loose skin on the dorsum of the hand is due to edema (excess lymph) as the lymphatic system attempted (unsuccessfully) to fight and remove the infection. The swelling and tenderness of the ipsilateral axillary nodes also indicate lymphatic involvement. It is important to remember that the site of greatest swelling does not always correlate with the site of injury nor the site of pus collection; the lymph accumulated here because of the loose nature of the tissue. Although surgical removal of the infection (pus) was required, surgical incisions are not generally effective or necessary in treating edema. 6.18A A 12 year old boy fell off his skateboard, hitting his right elbow on the sidewalk. Because he was suffering considerable elbow pain and numbness on the side of his



hand, his mother took him to her pediatrician. The boy told the physician, I fell on my funny bone and right away my little finger began to tingle. Physical Examination: The pediatrician noted that the boy showed no response to pinpricks to his right little finger and the medial border of his palm. He was unable to grip a piece of paper placed between his fingers. Suspecting a fracture of the elbow and peripheral nerve damage, the pediatrician arranged to have the boy's elbow radiographed. Radiology Report: Considerable displacement of the epiphysis of the medial epicondyle of the humerus and probably nerve stretching and compression are evident. What nerve was probably injured? Undoubtedly, the ulnar nerve was injured by the displaced epiphysis of the medial epicondyle. The medial epicondyle does not completely fuse with the side of the diaphysis until 16 years of age in males (14 years in females). Although an epiphysial separation is sometimes called an epiphysial fracture, or a fracture dislocation, it is best to refer to this injury as a iseparation of the epiphysis of the medial epicondyle. Had this accident occurred in a person older than 16 years of age, a fracture of the medial epicondyle might have occurred. Because the epiphysial plate is weaker than the surrounding bone in children, a direct blow that causes a fracture in older adolescents and adults is likely to cause an epiphysial plate injury in children. 6.18B Explain the numbness of the boy's fifth finger and his inability to hold a piece of paper between his fingers. Because the ulnar nerve passes posterior to the medial epicondyle, and between the medial epicondyle and the olecranon, it is vulnerable to injuries at the elbow. This injury causes paralysis of muscles and some loss of sensation in the area of skin supplied by the ulnar nerve. Appreciation of light touch is usually lost over the medial one and a half digits, and response to pinpricks is lost over the fifth digit and the medial border of the palm. Knowing that the interosseous muscles are supplied by the ulnar nerve, the pediatrician tested them for weakness by placing a piece of paper between the boy's fully extended digits and asking him to grip it as tightly as possible when he pulled on it font (see Figure 6.4). Inability to adduct the digits is a classic sign of paralysis of the palmar interosseous muscles and ulnar nerve injury.



6.18C



What other deficits are likely? Loss of other muscle movements would likely have occurred including: pInability to abduct the digits (iparalysis of dorsal interosseii)p pLoss of adduction of the thumb (iparalysis of adductor pollicisi)p pWeakness of flexion of the fourth and fifth digits at the MP joints (iparalysis of medial two lumbricalsi)p pImpaired flexion and adduction of the wrist (paralysis of the FCU) Poor grasp in the fourth and fifth digits (paralysis of palmar interossei)p pInability to flex the distal interphalangeal (IP) joints of the fourth and fifth digits (paralysis of lumbricals, interossei, and part of FDP) Because the ulnar nerve supplies all but five of the intrinsic muscles of the hand, injury of this nerve at the elbow has its primary effect in the hand. 6.18D Drawing on your knowledge of degeneration and regeneration of peripheral nerves, make an attempt to forecast the probable degree of recovery of the boy's motor and sensory functions. Because the ulnar nerve was crushed and not severed, it does not require suturing because new axons can grow into the part of the nerve distal to the injury within the original endoneural sheaths and neurolemmal sheaths and reinnervate the paralyzed muscles. Hence, after a crushed nerve injury, as in this case, restoration of function should occur in a few months' time with appropriate physiotherapy. 6.19A A young man was hit hard by a hockey stick in the mid humeral region of his left arm. He presented with signs of tenderness, swelling, deformity, and abnormal movements of his left upper limb. Physical Examination: The examination revealed an inability to extend the wrist ( wristdrop ) and digits and loss of sensation on a small area of skin on the dorsum of the hand proximal to the first two digits. Extension of the IP joints was weak. Measurement of the limb indicated some shortening. Radiographs of his arm were ordered. Radiology Report: A fracture of the shaft of the humerus is evident just distal to its midpoint. The proximal fragment of bone is abducted and the distal fragment is displaced proximally. Using your anatomical knowledge, determine which peripheral nerve was damaged and which artery may have been torn. The inability of the young man to extend his hand at the wrist ( wristdrop ) indicates injury to the radial nerve. Because the fracture is in the middle of the humerus, it is likely that the radial nerve was damaged where it passes diagonally across the humerus in the radial groove. The nerve is particularly susceptible to injury in this location because of its close relationship to the humerus. 6.19B Would elbow flexion be weakened? Elbow flexion would be painful and weakened when the forearm is in the position midway between pronation and supination. Recall that the radial nerve innervates the brachioradialis, a flexor of the elbow in this position. 6.19C Explain the observed effects of this peripheral nerve injury. The radial nerve supplies no muscles in the hand, but it supplies muscles whose tendons pass into the hand; hence, the person is unable to extend his MP joints. Because the lumbricals (supplied by the median and ulnar nerves) and interossei (supplied by the ulnar nerve) are intact, the person is able to flex his MP joints and extend his IP joints. However, he would not have normal power of extension of his digits. The area of sensory loss is often minimal following radial nerve injury because its area of exclusive supply is small. The degree of sensory loss varies from person to person, depending on the extent



to which the territory is overlapped by adjacent nerves. Sometimes no loss of sensation is detectable. 6.19D Why are the fragments of humerus displaced in the manner described? The shortening of the patient's arm occurred because the broken fragments of bone were pulled apart. Contraction of the deltoid abducts the proximal part of the humerus. The proximal contraction of the triceps, biceps, and coracobrachialis pulls the distal fragment superiorly. Although the deep artery of the arm accompanies the radial nerve through the radial groove and may be severed by bone fragments, the muscles and structures supplied by this artery (e.g., the humerus) are not likely to experience ischemia because the radial recurrent artery anastomoses with the deep artery of the arm (see Figure 6.26 in Clinically Oriented Anatomy, fifth edition). This communication should provide sufficient blood for the structures supplied by the damaged artery. 6.20A While playing touch football, you fell on your open hand with your wrist hyperextended and abducted (laterally deviated). You told your friends that you had just sprained your wrist and did not pay much attention to the injury for approximately two weeks. You later sought medical advice because the wrist pain was still present and getting worse. Physical Examination: When the orthopedist deeply palpated your anatomical snuff box, localized tenderness was evident. You experienced most of the pain on the lateral side of your wrist, particularly when she asked you to extend it as far as you could. Suspecting a fracture, she ordered radiographs of your wrist. Radiology Report: A small, undisplaced hairline fracture of the largest and most lateral carpal bone in the floor of the anatomical snuff box is visible. Which carpal bones lie in the floor of the anatomical snuff box? The lateral bones of the carpus (scaphoid and trapezium) lie in the floor of the anatomical snuffbox. 6.20B The distal end of which forearm bone is also associated with the floor of this depression? This depression at the base of the thumb is limited proximally by the radial styloid process and distally by the base of the first metacarpal. 6.20C What bone is usually fractured when tenderness in the anatomical snuff box is evident following forced hyperextension of the wrist? Fracture of the scaphoid is the most common carpal injury and usually results from a fall on the hand, forcing the wrist into hyperextension. 6.20D Why is a fracture of this bone difficult to detect? No other fracture in adults is more frequently overlooked at the time of injury (Salter, 1999) because they are often hairline fractures that are usually not displaced. Subsequent bone resorption at the fracture site makes the break more radiolucent and more apparent after 10-14 days. 6.20E If the fracture is not detected and rigidly immobilized, what serious condition may develop and why?



Because of the scaphoid's position and its relatively small size, it is a difficult bone to immobilize. Continued movement of the wrist often results in nonunion of the fragments of bone. Usually displacement and tearing of ligaments occurs that may interfere with the blood supply to one of the fragments. Ischemic necrosis (death) of the proximal half of the scaphoid may result. Usually two nutrient arteries supply the bone, one to the proximal half and one to the distal half. Occasionally both vessels supply the distal half; the separated proximal half receives no blood. The resulting ischemia may cause a delay or lack of union of the fragments. See the clinical correlation blue box Fracture of the Scaphoid. 6.21A A depressed 15 year old girl who had slashed her wrists with a razor blade was rushed to the emergency department of a hospital. The moderate bleeding from her left wrist was soon stopped with slight pressure. The small spurts of blood coming from the lateral side of her right wrist were more difficult to stop. Physical Examination: Examination of the girl's left hand and wrist revealed that her hand movements were normal and that no loss of sensation had occurred. The following observations were made about her right wrist and hand: two superficial tendons and a large nerve were cut. She could adduct her thumb but was unable to oppose it. She had lost some fine control of movements of her second and third digits and she experienced anesthesia over the lateral half of her palm and digits. Why was the suicide attempt not fatal? The patient did not cut her wrist deeply on the left side; the slight bleeding was probably from severed superficial veins. The more superficial tendons protected the more deeply placed arteries. 6.21B Which tendon(s) isare most likely to have been severed? On the right side, she certainly cut the tendon of her palmaris longus. She probably also cut the tendon of her FCR, and quite possibly at some of the FDS tendons. 6.21C What large nerve was undoubtedly cut? In view of the clinical findings, it is obvious that her median nerve was severed or severely injured. 6.21D In view of your answer to the previous qestion, what tendon is certain to have been severed? At the wrist, the median nerve lies deep to and lateral to the tendon of the palmaris longus. 6.21E What superficial artery appears to have been lacerated? The slight spurting of blood in her right wrist suggests that she probably cut the superficial palmar branch of her radial artery. This branch arises from the radial artery just proximal to the wrist. 6.21F List all of the specific structures affected and the losses of hand digit function likely to result. Cutting the median nerve at her wrist resulted in paralysis of her thenar muscles and first two lumbricals. Paralysis of the thenar muscles explains her inability to oppose her



thumb. Because the posterior interosseous nerve (branch of radial) was unaffected, she could abduct her thumb with her APL, but some impairment of this movement would result because of paralysis of the APB, supplied by the recurrent branch of the median nerve. The girl could extend her thumb normally using her EPL and EPB muscles. Because the nerve supply to her adductor pollicis by the deep branch of the ulnar was intact, she could also adduct her thumb. Because of paralysis of her first two lumbricals and the loss of sensation over the thumb and adjacent two and a half digits and the radial twothirds of her palm, fine control of movements of her second and third digits was lacking. Thus, cutting the median nerve produced a serious disability of the hand. In a few weeks, atrophy of the thenar muscles will occur. 6.21G Would flexion of her wrist be affected? Cutting the tendons of the palmaris longus and FCR would weaken flexion of her wrist. In addition, if she attempted to flex her wrist, her hand would be pulled to the ulnar side by the FCU, which is unaffected because it is supplied by the ulnar nerve.



Chapter 7 – Head 7.1A A young man was playing in a pickup hockey game when he was knocked down. He was not wearing a helmet and hit his head hard on the ice. He was momentarily stunned and said that he saw stars. His vision was blurred for approximately 20 seconds. He skated to the bench and showed no other signs of injury except that he complained of a lingering headache. Do you think the person would have a fractured calvaria? Explain your answer. The young man probably does not have a fractured calvaria because he did not lose consciousness. The fall on his head resulted in the slight alterations in neurological function: seeing stars and blurred vision. 7.1B What may the lingering headache indicate? The lingering headache may indicate increasing intracranial pressure resulting from damage to the brain (e.g., contusion of the cerebral cortex). 7.1C



If you detected clear fluid dripping from the person's nose, what might be the source of the fluid? A fracture of the cribriform plate of the ethmoid may tear the meninges and result in cerebral spinal fluid (CSF) rhinorrhea (loss of CSF through the nose).



7.2A A hockey player was struck viciously on the lower face by an elbow during a scuffle in the corner of the rink. Profuse bleeding from the mouth was obvious and he was unable to close his jaws normally. What bone may have been fractured? The player's lower jaw was probably fractured, which resulted in his teeth not fitting together (occluding) as they normally do. Fracture of the mandible is common in sports such as hockey, football, and rugby. Often two mandibular fractures, or a fracture dislocation of the TMJ, occur in the jaw. The most common fracture site is near the angle of the mandible.



7.2B A loss of integrity of the mandible results in a change of bite. What is this condition called? What results from this malformation? When the integrity of the jaw is lost, the teeth do not fit together normally (malocclusion). This leads to changes in speech patterns because the articulation of words is difficult (dental sounds, such as the S sound, may not be producible in the normal way or may be inadvertently produced, and the required movements of the jaw may be difficult and painful). 7.2C What other structures may be fractured? Discuss these injuries. Fractures of the teeth may also occur when the jaws are hit by a hard blow. The fracture may occur through the enamel, pulp, or root of the tooth. Fractures exposing the pulp of the tooth cause severe pain and sensitivity to heat and cold. Root fractures cause mobility of the teeth. 7.3A A batter was struck in the superolateral part of the right cheek by a baseball. His cheek appeared flat and depressed. There was soon swelling and ecchymosis around the eye. The player complained of dizziness, double vision in the right eyeball, and numbness of the cheek. What bone was most likely fractured? The zygomatic bone was most likely fractured. 7.3B What other bones may have been fractured? The bones forming the orbit may also have fractured. 7.3C What is the most common fracture of the upper cheek? Fractures of the zygomatic bone are the most common fractures of the upper cheek, the most serious of which is the tripod fracture of the zygomatic bone involving three separate breaks of the cranial bones: p1. Through the infraorbital foramen and canal to the infraorbital groove (a fracture of the maxilla).p p2. Through the zygomaticoparietal suture of the lateral margin of the orbit.p p3. Through the zygomatic arch, usually at its narrowest point, where the suture between the zygomatic process of the temporal bone and the temporal process of the zygomatic bone occurs.p 7.3D What symptom suggests that the eyeball and orbit may be injured? The idiplopiai suggests that the eyeball and orbit may have been injured. Diplopia indicates malalignment of the visual axes. Temporary blurred vision may be a complication of zygomatic fractures. 7.4A A shortstop fielding a ground ball was hit on the side of the nose when the ball bounced unexpectedly. Blood spurted from his nose and his nasal airway was obstructed. His nose was deformed and the nasal bones were displaced. Disruption of the nasal cartilages was also detected. What is epistaxis?



Epistaxis refers to nasal hemorrhage. The bleeding results from the richness of the blood supply to the nasal mucosa. 7.4B What causes spurting of blood from the nose? What specific structures are involved? Spurting of blood from the nose results from ruptured arteries, particularly at the site of anastomosis of the sphenopalatine and greater palatine arteries on the nasal septum (Kiesselbach area). 7.4C What causes obstruction to the nasal airway? The nasal airway is often obstructed when there is a nasal fracture because bone fragments may block the nose. 7.4D If the nasal fracture extends into the cranium, what may be the result? If the fracture extends into the floor of the anterior cranial fossa, the cribriform plate may fracture and the meninges may tear, resulting in icerebral spinal fluid (CSF) rhinorrheai, discharge of CSF through the nose. 7.5A A 16yearold youth was referred to a dermatologist for treatment of a severe case of acne (acne vulgaris). The physician observed a small abscess (boil) on the ala of the youth's nose that had developed a yellow head at its apex. She treated the youth with antibiotics but warned him not to pick or squeeze the boil because it might cause the infection to spread to the meninges (meningitis) and brain (encephalitis). Describe the danger triangle of the face. The danger triangle of the face has its base at the vermillion border of the upper lip and its apex at the bridge of the nose. 7.5B Explain anatomically how an infection could spread from the nose to the meninges and brain. Inflammation of the facial vein associated with thrombus formation may result in the spread of infection from the facial vein through the superior and inferior ophthalmic veins to the meninges and the cavernous sinus. 7.5C Discuss the possible results of a meningeal infection. Cavernous sinus thrombosis may result in meningitis, thrombophlebitis of cortical veins, and icerebral edemai, an increase in brain volume resulting from an increase in water and sodium content. When severe, brain edema can cause various forms of herniation of the brain and pressure on the brainstem, which may result in failure of respiration and circulation. 7.6A A figure skater fell on the ice, hitting the back of her head hard on the ice. She did not lose consciousness but was slightly confused and complained of temporary dizziness. Her pupils appeared normal. The fist sized swelling on the back of her head was tense on palpation. The physician who examined her said that she probably had a hematoma of the scalp, but would monitor her condition for several hours. In what layer of the scalp would the hematoma likely be located?



The hematoma was probably located in the thick, richly vascularized subcutaneous layer of connective tissue of the scalp (layer two). 7.6B What limits the spread of a superficial hematoma of the scalp? A superficial hematoma of the scalp is limited by the fibrous tissue that binds the skin to the epicranial aponeurosis. 7.6C What initial treatment would likely be given? The initial treatment of the hematoma was probably the application of an ice pack to control the bleeding and swelling. 7.7A A young woman who was not wearing a seat belt hit her forehead on the dashboard of her 10yearold car during a head on collision. The frontal area of her scalp was lacerated and bleeding profusely. The wound was cleansed with a saline solution and covered with a sterile bandage. By the time the woman reached the hospital, she had two black eyes. Further examination revealed that there was no injury to her eyeball. Why does the scalp bleed so profusely? The superficial arteries of the scalp, unlike most superficial arteries in subcutaneous tissue, course within the dermis superficial to the epicranial aponeurosis, with their walls firmly attached to the dense connective tissue. The severed arteries are thus unable to contract in response to the cut as other superficial arteries do, allowing clotting to occur sooner. 7.7B How could the scalp wound bleeding be controlled? Bleeding from a deep scalp wound can be stopped by direct pressure with sterile gauze. Once the bleeding has stopped, a circular dressing can be applied for transportation to the hospital for further treatment (e.g., suturing the epicranial aponeurosis). 7.7C What is the anatomical basis for the circular dressing? Because the arteries enter the scalp inferiorly and ascend toward to the vertex of the head, a horizontal head band type of bandage compresses the vertical arteries. 7.7D How could blood pass to both eyes when there was no injury to the orbital regions? The skin of the scalp is continuous with that covering the forehead. Hence, bleeding in the loose connective layer can pass to the face, especially around the eyes, because this fourth layer of the scalp is somewhat like a sponge and may distend with blood from an injury. As the blood accumulates, it gravitates to the face and collects around the eyes. 7.7E Does a deep wound of the scalp always require stitches? If yes, why? A deep wound of the scalp involving the epicranius gapes widely because of the pull of the anterior and posterior parts of the occipitofrontalis and lateral pull of the temporoparietalis. Therefore, stitches must be used to close the gap in the epicranial aponeurosis.



7.7F Why are scalp wounds potentially dangerous? A severe infection of the scalp may spread to the bones of the calvaria, meninges andor brain via diploic veins, possibly resulting in osteomyelitis (infection of the bone) or thrombosis of the dural sinuses or meningitis, which may be fatal. 7.8A A 58yearold man complained to his physician about a swelling on his cheek anterior to his ear lobule. He said that it had been growing rapidly for approximately two months and that this part of his face felt weak. He also experienced difficulty when he tried to whistle. The physical examination and subsequent pathological studies revealed a carcinoma of the parotid gland. How could this tumor cause weakness of the face and make it difficult for the man to whistle? The facial nerve leaves the cranium through the stylomastoid foramen and almost immediately enters the parotid gland. Its branches spread out like the abducted fingers of the hand (see Fig. 7.27B in Clinically Oriented Anatomy, fifth edition). Consequently, a malignant parotid tumor invades the facial nerve and interferes with its supply to the facial muscles, including those used to whistle. 7.8B Where do tumor cells from this gland usually metastasize? Tumor cells from the carcinoma would metastasize to the deep cervical lymph nodes. These nodes form a chain along the course of the IJV from the cranium to the root of the neck. 7.8C Is the facial paralysis likely to be permanent? The facial paralysis is likely permanent because severely injured cranial nerves do not regenerate. 7.9A A 72yearold man was concerned about a pea sized swelling posterior to his auricle. Physical examination of his external ear and scalp by a physician revealed an infected sebaceous cyst in the temporal region. How could an infection in the temporal region cause a swelling posterior to the auricle? An infected sebaceous cyst in the temporal region could spread through the lymphatics to the mastoid lymph nodes located posterior to the auricle. 7.9B An infection of what other structures could produce a larger, more painful swelling posterior to the external ear? Inadequate treatment of a middle ear infection could spread through the mastoid antrum to the mastoid cells (acute mastoiditis) and produce a swelling posterior to the auricle. 7.10A A young woman recovering from a severe cold with nasal congestion complained to her physician about pain in her upper jaw. She said she had been to her dentist but he told her that her teeth were not infected. Infection of which structures in the woman's upper jaw could cause pain in this area of her cheek?



Infection of the maxillary sinusesimaxillary sinusitisiis a common complication of nasal infections. Infection of these sinuses is common because their ostia are near the roofs of the sinuses. Hence, the sinuses must be full before they will drain when the person is standing. 7.10B Infection of what dental structures could cause this type of facial pain? An infection from an abscess in a maxillary molar tooth could spread to the maxillary sinus because the apex of its root is in the thin floor of the maxillary sinus. 7.11A A 26yearold man was examined in the emergency department after being hit in the eye with a pool cue during a brawl. Examination of the eyeball showed no serious injury except for bleeding into the anterior chamber. The physician was concerned about the appearance of the eyeball and referred the patient to an ophthalmologist. What type of orbital fracture may have occurred? A blowout fracture of the orbit may have occurred as a result of the sudden pressure increase in the orbit caused by the hard blow from the pool cue. 7.11B How do you think a non penetrating blow to the eye could result in serious problems? A non penetrating blow to the eye may produce herniation of the orbital contents inferiorly through a blowout fracture in the thin floor of the orbit into the maxillary sinus. 7.12A A young boy was taken to a pediatrician because of a severe earache. An otoscopic examination revealed a bulging, inflamed tympanic membrane. His mother told the physician that the boy was recovering from a severe cold and throat infection. Where do you think the ear infection was located? What is this type of inflammation called? An infection in the middle ear was most likely the cause of the inflamed tympanic membrane (otitis media). 7.12B How could an infection in the throat cause inflammation and bulging of the tympanic membrane? If not adequately treated, a middle ear infection could spread through the mastoid antrum to the mastoid cells and produce mastoiditis. 7.13A A 27 yea rold woman involved in a motorcycle accident was taken to the emergency department. She had facial lacerations but no obvious fractures. An eye examination revealed a medial strabismus of her right eyeball. What is the meaning of the term strabismus? Strabismus is a deviation of an eye so that the visual axes of the eyes are not parallel, which the person cannot willfully overcome. 7.13B Injury to which cranial nerve would cause this eye abnormality? In this case, the right abducent nerve (CN VI) was injured, causing paralysis of the right lateral rectus muscle.



7.13C Which muscle was paralyzed? The patient cannot turn her right eyeball laterally because the lateral rectus is paralyzed. In the absence of opposition by the lateral rectus, the medial rectus pulls the eyeball medially (medial strabismus) (see Figure 7.1)



7.14A The wife of a 45 year old commercial traveler was awakened by the unusual nature of her husband's snoring and was puzzled when she noticed that he was sleeping with his left eye open. In the morning she observed that the left side of his face was drooping. When he tried to examine his teeth, he found that his lips were also paralyzed on that side. He was unable to whistle or puff out his cheek because the air blew out through his lips on the left side. He also found that he was unable to raise his eyebrow or frown on that side. During breakfast he had trouble chewing his food because it dribbled out of the left side of his mouth. Fearing that he may have had a mild stroke during the night, he made an appointment to see his physician. Physical Examination: During her examination, the physician made the following observations: at rest, the left side of his face appeared flattened and expressionless. There were no lines on the left side of his forehead and there was sagging in the left lower half of his face. Saliva drooled from the left corner of his mouth. He also had a loss of taste sensation on the anterior two thirds of the left side of his tongue and an absence of voluntary control of the left facial muscles. When he smiled, the lower portion of his face was pulled to the normal side and the right corner of his mouth was raised, but the left corner was not. During questioning, the patient related how he had driven home late the night before and, because of drowsiness, had rolled the window down part way. He also recalled that he had had a severe head cold and an ear infection a few days previously. He recalled that the physician who treated him said that his illness resulted from a viral infection. Diagnosis: Bell palsy (facial paralysis). Paralysis of the facial muscles may occur without a known cause (idiopathic). Bell palsy (facial paralysis) may follow exposure to cold as occurs when riding in a car with the window open. Bell palsy occurs at all ages but is slightly more common in the third through fifth decades. Paralysis of what nerve would produce the signs exhibited by this person?



The characteristic facial appearance results from a lesion of the facial nerve. In this patient, the motor supply to the muscles of the left face, forehead, and eyelids were most severely affected. 7.14B Why did the patient's left eye remain open even when he was sleeping? What other consequences involving the eye occur with this syndrome? Paralysis of the muscles of facial expression on the left side explains the expressionless look on that side of the man's face and his inability to whistle, puff his cheek, or close his left eye. When the facial nerve is paralyzed, the levator palpebrae superioris (acting unopposed) causes the eye to remain open, even during sleep. Because of paralysis of the orbicularis oculi, the lacrimal puncta and often the entire inferior lid are no longer in contact with the cornea. As a result, tears tend to flow over the left inferior eyelid onto the cheek. The cornea may dry out during sleep (if an ointment is not used) because the eyelids on the affected side remain open. Drying of the cornea can also occur during the day owing to the inability to blink; this dryness could result in corneal ulceration. 7.14C Explain the anatomical basis of the drooling and difficulty in chewing. The drooling and difficulty in chewing result from paralysis of the orbicularis oris and buccinator muscles. 7.14D Why was there loss of taste sensation on the anterior two thirds of the left side of his tongue? Loss of taste sensation on the anterior two thirds of the left side of his tongue is understandable anatomically because this region of the tongue receives taste fibers through the chorda tympani branch of CN VII. This symptom also indicates that the nerve lesion must be proximal to the origin of the chorda tympani nerve in the facial canal. 7.14E Where would the lesion of the nerve probably be located? The site of the lesion was most likely in the facial canal in the petrous part of the temporal bone, superior to the stylomastoid foramen. 7.14F Is the paralysis permanent? The cause of the inflammation is generally thought to be due to a viral infection, which causes swelling (edema) of the facial nerve and compression of its fibers in the facial canal. Thus, in most cases the nerve fibers are not permanently damaged and nerve degeneration is incomplete. As a result, recovery is slow but generally good (Lange, et al. 2000). Some facial asymmetry may persist (e.g., slight sagging of the corner of the mouth). 7.15A A 62 year old man complained to his dentist about sudden recurring attacks of excruciating, stabbing pain (paroxysms) on the left side of his face. They were of approximately two months' duration and had been increasing in severity. Following examination, the dentist informed him that there was no dental cause for his pain. He recommended that he see a physician. Physical Examination: The man told the physician that the stabbing pains, lasting 15 to 20 seconds, occurred several times a day and were so severe that he had once contemplated suicide. He said that the onset of pain seemed to be triggered by chewing and a cold wind blowing on his face. When the physician



asked him to point to the area where the pains occurred, he pointed to his left upper lip and cheek. He said the pain also radiated to his inferior eyelid, the lateral side of his nose, and the inside of his mouth. The physician applied firm, steady pressure over the person's left cheek and over his infraorbital area. He detected no tenderness indicative of inflammation of the maxillary sinus. On further evaluation, the physician detected acute sensitivity to touch (hyperesthesia) on the left upper lip and over the entire left maxillary region, but found no abnormality of sensation in the forehead or mandibular regions. Diagnosis: Tic douloureux. Which branch of what major nerve supplies the area of skin and mucous membrane where the paroxysms were felt? The area of skin and mucosa where the stabbing pain was felt is supplied by the maxillary nerve, the second division of the trigeminal nerve. 7.15B Where does the maxillary nerve leave the cranium? This wholly sensory nerve leaves the cranium through the foramen rotundum. 7.15C What are the maxillary nerve's branches and how are they distributed? At its termination as the infraorbital nerve, it gives rise to branches that supply the ala of the nose, the inferior eyelid, and the skin and mucous membrane of the cheek and upper lip. Branches of the maxillary nerve also innervate the maxillary teeth and the mucous membranes of the nasal cavities, palate, mouth, and tongue. 7.16A A 55 year old farmer consulted his physician about a sore that had been on his lower lip for six months. He stated that he first thought it was a cold sore but he became worried because it looked different and was getting larger. Physical Examination: On examination, the physician observed an ulcerated lesion on the central part of the man's lower lip. Systematic palpation of the lymph nodes revealed enlarged, hard, submental lymph nodes. None of the submandibular or deep cervical lymph nodes was enlarged. A biopsy of the labial lesion was taken. Diagnosis: Examination of the biopsy from the edge of the lesion revealed a squamous cell carcinoma (malignant tumor of epithelial origin). Into which lymph nodes does lymph from the central part of the lower lip drain? The central part of the lower lip drains to the submental lymph nodes. 7.16B Between the bellies of which muscles do these nodes lie? The submental lymph nodes lie on the fascia covering the mylohyoid muscle between the anterior bellies of the right and left digastric muscles. 7.16C What other structures, in addition to the central part of the lip, drain to these nodes? The floor of the mouth and the apex of the tongue also drain to the submental nodes. 7.16D To which lymph nodes do lymph vessels from the lateral part of the lip pass? The lateral part of the lower lip drains to the submandibular nodes. 7.16E If the cancer had spread from the submental nodes, where would you expect to find metastases?



If cancer cells had spread further, metastases would have developed in the submandibular nodes because efferents from the submental lymph nodes pass to them. Because all parts of the head and neck ultimately drain into the deep cervical nodes, they might also be sites of metastases. Specifically, the juguloomohyoid node receives drainage from the submental and submandibular nodes and could be involved. It is located where the omohyoid muscle crosses the IJV. 7.17A A puck struck a 22 year old medical student on the left temple during an interfaculty hockey game. He fell to the ice unconscious but regained consciousness in approximately one minute. A laceration approximately three centimeters superior to his left zygomatic arch was bleeding. As he was helped to the bench, he said that he felt weak and unsteady. Realizing that he may have sustained a cranial fracture, you asked a classmate to call a physician while you took him to the dressing room. Upon further examination, you found that the deep tendon reflexes in his limbs were equal. His pupils were equal in size and contracted to light. In approximately half an hour, your friend said that he was sleepy and wanted to lie down. His left pupil was now moderately dilated and reacted sluggishly to light. By the time the physician arrived, he was unconscious. Physical Examination: The physician observed that the student's pupil on the left was widely dilated and did not respond to light, whereas the pupil on the right was slightly dilated but showed a normal reaction to light. The physician said, We must get him to the hospital right away. Radiology Examination: In the hospital, several cranial radiographs and a CT scan of his head were taken. As the physician was almost certain of an intracranial hemorrhage, she called a neurosurgeon. Diagnosis: Compressed fracture of the temporal squama, posterior to the pterion, and an extradural (epidural) hematoma font (see Figure 7.2). Define the region known as the temple.



The temple is the area of the temporal fossa between the temporal lines and the zygomatic arch, where the cranium is thin and covered by the temporal muscle and fascia. 7.17B Delineate the cranial area known as the pterion.



The pterion is a somewhat variable Hshaped area that lies deep to the temporal muscle. Here, four bones (frontal, parietal, temporal, and sphenoid) approach each other or meet. 7.17C In what part of the temporal fossa is the pterion located? The center of the pterion is approximately four centimeters superior to the zygomatic arch and three and a half centimeters posterior to the frontozygomatic suture. It lies in the anterior part of the temporal fossa. 7.17D Why is the pterion clinically important? The pterion is an important bony landmark because it indicates the location of the frontal branch of the middle meningeal artery. 7.17E What artery was most likely torn? The thin squamous part of the temporal bone is grooved on its internal aspect by the middle meningeal artery and its branches. The thin bones forming the temporal squama are easily fractured, and the broken pieces may tear this artery and its branches as they pass superiorly on the external surface of the dura mater, especially when the artery is coursing in a bony groove. 7.17F What other vessel may have been torn? The middle meningeal artery is usually accompanied by a meningeal vein that also may have been torn. 7.17G Where would the blood collect? This situation results in a slow accumulation of blood in the extradural space, forming an iextradural (epidural) hematomai. 7.17H Differentiate between an extradural and a subdural hemorrhage. An extradural hematomai is a hemorrhage into the potential space between the inner table of bone of the calvaria and the periosteal layer of dural matter. A subdural hematomai is a hemorrhage into the interface between dura and arachnoid mater, forming a localized mass of extravasated blood close to the surface of the brain. Although these lesions are commonly called subdural, there is no natural occurring space (Haines, 2002). They are more correctly called dural border hematomas. 7.17I What effect will an extradural hematoma likely have on the brain? Because the dura is firmly attached to the bones by fibers that provide some resistance, extradural hematomas form relatively slowly, often allowing a lucid interval following recovery of the loss of consciousness, if any, resulting from the trauma and the onset of cerebral symptoms. In addition, this kind of a spaceoccupying intracranial lesion can be tolerated for a short time because some blood and CSF are squeezed out of the calvaria through the veins. However, because the cranium is nonexpansible, the intracranial pressure soon rises, producing drowsiness and then coma (G. ikomai, deep sleep). The



increased intracranial pressure forces the supratentorial part of the brain, usually the uncus, through the tentorial notch (incisure), squeezing the oculomotor nerve between the brain and the sharp, free edge of the tentorium. Compression of CN III causes ithird nerve palsyi, which results in a dilated, nonreacting pupil on the side of the lesion. An extradural hemorrhage in the characteristic position, illustrated by the present case, primarily causes compression of the temporal lobe underlying the pterion. Immediate surgical intervention is necessary to relieve the intracranial pressure and avoid further compression of the brain, which could cause death by interfering with the cardiac and respiratory centers in the medulla. 7.18A A 49 year old woman developed a throbbing headache that lasted for approximately 30 minutes and then slowly faded away. Similar headaches occurred occasionally for the next week. One day as she was lifting a heavy chair, she experienced a sudden, severe headache that was accompanied by nausea, vomiting, and a general feeling of weakness. A friend took her to a hospital immediately. Physical Examination: The physician detected nuchal rigidity (neck stiffness) and an elevation of blood pressure. Visualization of the optic fundus through an ophthalmoscope showed subhyaloid hemorrhages (bleeding between the retina and vitreous body). Her deep tendon reflexes were symmetrical and all modalities of sensation were normal. On the basis of these distinct signs and symptoms, the physician made a tentative diagnosis of subarachnoid hemorrhage. He requested radiographic studies and a lumbar puncture. Radiology and Laboratory Reports: The arteriograms and CT scans showed a large, saccular aneurysm of the anterior communicating artery. The CSF was grossly bloody; after centrifugation, the supernatant fluid was xanthochromatic (yellowcolored). Diagnosis: Ruptured aneurysm of the anterior communicating artery and a subarachnoid hemorrhage. Where would blood from the ruptured aneurysm most likely go? Blood from the ruptured aneurysm would enter the subarachnoid space. 7.18B How do you explain anatomically the formation of subarachnoid hemorrhages? Subarachnoid hemorrhages occur as a result of rupture of any artery or aneurysm, the most common type of the latter being a berry aneurysm occurring in the vessels of or near the cerebral arterial circle and the medium sized arteries at the base of the brain. Blood escaping from the ruptured artery or aneurysm would enter the subarachnoid spaces around the brain and spinal cord. 7.18C Why was the supernatant part of the CSF xanthochromatic? After centrifugation of the CSF, the supernatant fluid was xanthochromatic because it contained serum bilirubin and products of hemolyzed red blood cells. 7.18D Where do most single aneurysms occur? Most single aneurysms occur in relationship to the anterior portion of the cerebral circulation, usually on the internal carotid artery (Brust, 2000). The most common site is its junction with the posterior communicating artery. Aneurysms of the anterior cerebral artery are usually on the anterior communicating artery, as in this case, or close to it. 7.18E If there had been markedly increased intracranial pressure due to the aneurysm or its rupture, would a lumbar puncture be performed? Why or why not?



A lumbar puncture would be performed to see if there was blood in the CSF. However, some authorities recommend against a lumbar puncture in an obvious case of subarachnoid hemorrhage, as in this instance. The lowering of CSF pressure in the spinal subarachnoid space by removing CSF might cause inferior movement of the brain, resulting in herniation (e.g., of part of the cerebellum). 7.19A A 23 year old man went to a dentist to have a badly decayed mandibular left third molar tooth extracted. The dentist explained he would likely experience considerable pain with removal of the tooth and informed the patient that he was going to inject a local anesthetic to desensitize the tooth and associated soft tissues. When agreeing to the extraction, the patient requested that plenty of anesthetic be given because he was extremely sensitive to pain. The dentist inserted the needle through the mucous membrane on the inside of the patient's mouth, where the needle came to rest near the lingula on the medial surface of the ramus of the mandible. In a few minutes the patient stated that his gum, lip, chin, and tongue on the left side were numb (anesthetized). During the extraction procedure the patient said he felt severe pain; the dentist injected more anesthetic. The tooth was removed without further incident. pAs the patient was preparing to leave, he happened to look in the mirror. He was surprised to find that he was unable to close his eye on the affected side and that his mouth sagged on this side, particularly when he attempted to expose his teeth. He also noted that his ear lobule was numb. When he reported these unusual symptoms, the dentist explained that because of the large amount of anesthetic injected, other nerves in addition to those supplying the teeth had been anesthetized. He assured the patient that these effects would disappear in three to four hours. Name the nerve supplying the mandibular molar and premolar teeth. The inferior alveolar nerve supplies the mandibular molar and premolar teeth, and its branches supply the canine and incisor teeth. Hence, the inferior alveolar nerve supplies all teeth in one half of the mandible. 7.19B Why were the patient's chin, lower lip, and tongue on the injected side also anesthetized? Anesthetizing the inferior alveolar nerve also anesthetizes the chin and lower lip because the mental nerve supplying these structures is a terminal branch of the inferior alveolar nerve. Because the lingual nerve descends just anterior to the inferior alveolar nerve near the mandibular foramen, the tongue was also anesthetized. This is often advantageous because the lingual nerve supplies sensory fibers to the mandibular gingiva as well as the tongue. 7.19C When anesthetizing this nerve, what other nerves might be affected? Because a relatively large amount of anesthetic was injected, it may have spread into the parotid gland anesthetizing branches of the facial nerve, or it could reach branches of the great auricular nerve. 7.19D What probably caused the patient's facial paralysis and loss of sensation in his ear lobule? Paralysis of the muscles of facial expression resulted from anesthetizing branches of the facial nervei.i The patient's ear lobule was numb because intermediate branches of the great auricular nerve were also anesthetized. The anterior branches of this nerve supply skin on the posteroinferior part of the face, and its intermediate branches supply the inferior part of the auricle on both surfaces.



Chapter 8 - NECK 8.1A A four year old girl's grandmother noticed that she was holding her head to one side. The child's mother took the girl to the pediatrician, who confirmed the grandmother's observation. On examination he observed that the child's head was tilted to the right, her occiput was rotated toward her shoulder, and her chin was rotated to the left and elevated. The pediatrician also detected a palpable mass in the inferior part of the child's sternocleidomastoid (SCM). The remainder of the muscle was prominent throughout its course in the neck. He diagnosed the condition as congenital muscular torticollis . What is the common name for this anomaly? This relatively common abnormality of the neck is usually called a wry neck by lay persons. 8.1B What is the common cause of this abnormality? Lesions of the SCM may result from fixed positioning of the head and neck in the uterus that causes tearing of the muscle fibers and fibrosis (formation of fibrous tissue as a reparative or reactive process). Excessive stretching of the neck during a difficult delivery may also cause tearing of fibers and bleeding within the SCM. The resulting hematoma is contained within its own fascial compartment, which results in increased pressure on the muscle fibers. This damages the muscle and results in an area of ischemia. The damaged muscle fibers gradually undergo fibrosis. 8.1C When does it usually occur? Congenital muscular torticollis usually occurs at birth. 8.1D Why does it take so long for the torticollis to develop? The torticollis develops slowly as fibrosis and contraction of the SCM occurs. It may not be noticed until the child is four to six years old. 8.1E Can the injury be diagnosed during infancy and treated before torticollis develops? A thorough examination may reveal a hematoma in the inferior third of the SCM. If this swelling is massaged and daily passive neck stretching exercises are carried out, the hematoma may disappear and no fibrosis and shortening of the SCM may develop. 8.1F If the torticollis is not treated, what further developmental abnormalities may develop? Failure to correct muscular torticollis results in asymmetrical development of the facial bones. Wedge shaped deformities of the cervical vertebrae may also develop. 8.2A Following removal of a malignant tumor from the right posterosuperior region of the neck of a 52yearold man, the surgeon decided to do a radical neck dissection of the region to remove the enlarged lymph nodes. One enlarged lymph node was in the submandibular triangle, deep to the superior end of the SCM. After the operation, the man informed the surgeon that he had difficulty shrugging his right shoulder and



turning his face to the left side against resistance. What nerve was probably injured during the surgical removal of the enlarged lymph nodes? Most likely the spinal accessory nerve (CN XI) was injured. 8.2B What is the relationship of this nerve to the superior end of the SCM? Describe the course and function of this nerve. This nerve pierces the deep surface of the superior part of the SCM and supplies it. CN XI then crosses the lateral cervical region and supplies the trapezius. The SCM tilts the head laterally and rotates the neck, explaining why the patient had difficulty turning his head. The trapezius elevates, retracts, and rotates the scapula, explaining why he had difficulty shrugging his shoulder. 8.2C Which lymph nodes do you think the surgeon removed? The enlarged lymph nodes the surgeon removed would be submandibular lymph nodes, located beneath the investing layer of deep cervical fascia. 8.2D From what areas do these nodes receive lymph? The submandibular nodes receive lymph from a wide area, including lymph vessels from the submental, buccal, and lingual groups of lymph nodes. 8.2E If malignant cells from these nodes had metastasized, to which lymph nodes would they most likely go? Efferent lymphatic vessels from the submandibular nodes pass to the superior and inferior deep cervical lymph nodes. Consequently, these nodes would also enlarge because of the spread of malignant cells from the primary tumor. 8.3A A 42 year old woman told her family physician that she recently observed a swelling in the anterior part of her neck. She also said that her breathing seemed to be abnormal. Physical examination revealed a firm swelling on the left side of her thyroid gland, which moved up and down during swallowing. An ultrasound scan revealed a solid nodule in the left lobe of her thyroid gland. A needle biopsy indicated that malignant changes had occurred in the cell. Why did this nodular swelling move up and down when the woman swallowed? The thyroid gland and the nodular swelling in it are invested by the visceral layer of pretracheal deep cervical fascia, which attaches the gland's capsule to the cricoid cartilage and tracheal rings. Consequently, when the woman swallows, her thyroid gland and the nodule within it move up and down as the larynx (and upper trachea) are elevated and then depressed by the suprahyoid and infrahyoid muscles, respectively. 8.3B Why was her breathing affected? Her breathing was affected because each lobe of the thyroid gland is closely related to the trachea. Consequently, an enlarged lobe resulting from a large tumor is likely to compress the trachea and partially occlude its lumen, causing dyspnea. 8.3C



Based on your knowledge of the lymphatic vessels of the thyroid gland, to which lymph nodes do you think the cancerous cells would most likely metastasize? Because malignant cells were in the thyroid nodule, the cells would likely metastasize to the prelaryngeal, pretracheal, and paratracheal lymph nodes. From these nodes the malignant cells would likely pass to the inferior deep cervical lymph nodes. 8.4A A 62 year old man consulted his physician about his difficulty in swallowing and breathing. He said that his wife was also concerned about the swelling in the anterior part of his neck, which she thought was a goiter. Physical examination, an ultrasound scan, and a needle biopsy revealed that the man had thyroid cancer. It was decided to perform a thyroidectomy and a neck dissection to search for and remove enlarged lymph node. What is a goiter? The term goiter refers to enlargement of the thyroid gland that produces a swelling in the anterior part of the neck. 8.4B Why was the man having difficulty breathing and swallowing? The man had dyspnea and dysphagia because the enlarged thyroid gland was compressing the trachea and esophagus and partially occluding their lumina, causing difficulty in breathing and swallowing. 8.4C Why is a total thyroidectomy usually not performed? Total thyroidectomy is usually not performed because of the danger of injuring the recurrent laryngeal nerves and inadvertently removing all the parathyroid glands. Medially, the recurrent laryngeal nerves are closely related to the posterior part of the capsule of the thyroid gland. The parathyroid glands, when in their usual position, lie in close relationship to the posterior aspect of the thyroid gland, outside its fibrous capsule but inside its fascial sheath. 8.4D How can one avoid damaging the nerves during a thyroidectomy? Surgeons avoid injury to the recurrent laryngeal nerves during thyroidectomy by not cutting through the posterior aspect of the fibrous capsule of the thyroid, especially medially where these nerves lie in the tracheoesophageal grooves. 8.5A A 65 year old woman consulted her physician about muscle weakness, anorexia, nausea, constipation, and polyuria (passage of large volumes of urine). After taking a thorough history and performing an extensive physical examination, the physician ordered laboratory studies of her blood and urine. The laboratory reports revealed an elevated serum calcium concentration, an elevated serum level of parathormone, and an elevated urinary calcium excretion. A diagnosis of parathyroid adenoma was made. It was decided that resection of the enlarged gland(s) should be performed. The surgeon located the superior parathyroid glands without difficulty and found them to be normal in size. She could locate only one inferior parathyroid gland. Because it was enlarged and a frozen section suggested parathyroid hyperplasia and parathyroid adenoma, the gland was removed. She systematically searched the anterior part of the neck for the fourth parathyroid gland but was unable to find it. Continued searching resulted in detection of the gland. How many parathyroid glands are usually present?



Typically, a person has four parathyroid glands; however, more than four glands are present in approximately 5% of the population. 8.5B Where would you expect to find a displaced or ectopic parathyroid gland? An ectopic parathyroid gland is commonly found in association with the thymus or embedded in the inferior part of the thyroid gland. 8.5C If the ectopic parathyroid gland was not detected in the neck, where do you think the surgeon would search for it? If the gland is not in the neck, the surgeon might explore the superior mediastinum (see Chapter 1 in Clinically Oriented Anatomy, fifth edition). 8.5D How would you explain displacement of these glands? The superior parathyroid glands are derived from the fourth pair of pharyngeal pouches and the inferior ones from the third pair, as does the thymus. As the embryo develops, the thymus descends and usually separates from the inferior parathyroid glands. Usually the separation occurs when they lie posterior to the inferior lobe of the thyroid gland. 8.5E Which parathyroid gland(s) is are most likely to be found in an ectopic position? This migration is extremely variable and, as a result, the inferior glands are more likely to be in an ectopic position. 8.6A An infant was referred by a family physician to a pediatrician because of respiratory distress and excessive salivation. The infant was coughing and choking during feeding. During the physical examination, the pediatrician observed an excessive amount of mucous secretion and saliva in the infant's mouth. She also observed that the infant experienced some difficulty in breathing and that gastric distension was present. As she was unable to pass a nasogastric tube very far along the esophagus, she told the mother that the infant had an esophageal anomaly. What congenital anomaly of the esophagus do you think was present? Inability to pass a catheter through the esophagus of a newborn infant into the stomach indicates esophageal atresia. 8.6B What other anomaly is usually associated with this type of esophageal anomaly? Describe this condition. Esophageal atresia in an infant is commonly associated with a tracheoesophageal fistula (TEF). Most often the esophagus forms a blind pouch and the distal esophagus is connected to the tracheobronchial tree just superior to the carina, the ridge separating the openings of the right and left main bronchi at their junction with the trachea. 8.6C What do you think might cause the gastric distension associated with the infant's esophageal and tracheal anomalies? A TEF forces air through the fistula into the gastrointestinal tract, causing gastric distension, which precipitates passage of gastric contents into the trachea and bronchi.



8.7A A six year old child was taken to a family physician for treatment of a persistent sore throat. During physical examination the physician observed infection and hypertrophy of the tonsils and adenoids. He also detected an ienlarged tonsillar lymph nodei. Although the boy's tonsils were the site of chronic infection, he was reluctant to recommend a tonsillectomy and adenoidectomy (T & A). Which lymph node is commonly referred to as the tonsillar lymph node? Lymph from the palatine tonsil drains to the superior deep cervical lymph nodes, especially the jugulodigastric node, often referred to as the tonsillar node. 8.7B Where is this node located? The jugulodigastric lymph node lies on the IJV where the posterior belly of the digastric muscle crosses the IJV. 8.7C Because of the vascularity of the palatine tonsils, tonsillectomy can be dangerous. Which vessels may bleed after tonsillectomy? Sometimes the large tonsillar artery, a branch of the facial artery, may have to be ligated when bleeding occurs after a tonsillectomy. Bleeding often results from incising veins from the pharyngeal venous plexus, especially the large external palatine vein. 8.8A A young man was deeply slashed with a knife in the middle of the right lateral cervical region. The cut ended anterior to the middle of the SCM. The bleeding was arrested and the wound was sutured. The patient, who was right handed, later complained that he had difficulty combing his hair and tilting his head to the right. Which blood vessel was likely severed? The EJV was most likely severed. This large vessel passes inferolaterally across the SCM and pierces the investing layer of deep cervical fascia just superior to the clavicle. 8.8B What large nerves would likely be injured? Describe the course of these nerves. The transverse cervical nerve was likely cut because it turns around the middle of the posterior border of the SCM and crosses the muscle deep to the platysma. It then divides into branches that supply the skin on the side and anterior part of the neck. Superior to the middle of the posterior border of the SCM, the spinal accessory nerve (CN XI) crosses the lateral cervical region obliquely. It supplies the SCM and trapezius. 8.8C Explain why the patient had difficulty combing his hair and laterally flexing his head. The patient had difficulty combing his hair because the knife had cut his CN XI, paralyzing his trapezius. To raise his hand to his head, the trapezius, assisted by the serratus anterior, must rotate the scapula so the glenoid cavity faces superolaterally. He experienced some difficulty tilting his head to the right side because of paralysis of the SCM, which is also supplied by the spinal accessory nerve. 8.9A During an automobile accident, the neck of an 82yearold man was injured by the safety belt as the vehicle stopped suddenly. He complained of difficulty in breathing and a sore Adam's apple. The physician who examined him realized that it was necessary to



perform an emergency cricothyroidotomy to secure an adequate airway. What structures in the anterior part of the neck were most likely injured by the safety belt during the automobile accident? How could this cause difficult breathing? The laryngeal cartilages, particularly the protruding thyroid cartilage, were likely fractured. The displaced laminae of the thyroid cartilage probably blocked the airway. In addition, edema of the submucosa of the larynx may have obstructed the passage of air. 8.9B Why is the laryngeal skeleton more easily fractured in elderly people? The laryngeal skeleton, particularly the thyroid cartilage, is more easily fractured in elderly people because of ossification of the cartilages. 8.9C What structure is incised to enter the trachea during a cricothyroidotomy? To facilitate breathing, the cricothyroid membrane was likely incised and a small tracheostomy tube was inserted into the trachea. 8.9D What surgical procedure do you think would be performed to support an airway over an extended period of time? When an extended period of airway support is required and rapid entry into the trachea is not necessary, a itracheostomyi is usually performed. This procedure may be performed either superior or inferior to the isthmus of the thyroid. Division of the isthmus allows exposure of the upper trachea (i.e., between the first and second tracheal rings). Some surgeons prefer to make a vertical incision through rings two to four. 8.9E Based on your knowledge of the relations of the trachea, what structures may be injured during this procedure? In a tracheal incision that extends too far posteriorly, the posterior tracheal wall and esophagus may be damaged, especially in children. In some cases, injury to the recurrent laryngeal nerves may occur during a tracheostomy. 8.10A A 58yearold man consulted his physician about difficulty in swallowing. He said that he first had difficulty swallowing solid foods, but recently he has had difficulty swallowing soft foods and liquids. He also said that he has lost considerable weight in the last two months. Physical examination of the man's neck revealed a large, firm lump deep to the anterior border of the SCM. A biopsy of the tumor and surrounding tissues revealed a malignant tumor of the cervical esophagus that had begun to infiltrate the periesophageal tissue. What caused the man's dysphagia? Dysphagia, present in approximately 80% of patients with malignant tumors of the esophagus, is caused by gradual pressure from the tumor and closure of the esophageal lumen. 8.10B What do you think caused the large lump deep to the SCM? The dysphagia is usually progressive. The hard lump deep to the SCM was likely a cancerous deep cervical lymph node located near the IJV. The malignancy had metastasized through the lymphatics to this node.



8.10C Describe the path of lymphatic drainage from the cervical esophagus. The lymphatic drainage of the cervical esophagus is to the paratracheal and inferior deep cervical lymph nodes. 8.10D Into which periesophageal tissues do you think the cancer would infiltrate? Invasion of the trachea or main bronchi is likely to occur with advanced esophageal cancer. 8.11A A 20 year old man with moderate fever and a sore throat noticed a swelling on the side of his face anterior to his ear. He was also concerned when another swelling appeared below his jaw. He quickly arranged an appointment with his family physician. During the physical examination the physician observed enlargement of the right parotid and submandibular glands. Palpation of the parotid gland was painful. Examination of the oral cavity revealed redness of the openings of the ducts of these glands. The pain of the swollen parotid gland increased when he was asked to sip lemon juice. The physician diagnosed the man with mump. In which triangle of what region of the neck is the submandibular gland located? The submandibular gland is in the posterior part of the submandibular triangle, one of the four subdivisions of the anterior cervical region. 8.11B Where do the ducts of the submandibular glands open? The submandibular duct opens by one to three orifices on the small sublingual papilla beside the lingual frenulum. 8.11C Why is swelling of the parotid gland painful, especially during chewing? What nerve conveys this pain? Inflammation of the parotid gland (parotiditis) is painful because the gland is enclosed within a strong capsule that is continuous with the investing layer of deep cervical fascia and the capsule resists enlargement of the gland. The overlying skin may also be tightly stretched. The greater auricular nerve innervates the parotid sheath and overlying skin. Usually the pain is greater during chewing because the parotid gland is wrapped around the posterior border of the ramus of the mandible and compressed against the mastoid process when the mouth is open. 8.12A A 3 year old boy was playing with some coins that he found on the floor. He put a nickel into his mouth and accidentally swallowed it. He suddenly began to cough, drool, and choke. The boy was rushed to the hospital. A lateral radiograph of his neck revealed that the coin was lodged in his esophagus. Where would the coin probably lodge in the cervical esophagus? The coin would most likely lodge where the laryngopharynx joins the superior end of the esophagus, which is located at the level of the inferior border of the cricoid cartilage. 8.12B If the coin passed further down the esophagus into the thorax, where might it lodge?



If the coin passed into the thoracic esophagus, it would likely lodge in the second constriction at the level of the arch of the aorta. 8.12C What would make the child choke? Choking of the infant would result from compression of the larynx or trachea by the localized enlargement of the esophagus. 8.12D How do you think the coin might be removed? Removal of the coin would likely be performed under direct vision with and esophagoscope. 8.13A A 30 year old man was eating a fish dinner when he suddenly started to choke. He told his wife that he believed a fish bone was stuck in his throat. She drove him to the emergency department of a hospital. The attending physician examined the man's larynx with a laryngeal mirror; however, he was unable to see a fishbone. He then inserted an endoscope into the patient's laryngopharynx and was able to locate and remove the bone. Where do you think the fishbone was lodged? The fish bone was likely lodged in the piriform fossa between the aryepiglottic fold and the lateral wall of the laryngopharynx. Foreign bodies such as fish bones and chicken bones often pass into these pear shaped recesses because when food passes through the laryngopharynx during swallowing, it is forced to flow through these recesses. Sharp objects may lodge in them and pierce the floors of the recesses. 8.13B What structure might be injured if the bone pierced the mucous membrane? The internal laryngeal nerve may be injured because both nerves run immediately deep to the mucous membrane lining the recess. 8.13C What would be the result of injury to this structure? This nerve supplies sensory fibers to the laryngeal mucosa superior to the vocal folds, including the superior surface of these folds. The mucous membrane of the superior part of the larynx is sensitive, and contact by a foreign object causes immediate explosive coughing to expel it. Lack of sensation in this mucosa resulting from a nerve injury could allow food to enter the larynx and cause choking. 8.14A The mother of an 11 year old child consulted her physician about a swelling in the anterior aspect of her daughter's neck. Although the swelling was painless, the mother was concerned because the lump was slowly getting larger. The physician explained that this type of neck swelling is common in children. He told the mother that these swellings often represent developmental anomalies that do not become apparent until childhood, adolescence, or early adulthood. He also stated that these midline masses tend to be benign (nonmalignant). Physical Examination: Physical examination revealed that none of the cervical lymph nodes was enlarged or tender. The physician noted that the swelling was located just inferior to the hyoid and that it was cystic and freely movable (see Figure 8.1). The physician held the swelling gently between his first and second fingers and asked the patient to swallow. The swelling moved superiorly during swallowing. He then asked the patient to stick her tongue out as far as possible and then retract it. The physician noted a definite superior tug on the



mass as the patient's tongue protruded. The physician aspirated fluid from the swelling for laboratory investigation. Laboratory Report: The fluid consists of a thin, watery substance containing gelatinous material. Diagnosis: Thyroglossal duct cyst. Explain the embryological basis of this cyst.



A thyroglossal duct cyst develops from a remnant of the embryonic thyroglossal duct, which connects the thyroid gland with the base of the tongue in the embryo. Normally the thyroglossal duct atrophies and degenerates as the thyroid gland descends to its final site in the neck. 8.14B Where are these cysts usually found? Remnants of this duct may persist anywhere along the anterior midline of the neck between the foramen cecum of the tongue and the thyroid gland. These remnants may give rise to cysts in the tongue or neck, but they usually lie just inferior to the hyoid. 8.14C What is the anatomical basis for the cyst's superior movement when the child protruded her tongue and swallowed? Often the cyst is in intimate contact with the anterior part of the hyoid. It may be connected superiorly by a duct with the foramen cecum, inferiorly with a pyramidal lobe, or the isthmus of the thyroid gland, or both. Thus, thyroglossal cysts may move up and down during deglutition and when the tongue is protruded. 8.14D What glandular tissue may be associated with this type of cyst? Sometimes thyroid tissue is associated with a thyroglossal duct cyst and, in unusual cases, the entire thyroid gland is attached to the cyst because it failed to descend to its normal position during the embryonic period. 8.14E What would this condition be called if a midline cervical opening into the cyst had been present? A thyroglossal duct cyst may develop an opening onto the surface of the neck (thyroglossal sinus). This results from erosion of cervical tissues following infection and rupture of the cyst. 8.15A A 27 year old medical student consulted her clinical instructor about a painless, plumshaped swelling in the anterior cervical region, inferior to the angle of her mandible (see Figure 8.2). As her mandibular third molar teeth had not erupted, she thought the



swelling might be caused by a dental abscess in the submandibular triangle because her third molar on that side was producing some pain. She also feared that the swelling might be caused by a tumor of her submandibular gland, or be the result of an enlarged jugulodigastric lymph node. History: The physician asked the student several times when did you first notice the lump? I first saw it approximately three months ago. Does it hurti? No, but the swelling has been slowly getting larger. Have you had any ear or throat infections recently? No, but I had a cold approximately two weeks ago. Have you detected any hoarseness since this swelling appeared? No. Physical Examination: The physician palpated the neck lump and told the student that it was a cystic swelling just anterior to the upper third of her left SCM. He aspirated fluid from the cyst for laboratory investigation. The physician examined her left third molar tooth and said that it was impacted and that the gingiva was slightly inflamed; however, he assured her that the infection in her tooth was not related to the neck swelling. Laboratory Report: The cyst contains cloudy, cholesterol crystal laden fluid. Diagnosis: Branchial cyst. Surgical Treatment: The physician arranged to have the cyst surgically removed (cystectomy). During excision of the cyst, a sinus tract was observed to pass superiorly from it. The sinus tract was carefully dissected and removed. Explain the embryological basis of a branchial cyst.



All of the conditions that came to the student's mind could have caused the swelling in the side of her neck. Branchial cysts are usually derived from remnants of the cervical sinus, the second pharyngeal groove, or the second pharyngeal pouch. Although they may be associated with branchial sinuses, as in the present case, and may drain through them, these cysts often lie in the neck just inferior to the angle of the mandible. They usually develop along the anterior border of the SCM. The cyst may extend deep to this muscle and involve other structures. 8.15B Where did the sinus tract probably terminate? In the present case, the cyst was probably derived from a remnant of the embryonic cervical sinus. The sinus tract running superiorly from it was likely derived from the second pharyngeal pouch. It probably passed between the internal and external carotid arteries. It likely terminated in or close to the tonsillar cleft of the palatine fossa, the adult derivative of the cavity of the second pharyngeal pouch. 8.15C What nerve could be damaged during the cystectomy?



The surgical excision of ascending sinuses associated with branchial cysts may bruise or injure the hypoglossal nerve, causing temporary or prolonged unilateral lingual paralysis. 8.15D What signs would be present if this nerve was injured? Unilateral lingual paralysis resulting from hypoglossal nerve injury would be indicated by hemiatrophy of the tongue and deviation of the tongue to the paralyzed side when it was protruded, a result of the unopposed action of the tongue muscles on the other side. 8.15E If the sinus tract had passed inferiorly, where would it probably open? If the sinus tract had passed inferiorly, it probably would have opened in the inferior third of the neck, along the anterior border of the SCM. 8.15F If the cystic swelling was painful during palpation, do you think it could still be a branchial cyst? A branchial sinus that opens externally is likely derived from remnants of the second pharyngeal groove. If the cystic swelling had been painful during the physical examination, the cyst could be one that was secondarily infected (e.g., resulting from leakage of fluid from it into the surrounding tissues). 8.16A After completing your first anatomy examination, your father decided to celebrate and take you out for a steak dinner. After a few drinks you noted that he was eating his steak rapidly and that his speech was slurred. Later you noticed your father's face change suddenly. He had a terrified look and then collapsed on the floor. At first you suspected that he had passed out, but as you examined him more closely you thought that perhaps he was having a stroke, a heart attack, or a seizure. Your examination also revealed that his pulse was strong, but his face began to turn blue. You then realized that your father was suffering from asphyxia. You opened his mouth widely and observed a large piece of steak caught in the posterior part of his throat. First you reached into his mouth with your index finger and tried to pull it out. On being unsuccessful, you rolled him into the prone position and performed the Heimlich maneuver. This increased his intra-abdominal pressure and moved his diaphragm superiorly, forcing the air out of his lungs and expelling the piece of steak. Where was the piece of steak most likely lodged? The piece of steak was probably lodged in the laryngeal in-let. 8.16B Discuss the common causes of laryngeal obstruction. Choking on food is a common cause of laryngeal obstruction, particularly in children, in persons who have consumed too much alcohol, and in persons with neurological impairment. Many so called restaurant deaths thought to be caused by heart attacks have been shown to result from choking. Persons with dentures and / or who are impaired by excessive alcohol intake are less able to chew their food properly and to detect a bite that is too large. The mucous membrane of the superior part of the larynx is sensitive, and contact by a foreign body such as a piece of steak causes immediate explosive coughing to expel it. However, neurological or alcohol impairment may reduce or eliminate this response. Sometimes a foreign body enters the piriform fossa or passes



through the larynx and becomes lodged in the trachea or a main bronchus. Usually, as in the present case, the piece of steak is only partly in the larynx, but entry of air into the trachea and lungs is largely prevented. The patient would likely have died within five minutes, almost certainly before there was time to get him to a hospital, if the piece of steak had not been dislodged using the Heimlich maneuver, which reestablished adequate respiration. 8.16C If the Heimlich maneuver had not been successful and a physician had come to help you, what lifesaving measures do you think he or she might have taken? Had your emergency procedure not been successful, the physician would likely have first tried to get the piece of steak out of the patient's larynx with a long spoon or a slender fork. If these procedures had failed, he would likely have performed a lifesaving emergency inferior laryngotomy (surgical incision of the larynx). If he happened to have a large bore needle with him, he would have inserted it through the cricothyroid ligament. If not, he probably would have used a penknife or a steak knife to make an incision through the midline of the neck into the cricothyroid ligament (cricothyrotomy). 8.17A A 30 year old woman was concerned about a swelling in the anterior part of her neck, nervousness, and loss of weight. She told her physician that her family complains that she is irritable, excitable, and cries easily. Physical Examination: The physician detected a swelling on each side of her neck, inferior to the larynx. During palpation of the patient's neck from a posterior position, the physician felt an enlarged thyroid gland and noted that it moved up and down during swallowing. The following signs were also detected: protrusion of the eyeballs, rapid pulse, tremor of the digits, moist palms, and loss of weight. Diagnosis: Hyperthyroidism (exophthalmic goiter, Graves disease). When the patient did not respond to medical treatment, a subtotal thyroidectomy was performed. After the operation the patient complained of hoarseness. What is the rationale for removal of thyroid tissue from this patient? The surgical treatment of hyperthyroidism is to remove part of each lobe of the thyroid (subtotal thyroidectomy), thereby leaving less glandular tissue to secrete hormones. 8.17B What is the anatomical basis for the enlarged thyroid gland moving up and down during deglutition? The enlarged thyroid gland producing the swelling in the neck moves up and down during swallowing because the gland attaches to the respiratory layer by the pretracheal layer of deep cervical fascia. The respiratory layer (larynx and trachea) and pharynx are both elevated during swallowing by the suprahyoid muscles, and then are depressed (to their original positions) by gravity afterward. 8.17C Because the patient's thyroid gland was enlarged, what nerves might have been compressed? Thyroidectomy may cause injury to the recurrent laryngeal nerves because they are closely related to the thyroid gland and trachea and, near the inferior poles of the thyroid gland, they are intimately related to the inferior thyroid arteries. The nerves may cross anterior or posterior to this artery or between its branches before ascending in or near the groove between the trachea and esophagus. The left recurrent laryngeal nerve is more vulnerable to trauma and disease than the right nerve because of its longer course around the arch of the aorta. 8.17D



What deficits could result from injury of these nerves? The recurrent laryngeal nerves supply all muscles of the larynx except the cricothyroids. Damage to or severance of one of the nerves could seriously affect speech (e.g., causing hoarseness, as in the present case, or a change in the quality of the voice to a brassy sound). Some people also have difficulty clearing their throats. Injury to both recurrent laryngeal nervesan unusual occurrencemay completely paralyze the intrinsic muscles, severely impairing breathing and speech because the vocal folds remain partly adducted. In this case, the rima glottidis is not fully open. 8.17E What are other possible causes of the patient's hoarseness? Temporary malfunction of the recurrent laryngeal nerves may also result from postoperative edema. A common cause of temporary hoarseness after surgery is trauma to the mucous membrane of the larynx by the endotracheal tube that the anesthetists insert as an airway. If the nerves are compressed as a result of inflammation or the accumulation of fluid, the breathing and speech defects normally disappear following healing and drainage of the operative site. 8.17F If a total thyroidectomy had been done, what other important structures might inadvertently have been removed? The parathyroid glands could be removed. Typically the parathyroids lie on the posterior surface of the thyroid gland; thus, posterior parts of the lobes are left to prevent inadvertent removal of these glands. At least one of them is essential for secretion of parathormone, which maintains the normal level of calcium in the blood and body fluids. 8.17G When the patient did not respond to medical treatment, a subtotal thyroidectomy was performed. After the operation the patient complained of hoarseness. What would result from this surgical error? Removal of the parathyroid glands causes a convulsive disorder known as tetany. The signs are nervousness, twitching, and spasms in the facial and limb muscles. 8.18A A 10 year old boy was admitted to the hospital with a sore throat and earache. He had a high fever (temperature, 40.5 degrees C), rapid pulse rate, and rapid respirations. Physical Examination: Examination of the boy's throat by the attending physician revealed diffuse redness and swelling of the pharynx, especially of the palatine tonsils. His left tympanic membrane was also bulging. The boy's medical history revealed that he had had chronic symptoms of inflammation of the nasal mucous membrane (rhinitis), including the pharyngeal tonsils (adenoiditis), resulting in persistent mouth breathing. Diagnosis: Tonsillitis-inflammation of the tonsils, especially the palatine tonsils. Treatment: Following antibiotic treatment, the infection resolved. In view of the boy's history, it was decided to readmit him three or four months later for a tonsillectomy and adenoidectomy. What is meant by the term tonsils? What is their function? There are numerous aggregates of lymphoid tissue in the pharyngeal walls. Major aggregates of this tissue are called tonsils. Unless otherwise stated, reference to the tonsils refers to the palatine tonsils. The other tonsils are the lingual, pharyngeal, and tubal tonsils. Collectively, all the tonsils form a tonsillar ring around the pharyngeal isthmus, where the oropharynx communicates with the nasopharynx. Although it is often stated that the tonsillar ring acts as a barrier to infection, its function is not clearly understood. However, it is certain that this lymphoid tissue is important in the immune reaction to infection.



8.18B Explain the anatomical basis of the boy's earache. In the present case, the infection had spread along the pharyngotympanic tube into the middle ear, producing iotitis mediai and bulging of the tympanic membrane. This bulging would likely be the chief cause of the boy's earache. Twigs from the glossopharyngeal nerve innervate the tonsils and, because the tympanic branch of this nerve supplies the mucous membrane of the tympanic cavity, some of the pain related to the tonsillitis may have also been referred to the ear. When the opening of the pharyngotympanic tube is closed, as it probably was in the present case, pressure changes in the middle ear can also cause earache. 8.18C Which lymph node would likely be swollen and tender in this case? The numerous lymphatic vessels of the tonsils penetrate the pharyngeal wall and terminate principally in the jugulodigastric node in the deep chain of cervical lymph nodes. Enlargement of this tonsillar node is commonly associated with tonsillitis. 8.18D What is the probable source of hemorrhage during a tonsillectomy? The external palatine vein is usually the chief source of hemorrhage following tonsillectomy. This important and sometimes large vein descends from the soft palate and is immediately related to the lateral surface of the tonsil before it pierces the superior constrictor muscle of the pharynx. 8.18E Compression of what vessel would control severe arterial bleeding in the tonsillar bed? In cases of severe and uncontrolled bleeding (e.g., from the tonsillar branch of the facial artery), hemorrhage may be controlled by compressing or clamping the external carotid artery at its origin. This artery supplies blood to the tonsillar arteries.
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