Chapter Outline

I. Skeletal Remains Reveal All










A. It is better for forensics if many bones, and in good condition, are found.






1. But even bones that are in poor condition can offer clues about the identity 





and history of a deceased person.




a) Age can be approximated by examining the teeth.




b) The condition of long bones and the joints between the bones can also 




assist in telling how old a person was at the time of death.




c) If the skeletal remains include the individual’s pelvic bones, these provide 




the best method for determining an adult’s gender.





d) The long bones of the limbs give information about gender as well.


2. Determining the ethnic origin of skeletal remains can be difficult because many 




people today have a mixed racial heritage.




a) But the bones, especially the skull, offer clues.

II. Diversity of Skeletons___________________________





Critical concepts include: characteristics of hydrostatic skeletons, endoskeletons, and exoskeletons, and functions of the mammalian endoskeleton. 

29.1 Animal skeletons can be hydrostatic, external, or internal


A. Skeletons serve as support systems for animals, providing rigidity, protection, 



and surfaces for muscle attachment.


B. Hydrostatic skeleton



1. In animals that lack a hard skeleton, a fluid-filled gastrovascular cavity or a 




fluid-filled coelom can act as a hydrostatic skeleton.



2. A hydrostatic skeleton offers support and resistance to the contraction of 




muscles so that an animal can move.



3. Hydras and flatworms use their fluid-filled gastrovascular cavity as a 




hydrostatic skeleton.



4. Roundworms have a fluid-filled pseudocoelom.



5. Earthworms are segmented and have septa that divide the coelom into 




compartments.




a) Each segment or group of segments can function independently.



6. Even animals that have an exoskeleton or an endoskeleton move selected 




body parts by means of muscular hydrostats, meaning that fluid contained 




within certain muscles assists movement of that part.




a) Ex: clams, sea stars, spiders, elephants


C. Exoskeleton



1. Molluscs, arthropods, and vertebrates have rigid skeletons.



2. The exoskeleton (external skeleton) of molluscs and arthropods protects 




and supports and provides a location for muscle attachment.




a) The shell in molluscs is made of calcium carbonate.




b) The exoskeleton of arthropods is composed of chitin.



3. The exoskeleton of arthropods is particularly suitable for terrestrial life.




a) It protects against wear and tear, predation, and drying out.




b) In addition, the jointed and movable appendages allow flexible 




movements. 




c) To grow, however, arthropods must molt to rid themselves of an 




exoskeleton that has become too small.


D. Endoskeleton



1. Both echinoderms and vertebrates have an endoskeleton (internal 




skeleton).



2. The skeleton of a starfish consists of plates of calcium carbonate embedded 




in the living tissue of the body wall.



3. In contrast, the vertebrate endoskeleton is living tissue.




a) Sharks and rays have skeletons composed only of cartilage.




b) Other vertebrates have endoskeletons composed of bone and cartilage.

29.2 A skeleton serves many functions____________________________________


A. The exoskeleton of a crayfish and the jointed endoskeleton of a human have 
         certain basic functions in common.



1. The skeleton provides a frame for the body.



2. The skeleton protects the internal organs.



3. The skeleton assists in digestion.



4. The skeleton stores calcium.



5. The skeleton is necessary for locomotion.



6. The skeleton, in humans, assists all phases of respiration.



7. The skeleton, in humans, assists immunity.

.

III. Mammalian Skeleton__________________________________________________ 

Critical concepts include: axial skeleton, skull, vertebral column, rib cage, appendicular skeleton, pectoral girdle, pelvic girdle, osteoporosis, tissues of bones, types of joints, and repair of joints.


29.3 The bones of the axial skeleton lie in the midline of the body



A. The axial skeleton consists of the bones in the midline of the body, and the 




appendicular skeleton consists of the limb bones and their girdles.



B. The skull




1. The cranium and the facial bones form the skull, which protects the brain.




2. In newborns, certain bones of the cranium are joined by membranous 





regions called fontanels, all of which usually close and become sutures by 





the age of two years.




3. The bones of the cranium contain the sinuses, air spaces lined by mucous 





membrane that reduce the weight of the skull and give a resonant sound to 





the voice.




4. The major bones of the cranium have the same names as the lobes of the 





brain.





a) Ex: frontal bone, parietal bones, temporal bones, occipital bone




5. At the base of the skull, the spinal cord passes upward through a large 





opening called the foramen magnum and becomes the brain stem.




6. Certain cranial bones contribute to forming the face.





a) Ex: sphenoid bones, frontal bone





b) The most prominent of the facial bones are the mandible, the maxillae, 





the zygomatic bones, and the nasal bones.



C. The vertebral column




1. The head and trunk are supported by the vertebral column, which also 





protects the spinal cord and the roots of the spinal nerves.




2. Twenty-four vertebrae make up the vertebral column.





a) 7 cervical vertebrae in the neck





b) 12 thoracic vertebrae in the thorax





c) 5 lumbar vertebrae in the small of the back





d) 5 sacral vertebrae fused to form a single sacrum





e) The coccyx, or tailbone, is composed of several fused vertebrate.




3. Normally, the vertebral column has four curvatures that absorb shock and 





also provide more resilience and strength for an upright posture than 





would a straight column.





a) Scoliosis is an abnormal lateral curvature of the spine.





b) Hunchback and swayback are two other well-known curvatures.




4. Intervertebral disks, composed of fibrocartilage between the vertebrae, act 





as padding.





a) These disks become weakened with age and can herniate and rupture.



D. The rib cage




1. The thoracic vertebrae are a part of the rib cage.




2. The rib cage also contains the ribs, the costal cartilages, and the sternum, or 





breastbone.




3. There are twelve pairs of ribs.





a) Upper 7 are “true ribs”





b) Lower 5 are “false ribs”




4. The rib cage demonstrates how the skeleton is protective but also flexible.


29.4 The appendicular skeleton consists of bones in the girdles and limbs



A. The appendicular skeleton consists of the bones within the pectoral and pelvic 




girdles and the attached limbs.




1. The pectoral girdle and upper limbs are specialized for flexibility.




2. The pelvic girdle and lower limbs are specialized for strength.




3. A total of 126 bones make up the appendicular skeleton.



B. Pectoral girdle and upper limbs




1. The components of the pectoral girdle are only loosely linked together by 





ligaments.




2. Each clavicle connects with the sternum in front and the scapula behind.




3. The single long bone of the upper arm, the humerus, has a smoothly 





rounded head that fits into a socket of the scapula.





a) This joint is most apt to dislocate.




4. The opposite end of the humerus meets the two bones of the forearm, the 





ulna and the radius, at the elbow. 




5. The many bones of the hand increase its flexibility.





a) The wrist has eight carpal bones.





b) Five metacarpal bones fan out to form a framework for the palm.





c) The metacarpal bone that leads to the thumb is placed in such a way 





that the thumb can reach out and touch the other digits.





d) Beyond the metacarpals are the phalanges, the bones of the fingers and 





the thumb.



C. Pelvic girdle and lower limbs




1. Two heavy, large coxal bones are joined at the pubic symphysis to form the 





pelvic girdle.




2. The coxal bones are anchored to the sacrum, and together these bones form 





a hollow cavity called the pelvic cavity.





a) The wider pelvic cavity in females accommodates childbearing.




3. The largest bone in the body is the femur, or thighbone.




4. Distal to the thigh, the larger of the two bones, the tibia, has a ridge we call 





the shin.




5. Both of the bones of the leg have a prominence that contributes to the 





ankle.




6. Although there are seven tarsal bones in the ankle, only one tarsal bone 





receives the body’s weight and passes it on to the heel and the ball of the 





foot. 




7. The metatarsal bones participate in forming the arches of the foot.




8. The bones of the feet are called phalanges, just as are those of the fingers.

How Life Changes


29A What Our Limbs Tell Us About Our Past


A. Although the human line of descent separated from that of apes some several 
         million years ago, we still retain evidence that a common ancestor had a 
         brachiating mode of locomotion.




1. A brachiator alternately uses its arms to reach up and its hands to swing 





from limb to limb in a tree.




2. Although our arms are shorter than those of chimpanzees, our arms are 





relatively long compared to those of other mammals.




3. Also in a brachiator, the second to the fifth fingers form a hook with which 





to grasp overhead branches.




4. In running animals the clavicle is reduced, but our clavicle is a prominent 





structural element of the shoulder, serving to transfer the weight of the 





body to the arm.



B. In contrast, the design of our hindlimbs and pelvic girdle give evidence of 




compromises to our upright bipedal posture.




1. The pelvis is more bowl-shaped than that of a chimpanzee.




2. Widening the hips places the heads of the femurs far apart and outside the 





center line of the body weight.





a) Notice that the femurs are angled in humans to allow the limbs to swing 





directly beneath the body.




3. Our bipedal posture and pendulum-like leg motions also result in changes 





in foot design.





a) Our large toe is aligned with the other digits of the foot.





b) The human foot forms an arch, a way of broadening the base of support 





upon which the upper body stands.


29.5 Bones and joints are composed of living tissues__________________________


A. When a long bone such as the humerus is split open, the longitudinal section 




shows that it is not solid, but has a cavity called the medullary cavity, bounded 




at the sides by compact bone and at the ends by spongy bone.




1. The cavity of a long bone usually contains yellow bone marrow, which 





stores fat.




2. Beyond the spongy bone is a thin shell of compact bone and finally a layer 





of hyaline cartilage, called articular cartilage when it occurs at 





articulations.




3. Except for the articular cartilage on its ends, a long bone is completely 





covered by a layer of fibrous connective tissue called the periosteum.




4. Compact bone makes up the shaft of a long bone.





a) It contains many osteons where osteocytes derived from osteoblasts lie 





in tiny chambers called lacunae.





b) The lacunae are separated by a matrix of collagen fibers and mineral 





deposits.




5. Spongy bone has numerous bony bars and plates separated by irregular 





spaces.





a) Although lighter than compact bone, spongy bone is still designed for 





strength.




6. At the ends of long bones, the spaces in spongy bone are often filled with 





red bone marrow, a specialized tissue that produces blood cells.




7. Also note the growth plate near the end of the long bone.





a) As long as a bone has a growth plate, it is capable of growing.





b) The growth plate usually disappears when a person reaches maturity.



B. Joints




1. Bones articulate at the joints, which are classified as fibrous, cartilaginous, or 




   synovial.




2. Fibrous joints are immovable.





a) Ex: the membranous “soft spots” in newborns




3. Cartilaginous joints tend to be slightly movable.





a) Ex: the pubic symphysis, intervertebral disks, costal cartilage




4. Synovial joints are freely movable.





a) A synovial joint has a cavity lined with synovial membrane, which 





produces synovial fluid.




5. The absence of tissue between the articulating bones of a synovial joint 





allows them to be freely movable, but the joint has to be stabilized in some 





way.





a) A synovial joint is stabilized by the joint capsule.





b) Ligaments add even more stability.





c) Tendons also help stabilize the joint.



C. The articulating surfaces of the bones are protected in several ways.




1. The bones are covered by a layer of articular cartilage.




2. The bursae, which are fluid-filled sacs, ease friction between bone and 





overlapping muscles, or between skin and tendons.




3. Menisci are crescent-shaped pieces of cartilage in synovial joints that also 





ease friction between all parts of the joint.



D. Two specific types of synovial joints




1. Ball-and-socket joints




a) Ex: hips and shoulder





b) These allow movement in all planes.





c) Adduction occurs when limbs are moved toward the midline of the 





body.





d) Abduction occurs when limbs are moved away from the midline of the 





body.




2. Hinge joints




a) Ex: elbow and knee





b) These permit movement up and down in one plane only.





c) Flexion occurs when the angle decreases.





d) Extension occurs when the angle increases.




3. There are three other types of synovial joints: saddle, gliding, and 





condyloid.

How Biology Impacts Our Lives


29B You Can Avoid Osteoporosis



A. Osteoporosis is a condition in which the bones are weakened due to a decrease 




in the mass of the bone that makes up the skeleton.




1. The skeletal mass continues to increase until ages 20 to 30.




2. After that, there is an equal rate of formation and breakdown until ages 40 





to 50.




3. Then, reabsorption begins to exceed formation, and the total bone mass 





slowly decreases.



B. Over time, men are apt to lose 25% and women 35% of their bone mass.




1. Sex hormones play an important role in maintaining bone strength, so this 





difference means that women are more likely than men to suffer fractures.



C. Routine preventive steps




1. A small daily amount of vitamin D is also necessary for the body to use 





calcium correctly.




3. Very inactive people lose bone mass 25 times faster than people who are 





moderately active.



D. How to get diagnosed and treated



1. Postmenopausal women with any of the risk factors should have their bone 





density evaluated.




2. Bone density is measured by a method called dual energy X-ray 





absorptiometry.




3. If the bones are thin, it is worthwhile to take all possible measures to gain 





bone density because even a slight increase can significantly reduce 





fracture risk.





a) Long-term estrogen therapy is rarely recommended for osteoporosis.





b) Other medications are available, however.





c) Ex: calcitonin, bisphosphonates

IV. Vertebrate Skeletal Muscles _____________________





Critical concepts include: types of muscle and skeletal muscle function, muscle contraction, motor units, paired muscles, uses of Botox, muscle cell anatomy, the sliding filament model of contraction, role of ATP, axon terminal link to muscle function, sources of ATP, and a comparison between slow-twitch and fast-twitch muscle cells.

29.6 Skeletal muscles primarily cause bones to move



A. Smooth muscle is involuntary muscle found in the walls of internal organs. 




Cardiac muscle is involuntary and makes up the wall of the heart.



B. Skeletal muscle can be moved voluntarily and makes up the nearly 700 skeletal 




muscles, which account for approximately 40% of the weight of an average 




human.



C. The skeletal muscles perform many functions.




1. Skeletal muscles make bones move.




2. Skeletal muscles support the body.




3. Skeletal muscles help maintain a constant body temperature.




4. Skeletal muscle contract assists blood flow in cardiovascular veins.



5. Skeletal muscles help protect internal organs and stabilize joints.



D. Antagonistic pairs




1.Skeletal muscles move the bones of the skeleton with the aid of bands of 




   fibrous connective tissue called tendons that attach muscle to bone.




2. In general, one muscle does most of the work of moving a bone, and that 





muscle is called a prime mover.




3. When a muscle contracts, it shortens, and the tendon pulls on the bone.





a) Muscles can only pull a bone—they cannot push it.





b) Because of this, skeletal muscles must work in antagonistic pairs.





c) If one muscle of an antagonistic pair flexes the joint and bends the limb, 





the other one extends the joint and straightens the limb.



E. Motor units




1. A muscle has degrees of contraction because it is divided into motor units.




2. A motor unit is composed of all the muscle cells under the control of a 





single motor axon.




3. A motor unit obeys an “all-or-none law”—it either contracts or does not 





contract.




4. The number of muscle cells within a motor unit can vary.




5. When a motor unit is stimulated by a single stimulus, a contraction occurs 





that lasts only a fraction of a second.





a) This response is called a simple muscle twitch.





b) A muscle twitch is customarily divided into three stages: the latent 





period, the contraction period, and the relaxation period.




6. Summation is increased muscle contraction until maximal sustained 





contraction, called tetanus, is achieved.





a) Tetanus continues until the muscle fatigues due to depletion of energy 





reserves.



F. A whole muscle typically contains many motor units. 




1. As the intensity of nervous stimulation increases, more and more motor 





units in a muscle are activated.





a) This phenomenon is known as recruitment.




2. Some motor units are contracting maximally while others are resting, 





allowing sustained contractions to occur.





a) This results in good “muscle tone.”

How Science Progresses


29C The Accidental Discovery of Botox



A. Several bacterial pathogens that cause serious human diseases such as cholera,



diphtheria, tetanus, and botulism secrete potent toxins.




1. Clostridium botulinum secretes an extremely lethal toxin.





a) 4 kg would be enough to kill the entire world’s population.




2. Botulinum A causes death by paralyzing the respiratory muscles so that 




breathing is impossible.





a) A very dilute form of the toxin can prevent muscular spasms.





b) A dilute form is also used to less the deep wrinkles in skin.




3. The FDA has approved botulinum A for the treatment of frown lines and 
            many more applications.

29.7 Muscles contract at the cellular level



A. Contraction of whole muscles involve motor units.




1. Because a muscle cell has a slightly different structure from that of other 





cells, its parts are given special names.





a) The plasma membrane is called the sarcolemma.




b) The sarcolemma of a muscle cell forms a T-tubule system.





c) The T tubules penetrate into the cell so they come in contact with the 





modified endoplasmic reticulum, called the sarcoplasmic reticulum.





d) Also present in a muscle cell are many long, cylindrical organelles 





called myofibrils, which are the contractile portions of muscle cells.





e) In cross section, a myofibril contains many contractile units called 





sarcomeres.





f) Skeletal muscle is striated becomes myofibrils and sarcomeres are 





striated.



B. Skeletal muscle striations are due to the placement of protein filaments in 




 sarcomeres.




1. A sarcomere contains thick filaments made up of myosin and thin 





filaments made up of actin.




2. The H zone in the middle of a sarcomere only has myosin filaments.




3. The actin filaments are attached to the Z lines.



C. Sliding filament model 




1. In contracted sarcomeres, the actin filaments are much closer to the center, 





and the H zone has all but disappeared.





a) To achieve contracted sarcomeres, it is necessary for the actin filaments 





to slide past the myosin filaments.





b) This model of muscle contraction is called the sliding filament model.




2. The cycle of events occurs over and over again, and with each cycle, the 





actin filaments move nearer to the center of the sarcomeres.




3. ATP provides the energy for muscle contraction.




4. Each myosin head has a binding site for ATP, and the heads have an 





enzyme that splits ATP into ADP and P.





a) This activates the heads, making them ready to bind to actin.




5. Release of ADP and P causes the cross-bridges to bend sharply.





a) This is the power stroke that pulls the actin filaments toward the middle 





of the sarcomeres.




6. When another ATP molecule binds, myosin detaches from actin.



C. Rigor mortis is the stiffening of muscles that occurs in a dead body.




1. It is often used to estimate the time of death.




2. ATP is needed in order for the myosin heads to detach from actin filaments.





a) However, since ATP synthesis stops shortly after death, the myosin 





heads remain attached for a matter of hours, until deterioration sets in.



D. Sources of ATP




1. Muscle cells store limited amounts of ATP, but they have three ways of 




  acquiring more ATP for contraction once this supply has been used up.



E. Creatine phosphate (CP) pathway




1. Creatine phosphate is a molecule that contains a high-energy phosphate.




2. It is formed when a muscle cell is resting, and only a limited amount is 





stored.




3. The simplest and most rapid way for muscle cells to produce ATP is to 





transfer the high-energy phosphate from CP to ADP.




4. The CP pathway is used at the beginning of exercise and during short-





term, high-intensity exercise that lasts less than 5 seconds.



F. Fermentation




1. Fermentation produces two ATP from the anaerobic breakdown of 





glucose to lactate.




2. Fermentation is fast-acting, but it results in a buildup of lactate and an 





oxygen debt.



G. Cellular respiration




1. Muscle cells have a rich supply of mitochondria where cellular 





respiration supplies ATP, usually from the breakdown of glucose 





whenever oxygen is available.



E. Muscle innervation




1. Muscle fibers contract only because they are stimulated to do so by 




motor axons. A motor axon branches, and each branch terminates very close to                                                       a muscle cell.





a) This region, called a neuromuscular junction, contains a synaptic cleft.




2. A nerve impulse traveling down an axon causes the axon terminals to 





release acetylcholine.





a) The sarcolemma contains receptors for ACh molecules, and when ACh 





binds to the receptors, a muscle action potential begins.





b) The action potential travels down the T tubules to the sarcoplasmic 





reticulum and causes it to release calcium.





c) The calcium diffuses throughout the muscle cell and binds to actin 





filaments, exposing binding sites for myosin.





d) Now the sarcomeres contract.

How Biology Impacts our Lives


29D Fast-Twitch Versus Slow-Twitch Muscle Fibers



A. Fast-twitch muscle fibers tend to rely on creatine phosphate pathway and 




fermentation, while slow-twitch muscle cells tend to prefer cellular 




respiration, which is aerobic.



B. Fast-twitch fibers




1. Fast-twitch muscle fibers are usually anaerobic and seem designed for 





strength because their motor units contain many cells.




2. They provide explosions of energy.




3. Fast-twitch muscle fibers are light in color because they have fewer 





mitochondria, little or no myoglobin, and fewer blood vessels than slow-





twitch muscle cells do.



C. Slow-twitch fibers





1. Slow-twitch muscle fibers have a steadier tug and more endurance, despite 





having more units with fewer cells.




2. Because they produce most of their energy aerobically, they tire only when 





their fuel supply is gone.




3. Slow-twitch muscle fibers have many mitochondria and are dark in color 





because they contain myoglobin, the respiratory pigment found in 





muscles. 




4. They are also surrounded by dense capillary beds and draw more blood and 





oxygen than do fast-twitch muscle fibers.




5. They have a low maximum tension, but are highly resistant to fatigue.

