 THE HAND, INTRO FOR TEACHERS (NEW 2008)
The Hand is meant to be flexible exercise.  As written, it is a description, organized into sections, of the anatomy and functions of the parts of the hand and wrist.  It can be given as a demonstration and is scripted with questions posed for students to answer verbally.  Each student uses one of his/her hands as the object of the exercise.
  Depending on how much of the exercise the teacher elects to do, students will learn about the bones, nails, friction ridges, sensory equipment, and range of movement of joints and muscles of their hands.  They will also learn something about the kinds of manipulation the human hand is capable of, and the importance of the hand in human evolution.  Technical vocabulary is held to a minimum.

There is more material here than any teacher can use.  Teachers should cut and paste out the parts of the exercise that work for their students and skip the rest.  Feel free to change the order, emphasis, and wording as you wish.
Teachers can also expand on subjects that we have hit lightly.  For example, there is a large amount of information on the internet on the forensic use of fingerprints that could be discussed. Students could make a set of their prints with an ink pad.  Or, emphasis could be placed on anatomy - the bones, musculature, and hinge and saddle joints of the hand, accompanied by more terminology than we have given here.  That would make it an exercise in elementary biomechanics.  
Teachers can decide the best way to schedule this exercise.  A cut-down version could be completed in a standard 40-50 minute class.  Parts of The Hand could also be covered in repeated short segments at the start of class sessions devoted to other topics.
A number of overhead transparencies are included.  These are labeled but not numbered so that teachers can use whichever ones they wish in any order.
Teachers need to provide items if they plan for students to perform experiments and demos.  For exploring the haptic sense, these would include all sorts of familiar office and household items, as mentioned in the exercise.  For demonstrating the power grip, tools with handles, soup cans, dowels, etc. would be good.  For the chuck grip, a drill chuck could be shown as a demo.   For the precision grip, small objects such as coins or paperclip would serve.
A good way to start the demo is showing the transparency of the stainless steel "terminator" arm.  Many students will recognize it from the Terminator I and Terminator II movies starring Arnold Schwartzenegger        
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THE HAND
I. The Back of the Hand: Not Where the Action is.

A. Introduction
 Have you ever noticed that public buildings show their best face where people come to shop or do business?  The back rooms, where people rarely go, are usually very plain, with wiring, water pipes, and ducts and ventilators visible.  Our hands are like that.  The palm and fingers have the glamour and glitz.  That's where the action is.  The back of the hand is plain and rarely gets a second look.
Now we want to you to take a long hard look at the back of your hand.  It is plump and fat in babies.  It is lean and leathery in old folks.  For you it is somewhere between those extremes.  Transparency of baby hand holding aged hand.
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Question
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The skin of the back of the hand is thin, loose, and elastic.

There is very little muscle.
Several veins run down the back of the hand.  Because arteries are under higher blood pressure than veins, and bleed dangerously if cut, they run deeper within the hand, where they are more protected.

Students should be able to trace the five long thin metacarpal bones that run from the wrist to the fingers. It is easiest to do this with the fingers extended and spread.  Each metacarpal bone connects to a finger bone at the knuckle.  The joint can be felt on the lower part of the knuckle (towards the wrist).
Why is the back of the hand so plain?  It is because this part of our anatomy is purely structural.  It has no spe cialized function.  Fingers are good at grasping things against the palm of the hand.  But we can't bend our fingers backwards.   There are tendons running along the back of the fingers that act to extend the fingers (like when pointing at something).   Yet if we try to bend them past a certain point the tendons will hyperextend and be injured.  
Football players sometimes get a hyperextended knee injury for the same reason – the knee naturally flexes backwards, but doesn't naturally hyperextend forwards. 
B. The Fingernails
All of our fingers have fingernails at the tips.   Fingernails begin to grow in the embryo from the same kinds of tissues that give rise to the claws of mammals, such as cats, bears, dogs, etc.   Primates – lemurs, monkeys, the great apes, and humans - however, have fingernails that grow as thin, flexed plates instead of sharp claws.
  If you look at your fingernails you will see white semicircles called lunules at the base of some of them.  The lunules are hidden under the skin on the other nails.  It is below the lunules that live cells that continually grow and divide.  As they age the cells fill with a protein called keratin and then die.  The new live cells expand the nail from its base.  The outer nail, called the nail plate, is composed of dead cells only.  See the fingernail transparency. 
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The outer part of the fingernail – the nail plate – that people cut is composed of dead cells and there are no nerve fibers in them.

Keratin is a tough, fiberous protein.   Our hair, fingernails, toenails, and outer layer of skin are mostly keratin.  Feathers, hooves, horns, and claws of other animals are also largely keratin.  See the transparency that shows the different uses of keratin in mammals.  Keratin fibers are very thin, but they stick together to form the larger structures.  They attach tightly to each other because they are linked together by molecules called disulfide bridges.  Disulfide bridges contain sulfur. 

[image: image6]
The smell from these keratin structures comes from the sulfur that is released from the disulfide links when burned.

[image: image7]
Scientists are not sure. Some scientists think that the nails form a kind of armor backing that the fingertips need to exert a strong grip or pinch.  Others think that they are just left-over remnants of claws that will gradually become smaller in our descendants and eventually disappear.  
Yet fingernails do have a few uses.  They are good for scratching an itch.   They can act as tweezers in picking up tiny objects.  And in the days before modern sanitation, people used them to crack the fleas and lice that infested their bodies.
Everything mentioned above about the back of the hand and the fingernails is also true of the foot – the top (dorsal) surface of the foot is thin-skinned, boney, and laced with veins.  Toenails are much like fingernails, although the toes are too stiff for their nails to be of use.
C. Odds and Ends: 

1. The keratin of curly and kinky hair has more disulfide bridges on one side of each fiber than the other.  Heat breaks the disulfide bridges and straightens the hair.  That is why heat is used to give permanents to ladies in beauty parlors.  

Keratin also occurs in our skin.  New cells are formed deep within the skin.  As these cells age, they migrate toward the skin's surface..  They manufacture keratin, flatten, and dry out.  By the time they reach the surface they are dead, helping to form the outermost layer of the skin.  Soon they flake off and drift away.
  These dead, keratinized cells are too small to be seen, but they are everywhere that people go.  There are many millions of them floating around this classroom right now!
 Scientists know that the ratio of isotopes (forms of atoms with slightly different weights and compositions) of carbon and nitrogen vary in different foods.  Grains, fruits, and vegetables are relatively low in the carbon isotope C13 compared to C12.  Meat is relatively high in the nitrogen isotope N15 compared to N14.  Keratin contains carbon and nitrogen, so it is possible to get an idea of a person's diet by analyzing fingernail clippings.  If the clippings are low in C13 and low in N15 compared to an outside standard, the person eats a healthy diet rich in vegetables, fruits, and grains.  If the clippings are high in N15 the person's diet is heavy in meat.

II. Friction Ridges
A. Fingerprints
Friction ridges are the tiny parallel ridges that are found on our fingers, palms, soles of our feet, and toes.  They are also found in other primates.  Their function is to increase the gripping strength of the hands and feet.  This is especially important in tree-living primates that are our remote ancestors.  When a monkey jumps in midair from one branch to another, it had better get a good grip when it lands.
We humans seldom jump around in trees, but we need to get a good friction grip in holding a baseball bat, tennis racquet, or opening a jar with a tight lid. 

The friction ridges we hear most about are the prints on our fingertips.  As you know, law enforcement agencies keep a fingerprint record of people with criminal records.  Hospitals make sole prints of newborn babies to keep them from getting mixed up.  

The fingerprint transparency shows the most common fingerprint patterns in humans: loops (left and right leaning), arches, and whorls.  These patterns are already present in a fetus by the 17th week of pregnancy.
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The majority of people have examples of all three patterns.  Statistically, however, loops and whorls are more common than arches. 

No, fingerprint patterns are not symmetrical.  The patterns on the fingers of the left hand are unrelated to the patterns on the fingers of the right hand.  
This is an example of a general rule in biology.  Structures that will function properly only if precisely constructed tend to vary little in design.  Our two eyes and the muscles that control their movements are very precise in shape and dimensions.  They are also very similar to each other.  Precision is less important in some structures.  The patterns of veins and individual hairs on the back of the hand can vary widely without affecting their function.  It is the same for fingerprints; any pattern of curving, parallel, close-spaced ridges is equally good for a friction grip.
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No.  The fingerprints of identical twins are often more similar to each other than are the fingerprints of unrelated people, but there are still different and easy to tell apart.  
Fingerprinting suspected criminals has been a mainstay of forensic science for many decades.  Although it is true that no two persons have the same fingerprint patterns, the differences are not always in the basic patterns of loops, whorls, and arches.   Close examination of fingerprints reveals tiny incomplete ridge spurs, islands, and dots between the main ridges.  These are unique to the prints of each person. 

Today the new field of identification by biometrics is becoming important.  In biometrics, computer scanning is used to take very accurate measurements of dimensions and sizes.  The object scanned may be the face, the iris of the eye, the pattern of veins on the back of the hand, or the pattern of blood vessels in the back of the eye, as well as finger, palm, and sole prints.  In each case the pattern is complex and changes little during a person's lifetime.
There are a number of internet sites devoted to biometric identification.  A good one is www.pagesperso-orange.fr/fingerchip/index.htm.

B. Dermatoglyphics
Patterns of friction ridges are also studied in the science of dermatoglyphics (dermo = skin, glypho = writing.   Is the distribution of fingerprint patterns the same in ethnically different peoples of the world?  Studies so far show that the basic loop, whorl, and arch patterns occur in all peoples.  There are slightly different frequencies of each type in different ethnic groups.  The differences, however, are too slight to be of much scientific value.
Dermatoglyphics has also been applied to the study of genetic diseases.  It would be very helpful to doctors if they could tell if a newborn child had a particular genetic disease without having to do complex biochemical tests.  Many genetic diseases cause a number of embryonic abnormalities to parts of the body.  Some of these abnormalities show up in the hand. 
Attention is often given to the positions of triradii (the FBI calls them "deltas."   A triradius is a pattern where three sets of friction ridges come together.  We have a triradius on the palm just beneath each of the four fingers, and another in the heel of the hand.  You should be able to see  some of the triradii in your palm. 
 They also occur in our fingerprints (see the fingerprint transparency).  Note that whorls have two triradii, one on each side; loops have one triradius; and arches have none.  (The so-called tented arch in the transparency has a triradius in the center).

 Triradii are sometimes distorted and/or differently positioned in infants who have inherited abnormal chromosomes, and can be used as an aid in medical diagnoses.  The common genetic disorder Down's Syndrome can often be diagnosed in the newborn by the angle between triradii in the palm
III. Anatomy of the Hand

A. Bones and Muscles

After the attention given to the back of the hand and fingerprints, let us look at the entire palms and fingers.  Start by flexing your fingers and wiggling them.
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The number of phalanges (fay-lan-gees) or finger bones is three in the four long fingers. There are only two phalanges in the thumb.  We will just call the phalanges "finger bones" from now on. The total number of finger bones is 14.   
The terminology we will use for the fingers is:

Thumb

Forefinger

Middle finger

Ring finger

Little finger (or pinkie).

The next transparency shows the bones of the human hand.   [image: image12.jpg]BONES OF THE HAND (dorsal view)
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At first glance, it looks like we have incredibly long fingers – like one of those garden rakes with long prongs.  Actually, the five long metacarpal bones are inside the hand, running just beneath the surface of the back of the hand – as you noted when you counted these bones before.   The finger bones join with the distal ends (the farthest from the body) of the metacarpal bones at the knuckle, as we also mentioned earlier.
.
The metacarpal bones connect to two rows of small carpal bones in the wrist.  There are eight carpal bones tightly connected by ligaments.  We cannot move the carpal bones separately.  Most of our wrist movement is at the joint between the carpal and metacarpal bones.  

Move your wrist where it connects to the hand.  Bending the wrist downward toward the forearm is called flexion.  Curling the fingers is flexion of the fingers.  Extending the wrist or fingers is called extension.  Extension of the wrist is bending it upward. 
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The wrist joint (technically called the carpo-metacarpal joint) is capable of both flexion and extension.  It will extend over a greater angle than it will flex.  There is also some lateral movement.  This kind of curved joint which allows some movement in all directions is called a saddle joint.
Now spread your fingers as widely possible.  There is some free play at the knuckle joints of the finger bones.  These are saddle joints.

Joints that permit movement in only one plane are called hinge joints.
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The finger joints flex easily, and the last joint has slight upward extension.  
There is almost no other kind of movement.  The finger joints are hinge joints.

Punching a bulky object with the fist is most likely to cause a fracture of the metacarpal bone connected to little finger.  The break is usually in the neck of  the metacarpal bone near the knuckle, where it absorbs the greatest impact. This kind of injury is sometimes called a "brawlers break."
Look again at the palm of your hand.  Below your thumb is a muscular pad covered with a layer of fat. Another muscular pad is found in the heel of the hand below the little finger.  These pads have scientific names, but we will skip these.  The middle of the palm is thinner and lacks large muscles.  It too is cushioned with fat.  The fat cushion of the palm helps in gripping objects.  When you hold something tightly in your hand, the cushion of the palm and pads of the curled fingers spread and engulf the object like an amoeba.  Sweat glands are numerous in the palm.  The cushion grip, friction ridges, and moisture all work together to make the grip stronger.
When a person is nervous, the sweat glands in the palm become overactive.  That is why a nervous person has a clammy handshake.
The muscle – actually a bundle of several muscles – below the thumb helps to move the thumb much more freely than the other fingers.  It can be extended to the "thumbs up" position.  It can also swing like a gate toward the palm and touch any of the other fingers.  That is why our thumb is called an opposable thumb; it is separate from the other fingers and can freely close in on them.  
The muscle mass below the thumb combined with a a saddle joint where the thumb and its metacarpal bone attaches to the carpal bones allow this range of movement.   They also give the thumb the strength to apply strong pressure (as in pinching your little brother).  

The smaller muscles in the heel of the hand help to operate the little finger.  When the little finger is flexed the palm is folded inward.  When you cup your palm to drink water out of it you are flexing this group of muscles.  At the same time you are bunching your fingers together.

[image: image15]
It is still possible to touch the other fingers with your thumb, but it is clumsy and requires much more effort.   Most primates lack the muscles to bunch their fingers as easily as humans do.
There are also a number of small muscles in the hand.  However, the flexion and extension of the fingers is controlled by muscles in the forearm.  These muscles attach to the finger bones by means of long tendons.  

 Tendons are inelastic cords and bands of tough connective tissue that connect muscles to bone.

That means that when you grab a stick the muscles that contract to perform this action are in your forearm, not in your hand or fingers.  The forearm contains two long bones, the radius and the ulna, nerves, and blood vessels.  Most of the mass of the forearm is muscle that controls movement of the hand.   
You can think of the forearm as the holder of the puppet strings that move the fingers.  The strings are the tendons.   The operator of the puppet strings is the brain.
B .Some facts about the architecture of the hand.
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.

Most people find that their thumb is the most mobile and agile.  Next are the  forefinger and the little finger.  Then comes the middle finger.  The stiffest and clumsiest finger is usually the ring finger.  It could be called the "toe finger" because it has no more mobility than a toe.  

The inside fingers are hardest to control because they have fewer muscles attached to them, not because their joints have less range of movement.  
People who engage in repetitive activity with their hands, such as performing the same task on an assembly line, may come down with tunnel carpal syndrome. This condition causes the fingers or hand to itch or burn, or become numb.  The median nerve, which innervates the thumb and adjacent fingers, runs from the base of the forearm into the palm through a small opening of the carpal bones.  A band of ligament lies below the nerve.   Ligaments that become inflamed tend to swell and pinch the median nerve, leading the the symptoms above.  

Tunnel carpal syndrome is sometimes relieved by resting and stretching the hand and by drugs, such as aspirin, ibuprofen, or steroids that reduce swelling.  If the condition persists, surgery may be necessary.  This procedure usually involves cutting the band of ligament beneath the median nerve to reduce the pressure.

 Lift your wrist and rotate it to the left and to the right.  At first it seems that the wrist is a swivel joint.  But if you hold your forearm during this motion with your other hand, you will see that it is the forearm, not the wrist, that is rotating.  This is another example of the fact that much of the movement of the hand is controlled by muscles of the forearm.

C. Palmistry
 For hundreds of years fortune-tellers have used various parts of our anatomy to predict our character and our future.  The features of the face, bumps on the head, and creases in the palm of the hand and on the soles of the feet have all been used this way.  Reading a person's life by inspecting the palm of the hand is called palmistry.  Palmisty is pure nonsense, of course, but it is fun all the same.  

As an example, look at the long crease that starts below the little finger and ends in the space between the forefinger and middle finger.  This is called the love line.   According to most palm readers, the love line is most strongly curved in people who are great lovers.  In a few years you will know whether your love line speaks the truth.
Next below the love line is the head line.   Palm readers say that the straighter the head line, the more logical is the person.  Is it good to be logical?  Maybe.  Palm readers also say that a head line that curves or zig-zags shows that a person has the imagination to figure out problems that can't be solved by pure logic.  The palmistry transparency shows these                                                           [image: image17.jpg]


 

Palm creases, by the way, are places where thin, tough fibers connect the skin of the palm tightly to the tissue beneath.  When the palm is flexed or cupped the creases stay in place, permitting the fatty tissue of the palm to bulge out around them.
IV.Sensory Nerves of the Hand.

A. Sensory Receptors
The hand is richly equipped with sensory nerve endings that report to the brain what the hand is doing.  Mechanoreceptors are sensors that respond to touch and pressure.   There are several kinds of mechanoreceptors in the hand, with the greatest density in the fingertips.  Some kinds are specialized for identifying shapes and textures of objects that the hand is exploring.  Other kinds are sensitive to slip movements, to vibrations, and to pressure.  

On the back of the hand many mechanoreceptors are associated with hair follicles.  They signal the brain if the hairs are being bent.  Without the hairs, you might not feel a mosquito landing on your hand or a crawling spider.
The muscles and joints also have deeply imbedded mechanoreceptors of special types.  Primarily they detect the state of contraction of muscles and tendons and of bending positions of the joints.  It is due to these mechanoreceptors that you can move your hand with your eyes closed and still sense the position of your hand and fingers.
Thermal receptors and pain receptors are also located in the hand.  One type of thermal receptor detects cold, another type detects heat.  Normally the temperature of the hand is a few degrees below that of the rest of the body.  In this range the thermal receptors are not activated.

When the hand temperature falls below about 30° F, the cold receptors signal the increasing cold.  Below about 14° F pain receptors signal pain, and the perception of cold vanishes. This is an adaptation to the danger of tissue damage from frostbite.  

In a similar way, the heat receptors signal when the temperature rises above body temperature.  At about 43 °F, the temperature at which tissue damage begins, the pain receptors are activated. 

Question:
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Intense cold kills tissue by frostbite, which takes time to develop.  Intense heat kills tissue very quickly.  That is why the pain response to intense heat is so immediate.

The majority of people would prefer the infected site to be on the back of their hand.  There are fewer pain and other receptors there than on the palm.  People that do not know this are still aware that the palm is more sensitive to almost all sensory stimulation than is the back of the hand.

A well-known experiment for determining the touch sensitivity of various areas of the skin is to embed two toothpicks in a cork and touch the skin simultaneously with the two points.  Where mechanoreceptors are scarce – as on the forearm - we cannot tell if we were touched by one point or by two.  Where mechanoreceptors are abundant – as in the palms and fingertips -we can tell the two touches apart.  An excellent experiment on the sense of touch suitable for middle school students is given by Dr. Eric Chudler at www.faculty.washington.edu/chudler/neurok.html.
B. The Haptic Sense

The fingertips are so sensitive that scientists have begun to study the haptic sense.  The haptic sense is the ability to perceive the shape of complex objects by manipulating them in the fingers or other organs.  
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The tip of our tongue has a very sensitive haptic sense.  It "knows" the detailed architecture of our teeth.  If that architecture is altered by a tiny crack or chip the tongue quickly discovers it.  Run your tongue over the inside of one of your teeth.  Can't you see the shape of that tooth in your mind's eye?

The fingertips also have a strong haptic sense.  We do not need to see an object to learn its shape and texture.  Holding an object and running our fingertips over it will give us a very good idea of its mass, texture, and shape – nearly all of its properties except color.  Blind people have a highly-developed haptic sense in their fingertips – a sense that is sometimes called "fingersight."
.
Sometimes our brain has trouble interpreting the messages of the sensory nerves.  This is especially true when sensors of the fingers of the same hand are stimulated in different ways.
A well-known experiment is to touch each of three pennies with the forefinger, middle finger, and ring finger, respectively.  If the two outer pennies are cold (they had been put in the freezer), and the middle penny is at room temperature, all three fingers will sense the penny as cold.  In the same way, two hot pennies and one at room temperature are all interpreted as hot. 

The brain is also confused if stimuli from the sensors in different fingers arrive out of the normal order.  


In other words, the brain still "assumes" the fingers to be in their normal order.  A touch where the forefinger should be is interpreted as being on the forefinger.
V. Evolution of the Hand 
A. The Primate Hand
Nearly all primates have a hand adapted for climbing and grasping.  Many have an opposable thumb, which makes it possible to pick up food and other objects.   Mammals, in general, shove their mouths directly into the food, whether it is vegetation or the carcass of a fresh kill.  Primates, however, seize food with their hands and bring it to the mouth.  

The primate genetically the nearest to humans is the chimpanzee. The human and chimp lineages are thought to have separated 5 – 7 million years ago.  The next transparency shows the chimp hand. 
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The fingers are longer than ours and the thumb is shorter.  The muscles that control the thumb are smaller in the chimp hand, so that its grip is weaker than in the human hand.
Chimps can only touch the middle of the other fingers with their thumbs.   They use tools, such as fishing with a stick in termite mounds and cracking nuts with stones.  But they lack fine motor control.  No matter how intelligent a chimp might be, it cannot thread a needle nor get a tight grip on a baseball bat.

Preservation of fossil hand bones of our hominid ancestors is rare.  The fossils that do exist suggest that the human hand evolved gradually into its present form.  The critical step must have been when the early hominids became bipedal ground dwellers.  This freed the hands to specialize in grasping and manipulating things.  Crudely shaped stones used by early hominids for pounding are sometimes found near skeletal remains.  This indicates that the thumb was acquiring the muscle strength and dexterity to aim the stone and hold it steady.
B. Kinds of Grip


When you picked up a large cylindrical object, such as a can or bottle, you are using what is called the "power grip."   The cushion of the palm fits tightly against the object, the four fingers curl around it in one direction, and the thumb hooks around in the other direction.  With this grip you can squeeze the object and hold it very firmly.  We use the power grip to pound with a hammer, swing a baseball bat, and hold a jar of peanut butter while unscrewing the cap with the other hand.  The next transparency illustrates      the power grip.  
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The grip used to pick up a coin is called the "precision grip."   The hand acts like a vise or clamp in the power grip.  In the precision grip the tip of the thumb closes on the tip of the forefinger or middle finger like the jaws of a pair of pliers or the prongs of a pair of forceps.  Fine control, not power, is the name of the game.  See the transparency that shows both the power grip and the precision grip.   Early hominids used the precision grip to make tools and to glean and pick fruits, seeds, nuts, and insect grubs that made up a large part of their diet.

Some biologists believe that there is a third important grip.  It can be called, for lack of a better name, the "chuck-grip."  Flex your palm and bring your thumb against the tips of the four fingers of the hand.  If you look directly at your fingers in this position, you will see that the arrangement resembles the jaws of a drill chuck.  When you hold a roughly spherical object like a stone – or a baseball – your fingers and thumb are spread around the object in a chuck grip.  Early hominids probably used the chuck grip to throw stones at predators, prey, and rival groups of hominids.

There are at least two hypotheses that try to explain the evolution of the hand in its present form.  According to one hypothesis, our strong opposable thumb and improved motor control evolved to increase the hunting efficiency of males. 

A strong power grip is needed to hold a club.   Making a spear requires a precision grip, and to throw it any distance requires a modified power grip.  To throw a stone far and accurately requires a chuck-grip.  

According to an alternative hypothesis, the driving force in the evolution of the hand was increased efficiency in gleaning and gathering.  It is thought that while the male hominids were out hunting, scavenging, and partying, the women were bending their backs gathering grubs and insects, seeds, and so forth.  Although individual items had only limited caloric value, the total of a day's gleaning may well have contributed the bulk of the calories for a family.  

Without tools, only the bugs, grubs, and parts of plants above ground would be available as food.  These items would be equally available to other grazing and omnivore species.   However, when early female hominids began to make crude digging sticks, and later more sophisticated ones with pointed tips, it became possible to harvest burrowing creatures and the storage tubers and roots of edible plants.  In this way a rich new food source was opened up that was mostly untapped by other species.  In order to make ever more efficient digging implements, a strong power grip and precison grip would have to evolve.     

Which hypothesis is correct?  No one knows for sure.  Both may be partly right, and other, unknown, factors may have also played a role in the evolution of the remarkable appendages that you see sprouting from the ends of your arms.
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Is the skin on the back of your hand thick or thin?  Is the skin tight or is it loose and elastic?   Is there much muscle?   Do you see veins just under the skin?  Which are more likely to run near the surface, veins or arteries?  





 With your other hand can you trace the outlines of bones?  If so, how many bones can you trace?    Where do they start and where do they end?   











Why doesn't it hurt to cut your fingernails?








Have you ever smelled burning hair or feathers?  Fingernails would smell the same if burned.  What do you think is the source of the smell?








The bones of the fingers are called phalanges.  Every finger joint connects two phalanges together.   How many phalanges do you have in each finger?  Is the number the same for every finger?














Investigate the movements of your wrist.  Is it capable of flexion?  Is it capable of extension?   Remember, the fingers have very little extension.   Can you waggle your wrist from side to side, or is it too stiff for this?








Try to move your fingers at the middle finger joint and the end finger joint.  Would you say these are saddle joints or hinge joints?








Experiment: with one hand hold the muscle mass in the heel of the other hand rigid, so that the palm cannot fold inward.   Touch your thumb against the other fingers of the hand being held.  Is it harder to do, or does it make any difference?








Some of our fingers are more "mobile" than others.   Move and spread your fingers of one hand.  On a scale from most mobile and dexterous to stiffest and most clumsy, how would you rank each of your five fingers?











Question: if you had a badly infected place on your hand that the doctor has to cut out without giving you an anesthetic, where would you prefer the infected place to be, on the back of your hand or on your palm?  


Why?











Have you ever chipped off a tiny bit of tooth without knowing it, and later discovered the chipped place with your tongue?








Is there left-right symmetry in fingerprint pattern?  Our left ear is nearly identical to our right ear and our left hand is nearly identical to our right hand.  If fingerprint patterns are symmetrical, the fingerprint pattern on your left thumb will be the same as on the right thumb, the pattern on the left forefinger will be the same as on the right forefinger, and so on.





Pick up the two objects in front of you.  First, grasp the can or bottle with one hand.  Note the position of your palm and fingers.  Next, let go and pick up the coin.  Note the position of the fingers that you used to do so.  Do you see the very different movements that you employed in these two actions?














What are fingernails good for?   





Do identical twins have identical fingerprints?








Look at your own fingerprints.  What is the most common pattern?   





Voice skit:


Cop: "Mugsy, somebody stole 1000 T-bone steaks from Smith's


          Butcher Shop last year.  We think you did it."





Mugsy:  "What is youse talking about, Copper?  I wuzzn't near that place


               last year."





Cop:  "Oh yeah?  Then how come we just dug up hundreds of steak   


           bones that wuz buried in your back yard?"





Mugsy:  "Youse can't pin that one on me, Copper!  See, I'm a 


               vegetarian.   I ain't et a steak in ten years." 





Cop: "Uh-huh."





Mugsy: "What's that you're doin' to me fingers?"





Cop: "Just taking some fingernail clippings.  I'll be seein' you later."


          








Optional experiment:  the teacher asks students to close their eyes.  The teacher hands out objects such as dice, dried beans, gum erasers, bolts, washers, etc.  The students are asked to identify the objects using the haptic sense of their fingers.











Optional exercise. Students work in pairs.  One student crosses his or her fingers (the forefinger crossed with the middle finger).  Now the fingertips are in the spatial order thumb, middle finger, forefinger, ring finger, little finger.  That student closes his/her eyes.  The other student touches the tip of the first three fingers – middle, fore, ring – lightly with a probe.  When the middle finger is touched the touch is perceived as on the forefinger.  When the crossed forefinger is touched it is perceived as on the middle finger.





Have you ever watched an old cowboy movie on TV in which the 


"good guy" and the "bad guy" had a knock-down-drag-out fight in


the saloon?   They crashed over chairs and busted out windows as they clobbered each other with their fists.





In real life they would probably injure their hands long before the fight was over.   Can you guess what part of the hand is most vulnerable to injury in a fistfight?





Voice skit:





Moog, the caveman:  "Yo, Ogg, I beaned that mammoth right between


                                     the eyes with a rock.  The ol' chuck grip is


				workin' great."





Ogg:   " Don't bother me now, Moog, I'm checkin' out this babe


	     walkin' by.  That bear grease in her hair sure smells good."


			 


Moog:  "Hey, forget about the perfume!  What ya gotta look for in a mate 


              is opposable thumbs!  Them gals who don't have a precision   


              grip is useless."





Ogg:      "I don't care about no thumbs!"


  


 Moog:   "You would if you wanted to eat good.  My mate Goona can 


                make a diggin' stick in no time flat.  Every day she gives me


                all the worms, grubs, and maggots I can eat."





              





and other lines.





Question:If you put your hand in very cold water, the pain would build up slowly, but if you put your hand in very hot water, you would feel pain


immediately.  Why do you think this is?
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