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PREFACE.

Trrs work is offered to the public in the hope that it has
some desirable features as a text-book, not found in any of the
able elementary works on Anatomy and Physiology now ex-
tant. One is, the introduction of more of microscopic anat-
omy than is usual. Another is, a large addition on Com-
parative Anatomy, which is now become a science of great
importance. A third is, the Religious Applications of these
sciences ; which, although all will acknowledge to be emi-
nently appropriate, we have found in no elementary treatise.

We make no pretensions to distinguished attainments or
reputation in these sciences, as a reason for writing this book.
But both of us have for a great number of years been in the
habit of hearing recitations and giving lectures upon them in
the College and the Academy, and we ought to know what
gort of a text-book is needed. But we dare not boast that we
have come up to our ideal. We have tried to give a condensed
yet clear exhibition of the leading principles and facts, which
are detailed in such works as Carpenter’s Human Physiology,
his Comparative Physiology, Hassall's Miecroscopic Anatomy,
Griffith and Henfrey’s Micrographic Dictionary, Peaslee’

Histology, Todd and Bowman’s Physiological Anatomy, Wil-
gon's and Gray’s Anatomy, Draper’s, Dunglinson’s, and Dal-
ton’s Physiologies, Van Der Hoeven’s Zoology, and the works
of Cuvier, Owen, Agassiz, Wyman, Leidy, and Wagner on
Comparative Anatomy.



v PREFACE.

Through the liberality of the publishers we are able to pre-
sent unusually full illustrations of subjects, which could other-
wise be only imperfectly comprehended by the learner.

Many of the drawings contain more minute details of
the parts represented than are described in the text. The in-
structor can require these to be recited or not, as he pleases,
according to the ageand ability of the pupil. So as to the
parts on Comparative Anatomy, as they are distinetly sepa-
rated from the rest, they can, if desired, be passed over in re- -
citation.

At the earnest solicitation of my son, my name stands first
on the title-page. But justice requires me to state that most
of the body of the work has been prepared by him. I have
supposed it most appropriate that it should be so, since he has,
and I have not, passed regularly through the medical school.
Yet perhaps the public may have some confidence in my judg-
ment as a teacher for more than forty years, in shaping the
materials so as to be best adapted for purposes of instruction.
But aware, in some measure, of our deficiencies and imperfec-
tions, neither of us, in sending forth the work, feels it to be
beyond criticism and improvement. In a field so wide, where
so many are pushing their investigations, and the highest
authorities so frequently change their views, we do not ex-
pect to avoid all mistakes; but in our successive editions
we shall correct all errors which we find, and try to incorpor
ate the new discoveries,

Epwarp HrircHcock,

AMHERST COLLEGE July, 1860,
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PRELIMINARY

DEFINITIONS AND PRINCIPLES.

1. ALL the objects in the material world are divided into
Organic and Inorganic.

2. Cells, Membranes, and Fibers.—In organic bodies, the
matter composing them is arranged in the form of cells, mem-
branes, and fibers, variously combined. In inorganic bodies,
though the particles are often arranged with mathematical
precision in particular modes, cells, membranes, and fibers
are not formed.

8. Life.—The principle of life is always associated with or-
ganic, but never with inorganic bodies.

4. Examples of Organic and Inorganic 0bjects.—Or-
ganic bodies embrace Animals and Plants ; every thing else in
the material world is inorganic, as, air, water, minerals, rocks,
and soils.

5. Man the Mead of the Animal Kingdom.—* Man is
the end toward which all the animal kingdom has tended
from the first appearance of the Palaozoic fishes.”—AGAssiz

and GoOULD.
6. Anatomy and Physiology — Anatomy is the science that

Questions. 1 Give the two kingdoms of the material world 2 What i= the arrange-
ment of matter in orzanie and inorganic bodies? 2 With which is life associated?
4 State some examples of organic and inorganic bodies, 5 Why is man placed at the
head of the animal kingdom ¢ 6. Define Anatomy.
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deseribes the different organs of animals. Physiology deseribes
their functions, or uses. If the organs of man alone be de-
scribed, the science is called Human Anatomy and Physiclogy.
If the description embrace the lower animals, it is called Com-
parative Anatomy and Physiology.

7. Another definition of Anatomy, is the science of Organ-
ization ; and of Physiology, the science of Life.

8. Animal and Vegetable Anatomy and Physiology.—
There are also such sciences as Vegetable Anatomy and
Physiology. Indeed, there is a strong analogy between the
organs of plants and animals, and their uses. Nor is it easy
always to draw the line between plants and animals, where
they approach the nearest to each other.

9. Intimate Connection of Anatomy and Physiology.—

Few writers confine themselves to the strueture of animals,
when treating of their anatomy, but treat also of the function
of their organs; and the same thing is still more generally
true of writers on physiology. We do not separate these
gciences in this treatise.

10. Fifteen Chemical Elements in the Human Body.—Of
the sixty-five chemical elements or simple bodies known to

exist, only fifteen have been found as normal constituents of
the human body. The following is the list :—

1. Oxygen, 6. Phosphorus, 11. Chlorine,

2. Hydrogen, 7. Caleium, 12. Fluorine,

3. Carbon, 8. Magnesium, 13. Silicon,

4. Nitrogen, 9. Sodium, 14. TIron,

6. Sulphur, 10. Potassium, 15. Manganese.

11. Carbon, Hydrogen, Oxygen, and Nitrogen.—The first
three of the above elements are found in all the solids and fluids
of the body, without exception. The first four occur in all the

What is Physiclogy ? When is the term comparative applied? 7. Give a more con-
cise definition of Anatomy and Physiology. 8. Deseribe animal and vegetable Phy-
siology. 9. Bpeak of the close relationship between Anatomy and Physiology. State
the whole number of chemical Elements 100 Btate those which are found in the human
body. 11. Where are the first three found? Nitrogen also ?
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solid parts, and in all the fluids except fat. They form the
chief and most important ingredients in animals and plants.

12, Sulphur and Phosphorus, Magnesium, Sodinum, Pot-
assinm, Chlorine, Fluorine, Caleium, Silicon, Iron, Man-
ganese.—With scarcely an exception, these elements exist in
the body as compounds; that is, two or more of them are
combined, as in water, in oxyds, and in various salts. Sul-
phur and phosphorus exist in albumen and fibrine, as well as
in the brain, about ;1;th of its weight being phosphorus.
Bones are more than half made up of Phosphate of Lime, and
they contain a small per cent. of Phosphate of Magnesia.
Sodium, in the form of a chlorid (common salt), is found in
every solid and fluid of the body. Potassium occurs as a
chilorid in the muscles, and a3 an oxyd in salts. Chlorine
forms chlorohydric acid by combining with hydrogen in the
gastric juice. Fluorine exists in the bones in a minute quan-
tity, combined with calcium. Silicon is found in small quan-
tities m hair, wool, and feathers, as silica. Iron forms about
the 2000th part of the blood, and it exists also irr the muscles,
bair, and milk. Manganese, in small quantities, has been
detected in bone, and perhaps in the hair.

13. Copper, Lead, and Arscnic—Copper, lead, and arsenic
have been detected in minute quantity in human flesh. But
it is not probable that they are normal constituents.

14. Inferences.—From these facts we learn that our food
and drink should contain the fifteen ingredients above described.
Milk and eggs are the only articles that do contain them all ;
and hence, the importance of variety in diet. And the fact
that we are obliged to use ten mineral ingredients in our food,
shows the absurdity of a prevalent prejudice that no miner:l
should ever be taken as a medicine.

15. Immediate Principles,—As they exist in the body, the
_____ o ulphurandd : - : : : f the prin-
12, &tate in what organs Sulphur and Phosphorus are found What is one o
cipml i|1|r_::_r.zl‘“l:iqem‘,ﬂ-.l of bones ¥ Where is Chlorine found ? Fluoorine ¥ Silicon? In what
parts of the body is Iron found? 13. Whatis to be said of Copper, Lead and Arsenic!?
14 What should our food contain? Are mineral ingredients always poisonous ¥ 15, D
fine Immediate Principles.
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fifteen elements above described form a large number of com-
pourds, called Tmmediate Principles, or Organic Radicals.
They exist naturally, and can be separated anatomically, that
is, mechanically, from one another; but the divisions cun be
carried no further without chemical decomposition. A few
elementary substances found in the system, as, oxygen, hydro-
gen, and nitrogen, are sometimes called Immediate Principles.

16. Immediate Principles Chemically Grouped.—We are
certain that eighty-four of these principles have been found in
the human system. If we group them according to their chem-
ical characters, they will fall into the following divisions.
Half of them are the result of the waste or metamorphosis of
the substance of the body ; the other half exist independently
of any such change.

1. Gascous, and not saline: Oxygen, llydrogen, Nitro-
gen, Carbonic Acid, and Water.

2. Salts : Chlorids (2), Fluoride of Calcium, ITydrochlo-
rate of Ammonia, Carbonates (4), Bicarbonate of Soda, Sul-
phates (3, Phosphates (T), Lactates (8), Oxalate of Lime,
Urates (5), Hippurates (3), Inosate of Potassa, Pneumate
of Soda, Taurochlorate of Soda, Hyocholinate of Soda, Gly-
cocholate of Soda, Oleate of Soda, Margarate of Soda, Stear-
ate of Soda, Caproate of Potassa, Soda, &e.

3. Acids : Lactic, Uric, Hippurie, Pneumic, Lithofallie,
Margarie, and Stearic.

4. Neutral Nitrogenous Compounds : Creatine, Urea,
Cystine, and Creatinine.

5. Neutral Non-Nitrogenous Compounds: Sugar from
the Liver, and Sugar of Milk.

6. Fatty and Saponaceous Compounds: Cholesterine,
Oleie Acid, Stearic Acid, Oleine, Stearine, &e. (13.)

1. Coagulable Principles : Fibrine, Albumen, Caseine,
Globuline, Musculine, Osteine, Keratine, Hematine, &c. (18.)

=

16. Btate the number of these prineiples that have been already found. What arae
one balf of them derived from? Give the first group, or the gaseous ones, Btate the
Balts, The Acids. The 4th, bth, 6th and Tth classes,
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17. Immediate Prineiples Physiologically Grouped.—
If we group the preceding substances according to their phy-
siological relations, we might, with Dr. Carpenter, bring them
all into four divisions.

1. Histogenetic Substances, or such as are converted into
animal substances, and are nitrogenous.

2. Calorific Substances, mainly intended to produce heat,
and are non-nitrogenous, as, sugar and oils.

3. The components of the living animal substance.

4. FEzcrementitious Substances, formed within the body,
and thrown out of it.

18. Other Probable Principles.— Quite a number of other
substances have been detected in the human system, which
some regard as immediate principles. DBut it is safer to wait
till further examination has removed doubt.

19. Several of the above principles are capable of crystal-
lization, and are some-
times found in that state Fig. 1.
in the body. Figs. 1
and 2 show two exam-
ples of these crystals,
the first of Hippuric
acid, and the other of
Creatine.

20. To go into minute
details respecting theim-
mediate principles above
deseribed, would oceupy
too much space in a work
like the present. But a
few statements respect-
ing the most import-

17. What are the Gronps of these substances when physiologieally grouped ¥ Who is
the authority for this? Define the Histogenetie and the Calorific xronp. What are ex-
erementitious substances?  Are there any other prineiples in the body ¥

1!‘2-
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ant of them seem desir-
able.

21. Oxygen.—Oxy-
gen is regarded as an
immediate principle only
when it exists in a free
state, as it does in the
blood, which, in an
adult, contains sixty-
one grains: nine and
a half cubic inches be-
ing found in the arte-
rial, and fourteen and a
half in the venous blood.
An adult consumes in a year about eight hundred pounds of
oxygen. An inhabitant of a mountainous region 18,000 feet
above the sea (in Potosi) consumes, however, only two thirds
as much as one upon the sea-shore.

22. Mlydrogen and Nitrogen—Iydrogen is found in a free
state in the stomach and some parts of the intestines, and
nitrogen in the lungs, blood, and intestines.

23. Carbonie Acid.—Carbonic acid is found in the lungs,
the alimentary canal, the blood, and urine.

24. Water; Cubieal Nize of the Body—Water enters into
the composition of every fluid, and every solid in the body.
The bulk of the body, upon an average, is equal to a cube of a
little more than sixteen inches on a side ; and the amount of
water equals a cube a little more than fourteen inches on a
side, or nearly three fourths of the body. Every part, ex-
cept bone, enamel, teeth, tendon, dry cuticle, and elastic tis-
sue, is more than half water.

e - — —

T e —

21. How much Oxyzen by weight i found in the body # What bulk of oxyzen is found
In the venons and what in the arterial blood * How much does an adult consume by re-
gpiration and otherwise in a year?  What effect does elevation above the sea have upon
the amonnt consnmed ¥ 22, State how Hydrozen and Nitrogen are found. 28. Carbonic
acid alse, 24 How important a constitnent is water? Give the size of the body if re-
duced to & cube. I this eube were water, how large would it hq ?
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25. Amount of Water Consnmed Yearly by an Adult.—
An adult drinks about fifteen hundred pounds of water yearly;
and throws off through the various waste-gates nineteen hun-
dred pounds. The difficulty of accounting for the four hun-
dred pounds has led some to suppose that water is formed in
the system by the union of oxygen and hydrogen.

26. Common Salt in the Body.—The salts that have been
enumerated, are found in almost every part of the body. Com-
mon salt (Chlorid of Sodium) is found in every fluid and solid,
except enamel. The whole amount in man is 277 grains. It
subserves many important uses.

27. Carbonate and Phosphate of Lime, &¢—Carbonate
of lime exists in considerable guantity in the bones, along
with a much larger quantity of the phosphate of lime, and a
small amount of phosphate of magnesia, and of fluoride of
calcium. These salts, except the fluoride, are found in most
other parts of the body.

28. Acids, Salts, &¢.—DMost of the acids and salts, the neu-
tral nitrogenous compounds, the sugars, the fatty and sapona-
ceous compounds, exist, or are formed in the fluids of the
body, and though numerous (forty-two in all), their quantity
is comparatively small. They are mostly formed by disassimi-
lation in the body, and hence only their elements need to
exist in our food.

29, Sngar in the Body —Only two kinds of sugar cxist, or
are formed in animals. Grape sugar is found in the liver,
some of the veins, and other organs. In the disease called
Diabetes, its quantity is very much increased, and, in fact, an
exeess of sugar in thesystem is a sign of serious derangement,

50. Fats in the Body.—The fatty principles, cholesterinef
oleine, ete., exist in the body in cells, in chemical combina-

95 How much water does a man consume in a year? Iow much is thrown off during
the same time? Explain the reason. 26. Where dues commen salt occur in the body ?
How many grains exist in the body ¥ 27. Im what parts of the body dlr:-"“:arhﬂnnm and
Plhosphate of Lime occur ¥ 28, How many peids and salts are i'mm:i:? Etate how they
are formed. 29, How many kinds of sugar are found in animals? What does an excess
of sugar indicate * 30. How do the fats oceur in the body ?
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tion with other substances, and as oil drops or fat globules
not inclosed. These principles are mostly taken as food into
the system, but they are most probably ulso formed there
from elements; certainly, the liver has this power. One
tenth of the brain is composed of fat; and it is only in the
Jast stages of emaciation, that this supply is exhausted.

81. Assimilation Neeessary.—The principles thus far de-
seribed, constitute but a small proportion of the animal frame.
But the organic, or coagulable principles, enter largely inte
its composition. Indeed, they form the principal source of
nourishment. The most important of these principles (albu-
men, fibrine, and caseine) are in a fluid state in the body;
the others are solid, or demisolid. Though the materials for
their formation must exist in the food, yet there is reason to
suppose that the process of assimilation is necessary, to trans-
form them into these prineiples.

32. Albumen, Albuminose, Caseiné.—Coagulation takes
place when a liguid, or semi-liguid, passes into a solid state.
The white of an egg gives a good idea of one kind of albumen
(ovalbumen). Semlbumen exists in the blood, and in other
liquids of the body. Albuminose is found in the same fluids,
and has been, till of late, confounded with albumen. It is
formed in the upper ntestines, but when it passes iuto the
blood, it becomes mostly albumen, sometimes musculine,
fibrine, ete. Animal caseine is found only in milk, being
most abundant when an animal diet is used. Tt contains from
four to six per cent. of phosphate of lime, and hence the im-
portance of milk for young animals, that their bones may be
developed.

33. Fibrine, Museuline, Globuline, Osteine, and Gluten.—
Fibrine is found in the blood, and when it coagulates, the mass
i; fibrous, the process being c.ﬂled fibrillation. It is this prin-
ciple chiefly that causes h]ﬂnd to mugulute the great lmpnrtance

Is fat formed in the !mc]_f.. or taken in from the food? 81. State the three most im-
poriant organie principles. 32, Define eoagulation. What is ovalbumen, seralbumen s
albuminose? In what i3 caseine found? What important ingredient does it contain?

83. Where ia fibrine found ¥ What causes coagulation of the blood ? What practieal bene
dt is derived from coagulation ¥
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of which in arresting dangerous hemorrhages is well known.
Coagulation appears to be a vital process, that is, dependent on
life for its development, and not on chemical laws only. It can
be prevented by any thing that destroys life, such as poisons,
or a temperature too high, or too low. Fibrine does not exist
in the museles. That which has been called such is mmsen-
line, which is endowed with the vital property called contractil-
i'y. Globuline occurs only in the red corpuscles of the blood.
Osteine is the substance from which gluten is made, by the
action of boiling water, for gluten does not naturally exist in
the body. Osteine is the essential organic element in bone.

34. llematine.—Hema-
tine is the coloring matter
of the blood, and though
iron is found in connec-
tion with it, all the iron
can be abstracted without
destroying  the color.
Ilence, that ean not de-
pend on the iron. He-
matine is probably pro-
duced from certain red
crystals, occurring in the
red corpuscles. A group
of these crystals is here
shown.

Fia. 3.

35. Proteine Compounds.—All the organic or coagulable
principles contain nitrogen, or rather, are composed essen-
tially of oxygen, hydrogen, carbon and nitrogen. Hence, their
value as food, since a greater part of the body is composed of
these elements. Albumen, fibrine, and caseine have been
termed Proteine Compounds, for they can easily be changed

e ——

1s fibrine found in muscalar tissne? What is the proximate prineiple of muscular tis-
sne? Where does globuline and osteine oecur? 34, What is the coloring matter of the
htuc;l'[? Has iron any thing to do with its color? What is the Hematine produced from ¥
85. What four simple elements make up all the organic principles? Why are albuwnen,
¢te., termed Proteine compounds ?
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into Proteine, a substance, however, which does not exist in
nature, but results from the decomposition of the principles
above named.

HISTOLOGY,

36. Orgzanie and Inorganic Stroeture.— Animals and
plants have a structure different from that of minerals when
we examine them with the microscope. The former is called
Organie, and the latter Inorganic Structure.

87. Vitality the Cause of Crganization.—Vitality, or the
principle of life, or the Vital Foree, is the cause of organi-
zation. The nature of life is indeed involved in obscurity ; but
its effects are manifest, and among them is organization : al-
though some have maintained, but without good reason, that
the vital force is nothing but a peculiar manifestation of heat,
mechanical force, chemical action, galvanism, ete.

38. Elementary and Primary Tissue—The simplest forms
of organized structure are three.

1. Smiple Membrane.

2. Simple Fiber.

3. Cells.

These organic forms physiologists denominate Elementary
Tissuz.  When united, they form Primary Tissue.

89, Ihistologyy Proportion of Tissves in the Body—
Histology is the science of Tissues. Tissue forms nearly the
whole of the solid portions of the body. By means of the mi-
croscope, they have been examined with great care, and de-
scribed. ;

40. Fluids of the System; Hygrology.—Before entering
upon a deseription of the tissues, it seems desirable, at least,
to enumerate the different fluids found in the system, though a

86. Deflne organie and inorganie structure, 87, Give the cause of organization.
38, Btate the three simple forms of organized structure. What is Elementary Tissue?
What {s Primary Tissue? 39 Define Histology, What forms the solid parts of the
body? 40, What Is Hygrology ¥
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fuller description of them will be given further on. These
fluids contain the elements of the tissues. That part of
anatomy which treats of them is called Hygrology.

41. Lymph.—Lymph, a transparent, coagulable fluid, in
the lymphatics, emptying into the blood.

42. Chyle.—Chyle, a white, coagulable fluid, derived from
the food in the intestines, and conveyed to the blood.

43. Blood.—Blood, in the veins and arteries, from which
nearly all the parts of the system are sustained, a coagulable
fluid, with an alkaline reaction.

44. Serum.—Serous secretions, fluids found on various
serous membranes, as the pleura, peritonseum, pericardium,
and membranes of the brain and ear.

45. Transudations.—Transudations, vapor from the lungs,
and sometimes from the skin; also, fluids in some of the tis-
sues, more especially in certain diseases, as dropsy in the
head, chest, and ahdomen, certain sweats and discharges in
cholera, ete.

46. Lxndations.— Exudations, “any organizable fluid
spontaneously separated from the blood vessels, without rupt-
ure of their walls,” chiefly occurring in inflammations, and
wherever new material is required for repair of the system.
The pus of wounds and sores is an example of exudation.

47. Mueus.—Muecus, a viscid mass capable of being drawn
into threads, secreted from the mucous membrane, but differ-
ing in different parts.

48. Gastrie Juice and Pepsin.—Gastric fluid, a fluid
secreted by the stomach, containing a substance called Pepsin,
which aids in digestion. It contains a little free chlorohydric

and lactic acids.

41. What is Lymph and what becomes of it? 42. Define Chyle and state what be-
comes of it. 43, Define the blood. 44. What membranes secrete the serum ? 45, Define
transudations. In what diseases do they oceur? 46, What are exudations? When are
they serviceable? 47. What does the mucous membrane seerete? 49, Define and de-

scribe the seeretions of the stomach.




16 HITCHCOCEK?'S ANATOMY

49. Intestinal Fluid.—The intestinal fluid, a colorless,
tenacious fluid, with strong alkaline reaction, whose function
is to assist in digestion. Secreted by the epithelial cells of
the intestinal follicles.

50. Milk.—Milk, =&
Fia. 4. glandular secretion,
showing under the mi-
croscope an  immense
number of fat globules,
suspended in a clear
fluid, as in fig. 4.

51. Saliva—Saliva,
a secretion chiefly from
the parotid and submax-
illary gland into the
mouth, to assist in diges-
tion,

52. Bile.—Bile, a
greenish or brownish
bitter fluid, secreted by the liver to assist in digestion.

53. Pancreatie Juice.——Pancreatic fluid, a colorless, taste-
less, but somewhat alkaline fluid, secreted by the pancreas to
aid in digestion.

54. Urine,—Urine, secreted by the kidneys.

55. Tears.—Lachrymal fluid for lubricating the eyeballs,
secreted by the lachrymal gland.

56. 0il and Wax.—Sebaceous secretions, fatty fluids thrown
out by what are ealled the sebaceous follicles of the skin, to
keep it moist.

57. Sweal.—Perspiration, or sweat, a colorless, watery

T —

49, What is the Intestinal fluid? 50 IHow does milk appear under the microscope ?
.. What is the origin and use of saliva? 52, State the secretion of the liver, 53, &c,
Describe Pancreatic Juice. Urine. Tears. 0Oil and Wax. 5. From what glands is
sweat produced ?
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fluid, with a saltish taste, and having odor, secreted from the
perspiratory glands.

ELEMENTARY TISSUES.

o8. Simple, or Basement Membrane.—1. Simple Mem-
brane. This 13 usually a structureless layer of coagulated
albumen, often not more than 5;}55th of an inch thick. It
Dorms the walls of all cells, and is also spread out, as an in-
fxrior layer of the skin and mucous membrane, and is then
called basement membrane. It is the most simple of all the
tissues, yet it 1s the agent of secretion, and sometimes of ab-
sorption, and these Professor Peaslee considers as its vital
properties, though of a low grade.

59. Imbibition.—Simple membrane also possesses the re-
markable property of allowing fluids to pass through it when
it is placed between two fluids; the effect depending in part
upon the electro-chemical relations of the substances, but not,
as generally supposed, on the difference of specific gravity
of the liquids. This is called endosmose and exosmose, or
Imbibition, and is the principal means by which fluids are
made to pass from one part of the system to another, where
no distinet vessels are provided for that purpose.

60. Simple Fiber—2. Simple Fiber. This consists es-
sentially of threads of coagulated
fibrine, whose average diameter is
about ;% ;th of an inch thick. It S5
does not appear to be a permanent =54
constituent of the body, but only 5= <L TS
a basis for the development of the = S bl A
more complicated tissues. A good St TRAC :
example of the simple fiber may o7 _ e
be seen in the membrane lining [SSESRES N SE=aI
the inside of an egg shell, as in iR S= 0 10T
Fig. 5.

53. What is simple membrane ? How thick? Where is it found ? What other name
is given toit? 59, Doscribe Imbibition. What purpose does it effect? 60. Describe
simple fiber. Its size, Where best scen?

Fi1a. 5.

ol
L
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61. Shape of Cells.—3. Cells. These are merely mem-
branous bags, or vesicles, from ,},th to ;5 sth of an inch in
diameter, filled with some kind of liquid, or solid substance
When free, the form is spherical, or spheroidal, as m Fig. 6.
But, as they press against one another, they are brought into

a polyhedral form, as in Fig. 7, showing a group of fat ve-
sicles.

62. Contents of Cells; Granules; Nucleus and Nueleo-
lus,—The fluid of cells is transparent, except in the case of
blood. In it there generally float an immense number of gra-
nules, having no investing membrane, but sometimes they are
thus invested. Each cell has also a nucleus and a nucleolus ;
the first being a globular, or lenticular body, from ;' ,th to
#o'ooth of an inch in diameter, attached to, or imbedded in the
wall of the cell, though some are free. The nucleolus is a

granule within the nucleus. Both are shown, as well as the
common granules, in Fig. 6,

63. Appendages of Cells.—Sometimes cells have a sort «}
tail attached to them, and are hence called caudate, as in

Fig. 8. Sometimes, too, they are stellate, as in Fig. 9, show- -
ing the pigment cells of a frog’s foot.

61. Define cells. What is the original form of them ? How do they acquire the poly-

hedral form? 62. Explain nucleus, nucleolus and oell wall. 63. What are the appendages
nf cells ?
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Fig 8.

Fig. 9.

64. Cytogenesis,—The cell is the most important of the ele-
mentary tissues, for, by its multiphication, most of the other

84. Give the process by which eells increase and form tissues.
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tissues in animals and vegetables are made up. This is called
cytogenesis. The increase usually takes place by duplicative
subdivision, which is shown on Fig. 10. The cell @ a first
becomes elongated, as at b, and then it divides at ¢ c. The
subdivision going on will give an increase in 1apid ratio—2,
4, 8, 16, 82, ete. Fig. 11 shows an example of this division,
A, B, C, D, in its earlier
stages, and E, F, G, H, in:
its more advanced condition.
Sumetimes cells multiply by
the development of new cells
in the interior. In this case
the nucleus subdivides into
two or more portions, which
at length fill the original cell,
as is shown in Fig. 12. Some-
times cells are formed by the
expansion of homogeneous

Fia. 11.

granules into cells ; or they are even produced in the midst of
a formative fluid (called a blastema), poured out from the blood.

Describe the mode of formation as illustrated in Figures 11 and 12. What s the
Elastema }



AND PIHYSIOLOGY. 21

65. It 1s in these
ways that most of the
tissues of the body are
built up, and the animal
enlarges to its full size.
It has been maintamed
that all the tissues orig-
mnate in cell develop-
ment.  But, n some
cases, simple fibers and
membranes seem to be
formed directly out of
an organizable sub-
stance, without the in-
tervention of cells.

66. Vital Force of
Cells; Chemical Trans-
formations; Vitalization of the Cells; Change of Form;
Development of Nerve Force.—The multiplication of cells
is one of the manifestations of the vital force inherent in th2m
Another is the chemical transformations exerted upon the con-
tents of the cell in some instances, whereby new products
are generated. Another is the vitalization of a portion of
the cell contents, whereby they are able to produce new
cells. Another is permanent changes of form in connection
with growth  Another is temporary changes of form, ac-
companied with sensible motion, as in the oscillatory move-
ments of the leaves of Hedysarum gyrans, and the fold-
ing of the leaves of the Mimosas upon touch. Finally, the
development of nerve force from cells, by which all the bodily
operations may be modified, and which is intimately connected
with mental agency.

67. Periods in the Lifeof the GEIIS.—In_ cell life there is a

¢5. Show how the tissues of the budy are made nup. 66. Mention the different changes
which cells undergo.
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period of augmentation, another of perfection, another of de-
cline, and, finally, one of cessation. So long as vitality can use
chemical and physical agencies for building up the system,
they tend to its preservation, but, when life ceases, they tend
to its destruction, not, as is generally thought, because the
vital principle has not the power of resisting these agencies,
but because it can no longer turn them into the channel for pre-
srving the system.

PRIMARY TISSUES.

The chief mass of the animal system is made up of the ele-
mentary forms that have been described, variously combined
so as to form plexuses and webs, which are called primary
tissues by some, and compound tissues by others. They are
differently classified by different writers. The arrangement
which follows is that of Professor W. B. Carpenter :

1. SimpLE Fisrouvs Tissvuks,

68, White and Yellow Fibrous Tissnes. —This embraces
the white and yellow fibrous tissues, as well as the areolar or
connective tissue of other writers. The white fibers are from
1s5a0th to the s5550th of an inch n diameter, and form the
tendons, ligaments, and fibrous membranes. (Fig. 13.) The

67. Give the four different periods in the life of cells 88, Give the size of the fibers
of white and yellow fibrous tissnes,
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yellow fibers are about ;' ;th of an in¢h in diameter and form
a part of the larynx, and the middle coat of the arteries.

69. Areolar Tissue.—The areolar tissue consists of fibers
of white and yellow tissue interwoven, so as to leave irregular
spaces, or areole, between them. This tissue originates from
cells, as 1s shown in Fig. 16. The areolar tissue is more widely
diffused than any other in the body, so that if it were possi-
ble to remove all but this one, the form of the part would be
preserved It surrounds all the arteries and veins, the nerves,
muscles and internal organs; and it forms one of the layers of
the skin and mucous membrane

Fic 15. Fr:. 16.

9. Tug Fisro-CELLULAR MEMBRANES.

70. One of the layers of the skin, of the mucous merr}brane,
and the serous and synovial coat that lines the fshut cavities of
thie body, is composed of interwoven fibers of simple basement
nembrane . and of one or more layers of cells upon the free

@0, What i3 the compeosition of areolar tissue? What of its abundance in the body!?
\Where s it principally found? 70. Describe the fibro-eellular membrane,

2
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surface. This is the fibro-cellulur mewbrane or tissue. Its
position and character will be better understood when thehparts
above referred to have been deseribed in subsequent sections.

3. CELLULAR TrssuEs

71. Fat and Cartilage.—These embrace the adipose tis-
sues, Fig. 17, and the cartilaginous. I'iz 18. The first is the
usual form of fat, wherever it occurs in the system. It retains
the pure form of the primitive cells. In cartilage, also, these
cells sometimes exist alone, but more frequently they are inter-
woven with fibers, as seen by the figures.

4. SciLEROUS TIssuEks.

72. Bones and Teeth.—These constitute the bones and
teeth, and are composed of an animal basis of fibers and cells ce-
mented together by phosphate and carbonate of lime. Tig. 19,
which is a transverse section of one of the bones of the arm,
will give an idea of the arrangement of the animal matter,
the earthy part having been dissolved by acid. Fig. 20 shows
a transverse section of the shoulder blade, exhibiting the dark
spaces called lacunze.

7l Describe fat and eartilage. 72, What is the cumpmsition of the bones and tha
teeth ¥ 73, What are the capillaries and absorbents ¥ Glive the size of the capillari=s.
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5. TuBuLAR TissUES.

73. Capillaries and Fig 20
Absorbents. —— These paemuyy
form those minute blood {¢ ,,'
vessels called capillaxies. I'=,Z,-ir.1¥hp;{-"- i gh\
and others called lym- -‘if'*!ﬁﬁa'\féri% AR

hati - (A VT
phatics or absorbent ves- et oINS
sels, which exist in every ¥ MN&WH}F !
put of the body, and | f'@}?ﬂfﬂﬂ'r,

s L
are distinct from, al- } A 15 "ﬂ[!! A
| by AR
y

#
¥
1

. VRN B b
thn“gh EDImEEtﬂd “rith' '.\|'. N 1§ I..!_. F ! H:'I";I;:E:lelg’- {‘"

the arteries and veins. | | '{'WEI
The capillaries con- (§ RS
necting these are from ST

,;,:”th to H'uuth of i
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Fig. 21 ap jach in diameter, less often than the blood cor-
puscles. In some other animals they are larger,
as may be zeen in the capillary plexus of a frog's
foot, shown in Fiz. 9. The lymphatics abound
with valves, «s may be scen in Fig. 21.
6. MuscuLAar TiISSUE.

T4. Striped and Smoolh Muscle.—This tissuz

1s made up of two forms of fiber, the striped and

unstriped.  The stripes in the first form run both
transversely and longituainally, as may be seen

Fia. 22,

in Fig. 22, When separated loagitudinally, the
fibrille have a beaded appearance, cach bead
being m fact a cell, as is here represeated in
Fig 23, which shcws the cells @ when most
relaxed, and & when most contracted. Muscular
fiber is capable also of bemg divided crosswise
in the direction of the transverse strize into discs,
as seen in Fig. 24.  Doth the striated (striped)
and non-striated muscles originate 1n  cells.
Figs. 25 and 26 show their development.

Fii.

FIEEIEIEE RS

g 75. MNyotility.—The grand peculiarity of
=| muscular tissne is its power of contraction—a
! phenomenon as mysterious and wonderful as
any thing i nature, This is called myotility
E or contractility.

=

1
il

=

- o - . e

What do the lymphaties abound in? T4, Distingnish between the striped and the
unstriped musenlar fiber. Give the reason of the differenco between a and b in Fig 23
T4, Deflue myctillty,
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Fig 24.

FIG. 25. FIG- 5.

76. The Chemical Composition of Musele.—The chem-
ical composition of the muscular tissue 13 almost exactly the
same as that of blood, as the following analysis will show :

Blood, Muscle.

Qarboi e vvos v wnmrioan DASOS 51.95
Hydrogen...v.ose-nene 1.67 717
I THOTY o iae e o i i ke 15.01 15.07
O Een. e Ry i - 21.39
Aahiem. o a s e 4.23 4.52
100.00 100.00

- e

TR, Stata the chemienl eomposition of mnscla,
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7. NErvous TISSUE.

77. Nervous Tissue; Tabular Cells.—This, like some of
the other tissues, is composed of cells, fibers and tubes, but it is
distingnished from all others by its vital endowments. In the
ordinary nerve trunks the tissue is the fibrous or tubular, as
is shown in fig. 27, A, B, and C. In C some of the original
cells are shown.

Fra. 21.

ol

78 Vesi- Fic. 28.
cular Cells;
Granunlar
Cells.—In
those nervous
masses called
ganglia, we
find, in addi-
tion to the
fihers, a sub-
stance made
up of vesicles
or cells, as is eif :

shown in the ganglion of a mouse on fig. 28.

77. How is nervous tissue to be distinguished from all other tissnes} 78, Describe
the vesicular cells.
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Another primary element of the nervous system is com-
posed of nucleated cells, containing a finely granulated sub-
stance. These sometimes have processes which give them a
caudate or stellate form, as in Fig. 29.

79. An Organ. The System,— Such are the tissues which,
combined in various proportions, make up the organs of the
human body. And by the term organ we mean a part usually
composed of several tissues adapted to certain functions. And
though harmoniously united into a single system, that is, the
body, the anatomist can dissect and describe them separately.
In this work the following order will be adopted :

1. Osteology, or an account of the Bones or framework of -
the system,

2. Myology, an account of the Museles or the moving pow-
ers of the system.

3. Splanchnology, or the Nutritive Organs.

4. Angiology, an account of the Circulating System of the

arteries and veins.

What is the system ¥ What is Osteology ? Myology? ato,

=

¢ Deflne an organ.






CHAPTER FIRST.

THE FRAMEWORE OF THE SYSTEM.—OSTEOLOGY, OR
A DESCRIPTION OF THE BONES.

DEFINITIONS AND DESCRIPTIONS.

80. Cliemical Composition of Bone,—The Bones of all
vertebrate animals are principally composed of the Phosphate
and Carbonate of Lime, and, with the exception of the Teeth
and articular extremities, are closely covered by a firm mem-
brane called the Periosteam. By chemical analysis the com-
position is as follows :

Organic snbstance (Osteine or Cartilage) 33.00

Phosphaze of Lime.. c..oveviocianins 57.00
Carbonate of Lime. . ..,..ceeueicasnas B.0D
Fluorid of Calciom ...... P e s N 1.00
Phosphate of Magnesia. .....c.0u...u. 1.00

100.06

81. Cartilage and Salts of Lime shown,—Hence we see
that the principal constituents of bone are the salts of Lime
and Cartilage. The former can be easily obtained by burning
the bone a while in a hot fire, which appears like a white
powder when crushed. The Cartilage is obtained by im-
mersing it for a considerable time in a dilute acid, when we
have the form of the bone perfectly retained, although nothing
is left but cartilage. Its elastic character may be inferred

e

. Ia I he Periostemm foand F
80. What are the principal ingredients of bones? "if'llere is t
Give the chemical analysis. 81. How can the earthy ingredients be shown? The car-

tilage? “v
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F<a. 30. from Fig. 30, which is a human
Fibula tied in a knot after hav-
ing been immersed for some
time in muriatic acid.

82. Mechanical Construc-
tion of Bones—As a general
law the extremities are the
largest, and the bodies or shafts
are smooth and of a uniform
surface.  They are in most
cases so constructed as to give
the greatest strength and sup-
port, and at the same time fur-
nish as little weight as possible.
Hence the long hones are most-
ly hollow, or have an arched
form, while the flat bones are
portions of a circle or sphere. In the face also the bones are
not all solid, but some of them contain large cavities, so that
firm attachment may be given to the museles, and protection
to the more delicate parts.

83. Average Weight of adult Skeleton—The weight of
the skeleton is as 10.5 : 100, or about one tenth the weight
of the whole body. And since the average weight of an adult
man is 136 pounds, the weight of an adult skeleton is about
13.5 pounds.

84. Strength of Bones—The power of the human bones
as levers when compared with different substances is remark-
able, as is seen by the following table.

Frecstone (sandstone)........oevva0aee. 1,
L i e s s e e A e e 6.5
Elm and Ash (wood).....coeannue:oiiss 8.5
Box: Yew, sl OBk ... oo ieeiineenns i 1
Human BoBe. o i oo daln o ditns ws sinins 2%

82, Which part of the bones 1s generally the largest? Why are many of the bones
hollow or partially s0? 83, Give the weight of the human skeleton. What fs its pro-
wortion to that of the whole body ¥ 84, Give the comparative strength of the bonas.
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That is, bone when used as a lever is 22 times as strong as
Sandstone, 3} times as strong as Lead, nearly 2} times as

strong as Elm and Ash, and 2 times as strong as Box, Yew,
and Oak timber.

85. Microscopie Structure of Bone,
llaversian Canals. — Examined by
the microscope the bones are found to
be made up of plates or layers for
the most part, arranged concentrically
in the long bones, and in parallel
layers in the flat ones. These are
traversed in all Cirections, and espe-
cially in their long diamecters, by
minute tubes or vessels called Ila-
versian canals, which are also en-
circled by several laminz or plates
besides those following the general
outline of the bone. Fig. 31. These
canals have a diameter varying from
755 to zisth of an inch, while the =
accompanying lamelle s'lmw a thick- ...:I.:iﬁ:ﬁ:diﬁﬁﬂ;& f-]f‘ Loue
ness of Eitﬁ'.jth of an inch. Thﬁ_‘j' layer. 2 and 3, inner layers.
sometimes contain a capillary vessel,

but more usually carry only the nutritive and watery portion
of the blood.

8G. Lacune, Canaliculi.—Besides these canals we find =
smaller set of vessels or cells located directly in the substance
of the concentric lamellz, called Lacunze or Bone Corpuscles,
which average '55th of an incl in length, and carry the fluid
which nourishes the bone. These are of a black appearance,
of an oval form, and with rays divergent in all directions, as

s
—

85. Tlow are the particles of matter arranged in the long bones? How in the flat
ones? Describe the Haversian canals. Their diameter. What vessel dnes each one
contain anid what is the purpose of that vessel? 56. What are the Lacunm or Bone
Corpuscles?
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90 B seen in Fig. 32. These
' rays are minute canals,
and nearly all of them
anastomose, or have com-
munication witheach other.
They are called Canaliculi,
or Bone Pores, and mea-

Lacuna of Bone. a, central portion. sure 53%3311‘1 of an inch
b, canalicull or Bone Pores. in diameter.

87. Ultimate Granules.—The ultimate histological ele-

F16. 33.  ment, or the smallest element of bones as yet

* u%"ﬁﬁ- discovered, is made up of pale oval granules,
?sh‘ about 3'55th of an inch in diameter. These

W l&" 1s 0w ; .

d}hﬁ“ &  granules constitute all the substance of the bone
S&w=  except the minute vessels already mentioned.

88. Hence the microscopic elements of bone are four :
1. Haversian Canals.

2. Lacunz or Bone Corpuscles.

3. Canaliculi or Bone Pores.

4. Ultimate Granules.

89. Periosteum.— In all parts of the body, both solid and
fluid, we find that nature has made ample protection by
providing for nearly every organ a firm membranous sheath.
This not only serves as a protection and support, but in
many cases a means of nutriment. Upon the bones ac-
cordingly we find a very firm whitish yellow membrane
closely attached to them in most places, and very smooth,
called the Periosteurn. This occurs on every part of every
bone, except at the articulations, and upon the crowns of the
teeth. It is, when healthy, perfectly insensible, and contains
the vessels which ramify into the bones, being in fact the

What are the Bone Pores or Canalieuli? 87. What is the smallest or ultimate element
of bones ¥ 88. Give the four microscopic elements of bome. 89, What is the eolor of

the Periosteum? On what part of the bones is it wanting? What two impe-tant
purposes does it subserve P
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nutrient membrane of the bones. Desides
this function, the periosteum serves as a
point of attachment for the ligaments and
tendons, in as much as tlic}r could not find
firm attachments on the bone itself,

Remark.—Diseases of Periostenm,—In
the diseases known as Felon and Fever Sore,
the Periosteum is the seat of the inflamma-
tion, although, if it be not soon checked, the
bone itself becomes implicated.

90. Processes of Bones,.—The bones of
animals are not constructed after any regu-
lar geometrical form or curve, but are mod-
eled upon the plan which may secure the

i - I"eriosteum of a hume-
greatest firmness and facility of motion. yus partly taken ofr.
Accordingly we find their surfaces quite
uneven, presenting in many places prominent projections,
which serve as a firm point of attachment for muscles and
ligaments. These are called Processes, and are generally
found near the extremities of bones, and are largest where
the greatest strength of muscle and ligament is required, as
shown in the bones of the lower extremities.

91. Nutritious Foramina,—Upon nearly all the bones of
the body may be found small tubular openings which, after
extending for a short distance into the bone, ramify and give
off the minute capillary vessels which circulate through the
larger Haversian canals. They are called nutritious fora-
mina, or openings, since they convey nutriment to a large
portion of the bone.

92. Four Classes of Bones.—DBones are divided according
to their shape into four classes: long, flat, short, and irregu-

—
-

What is the seat of Felon and Fever Sore? 90 What is the general outline of bones?
What are Processes? 91. What are the nutritious foramina, and with what vessels do
they communicate ? Their use? 92. Give the four classes of bones, and give examples

of the long onas.
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lar. The long ones are mostly found in the extremities, and
consist of a hollow shaft with enlarged and partially smoothed
extremities, and sometimes a rough or elevated portion along
their central portions. Those which belong to this class, are
the Clavicle, Humerus, Radius, Ulna, Femur, Tibia, Meta-
tarsus, and Metacarpus, Phalanges and Ribs.

93. Short Bones.—The Shore bones are irregularly cuboid
in form, and are found in those places where there is but
little motion of the part. They are the Vertebrae, Coceyx,
Carpus and Tarsus, Patella, and Sesamoid bones.

94. I'lat Bones.—The Flat bones are arranged to enclose
and protect cavities. Those of the head are made of two
layers of bony matter, with an intervening porous substance
called the Diplot. These are the Oceipital, Parietal, Frontal,
Nasal, Lachrymal, Vomer, Sternum, Secapula, and the Os
Innominatum.

95. TIrregular Bones.—The Irregular bones are those
which belong to neither of the preceding classes, and have
no typical form. They are the Temporal, Sphenoid, Eth-
moid, Superior and Inferior Maxillary, Palate, Turbinated,

Hyoid, and Sacrum.

96. Development of Bone from Cartilage—The early
condition of bone is that of cartilage, which has the general
outline of the bone, and from the subsequent process may
be called the mould of the bone. Very early in life, and
even before birth, bony matter begins to be deposited in the
cells of the matrix (cartilage) until at length, the whole
becomes solid, as it is found in adults. At birth the only
bone which is completely ossified is that portion of the tem-
poral called the petrous, which contains the organ of hear-
ing, while all the bones are not completely ossified be-
fore the 12th year of life. This process of hardening, or os-

93. What is the general ontline of short bones and where are they found? Give ex-
amples. 94 Give the use of the flat bones. Examples also. 95. What ara some of
the irregular bones? 96, What is the first stage of bone? When is the process of ossifi-
cation complete ¥ What bones are the first that become ossified ¥
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sification, begins at
certain points, and
continues until the
whole is completed
as 1S seen in the
Fig. 86. In some of
these bones there is
but one of these
centers, or points,
where ossification
commences, while in
the Sphenoid there
are 12.

O7. Number of
Bones,—The num-
‘ber of bones in the
human system is
reckoned differently
by different anatom-
ists since many of
the bones are well
exlibited only in
hard working or
well developed mus-
cular subjects. The
number 246 will be
given in this book
as taken from Eras-
mus Wilson, whose
work on Anatomy i3
adopted as the text
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Bection of eartilage near the puint of ossifieation.

1, ardinary appearance of eartilagze.
vanced stares of ossifleation.
1, 2 and 3 more highly magnified.

2 and 3, more ade
1, 2" and 3 porticog

book in nearly all the medical schools of this country. This in-
cludes the teeth, and sesamoid bones, of which the latter are not
constant in every individual. They are summed up as follows:

97. What is the number of bones in the hnman bodyg ?

Give the different groups.
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Fic. 36. Fio. 87, gty —|

A —2

A knee joint showing points of ossification,
1, 2 and 8.

1111 SO R P e R o e s 6
FaEE| e s v m @ @ &0 @ & & & % & &8 @ e @ Fw oo L] 14
Teetll # ¥ #F # # +% 2 % & s 3 = E 8w LA L 32

Vertebrze, Sacrum and Coceyx.... 26
Os Hyoides, Sternum and Ribs.... 26
Upper Extremities............... 64

Lower Extremities ... .. e e Y
Sesamoid Boneg . .......... BT el
246,

98. Vertebre, Groups of Verte-
brie, Cervical Vertebr®e,—The Ver-
tehrae or Spinal Column claim the
first attention, since they are the

Deseription of Fiz. 37, Lateral view of the 8pinal
Colummn, 1, Atus, 2, Axis (secomd Vertebra.) 3, Last
Cervieal Vertebra., 4, Last Dorsal Vertebra. 5; Last
Lumbar. 6 and 7 S8acrum. 8, Coceyx. 9, a Bpinous
Process 10, Intervertebral Foramina.
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Frontal Bone. F16. 38. Parietal Bone.
‘~.L > ,-r"'

L e e Temporal Bona,

Lower Jaw.

e e — Clavicla.
Corvical Vertebrm, --=mesemmmmeeceeeaea. o

Shoulder Blade, ——=-=-----—

o ... Datella.
]I'“' i

Lty R | B
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. Tarsus.

: Metatarsus,

"+ . Phalanges.
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first developed bones, and the center around which the others
are formed. They may be separated into the true and false:
or those which are separable from, and movable upon each
other, and those which are firmly joined together. Of the
true vertebrae there are three sections, named in accordance
with their location on the body : Cervical, Dorsal, and Lum-
bar. The Cervical, or those of the neck, are seven in numbey
the first and second of which are the most remarkable. T.g
first is named Atlas, from the mythological story that a giant
of this name supported the earth on his shoulders, and it is

Fia, 40.

The Atlas. 1, Anterior Tubercle. 2, Articular The Axis. 1, Body. 2, Proce:s-
Fice. 3, Posterior surface of Spinal Canal. 4, In- gus dentatus, 3, Artienlating sur-
tervertebral Hoteh, 5, Transverse process. 6, Fo- face. 4, Foramen for vertebrai
ramen for Artery. 7, Buperior obligue process, Artery. B, Spinous process, 6 and
8, Tubercle for transverse Ligament. 7, Obligue processes.

upon this one that the head is moved in a direction backwards
and forwards. The second, called Axis, is characterized by
a projection or pivot, which admits motion of the head in
a horizontal direction, but in no other. It is the dislocation
of this process, and the consequent pressure upon the spinal
cord that causes death in criminals executed by hanging.

09. Dorsal Vertebr@,—The Dorsal Vertebrae, or those of
ihe back, are twelve in number, and give attachments to all
the ribs. The central portion or body of each increases from
above downwards, that they may more firmly support the
superincumbent weight of the body.

98. Why are the Vertebrm first described? What two groups may they be divided
into¥ What other three sections of Vertebrm? What is the name of the first and
second Vertebra? 97, How many Dorsal vertebr, and what bones are attached to
%em?
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A Dorsal Vertebra. 1, The Bady. 2 and The Sacrum. lﬂnml 2, Articular sur-
{, Faces for head and tubercle of Rib. 3, faces. 3, Promontory of the Saerum. 4
Upper face of the body. 4 and 5, Interver- and 10, Lines of former division of Sa.
tebral Notch. 6, Spinous process. 8 and ernm. B and 6, Foramina. T, Saero Ischia-
9, Oblique processes, tiz Noteh. 8 Al of the Sacrum. 9, Ob-

lique processes.

100. Lumbar Vertebr@e.—The vertebrae of the Loins, or
the Lumbar, are five in number, and are the largest members
of the spinal column, since they are the only bones in this
part of the body. They are more massive and solid in all
their parts than the rest of this column, that they may be
equal to the strength required of them.

101. Nacrnm.—The Sacrum is a single bone, although
its typical form is that of five vertebra, which are actually
found in some animals. Its appearance is that of five verte-
bree, which are partially anchylosed or grown together. The
form of the bome is somewhat like a wedge, with the base
directed upwards, and the point curving inwards and for-
wards. Fic. 43.

102. Coceyx.—The Coceyx is the lower
extremity of the Spinal Column, formed
of four anchylosed and imperfect verte-
bre ; and it is an extension of these bones
in the monkey which makes the tail. The Coceyx. 1, First bone,

2 3, Processes to juin the
Suerum. 4 and 5, Notches to form Foramen. 6, Last bone.

100, How many Lumbar Vertebre? Why are they the largest in size # 101, Deseribe the
Gacrum. Hew many rudimentary vertebra does it consist of? 102. Describe the Coceyx.
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103. General Remarks on the Spinal Column.—The
Spinal Column viewed as a whole may be considered as
made up of four cones, owing to the different sizes of the ver-
tebree. The apex of the upper one commences with the Atlas
and extends as far as the first dorsal vertebra. Iere the
second one commenees in an inverted position, extending over
the upper three dorsal vertebree. The third reaches with its
lase as far as the top of the Sacrum, where the inverted
fourth one terminates with the Coceyx. Viewed from the
front the spinal column should be in a straight line when m a
healthy condition; but a lateral view shows two curves, one
at the lower part of the neck, and the other at the Inmbar
vertebrze, the design of this curvature being to place the
head and its delicate contents upon an elastic and flexible
support, and the design of the straight position in the other
direction, being to give equal tension to the muscles on both
sides.

104, Intervertebral Cartilage.—Between all the vertebrae
is placed a thick cushion of eartilage. This by yielding not
only allows a free and ready motion to the column as a whole,
but is an additional protection to the brain, by diminishing
the severity of any vibration communicated from below.

105. Bones of the llead.—The Skull may be considered
as the superior expansion of the spinal column, when it—the
spinal column—is taken as the center of development of the
whole body, which contains in the eranium the brain, and in
the face most of the organs of sense.

106. In the Cranium or true skull are eight bones:

1 Frontal, 2 Temporal, ° 2 Parietal,
1 Occipital, 1 Sphenoid, 1 Ethmoid.

— =

103. Of how many cones may the Spinal Column be considered as composed? From
what direction does the Spinal Column appear in a straight line? What curvatures doer
a lateral view show ? 104, What substance do we find between the vertebrm? Give
its use. 105. What may the Skull be considered a2? What organs does it contain.
106. Give the bones of the Bkull.
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107. Frontal,
T~mporal, Parie-
tel, Oeccipital,
Sphenoid, and Eth-
meid Bones,—The
Frontal Bone is sit-
uated In the upper
and front part of
the head, oceupy-
ing that portion of
the skull called the
forchead. It 1is
mainly a flat bone,
but the portion
lying above the eye
13 hollow, in order
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Fig. 44.

that protection may 1, Frontal. 2, Parietal. 8, Occlpital. 4, Temporal

be afforded to this Ensd: 6, Malar. 7, Upper Jaw. 8, Lachrymal
4, Mandible.

delicate organ, as

well as to give sufficient
prominence to the up-
per part of the face.
The two Temporal Bones
cover the front part of
each side of the skull
in that position com-
monly known as the
temples, and each bono
i3 a little larger than
the smace which is pro-
tected by the external
par. In the inner por-
tions, called the petrous,
are located the organs

Frontal Done. 1, Frontal Protuberance of right
gide, 2. Superciliary ridze. 3, Buperorbitary
ridge. 4 and 5, Anzular processes.

107. What kin! of a bone is the Frontal? Why i3 a portion of it hollow? Where are

the Tempora! Bones located ?
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FIG‘ 46.

1, Squamouns portion,

Left Temporal Bone,
® Mastoid portion. 3, Petrous portion. 4, Zyzo-
matie portion. 5, Articulating surface for lower

6, Temporal ridzge. T, Glenoid fissure. 8,
9, Canal for ear. 10, Groove
11, 8tyluid process. 12, Va-
14, Grouve

jaw,
Mastoid foramen,
for digastric mysele,
ginal process, 13, Glenold Foramen.
for Eustachian tube.

Fia. 417.
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Left Parietal Bone. 1, 2, 3, 4, Superior, Infe-
rior, Anterior, and Posterior surfaces. &, Ridge
fur Temporal Faseia. 6, Parietal Foramen. 7 and
B. Inferior angles.
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of hearing.  Directly
bekind the external ear
15 felt a hard projection
which is the mastoid
process of this bone,
and serves for the
attachment of many
muscles, which move
the head. And directly
in front of the ear is
another prominent pro-
cess, called the zygo-
matie, which articulates
with the malar bone,
and to which is at-
tached one of the ele-
vator muscles of the
jaw. The two Parie-
tal Bones are eminently
flat bones of a square
shape, forming the es-
sential parts of the pro-
jections on the back
sides of the head, and
uniting with each other
on the median line, up-
on the top of the skull.
They join with the
frontal bone in front, the
temporal bones below.
and the oceipital bone
behind, The Oceipital

Bone has an imperfectly circular outline, and at its lower

= —

What is the mastoid process?

Where is the zygomatic process ?

Give the form o

the Parietals. What is the outline of the Oeccipital Bone ¥ What is the large orifice is

its lower part for?
what bones does this articulate ¥

Give the position and general outline of the 8phenoid Bone. Witl
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edge a large orifice for the Fig. 48.
passage of the spinal mar-
row, just as it enters the
vertebra. It is in the
most posterior part of the
skull, joining with the
sphenoid in front, and rest-
Jlng upon the Atlas verte-
bra. The Sphenoid Bone
13 directly underneath the
skull. extending from side
to side, forming a very
small portion of the out-

- External surfice of Oceipital Bone, 1 and 4,
side of the skull at the Semicireular Ridges. 2, Oceipital Protube-

p.;)]nt 11.'];]131‘3 the fl‘ﬂﬁtill rance. 3, Attachment of lizamentum nucloe,
5, Foramen for Medulla oblongata, 8, Cullilj.'hl

and tempm'a,l bones come of right side. 7T and 8, Comdyloid Foramina.

the nearest to each other. 9% Juzular Eminence. 10, Jugular Foramen.
11, Basilar process. 12, Points of attachiment

Yrom its name we learn for odontoid lizaments. 18, Edge for attach-
P ment with Parietal bone. 14, Poiut of attach-
tbat it is somewhat wedge-

ment for Temporal bone.

FiG. 49.

The Anterior and Inferlor Surface of the Sphenoid Bone, 1,1, Apophyses of Ingras.
sias. 2, 2, The great Wings. 8, Ethmoidal Spine. 4, Azyzos Proeess, 3, Sphencidal
Cells, after the removal of the Pyramids of Wistar. &, Posterior Clinoid Processes.
7, Sphenoidal Fissure. 8, Foramen Rotundum. 9, Depression for the Middle Lobes of
the Cerebrum. 10, Surface for the Temporal Musele. 11, Styloid Process. 12, Exter-
nal Pterygoid Process. 13, Internal Pterygoid Process. 14, Pterygoid Foramon. 15, Ar
ticular Face for the Os Frontis. 16, Points to the $alla Turcica.
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shaped in its general outline, although it is covered and
filled with cavities and processes for the protection and
proper direction of many of the delicate organs which pass
through it to their destination. This bone articulates with
all those in the cranium, and five of those in the face, and
serves as a point of attachment for twelve pairs of muscles,
and is one of the most complicated bones belonging to the
human skeleton.

The last bone of the skull is situated at the base of

Fig. 51.

An Upper and Posterior View of the
Ethmoid Bone. 1, Nasal Lamella. 2, Body
or Cellular Portion. 3, Crista Galli. 4,

Cribriform Plate. 5 Superior Meatus. A View of the Outside of the Vault of
6, Superior Turbinated Bone. 7, Miildle the Cranium, showing the Sutures. 1, The
Tarbinated Bone. 8, Os Pl nnm. 9, Sur- Coronal Sature. 2, The Sagittal Suture.
face for the Olfactory Nerve, 8, The Lambdoidal Suture,

the front portion of the eranium, between the sockets of
the eyes, and behind the root of the nose. It is called the
Ethmoid Bone. Its outline is that of a cube, consisting of a
perpendicular plate, and two lateral portions. From the
fact that it is extremely fragile, owing to the great number
of perforations which it contains, it derives its name from the
Greek word signifying a sieve. It is so deeply seated that it
receives the attachments of no museles.

108. Sutnres,—The bones of the skull are united by

Give the shape and position of the Ethmoid bone, Why cailed Ethmold?
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ragged edges called Sutures.

These are small and rough

projections of bone which are largest at their extremities.
They are made to fit into the edges of the opposite bone with
great firmness, thus joining the bones together, by essentially
the same process which in cabinet work is known as dovetail-

ing.

The name Suture is applied, since when these edges

are perfectly joined by this articulation, they resemble the:
geam made by sewing together two picces of cloth by the

“over and over’ stitch.
ures are frequently found
small bones, uncertain as to
number, sometimes two inches
in diameter, called Ossa Tri-
quetra. No special use for
them has been discovered as

Fﬁt.

109. The Lower Surface
of the Skull.—The whole of
the lower surface of the skull
is extremely uneven for the
attachment of a great number
of muscles, and the protection
of delicate nerves and blood-
vessels which pass to and
from the brain and face.

110. Bones in the Face.—
The Flace is that portion of
the head sitnated below a line
drawn from the orbit of the
eye to the passage of the in-
ternal ear. [ts framework con-
tains fourteen bones. 2 Nasal ;

Situated directly within these sut-

Fig. 52,

A Front View of che Skull, showing tha
Bones composing the Face. 1, Os Froatis
2 Nasal Tuberosity. 8, Supra-Orbital Ridge.
4, Optic Foramen. 5, Sphenoidal Fissure.
6, Spheno-Maxillary Fissure. 7, Lachrymal
Fossa, and commencement of the Nasal Duct.
8, Opening of the Anterior Nares, and the
Vomer. 9, Infra-Orbital Foramen. 10, Ma-
lnr Bone. 11, Symphysis of the Lower Jaw,
12, Anterior Mental Foramen. 13, Ramus of
the lower Jawhone, 14, Parictal Bone, 15,
Coronal Suture. 16, Temporal Bone, 17,
Squamous Suture. 18, Great Wing of the
Sphenoid. 19, Commencement of the Tem-
poral Ridge. 20, Zyzomatic Process. 21, Mas-
told Process,

How do the bones of the skull join with each other ¥ What process in eabinet making

does It correspond to?

What are often found in these sutures?

109. What is the sur-

faco of the lower part of the skull ? 110. Give the boundaries of the face.

3
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2 Malar; 2 Lachrymal; 2 Superior Maxillary; 2 Palate:
2 Turbinated ; 1 Inferior Maxillary; 1 Vomer.

111. Nasal Bones.—The Nasal Bones are oblong, foursided
bones, about an inch in length, which together form the
bridge or base of the nose.

Fia. b4.

An Anterior and Posterior View of the
Nasal Bones. Right Hand Figure, 1, An-
terior Inferior Extremity, 2, Articulating
Burface for its Fellow, 8, Surface for the
Nasal Process of the Superior Maxillary
Bone. 4, Points to the Groove on the In-
ner Side, for the Nasal Nerve., 5, Articn-
lar Face for the Os Frontis. 6, Fornmen
for the MNutritions Artery.—Left Hand
Figure, 1, Posterior [nferior Extremity.
2, Burfuce lor its Fellow. 8 Surface for
the Bnperior Maxilla. 4, Groove for the
Internal Nasal Nerve. B, Surface for the
(s Frontis. 6, Lower portion of the
Giroove for the Nasal Nerve,

An Anterior View of the Malsr Bone
of the Right Side. 1, Anterlor Orcital
Angle. 2, Orbital Face. 8, Superlor An-
gle for articulating with the Os Frontis,
4, External An_le for the Zyzoma of iho
Temporal Bone. 5 and 6, Inferior An-
gle and SBurface for the Superior Maxzilla
7, Nutritious Foramen.

112. Malar Bones,—The Malar Bones give the promi-
nence and form to the cheek. They are partially hollow, of
an irregularly quadrangular outline, and articulate with the
frontal above, the zygomatic process of the temporal behind,
and the superior maxillary belew. The name is from the,
Latin Mala, a ** cheek,” hence cheek bones.

113. Lachrymal Bones,.—The Lachrymal Bones are the

How many bones in the Face, and what are their names? 111, Describe the Nasal
Bones, 112, What bones are found in the chesks ?

-
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smallest bones in the Face, being about jth of an inch
diameter. They are situated at the inner angle of the eye,
and are named from the Latin Lachryma, a * tear,”’ since
the tears pass into the nostrils through a canal in these

bones. This bone is also called Os Unguis.
Fic, 56.

Fig. 55.

'1'-*_.
I

An Anterior View of the 02 Un- A Posterior and Talf Lateral View of the Pal-
guis of the Left Side. 1, Its An- ate Bone 1, Palate Plate on its Nasal Surface.
terior Inferior Angle. 2, Orbitar 2, Nasal Plate. 3, Pterygoid Process. 4, Bur-
Plate anid Side for the 0s Pla- face for Artienlating with its fellow. 5, IHalf

num. 8, Fossa for the Lachry-  of the Crescentic Edgze and Spine for the Azygos
mal S8ac. 4, Superior Extremity. Uvule Musele. 6, Ridge for the Inferior Spongy

Bone. T, Spheno-Palatine Foramen. 8, Orbital
Plate. 9, Pterygoid Apophysis. 10, Depression for the External Pteryzoid
Process of the Sphenoid Bone. 11, Same for the Internal Pterygoid Process,

114. Palate Bones.—The Palate DBones are the most ir-
regular bones of the face, and when viewed in one direction
resemble the capital letter L. They form a part of the orbit
of the eye, the wall of the Fig. 51.
nose, and a large part of the
roof of the mouth which 1s
known as the hard palate.

115. Turbinal Bones,—

i < An External View of the Inferior
The Turbinal Bones (I‘Gﬂﬂ‘}' gpongy Bone of the Right Side. 1, An-

the Inferior T urbinated terior Extremity, for resting on the
4 . : Ridge of the Upper Maxilla. 2, Posterior
somes,  SInce Gﬂrrﬂﬂpﬂndl"g for resting on the Ridgze of the Palate
plates upon the ethmoid hone  Bone. 3, Hooked portion, for resting o

: : the Lower Margin of the Antrom High-
are Cit.ﬂﬂd S“PEI'I'}T Tlll‘h]]flﬂ.tﬂll morianum, &, Its Inferior Border,

113. What are the smallest bones of the face, and why called Lachrymal ? 114, What
are the most irregnlarly-shaped bones in the face, and what portion of the mouth is
made up by the Palate Bones? 115, Give the deseription of the Turbinal Bomes.
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Bones) are curved laminge or thin plates of bone, resembling
a loose scroll, and are found in each nostril, for the purpose
of affording as large a surface as possible for the expansion
of the mucous membrane of the nose, which contains the
nerves of smell. The name Turbinal or Turbinated 1s ap-
plied because of their seroll-like appearance.

116. Superior Maxillary Bone.—The Superior Maxilla-
ries are the largest bones of the face, joining with each other

Fic. 58, Fic. 59.

An External View of the Superior Max- The Inferior Maxillary Bone. 1, The
flla of the Left Side. 1, Orbitar Process. Body. 2, The Ramus. 8, The Symphy-
2, Infra-Orbitar Canal. &, Bpace for the sis. 4, Alveolar Process. 5, Anterlsr
Os Unguis, 4, Upper part of the Lachry-  Mental Foramen. 6, The Base, 7,
mal Canal. & Nasal Process, amd Sur- Groove for the Facial Artery. 8, The
face for Articulating with the Os Frontis. Angle. 9, Extremity of the Ridge for
6, Burface for the Nasal Bone. T, Anterior the Mylo-Hyoid Muscle. 10, Coronoii
portion of the Floor of the Nostril. 8, Sur- Process. 11, Condyle. 12, Neck of tho
face for Articularing with its Fellow. 9, Al- Condylold Process. 18, Posterior Men-
veolar Process, 10, Points to the Depression tal Foramen. 14, Groove for the Infe-
Jost below the Infra-Orbitar Foramen. 11, rior Maxillary Nerve. 13, Molar Teeth.
Burface for the Malar Bone. 16, Licuspidate Teeth., 17, 18, Middla

and Lateral Incisors,

on the median line, and thus form a portion of the roof of
the mouth. Kach one of them articulates with eight teeth,
with all the bones of the face but the lower jaw, and two cf
the cranium. Their name is from the Latin, Mazilla, a
“ jaw,”” and both of them constitute the upper jaw.

117. NMandible—The Inferior Maxillary, or lower jaw, is

116, IHow are the Superior Maxillaries situated ¥ 1low many teeth are found in each
of them ¥ 117T. Dgacribe the Mandible.
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the only movable bone of the head or face. It contains the
sixteen lower teeth, is of an arched form, and at each ex-
tremity has a square-shaped process for articulation with the
temporal bones, and the attachment of muscles.

118. Vomer.—The Fie. 60.
name of the Vomer is
derived from the Latin
meaning a ‘“plow-
share,” on account of
its approximate resem-
blance to that object.
It completely separates
the nostrils from each
other, and like the tur-

binated bones gives at-  The Vomer, 1, 2, Posterior and Snperior Surface

achment hollowed to receive the Azygos Process of the
g el s &phenoid Bone. 3, Anterior Surface for the Car.
cles. tilaginons Septum of the N ose.

119. Number of Teeth—The Teeth of the Human Adult
when all present in the jaws, number thirty-two. And al-
though properly bones, still they differ in three respects:

1st, Organic Composition.

2nd, Time of Development and Replacement.

ad, Decay when fractured.

120. Organie Composition, Cementum, Dentine, Enamel,
Microscopie Structure of Enamel, Development of Teeth,
Nasmyth's Membrane,—The Teeth are composed of three

substances: a Cementum which forms a thin coating on the
fangs of the teeth, and which thickens in advanced life; the
Dentine which resembles bone in its external characteristics
and makes the largest part of the teeth, containing the prin-
cipal vessels and nerves of the teeth; and the Enamel, the
Lardest substance in the human body, which is a covering to

118. From what does the Vomer derive its name? What two cavities does it sep-
arate ? 119. How many tecth in an adult? In what respects do they differ from the other
bones of the body ? 120, Of what substances arc the teeth comnposed ?
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F1G. 61.

Vertieal Section of Human Incisor. a,
the point where the Gum is attached to
the Tooth.

ANATOMY

A Vertical S8ection of an Adult Bicuspid,
cut from withont inwards; magnifled four
times. 1, 1, The Cementum which sur-
rounds the Rool up to the commencement
of the Enamel. 2, 2, The Dentine of
the Tooth, in which are scen the greater
Parallel Curvatures,as well as the position
of the Main Tubes. 8, Apex of the Tooth,
where the Tubes are almost perpendicular.
4, 4. The Enamel. 5 The Cavity of the

Pulp, in whieh are seen, by means of the Gl
the Openings of the Tubes of the Dental Bone,

Fia. 64,

A View of an Incisor and of a Molar
Tooth, given by a Longitudinal Section,
and showing that the Enamel is strinted
and that the Striee are all turned to the
center. The Internal Structure is alsn
seen. 1, The Enamel. 2, The Ivory. 3,
The Cavitas [*ulpi.

all the tooth above the gums.
This is a pure white sub-
stance, thickest upon the top
of the crown, and gradually
growing thinner towards the
gum, where it disappears al-
together. Under the micro-
scope 1t i3 seen to be made
up of minute hexagonal fibers,
one end of which rests upon
the Dentine., and the other
forms the free surface of the
tooth.  These tubes or fibres
are slightly undulating and
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from iﬁlﬁ'ﬁth to '_'g;i"‘ﬁ—gd. of an
inch in diameter. The en-
amel is also covered by a very
thin membrane, ;- 4- ;st of an
inch in diameter, called Nas-
myth’s membrane. This is
a ‘“ calcified”” membrane and
can be seen only with great
care, since it is not acted up-

on by the strongest acids or A portion of the Surface of the Enamel
lkali on which the Hexagonal Terminations of
B ; the Fibres are shown ; highly magnified.

12 3 Are more strongly marked dark,
1 2 1‘ ]] eve l 0 p ment ﬂl‘ fll eel h. erooked Crevices, running between the

rows of the Hexagonal Fibres

Temporary Sef. Permanent

Set.—The teeth in the human subjectare not perfectly formed
at birth, but exist in the form of follicles or shut sacs, which
at the seventh or eighth month of infantile life, are developed
nto teeth. The process of dentition generally occupies from
one to three years, during which time the temporary set, as
it Is termed, make their appearance. These number twenty,
ten in each jaw, and between the age of seven and fourteen
become loose, and are easily removed to give place to the per-
manent set which numbers thirty-two. Generally, however,
the last tooth in each jaw does not make its appearance until
the twentieth year of life.

122. A more accurate statement of dentition of the tempo-
rary teeth shows that they appear at the following ages :

The Incisors, from the Tth to the 10th montl.
The Anterior Molars, 12th * 13th *
The Canine Teeth, 14th * 20th “
Posterior Molars, 18h =  36th :

123. The permanent teeth appear as follows :

B

Describe each of the teeth. What membrane completely covers the outside of the
tooth? 121. Illustrate the development of the teeth. 122, Give the time of appearance
of the temporary teeth. 123, When do the permanent teeth appear ?
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Incisors, from the 8th to the 9th year.

Bicuspids, Tk 2 gl o
Canines, 12th * 12ith “
Second Molars, 123th * 14th **
Third Molars, 17th " 19th

124. Names of Teeth.—A third set of teeth has been
known to make its appearance; also a tooth extracted and
at once replaced may become firm again at the. end of some
1aonths.

The names and number of the permanent teeth in each
jaw, beginning at the posterior part of the mouth, are:

2 Wisdom, 4 Molars, 4 Bicuspids, 2 Canine, 4 Incisors.

a, b, Incizsors. e, Canine. d, 8, Bicnspids. 7 g, Molars. A Wisdom tecth.

125. Fracture of Teeth.—All the bones of the body, ex-
cept the teeth, when broken will become united again ; but if
the teeth lose a portion of their enamel, or even if it be
cracked, the tooth so injured at once begins to decay, and
will be entirely consumed, unless the disease be checked by
artificial means,

——— L5 s

124. What is said about a third set? Give the names of the permanent 1aeth
125. What it the teeth are broken or cracked *
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126. Hyoid Bone.—The Fig. 67.
Hyoid Bone is the bone which
forms the base of the tongue,
and the upper extremity of
the trachea. It has the
shape of the Greek letter U
(or Upsilon) and articulates  An Anterior View of the Os Hyoides,
with 10 other bones, but js & T ANt G s i sy
mmpletel_',' GH'-’EIGPEd hjr the ']:ile Cornn Mlml.f. of the same Side. Tlll"

R Cornua were ossified to the Body of ths
gsoft P:]..l‘tﬂ. It hﬂ'ﬁ 4 CONSl=  Bone, in this specimen.
derable range of motion in a
vertical direction, and hence gives attachment to no less

than eleven pairs of muscles.

127. Sternum.—The Breast Bone 1s flat, about eight
inches in length, one and a half in width, and i3 located on
the median line of the body upon the front portion of the tho-
rax or chest, articulating with the seven upper ribs on both
sides, and also with the clavicle.

128. Ribs.—There are twenty-four ribs in the human

Fig. 69.

A View of the Upper Side of the First
Rib of the Right Side, half the size of na-
ture. 1, The Head. 2. The Tubercle. 3,
Anterior Surface. 4, Groove for the Sub-
clavian Artery. 5 Groove for the SBub-
clavian Vein. 0, Anterior Extremity for

A Front View of the Sternum, 1, First  the Cartilage. 7, Tubercle for the Scalenus
Piece. 2 Second Piece. &, Ensiform Car-  Antieus Muscle.
tilage, or Third Piece. 4, Articular Face
for the Clavicle. 5, Articular Face for the First Rib. 6, Articular Face for the 8econd
Rib. 7,8 9 10, Articular Faces for the Last Five Trne Ribs,

- —

I — e

126. Where is the Hyoid Bone? What Greek letter does it resemble 2 127, Describe
the Sternum. With what bones does it asticulate * 123, Number of Ribs In man{
¥
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Fra. 10.

Generzl Character of the other Ribs, seen on their Upper and Under Surface. 7Tie
deft hand figure is the Upper Face of the Rib. 1, Head of the Rib. 2, Its Tuberele.
3, Anterior Extremity for the attachment of the Costal Cartilage. 4, Groove for the Ar-
tery and Nerve. 5, Angle of the Rih.  The right kand figure is the Under Surfuce of
the Rib. 1, The Mead. 2, Its Tube-cle. 8, Anterior Extremity. 4, Groove for Inter-
costal Artery and Nerve. 5, Angle of the Rib.

body, which are divided into two classes, the true and the
false, or those which are closely united with the sternum,
and those which are remotely attached to it by long cartilages.
They are attached at their posterior extremities to the verte-
bra, and run downwards and forwards, so that when elevated,

Fig. 71,
Yertebral Column. Ribs.

_Clavicle.

___-Third Rib,

--.. Bternum.
ntercostal Muscles,

" _ Beventh Rib.

False Riba.
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they enlarge the cavity of the chest. The true ribs are the
seven uppermost ones, and the false the five lower ones, and
are so arranged that they form a cone with the apex at the
neck. The two lowest ribs are sometimes called ‘‘floating,”
because they are only attached to the vertebrze.

129. Clavicle.—
The Collar Boneis the Fig. 72.
commencement of
the upper extremity.
It is one of the class
of long bones ex-

1 . 1
tﬂml]ng from the An Anterior View of the Clavicle of the Right

hichest IJI}i'I'It- gf tllﬂ fide. 1, The Anterior Face of the Body of the Bone.
o S 3 £ o
: 1 | 2, Origin of the Clavieular portion of the Sterno-
EMP“ a to the UPPE‘P Cleido-Mastoid Musele. 8, The Sternal Extremity of

rt of the sternum the Bone. 4, The Acromial Extremity of the Bone,
pﬁ. ' B, Articular Face for the Acromion Process of the Beapu-

[Lnd bl}ﬂ-rﬂ a p&]‘tiﬂi la. 6, Point of Attachment of the Conoid Ligament,
resemblance to t-he 7. Paoint of Attachment of the Rhomboid Ligament.
Italic letter F. The name is from the Latin Clawvis, “‘a
key,” since it remotely resembles an antique key.

130. Seapula.—A large, flat, and triangular bone upon
the upper part of the back, and forming the shoulder, is
called the Scapula, or Shoulder Blade. It has a high and
narrow ridge running through its longest diameter, which is
the bone so distinetly felt upon the shoulder and upper part
of the back. Its only articulations are with the clavicle and
humerus, the posterior part being kept in its place by mus-
cles and ligaments. (Fig. 73, p. 58).

131. Mumerus.—The Humerus is the bone of the upper
arm or shoulder. (Fig. T4, p. 58.) Itis a long bone witl
a cylindrical shaft, and has a rounded head for its upper ex-
tremity. The lower extremity is flattened from before back-

What two classes are they divided into? What do they all unite with behind?
129, What two bones does the Clavicle unite with? 180. What is the general outline of
the Scapula? Where is it located? What are its only articulations? 131. What is the

bone of the upper arm ?
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F1c. 73.

A Posterlor View ot the Seapula of the
Left Side. 1, Fossa Supra-Spinata. 2, Fos-
ga Infra-Spinata. 8, Buperior Margin., 4,
Coracoid MNotch. 5, Inferior Margin. 6,
Glenoid Cavity. T, Inferior Angle. 8, The
Neck anid Point of Origin of the Long ead
of the Triceps Muscle. 9, Posterior, or
Vertebral Margin. 10, The Spine. 11,
Smooth Facet for the Trapezius Muscle,
12, Acromion I'roeess. 13, Nutritions Fo-
ramen. 14, Coracoid Process. 15, Part of
the Orizin of the Deltoid Musecle.

Frq. T4.

An Anterior View of the Humerus of the
Rizht Side. 1, The Bhaft, or Diaphysis of
the Bone. 2, The Iead. 3, Anatomieal
Neck. 4, Greater Tuberosity. 5§ Lesser
Tuberosity. 6, The Bicipital Groove. T,
External Bicipital Ridge for the insertion
of the Pectoralis Major. 8, Internal Blei-

pital Ridge. 9, Point of insertion of the Deltoid Muscle. 10, Nutritious Foramen.
11, Articular Face for the Head of the Radins, 12, Articular Face for the Ulna.
13, External Condyle. 14, Intermal Comdyle. 15, 16, The Condyloid Ridges. 1T,

Lesser SBigmoid Cavity.

wards, and so formed into grooves and elevations that it ar-
ticulates with the ulna in essentially the same manner as the

two portions of a door hinge.

132. Fore-arm.

The Ulna.,—There are two bones in the

forearm, one of which only is articulated with the humerus,
and the other to the bones of the wrist alone, in order to al-
low the rotation of the hand upon the bones of the forearm,

What is the shape of the lower, or ulnar articulation? 132, How many bones in ths

forearm? Why are there two instead of one ¥
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as if they constituted a pivot; F1G. 75.
an instance of which is seen in
the turning of a screw, or in
the unlocking of a door. Of
these two bones the Ulna arti-
culates with the humerus, form-
ing only a ligamentous union
with the bones of the wrist.
It is prismoid in form, and is
of a hooked shape at its up-
per extremity, so that it
makes the union between it-
self and the humerus a very
secure one. The word ulna
13 a Latin term signifying an
ell, because the forearm in
early times was used for that
measure.

188, The Ruadius.—The g uma's Toe Sigmets Hoteson 4 The
Radius i1s the mate of the  Olecranon Process. 5, Coronoid Process.

: : 6, Nutritious Foramen. 7. Ridge for at-
ulna, Its upper eKtTEmlt}T 18 tachment of Interosseons Membrane. 8,

Capitulum Ulnze, 9, Styloid Process. 10,
the smallest, and the lower BRatt of ke Radlauitr 15 duaois Fassl

the largest, since its only true  Neck, and Tuberosity of Radius. 14, Ob-
. - 4 F lique Line for muscular attachments, 15,

articulation 18 at the Wwrist.  giyieid Process.

A firm membrane, however,

unites this bone to its fellow nearly its whole length. It prob-

ably derives its name from the fact that it measures the ra-

dius of a cirele which may be described by the hand about

the elbow as a center.

134. The Carpus.—The bones of the Carpus or Wrist are
eight in number, are small and irregular, and have the gen-
eral disposition of two rows. The first row, commencing with
the one nearest the thumb, contains the Scaphoid, Semilunar,

In what operations do we need the two bones of the forearm ?  Give the derivation of
ulna. 183. What is the mate of the ulna? Where does this articulate ¥ What is the
derivation of its name ? 134. How many bones in the wrist? Give their namea.
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Fig. 76,

A Tosterior View of the Artieulations
of the Bones of the Carpus in the Right
1lanil, 1, The Ulna. 2, The Radius. 3,
Inter-Articular Fibro-Cartilaze. 4, Meta-
earpal Bone of the Thumb. 5, Metaearpal
Bone of the First Finger. 6, Metaearpal
Bone of the S8ccond Finger. 7, Metaear-
pal Bone of the Third Finger. 8, Mela-
mrpﬂ] Bone of the Fourth Fi'nf__"ur. 8. The
Beaphoides. L. The Lunare. €, The Cu-
neiforme. P, The Pisiforme. T, T, Tra-
pezium and Trapezoides. M, The Mag-
num. 17, The Unciforme.

Cuneiform, and Pisiform.

An Anterior View of the Left Hand,
1, The Seaphoides. 2, The Lunare. &
The Cuneiforme, 4, The Pisiforme, 5,
The Trapezium. 6, Groove for the Flexor
Carpi Radialis Tendon. 7T, The Trape-

goides. 8 The Maznum. 8, The Unci-
forme. 10, 10, The Five Meta-Carpal
Bones. 11, 11, First How of Phalanges.

12, 12, Second Row of I’halanges. 13, 13,
Third Row of Phalanzes. 14. First Pha-
lanx of the Thumb. 13, Last Phalanx of
the Thumb,

The second in the same order, the

Trapezium, Trapezoid, Magnum, and Unciform.

135. The MNetacarpus.—The Metacarpus contains five

bones.

Each of these articulate with the carpus above, and

the phalanges below, being found in the space known as the

palm or body of the hand.

136. The Phalanges —The Phalanges are the bones of
the thumb and fingers, two in the former, and three in the
latter, making fourteen in each hand.

= — —

135. Deseribe the Metacarpal Bones. What part of the hand do they occupy?
136. How many P'halanges in the thumb, and how many in each finger? What is the

whole number of them ?
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137. Bones of the Pelvis.—The bones of the Pelvis are
the two Innominata or nameless bones, and the Sacrum and
Coccyx, which have already been described. (Fig. 78.)

Fig. 78.

138. The Innominatom, Ilinm, Ischinm, Pubes.—Each
Iunominatum presents the largest surface of any bone in the
body. They are irregularly flat bones and situated just
beneath the abdomen, to the organs of which they give firm
support by their broadly-expanded surface. In young skele-
tons they are divided into three portions, and hence they are
deseribed in the adult as made up of three parts, although no
line of division can actually be seen. The Ilium constitutes
the broadly-expanded portion usually known as the hip cr
haunch. The Ischium, from the Greek signifying to ¢ hold”
or “retain,”’ is the heavy portion projecting downwards, and
that point on which the body rests, when in a sitting posture.

137. How many bones in the Pelvis, and what are their names? 133, Deseribe the
Innominatum. Into how many parts are they divided in young animals? Describe
tha Ilium and the {schium.
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Fia. 79. Fia. 80,

Ontside of the Innominatum of the Right Side.
1, Dorsmm of the Ilium. 2, Ischinm. &, Puobis.
4. Crest of the Ilium, 5, Sourface of the Gluteus
Medins. 6, Surface for the Gluteus Minimus,
7, Surface for the Glutens Maximus, 8§, Anterior
Buperior 8pinous Process. 9, Anterior Inferior
Spinous Process, 10, Posterior Superior Spin-
ous Process, 11, DPosterior Inferior Spinons '
Process, 12, Spine of the Ischium. 13, Greater An Anterior View of the Femurao
Bacro-Sciatic Notch, 14, Lesser Sacro-Sciatic  the Right Side. 1, Depression fin
Noteh., 15, Tuber Ischii. 16, Ascending Ramus the Round Ligament. 2, The fead.
of the Ischium. 17, Body of the Pubis. 18, Ra- 8, The Neck. 4, Trochanter Major.
mus of the Pubis. 19, Acetabulum, 20, Thyroid b, Trochanter Minor. 6, Surface for
Foramen. the Capsular Ligament. 7, Bhaft of

the Bone. & The External Condyle. 9, The Internal
Condyle. 10, Surface for the Patella

The Pubis is the most central and anterior portion. These
three divisions unite at the point known as the acetabulum or
receptacle for the head of the femur, which is a perfect hemi-
gpherical cup lined with cartilage,

139. The Femur.—The Femur is nearly two feet in length,
and consequently the longest bone in the body, commonly
known as the Thigh Bone, At its upper portion it makes a

139. What is the average length of the Femur? Give its general features. What is
the longest bome in the body ? '
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sudden bend inwards, forming the neck of the bone, the ter-
mination of which is hemispherical, in order to articulate with
the innominatum, forming the ball and socket joint. Its
lower extremity has two large condyles or processes, for the
purpose of giving attachments to the ligaments of the knee,
and articulating with the tibia.

140. The Patella —Or Knee Pan is the Fia. 81
i.rgest sesamoid bone in the body. Tt arti-
culates with the femur, and lies imbedded in
the extensor tendon of the thigh. The chief
value of this bone i3 to give a change of
direction to the force of the muscles which
move the lower bones of this extremity we
are now deseribing. Patella in Latin signi- , o
fies a ““plate,”” and hence the name of this the Patelln. 1,2, Sur-

: - face for the Quadriceps
bone, because of its rounded outline. Becaals Tenloi: 5

Lower Extremity and

141. The Tibia,—That portion of the Pointof Origin of the
lower extremity below the knee, which is iR
properly the leg, has two bones called erural for its frame-
work. The largest of these is the Tibia (Fig. 82, p. 64.) It
is somewhat triangular in its general outline, having its
apper extremity depressed in two places for the reception
of the condyles of the femur. Besides the femur above,
it articulates with the fibula and astragalus below. The
name tibia is given to the bone, since it resembles, though
remotely, the ancient Phrygian flute.

142. The Fibula.—The Fibula is the other bone of the
leg, long and slender. It articulates at each end with the
tibia. The meaning of the Latin fibula, is a * pin,” or
fastening of a clasp, owing to its slender form. The lower
extremity of this bone, and also that of the tibia, forms what

140. Deseribe the Patella or Knee Pan. In what is it imbedded ¥ 141. What is the
Leg? What are the two bones of it? Which is the largest and consequently most im-
portant one? 142, Give the general description of the Fibula. What compose the ex-
sernal and internal Malleoli ?
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Fic. 82. Fi1c. B3.

A View of the Upper SBurface of the Left
Foot. 1, The Astragalus on its Upper
Faece. 2, Its Anterior Face, Articulating

Right Tibia and Fibula. 1, Tibia. 2 with the Naviculare. 3, The 0s Caleis.
and 3, Inner and Outer Tuberosity. 4, 4, Naviculare, or Scaphoides. 5, The In-
Bpinous P'rocess. 5, Tubercle for attach-  ternal Cuneiform. 6, The Middle Cunci-
ment.of Museles of the Thizh. 6, Edee of furm. T, The External Cuoneiform, 8,
Tibia. 8, Internal Ancle. 9, The Filula. The Cuboid Bone. 9, 9, Metatarsal Bones,
10 and 11, Extremities of ¥ilula, 10, First Phalanx of the Big Toe. 11, See-

ond Phalanx of the Big Toe, 12, 12, 13,
13, 14, 14, The First, Sccond and Third Phalanges of the other Toes,

are known as the external and internal malleolus, or the two
long projections on each side of the ancle.

143. The Tarsus.—The Tarsus is made up of seven ir-
regular bones, forming the instep of the foot. The Astra-
galus is of a cubical form (so named from its resemblance
to the die, used in games of chance) and supports the tibia
alone. The Os Calcis, meaning the hone of the heel, is the
largest of the bones of the tarsus, and is irregularly cubical

143. How many bones make up the Tarsus? Why is the uppermost called the Astrar
galus? Which is the largest of these bones?
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n form, making, by a decided projection, the heel. Directly
beneath and anterior to the last two, are found the Cuboid
(cube-shaped) and the Scaphoid (boat-shaped), and anterior
to these the three Cuneiform (wedge-shaped), articulating
with the metatarsal bones in front.

144. Metatarsal Bones.—These are five in number, and
correspond with those in the metacarpus, except that the one
in the first toe is of equal length with the others, and does nct
admit of so free motion as that of the thumb.

145" The Phalanges.—The Phalanges of the foot are also
like those of the hand, except that in the foot the first row is
the longest, while in the hand it is in the third row or second

ﬁqger.

146. Sesamoid Bones.—DBesides the bones already men-
tioned, there are frequently found in stout adult men small
hones, or portions of bony matter called Sesamoid Bones,
from their resemblance to the Sesamum, a kind of bean.
And although they are not constant either in individuals, or
m the same places in the individual, yet anatomists are
accustomed to reckon eight, or four pairs as the normal
number. They are all found enclosed in tendons, and serve
like the patella to change the direction of motion. They
are found at the point where the tendon glides over the
joint made by the phalanges and metatarsus of the foot,
and the metacarpus of the hand, in the tendon which plays
over the under surface of the cuboid bone in the foot; and
also in the tendons that glide over the lower condyles of
the femur.

147. DBones of the Ear.—In the Ear are three bones
which will be more appropriately described with the organ
itself.

148, Number of DBones. Single Bones.—Of the 246

144. How many Metatarsal Bones? 143 How many PPhalanges of the Foot? How
ilo they differ from those of the hand ¥ 146, Deseribe Sesamoid Bones. How many are
there, and where are they generally found? 147. How many bones of the Ear?
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bones found in the human body, all but thirty-four are found
in pairs, or one upon each side of the body. The single
bones are the frontal, occipital, ethmoid, sphenoid, vomer,
mandible, hyoid, sternum, twenty-four vertehrze, the sa-
crum and the coceyx. -

SYNDESMOLOGY.
DESCRIPTION OF THE LIGAMENTS.

149. Kinds of Artienlation.—The modes or manner of
connection between the different bones of the body are three :
Synarthrosis, Amphiarthrosis, and Diarthrosis. The first of
these modes, means the joining of such hones as have no
motion between them ; the second, a joint with the aptitude
for movement between the immovable synarthrosis on the one
hand, and the movable diarthrosis on the other; the third, a
movable articulation, which constitutes by far the greater
part of the joints of the body.

150. Sutura, llarmonia, Schindylesis, Gomphosis.—Of
Synarthrosis there are four varieties: first, Sutura, the ar-
tieulation between the bones of the skull by ragged inter-
locking edges ; second, Harmonia, that between the two upper
maxillaries, where the bones with comparatively straight
edges are simply placed edge to edge; third, Schindylesis, or
the joiut between the vomer and sphenoid, where the ex-
panded edge of one bone is fitted into a corresponding groove
i the other; fourth, Gomphosis, the articulation of the teeth
with the jaws, and so named since it resembles the manner
m which a common nail is driven into a plank.

148. How many bones in the human body are found in pairs? Give the names of tha
unmated bones. 149. How many modes of connecting the bones together? Describe
each, 150. Give the peculiarities of Sutura, of Harmonia, of Schindylesis, and of Goms
phosis. Give an example of the latter,
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151. Symphyses,—Of Amphiarthrosis there is but one
ke~d, the Symphyses, or the apposition of two bones with
simpiy cartilage between. Examples of this are the arti-
culations of the vertebrze, and the ossa. pubis,

152. Arthrodia, Ginzlymus, Enarthrosis—Of Diarthro-
sis there are three v:rizties: Arthrodia, Ginglymus, and En-
arthrosis.  Arthrodia is a slightly movable joint, as of ths
wrist and ancle bones, or the radius and ulna. Ginglymus
j3 the common hinge joint, where the degree of movement
is very considerable, but only in two directions, The best
example of this is in the knee. Iiparthrosis is the ball and
socket joint, that admits of movement in all directions. The

only cases cf this articulation are in the shoulder, hip, and
thumh.

153. Anatomy of the Articulations.—In synarthrosis
there is simply a membrane interposed between the two bones
which keeps them in their places. In amphiarthrosis the
two extremities are partly covered with cartilage, lined by
synovial membrane, and partly connected by the interosseous
ligaments, or by an elastic fibro-cartilage which adheres to
both edges of the beres. In diarthrosis especially, as it is
exhibited in ginglymus, the general outline of the bone i3
quadrilateral, upon each edge of which is found a ligament.
The lateral ones, however, are the main supports of the joint,
while the anterior and pusterior ones are thin and a part of
the time loose, which are only of service to determine the
amount of movement in the joint. An example of this 13
seen in the fingers, since they ean only be extended so as
to lic in the axis of the metacarpal bones. The reascn
why they can not be bent back upon the dorsal surface of
t{he hand is that the anterior ligament docs not admit of suffi-

151, Describe the Symphyses. Give an example, 152, Give the three varleties of Diar-
throsis. Give an example of Arthrodia, Ginglymus, and Enarthrosis. 153, What are
the component parts of the different articulations? Give the mode of articulation of
the fingers. Why ean not the finger be bent upon the back of the band
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cient movement in that direction. In the knee, however,
there are thirteen ligaments.

154. Motions of the Joints.—The motions of the joints
may be comprised under four principal divisions: Gliding,
Angular movement, Circumduction, and Rotation.

155. Gliding.—Gliding movement is where the bones
simply slip over one another in the movement of the joint,
and exists to a greater or less extent in all the jomnts.

156. Angular.—Angular movement may be performed
in four directions: forwards and backwards, called flexion
and extension, and inwards and outwards, called adduetion
and abduction. A joint, as the finger, is said to be flexed
when it is bent upon itself, that is upon the palm of the
hand, and extended when it is stretched to its fullest extent,
or as in the finger, when it is made straight with the bones of
the forc-arm. Adduction means the bringing of one of the
extremities towards the body, or its fellow, while abduction
has the reverse signification.

157. Cirenmduetion.—Circumduetion can be performed
only by the ball and socket joints. It consists in carrying
the limb about the joint in a circular plane, or in other
words, describing a circle about the joint as a center.

158. Rotation,—Rotation is the movement of a bone upon
its own axis. A slight rotatory movement can be effected in
the joints of the shoulder and hip, but the best instance is
that of the radius rotating against the articular head of the
humerus, producing the subdivisions pronation and supina-
tion. Pronation consists in rotating the fore-arm so that the
palm of the hand shall be downwards, and Supination the
reverse, Rotation is also observed in the movement of the
atlas upon the pivot of the axis.

1534, What are the fonr motions of the joints P 155, Describe the Gliding movement.
136, In what four directions can Angular movements be ? 157, What is Cirecumduction ?
158. Describe Eotation. What is Pronation and Supination ¥
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159. Stracture of
Ligaments., Ar-
rangement of Liga-
ments, Capsular
Ligament. Round
Ligament,.—The
hones are firmly
bonund together by
lizaments.  These
are for the most
part bands of white
glistening fibres, as
firm as steel, which
are composed of
white fibrous tis-
sue. They are gen-
erally very short,
and attached only
to the enlarged ex-
tremities of the
bone. In most of
the joints, and es-
pecially the gingly-
mus, the ligaments
are arranged in a
cross shape upon the
sides of the bones,
so that one bone may
glide freely over the
extremity of an-
other, as one half
of a door hinge
moves upon its other
half. In other in-
stances the ligament
surrounds the whole

Fia. 84,
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A magnified View of a Vertieal sectlon of Cartilaze
from a new-born Rabbit, showing the progress towards
ossification. 1, The Ordinary appearanee of Tempo-
rary Cartilage. 1/, The same, more highly magnified.
2, The I'rimary Cells beginning to assume the linear
direction, 29 The same, more highly magnified. 5
The Ossifieation is extending in the intercellular
spaces, and the rows of cells are seen resting in the
cavities so formed, the Nuclei being more separ-
ated than above. &, The same, magnificd more
highly.
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FiG. 86.

An Anterior View of the Ligaments of

the I"elvis. 1, The Lower part of the An-
terior Vertebral Lizament. 2, The Sacro-
Vertebral Ligament. 8, The llio-Lumbar
Ligament. 4, The Anterior portion of the
Bacro-Iliae Lizament. 5 The Obturator
Lizament. &, Poupart’s Ligament. 7, That
portion of the same which is known as
Glmbernat's Lizament, 8, The Capsular
Ligament of the Hip-Joint. 9, The Ae-

Ligaments from Shoulder-Joint 1, The
Buperior Acromio-Clavieular Lizament.
2, The Coraco-Clavicular Ligmment., 3,
The Coraco-Acromial Ligament. 4, The
Coracold Ligament. 5, The Capsular Liga-
ment of the Shoulder-Joint. 6, The Liga-
mentum Adseititivm, or Coraco-umeral
Lignment. 7, The Tendon of the Long
Ilead of the Biceps Muscle, issuing from
the Capsalar Lizament.

eessory Ligament of the Iip-Joint.

joint, making it a shut sac, thus performing the double office
of keeping the two ends in contact, and of holding the lubri-
cating fluid in the joint. In addition to these, there is in
the ball and socket joint another kind of ligamentous attach-
ment between the two bones, called the round ligament, or
Lizamentum Teres. This is a bundle of ligamentous fibres
in the form of a cord, which 13 inserted into the summit of
the rounded head of the bone, and also in the bottom of the
cup-shaped ecavity that receives the head. This is somewh:;
lax ordinarily, but not so much so but that it keeps the head
from slipping out of its socket, and at the same time allows
the most perfect freedom of motion.

139, What are the Ligaments? To what part of the bones are they generally at.
tached? How are they arranged in Ginglymus joints? Why are they sometimes found
in the form of a shut sac? Desecribe the round ligament,
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F1a. 87.

The Right Enee-Joint laid oper,
1, The Lower End of the Femur cov-
ered by its Artieular Cartilage. 2, The
Anterlor Crueial Ligament. 8, The
Posterior Crucial Ligament. 4, The

A Lateral View of the Lizaments of the Hlip-  Transverse Fasciculus adhering to
Joint and Pelvis. 1, The Posterior Sacro-Iliac the Semilunar Cartlilages. 5, Tha
Lizament of the Pelvis. 2, The greater Sacro- Point of Attachment of the Ligamen-
Belatic Ligament. 3, The Lesser Sacro-Sciatic  tum Mucosum, the rest of it has been
Lizament. 4. The Greater Sacro-Sciatic Notel. removed. 6, The Internal Bemilunar
5%, The Lesser Sacro-Sciatic Noteh. 6, The Co-  Cartilage. 7, The External Semilunar
tyloid Ligament around the Acetabnlum. T, Cartilage. 8 A part of the Ligamen-
The Ligamentum Teres. 8, The Line of At- tum Patellee turned downwards. 8,
tachment of the Capsular Ligament of the Hip- Its Bursa laid open. 10, The Supe-
Joint, posteriorly. The Lizament has been rior Peronen-Tibial Artienlation. 11,
removed, in order to show the Joint. 9, The The Interosseous Ligament.
Obturator Ligament.

160. Aid of Atmospherie Pressurc.—Atmospheric pres-
sure also helps to keep the bones together. For since the
projection of one member so accurately fits the depression in
the other, and as the lubricating fluid makes the coupling
most perfect, the pressure of the atmosphere assists not a
little to keep the parts together.

161. Iater-articularCartilage.—Another arrangement in
the joints is not a little singular, and well adapted to its pur-
pose. This is an interarticular cartilage in the knee called
semilunar, or a small dise of cartilage which lies loosely be-

160. What besides the liznments helps to keep the bones together? 161, Describe the
interarticular cartilage and its use.

3
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Fia. 90,

A View of the Articulation of the Lower
Jaw, given by sawing through the Joint.
1, The Glenoid Fossa. 2, The Tubercla
for the Condyle in its Forward move-
ments. 8, The Inter-Articular Cartilage.
4, The Superior Synovial Cavity. & The
Inferior 8ynovial Cavity. 6, The Inter-
Articular Cartilaze removed from the
Joint and seen from below,

tween the bones.

An Anterior View of the Liraments of
the Vertebrme and Ribs. 1, The Anterior
Vertebral Ligament. 2, The Anterior Costo-
Vertebral Ligament. 3, The Internal
Transverse Ligament, 4, The Inter-Ar-
ticular Ligament, connecting the Head
of the LRib to the Intervertebral Bub-
stanee.

The design of it is to distribute the frie-

tion over a larger surface, as well as to diminish it.

Fia. 91.

162. In Fig. 90 we see
the mode of attachment be-
tween the vertebrae and ribs
which is that of three dis-
tinet ligcaments to each rib,
besides one common to each
pair of ribs. Fig, 91 shows
the anatomy of the elbow-
Joint.  Here are no less
than four distinet licaments.
We see in Fig. 92 the liga-

An Internal View of the Elbow-Joint.
1, The Capsular Ligament. 2,2 The In-
ternal Lateral Ligament. 3, The Coro-
nary Ligament. 4, The Lizamentum Te-
res. 5, The Interosseous Ligament. B,
The Internal Condyle, which conceals the
Capsular Ligament behind.

162. Describe the ligaments in Figs. 80, 91, 82 and 98,

eated §

163. Iow are the joints lubrk



AND

ments which unite the lower
end of the fibula to the tibia
and the tarsal bones, and in
Fig. 93 the ligaments of the
foot.

163. Synovial Membrane
and its Secretion.— The
lubrication of the joints 1is
effected by means of a thin
membrane lining their cavi-
ties which secretes an oily
substance called the Synovia,
(Fig. 94, p. T4), that is con-
stantly applied to the oppos-
ing surfaces. In health the
action of the joint stimulates
this membrane to the secre-

tion of a proper amount of

PIHYSIOLOGY. T3

Fic. 92.

A Posterior View of the Ankle-Joint ol
the Luft Side. 1, The Interosseous Liga-
ment of the Bones of the Leg. 2, The
Posterior Inferior Ligament connecting
the Tibia and Fibula. 8, The Transverse,
or Long Fibres of the same Ligament
4, The Internal Lateral Ligament. &, The
Posterior Fasciculus of the External Lat-
eral Lizament. 6, The Middle Fascien
lus of the same. T, The Synovial Capsule
8, The Os Caleis.

Fig. 93.

A Vertical Section of the Ankle-Joint and Foot of the Right Side.
4, The Beaphovides,

2, The Astragalus. 8, Os Caleis,

6, The Metatarsal Bone of the Great Toe.
B, The Second Phalanx of the Great Toe.

and Astragalus, with its Articular Adipose Matter.
11, The Caleaneo-Astragalinn Interosseous Liganment,

the Astrazalus amd Caleis,

1, The Tibia,
&, The Cuneiforme Intornuwin,
7. The First Phalanx of the Great Toe,

9, The Articular Cavity between the Tibia

10, The Synovial Capsule between

12, The Synovial Capsule between the Astragalus and Seaphoides. 13, The Caleaneo-®
Seaphoid Ligament. 14, The Caleaneo-Cuboid Ligament. 15, The Synovial Capsule
between the Seaphoides and Caneiforme Internum. 16, The Synovial Capsule between
the Cuneiforme Internum and the First Metatarsal Bone. 17, The Metatarso-Pha.
langial Articulation of the Great Toe, with the Sesamoid Bones below. 18. The Fha-
langial Articulation of the Great Tue.
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Fi6. 94. synovia, the superabundance
of which (when it is present)
is removed by the absorb-
ent vessels. This lubricating
fluid, however, is not poured
out directly upon the ends
of the bones, but upon smooth
and elastic cartilage, which
is found in every joint, not

An Internal View of the Ankle-Jointof  only for furnishing a smooth
the Right Side. 1, Internal Malleolns, e e but also to
2, 2, Part of the Astrazalus, the rest being articular sui ace, ut also
coneealed by Lignments. 8, 0s Caleis. 4, diminiﬁh tllﬂ fﬂrﬁﬂ uf j;'[rs b:?
Seapheides. 5, Internal Cuneiform Bone. : -

G, Internal Lateral, or Deltoid Lizament. 1ts vl:lilStlﬂ character.
i. The Synovial Capsule, covered by n few

Fibres of a Capsular Lizament. 8, Tendo Achillis. A small Bursa is seer
between this Tendon and the Tuberosity of the Os Caleis.

FUNCTIONS OR USES OF THE BONES.

164. The uses of the bones may be classed under three
divisions :

First, for a framework to the whole system.

Second, to furnish points of attachment to muscles and
ligaments.

Third, to protect the softer parts.

165. A Framework. Lizaments used as Braces and Pins,
—Exactly as a human architect plans and constructs a frame
to the house, so the Great Architect has formed the bones.
Each bone is fitted exactly to the position, size, and use of
the part where 1t 13 placed, and nowhere can a supernumerar
bone be found. In the house to be built, braces and joining
pins must be employed, and those generally of a tougher
material than the frame itself. So in the human body, liga-

Why is cartilage useful in the lubrication of joints? 164. Give the uses of the bones
as classed above, 163, Compars the bones and ligaments with the timbers, braces and
pins of & house,
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ments and cartilage exist wherever two opposite extremities
need strength and support to keep them in their places. In
the railway locomotive immense strength is required, and at
the same time perfect freedom of motion in certain positions,
all of which is effected by the ponderous bars, levers and
wheels, perfectly secured by bolts, keys and screws. But in
the human frame by how much more simple means is the
same end seccured. No angular or cylindrical couplings
secure the human joints, though beautifully adapted to pro-
duce movement in every direction, and no attention or care is
necessary to lubricate and preserve in good condition the
working parts of this machine, but a few tough fibers and-
membranes, secure at once in a most perfect manner every
portion of the frame, and provide at the same time means for
its lubrication.

166. Useof the Anomalous Forms of Bones.—The bones
are fitted for the attachment of muscles and ligaments,
Hence it is that they are of such anomalous and curi-
ous forms, apparently constructed without design or pur-
pose. But as we study them, and understand the various
motions which they must perform, as well as the organs
which many of them must protect, or provide space for, we
find that it is impossible to improve in the slightest degree on
the construction of the skeleton. The size, the form, the
quality of material, the exact position of every process, curve
and foramen of the bones, and the manner in which all are
arranged, are most wisely adapted to their functions and te
the happiness of the vertebrated race.

167. Reason why the Long Bones are Tubes.—In thi
connection should be mentioned the reason why the long
bones are hollow. It is for the same cause that the stems of
grasses, grains, and many other vegetables are hollow cylin~
ders, instead of solid rods : to secure great strength with as

- —_—

166. Why are the bones of such peculiar ghapes? 167, Give the reason why many of
the bones are hollow.
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little material as possible. For example, were the human
femur a solid rod, instead of a hollow cylinder, as 1t now is,
it would require a bone twice the diameter of the present one
t> be sufficiently strong for the purposes required of it,
Hence were the whole skeleton constructed on this principle,
it would be so cumbersome and heavy that it would require a
larger amount of muscle, making the body unwieldy, and
thus deprive it of its rapid and easy motion.

168. Protection given to the Brain, Use of the Diploe,
Reason for several Bones in the Skull.—The bones af-
ford much protection to all the enclosed and adjacent or-
‘gans. In the bones of the head, for example, how perfect
the guard over the nervous center. IHere are three means
for protection, two plates of bone, and an intervening cel-
lular space. The outer table being very tough presents
a substance somewhat yielding to blows inflicted by pointed
substances, and even if the blow be so severe as to cause
fracture, this can not extend so far as in a hard and
brittle material. And the intervening space or diplod very
materially deadens the force of any shock given to the
outside of the head, precisely as the springs of a carriage
prevent the unevenness of the road from giving the same
sudden jolt to the body that is communicated to the wheels.
The inner table is necessarily brittle, since the brain de-
mands the firmest possible support. But why is the skull
made up of several bones instead of one ? In the first place a
more symmetrical growth can be effected, provided the points
of increase are numerous, and especially so since in early life,
while the growth is going on, there is a thin layer of cartilage
between the edges of each bone, thus allowing all necessary
motion; secondly, because a fracture ean not extend further
than a suture, as all the vibrations are overcome by the inter-
position of any soft substance like cartilage. And for this

168, Hew do the bones afford a proteetion to the softer parts? What s the
use of the diplod in the bones of the sknll? Btate the reason of several bones in
tha skull.
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reason the jar of any blow is greatly lessened by the same
cause.

169. Use of the Ribs.—Again we see the hones of the
thorax arranged for the protection of the enclosed organs.
Within this cavity are organs delicate and easily destroyed,
but which require elastic and movable walls. The elasticity
is ecasily gained by the cartilaginous portion of the ribs at-
tached to the sternum, which yields considerably upon pres-
sure; and the motion and consequent enlargement is effected
by the oblique position of the ribs, as they run downwards
and forwards from their articulation with the vertebrae. As
the vertebral extremity is the fixed point, of course the eleva-
tion of the sternal end will enlarge the cavity of the thorax
antero-posteriorly. Another use of the cartilaginous extrem-
ity of the ribs is to lessen the chance of fracture. The tho-
rax is exposed to blows and falls more than many other por-
tions of the body, and therefore more exposed to fracture.
For instance, if a person suddenly falls to the ground, the
head by an instinctive movement is raised, while the trunk or
extremities receive the force of the shock. Also the head or
extremities can by rapid movements be suddenly removed
from the contact with missiles, while the body, comparatively
unwieldy, must meet the blow.

170. Use of the Innominata—The expanded condition
of the Innominatum affords service and protection in different
ways. A depression, or cup-shaped cavity is thus made for
giving a firm support to the organs contained in the abdomen,
as well as a solid foundation to the spinal column. It how-
ever renders especial service by furnishing a powerful point
of attachment for many of the muscles both above and below.
those which form the walls of the abdomen, and many of
those which move the extremities.

171. Why there are so many Bones in the Spinal

_—

169, Describe the nses of the ribs, and the reason why they are partly made up of car
tilage. Why do they run obliquely from the points of attachment? 170. Explain why
the Innominata are so broadly expanded.
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Column.—A large number of hones in the spinal column is
necessary in order to give flexibility to the body. Were the
number considerably less, the movements of the trunk would
be attended with much more difficulty than at present, and be
devoid of grace. And were the separated vertebrze long
bones, they would be much more easily broken, thereby en-
dangering the spinal marrow. Another reason for the great
vumber of these bones, is the necessity of the elastic cartilage
between them, to protect the brain. Were the joints fewer,
in order to give equal protection to the brain from jars, this
cartilage must of necessity have been greatly thickened,
thereby weakening the joint, and injuring it as a central axis
of support to the whole body, and also increasing the liabil-
ity to dislocations, as well as greatly endangering life, by
pressure upon the spinal cord.

172. Use of the Clavicle.—The value of the clavicle lies
in keeping the upper extremity in its proper position, so as
to prevent the humerus from coming forward towards the
middle portion of the body. By its direct resistance it also
assists in some muscular actions, such as lifting heavy weights
with the hands.

173. Need of two DBones in the Fore-Arm,—The use of
two bones in the fore-arm, as already mentioned, is to pro-
duce the movements of supination and pronation. And since
these movements are of primary importance, and one bone
can not answer this end, two are provided. Again, if one be
fractured, the other will act as a splint for keeping the broken
one in place, greatly superior to the artificial splint, because the
natural splint needs no compression.

174. Why several Bones in the Carpns,—In the carpus
are found eight bones, and yet we know there is but little
motion between them. The reason why exactly this number

171. What iz the reason why so many bones are placed in the spinal colomn? What
15 the use of the intervertebral substance? 172, What serviee does the claviele render
to the upper extremities? 173. Why are there two bones in the fore-arm? 174, What
ean be said of the many bones of the carpus ¥
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is required, i3 not so easily explained, but it is evident that
one bone could not perform their function, nor the prolonga-
tion of the radius and ulna to the metacarpus. Several bones
are required in order to give easy and graceful motion to the
wrist, as well as strength. One bone could not answer the
purpose, since the very many offices, which the hand has to
perform, could not be effected, unless the wrist bones were
very strongly bound together, and flexible to a certain extent.
The arrangement of the bones in two rows allows a little
movement of the hand upon the wrist.

175. Function of Metacarpus —The metacarpus of five
long bones gives support to the fingers. They are long rather
than short bones, in order to give slenderness to the hand,
and also to afford a solid surface for the fingers to meet in
the act of prehension.

176. Need of three Phalanges to the Fingers, and two
Phalanges to the Thumb.—The phalanges of each finger are
three in number, whilst those of the thumb are but two.
The obvious reason of this is to give greater firmness to the
thumb, and flexibility to the fingers. The hand in man dif-
fers from the anterior extremity of all other animals in the
power of perfectly opposing the thumb to each of the fingers,
which of course gives him a great superiority in all delicate
manipulations, and especially in grasping minute oljects.
And it is easy to see that a third phalanx in the thumb would
not only diminish the firmness of this member, but would
render the hand an awkward and clumsy organ, instead of an
instrument beautifully and perfectly adapted to the multi-
farious offices which it has to perform.

177. The zreat Length of the lower Extremities. Pe.
culiarities of the Femur.—The value of the great length in
the lower extremities, is manifest as a means of rapid pro-

Why would not one bone be sufficient? 175, The use of the metacarpus. 176. Why
are there but two phalanges in the thumb and three in each finzer? What weuld be
the effect of a third phalanx in the thumb? 177. Why are the lower extremities pro-
portionally longer than the upper? :

&+
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gression, and also for affording a firm support to the trunk
when engaged in the various kinds of labor. Were these ex-
tremities much shorter than they now are, walking would not
only be a tediously slow process, but a laborious one. The
femur has some remarkable peculiarities. In the first place
it presents in its articulation with the innominatum the most
perfect specimen of a ball and socket joint in the system,
Besides this it bends at nearly a right angle at its upper end,
making what is called the neck, and here it is that the frac-
ture of the thigh-bone generally occurs. The use of this
curvature is to place the points of support for the trunk as
far as possihle from the center of gravity of the body, thereby
giving the body the mo t secure position on the lower ex-
tremities, and especially for the attachment of powerful
muscles to move the thigh and leg, as well as to maintain
securely the trunk when the legs are the fixed points. This
projection is ealled the Trochanter process, and is spongy or
cellular in its structure. And it 13 not a little interesting to
notice, when this process is sawn through in a perpendicular
direction, that the cells are arranged in an arched form from
below upwards, thereby greatly aiding the strength of the
bone. The same arrangement is seen in some other hones of
the body, when they are in an exposed position. The lower
extremity of this bone, as has already been mentioned, is
greatly expanded, in the shape of two condyles for the firm
articulation with the tibia. The necessity for this lies in the
fact that the knec-joint is one of the most exposed joints in
the whole body, and the one which receives the hardest strain.
The protection of the nerves and blood vessels, which are sent
to the leg, is also worthy of a notice. It is effected by a
deep groove between the condyles on the backside of tla
leg, which guards these vessels from blows in every direc-
tion except behind, from whence they are the least apt to come.

What remarkable joint between the femur and the innominata® What is the ar.
rangement of the cellular structure in the upper part of the feamur? Why bas the fe
mur 80 large processes on its lewer extremity ?
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178. Use of the Tarsus.—In the Tarsus we see the value
of several bones instead of one. It is the movement of these
upon one another that imparts elasticity to the step and firm-
ness of support to the whole body; and hence it is that all
artificial legs produce a limping motion in the body. By no
mechanical contrivance can the suppleness of the tarsus and
of the muscular actions be supplied.

179. Two DBones in the Great Toe, and three Bon(s
tn all the Others.—The great toe of the foot, like the thumb
of the hand, has only two phalanges. This is mainly for the
purpose of securing greater strength to the foot in walking
and standing. Tt is also of service for opposition to the other
toes, as is seen in those rare cascs of persons deprived of their
upper extremities, who can readily make use of the foot for
many of the delicate purposes to which the hand is adapted,
such as writing, using scissors, and placing the crystal in a
watch. The remaining toes, like four of the fingers, receive
a tendon only at the base of the second and third phalanx,
the first one being interposed merely to give strength and
slenderness to the extremities, as well as the power of sur-
rounding objects in the act of prehension. The slenderness
of the fingers above the toes is a distinguishing characteristic
of man, showing that the office of the foot is merely to sup-
port the body on the ground, and of the hand to perform the
business of every-day life in its ten thousand forms,

HYGIENIC INFERENCES,.

180.—1. Reason of Distorted Bones.—In the early life
of man and other vertebrate animals, the animal portion of
bones greatly predominates over the earthy constituents, and
hence they yield more readily to pressure, but are not so

—

175. How do the bones of the Tarsus give elasticity to the step? 179. llow do the
phalanges of the foot compare with those of the hand in number? Why are the bones of
the hand longer than those of the foot? 150. What kind of matter predominates in the

early life of bones *
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liable to break as in older persons. This is the reason why
falls and blows so seldom do much injury to children. It is
also the reason why distortions and curvatures of some of the
bones are so common, since too often children are either urged
or permitted to use their limbs excessively before their bones
are made solid by the deposition of earthy matter, Thesa
distortions are most common in children who are weak anec
gickly, because in them the recuperative powers are small.

181.—2. Danger of Constrained and Unnatural Posi
tions in Children,—Hence we infer that children should
not be confined in any unnatural or constrained position, but
allowed to move freely in whatever direction nature may de-
mand. And all punishments of this sort, inflicted by parents,
guardians, and school teachers upon young persons, such as
standing on one leg, or holding a book with an extended arm
for a long time, are dangerous and ought to be proseribed,
since they are too often the cause of bow legs and curvature
of the spinal column.

182.—38. Caunse of the Rickets.—The disease known as
Rickets is produced by imperfect nutrition of the bones. This
is generally, though not always, the result of poverty or vice,
or both combined. The direct cause of the disease is a de-
ficiency of earthy matter in the bones. This is either ab-
sorbed or never produced, and as a result the hone is softened,
and by the tonicity of the muscles the body is drawn into un-
sightly deformity. An observance of the laws of health is
the best medicine for this disease.

183.—4. Nceed of Cleanliness of the Teeth—Tooth Pow-
ders—Tooth Picks—Decayed Teeth—Worthless Teeth
thonld be Extracted.—From the almost inevitable exposure
of the teeth to mechanical and chemical agen's, we see that
they need considerable care and attention.  TVhey need to be

Why do falls and blows selidoan injure children as they doadults?  In what children
are distortions the most common ? 181, Why should children be uneonstrained in their
bodily exercize? What is zaid about pupishinents that distort the bones of ehildren?
142, What is the nzual canse of Rickets ¥ What i3 the best medicine for it? 153, Give
the most important hygienie rule for the preservation of the teeth.
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kept clean. This can ordinarily be accomplished by the use
of a soft tooth brush and pure water thoroughly applied at
least once in the twenty-four hours. A tooth-powder of an
alkaline character, or, what is the same thing, clean toilet
soap, ean be occasionally used with benefit. A tooth picik
should be possessed and used by every gentleman and lady
too, though it should be made of wood, ivory, torteise-shell,
bone, quill, or some substance softer than the tooth itself. If
the teeth are very closely set together, frequently drawing a
thread between them will aid in preventing decay. If any of
them have begun to decay, a good dentist should be consulted
as soon as possible, and the cavities filled with gold, since ar-
tificial teeth can never be so valuable as natural ones, even
though partly filled with gold. When teeth are past filling
they should be removed, as they are the means of producing
decay in others, as well as many pains called neuralgia,

184.—5. The Tecth not to be Used on very Hard Sub-
stances.—The teeth should be used only for the purposes for
which they were designed. The teeth of squirrels, rats, and
beavers were made expressly for cutting wood and gnawing
open nuts, but not so with the human teeth. Iven the con-
stant biting of thread, the holding of a pencil or tobaceo-pipe
between the teeth, and especially the cracking of nuts, are
practices very injurious, and often cause the decay of these
organs.

185.—6. Teeth Generally Decay Early in Life—Ex-
perience shows that teeth decay the most rapidly in the early
part of life, generally between the ages of fifteen and
thirty. Hence youth need to take especial care to preserve
them, not only on account of the pain and deformity which
taeir loss occasions, but because of their remote effe;ts upon
the voice and especially upon the digestive organs.

What kind of tooth powder is the best? Who shounld use tooth picks? What treat-
ment should be given to decaying and deeayed teeth? What substance alone should
teeth be filled with? 184. For what purposes shoul:d homan teeth never be used ¥ 155,
In what period of life do teeth decay the fastest? What are important reasons for an
especial care of the teeth?
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186. Classification of Animals.—The highest and most
competent authorities differ widely in their attempts to classify
the Animal Kingdom ; that is, to divide it into smaller groups,
which are Sub-Kingdoms or Provinces, Classes, Orders, Fa-
milies, Genera, and Species. We have no room, had we the
ability, to decide these difficult questions. There is, how-
ever, a general acquiescence in the principle first introduced
by Cuvier, that animals were created on four great types or
plans, which he calls Vertebrata, Articulata, Mollusca, and
Radiata. The discrepancy lies chiefly in the subdivisions of
these leading groups. We shall merely present the classifi-
cations of two of the most eminent living anatomists and zoolo-
gists— Professor Louis Agassiz of Cambridge, and Sir Richard
Owen of London—not attempting to decide between them.,

187. Agassiz divides the whole animal Kingdom into four great branches,
the same as those named above. The Vertebrata he divides into eight
classes: 1, The Myzontes, subdivided into two orders; 2, Fishes proper,
into two orders; 3, Ganoids, into three orders; 4, Selachians, into three or-
ders; 5, Amphibians, into three orders; 6, Reptiles, into four orders; 7,
Birds, into four orders; 8, Mammalia, into three orders,

The Branch Articulata he divides into three classes: 1, Worms, with three
orders; 2, Crustacea, with four orders; 3, Insects, with three orders.

The Branch Mollusea he divides into three classes: 1, Acephala, with
four orders; 2, Gasteropoda, with three orders; 3, Cephalopoda, with two
orders.

The Branch Radiata he divides into three classes: 1, Polypi, with two
orders; 2, Acalepha, with three orders; 3 Echinoderms, with four orders,

188. Owen calls the above-named four divisions of the Animal Kingdom,
Provinces. Th: Province Vertebrata he subdivides into four classes: 1, Mam-
malia, with filte:n orders; 2, Aves or Birds; 3, Reptilia, with fifteen orders;
4, Fishes, with eleven orders. His fifieen orders of Mammalia are: 1, Mono-
tremata; 2, Marsupialia; 3, Rodentia; 4, Insectivora; 5, Cheiroptera; 6,
Bruta; 7, Cetacea; 8, Sirenia; 9, Toxodontia; 10, Proboscidea; 11, Peris-
sodactyla; 12, Artiodactyla; 13, Carnivora; 14, Quadrumana; 15, Bimana.

The Province Articulata he divides into six classes: 1, Arachnida, with
four orders ; 2, Insects, with eleven orders; 3, Crustacea, with eleven orders;
4, LEpizoa, with three orders; 5, Anellata, with four orders; 6 Cirripedia,
wilh three orders.

The Mollusea he divides into six classes: 1, Cephalopoda, with two orders :
2, Gasteropoda, with ten orders; 3, Pteropoda, with two orders; 4, Lamelli-
branchiata, with two orders ; 5, Brachiopoda ; 6, Tunicata, with two orders.



AN PHYSIOLOGY. 85

The Radiata he divides into nine classes: 1, Echinodermata; 2, Bryozoa;
3, Anthozoa; 4, Acalepha; 5, Hydrozoa ; 6, Ceelelmintha; 7, Sterelmintha;
8, Rotifera; 9, Polygastria.

189, To the above Animal Kingdom Prof. Owen hagadded another kingdom of
organisms, “ mostly of minute size, and retaining the form of nucleated cells,
which manifest the common organic characters, but without the distinctive
guperadditions of true plants or animals.” These he calls Protozoa, and ar
ranges in three classes: 1, The Amorphozoa, or Sponges; 2, the Rhizopoda,
which are the Polythalamia, or Foraminifera; 3, the Infusoria, or Animalcula
~the last two classes being mostly microscopic. '

COMPARATIVE OSTEOLOGY.

191. Microscopie Structure,—In microscopic structure and
cemical composition the bones of mammals, including man,
and of all vertebrates are essentially the same, and in their
general outline a considerable degree of correspondence can
be traced between many of the bones of the human system,
and those performing similar functions in the lower animals.
Thus we almost always find the femur to have a globular
head on its upper extremity supported by a neck which makes
a considerable angle with the shaft, and the two large con-
dyles on the lower extremity.

192. Spiunal Column of Mammals., Cervical., Dorsal,
Lombar, Saeral, Caudal Vertebr®e.—In Mammals the Spinal
Column is made up of five classes of vertebrze : the cervieal,
of the neck ; the dorsal, of the back; the lumbar, of the loins;
the sacral, of the hip; and the caudal, of the tail. The Cervi-
cal vertehrze, with but two or three exceptions in all mammals,
consists of seven in number. The average number of the Dore
sal is thirteen, the Bats having eleven, and one of the Sloths

191. What is the microscopic structure of the bones of Mammals? What abont the
general correspondence in outline, ete. ? Instance the femur. 192, What are the five
classes of Vertebrse 7 How constant is the typical number seven for the Cervieal ver-
tebrie? Give the average number of the Dorsal.
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F1i. 95.

v

Bkeleton of the Camel. o, ¢. Cervieal Vertebre., o, d. Dorsal Vertebre, o. I Lum.
bar Yertebra. o, & Sacral Vertebr®. . ¢, Caudal Vertebre., o, Scapula. & Hume.
rus. ¢. Ribs. ew. Ulna. ea. Carpus. #. ¢, Metacarpus, ph. Phalanges. /& Femur,
ro. Patella. # Tibia. #a. Tarsus. a2, £ Metatarsus. ef. Clavicle.

Fia. 96.

Bkeleton of Bat. The descriptive letters are the same as in Fiz. 05

twenty-three. The Lumbar are usually the largest in s1ze,
and their range is from two to nine. The Sacral consist
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usually of four, but vary from onc to nine, and as in man,
are almost always consolidated. The Caudal vary exceed-
ingly in number, sometimes amounting to forty-six. When
of this number, they gradually dwindle away towards the ex-
tremity of the tail, and lose the characteristics of vertebrz
and become mere ossicles or bits of boue.

193. tn what Length of Neek depends.—Hence we sce
that the length of the neck in quadrupeds does not depend

on the number, but on the length of vertebree, since the Cam-
eleopard (Fig. 97),

Fig. 97.

Skeleton of Cameleapard. (. Cervical Vertebre. JD. Dorsal Vertebre. /. Lumbar
Vertebr®. & SBacral Vertebre. cd. Caudal Vertebre. 51 Seapala. 53, Humerua
64 Ulma 55. Radius. 56. Carpal Bones. 57. Metacarpus. #éi. and iv. Phalanges. 62. Inno-
minstum. 84 and 65, Femur. 66" Patella. 6. Tibia. 67 and 68. Tarsus. 69. Metatarsus.
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which has the longest neck, has only seven cervical vertebrz,
the same number with the Mole (Fig. 98), an animal with

Fiag. 98.

Bkeleton of the Mole. The illustrative Figures represent the same as in Fig. 97,

one of the shortest necks among quadrupeds. Cuvier states
that in general the length of the neck is such, that, added to
the head, the length of both is equal to the height of the ani-
mal’s shoulders above the ground. If this were not the case,
grazing animals could not reach their food, nor any quadru-
peds their drink without bending the legs.

194. Shape of Body.—The shape of the body of guadru-
peds, whether slender, or short and thick, depends on the
number and size of the Lumbar and Dorsal vertebrze.

195. Bones of Skull. Elephant's Head. Styloid, and
Tympanie Bones.—The general arrangement of the bones
of the skull, as well as their number, corresponds very nearly
with those of man. The two Parietals are usually small
bones, and sometimes united into one. This is true of the
Horse and the Bats. In the Hog and Rhinoceros the two
parietal bones are united in one, while their frontal bone is

What peculiarity abont Lnmbar? What of the Sacral? How large a number of Sa-
cral are sometimes found ¥ 193, Upon what does the length of neck in quadrupeds de-
pend on¥ Instance the Giraffe and Mole. What is the general rule abount the length of
the neck ¥ 194. What does the shape of the body mainly depend on? 195 How de
the Parietals sometimes differ from man?
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i no e

Bkull of Horse. oe., £, £ Oceipital, Temporal, and Frontal Bones. n., m., im.
and mi., Nasal, Superior Maxillary, Intermaxillary, and Mandibular Bones. o. Orbit.
. Incisive Teeth. o, Molar Teeth.

in two pieces. In nearly all the orders of mammalia this
bone (the frontal) is always found in two pieces. In the
Elephant the bones of the cranium are all united into one
at an early period in life, forming but one piece, in order
probably to make it sufficiently strong to support the great
weight which is brought upon these bones by the tusks
and proboscis. The Styloid process of the temporal bone
is usually in mammals a separate ossicle. The bone which
contains the organ of hearing in ail mammals, except
man and the Apes, is a separate bone called the Tympanic,
and is not simply the petrous portion of the temporal as in
man.

196. Bones of Face, liicriaaxillaries, Lower Jaw,
In the Face too the bones correspond very nearly with those
in man. The essential difference is found in the upper jaw.
Instead of the two superior maxillaries meeting each other on
the median line of the body in front, there are two other bones
between them calied the Intermaxillaries. These are very
conspicuous in animals provided with large canine teeth, or
tusks, as the Elephant and Squirrel. The Lower Jaw in

What peenliarity about the bones of the Elephant’s skull? What bone is wanting in
the Whale? Desecribe the Tympanic Bone. 196 In what respect do the bones of the
face in Mammals differ from those in man ? Where are the Intermaxillaries ?
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quadrupeds generally consists of two pieces, the division being
made on the median line of the body. In the Hog, Horse
and Cow it consists of a single bone. In the Greenland
Whale it is in its simplest form, which is that of two arched
ribs.

197. Form of Skull, of Orang Outangs.—Viewed as a
whole the form of the skull departs most from that of man in
the lowest orders. In the Ornithorynchus the face is pro
longed into a beak or bill, and in the Horse the facial por-
tion of the head is four times larger than the cranial, exactly
the reverse of the case in man. In the young Orang Outangs
the form of the skull very closely resembles that of man, and
in the adult the size of the exterior of the cranium nearly
equals that of man, though its capacity is considerably less.

198. Teeth of Quadrupeds, Carnivorous, Herbivorous,
Inscctivorous and Barbed Teeth—The Teeth of Mammals
vary exceedingly. They may, however, be classed under the two
divisions of flesh and vegetable eating, according to the food
of the animal. Those made to live on meat are sharp and

pointed, for simply tearing the flesh

Fig. 100. into such small portions that it

can be swallowed, while those eat-
ing herbs and grass, have the front
" teeth with sharp edges like that
of a knife for cropping the food,
and back teeth with flat surfaces,
or vertical ridges of enamel in-
terspersed between the ivory or
dentine, which act the same
part when brought together with
Teeth of a Lion (Carnivorous Animal ) o |qteral ]Ill}ti(}ﬂ, as do the upper

e

What of the Lower Jaw ! 197, In what orders does the head differ most from that of
man? How does the skull of the Orang Outang differ from that of mant 198, What
are the two kinds of teeth among mammals? Deseribe eacl. Give the venson why the
teeth are furnished as they are.
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Fia. 101. Frg. 102,

Teath of an Merbivorons Animal, Teeth of an Insectivorons Animal.

and nether millstone for grinding grain. Those which live
upon small insects have conical teeth with corresponding de-
pressions in the opposite jaw in order to erush the skeletons
and envelops of their prey. The Seals, which live on Fish,
are provided with barblike appendages similar to those on fish-
hooks, in order that they may hold their slippery prey.

199. Humerus, in Borrowing Animals.—The Humerus
is generally a long cylindrical tube, with a large rounded
head at its upper extremity. But in swimming aud burrow-
ing animals it is a short and curved bone, with each extrem-
ity very much modified for the attachment of muscles, since
the fore-legs of such animals need to be used with great fre-
quency and force.

200. Bones of Fore-Arm. Carpus, Metacarpus, Pha-
fanges—The element in which mammals live, greatly modi-
fies the bones of the fore-arm and hand. (Fig. 103, p. 92.)
In general there are two bones in the fore-arm, and but few
animals have the power to move these one upon another like
man. The Carpus is constantly made up of two rows, though
not of the same number. They vary from five to eleven. Tie
Metacarpus consists of five elongated bones for the most part.™
DBut these are three in the Rhinoceros, and one with two

What is remarkable about the tecth of the Seal? 199, What is the general outline of
the Humerns? In what animals is it modified ¥ 200. What effect has the element, in
which animals live, upon the anterior extremities? How do the Carpal Bones ranga in
pumber? What are the exceptions to the typical number five of the Metacarpus?
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Fig. 103.

Anterior Members of different Animals. . Fish. B Bird. ( Dolphin. D, Deer.
£ Bat. F. Man.

rudimentary bones in the Horse. From one to five fingers are
usually found, of which the thumb is generally rudimentary,

Fig. 104 Fig. 105.

LK

Hind Foot of Horse. ¢ Tibia. fa. and Foot of Stag. (Representative let
ta’. Tarsus. ¢ Metatarsos or Canon Bone, tera the same as in the last flgure.)
¢. Rudimentary Bone. p., pi, and pt,
first, second and third Phalanges.
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consisting only of a single bone. The Elephant has five toes,
the Hog four, the Rhinoceros three, the Cow two, and the
Horse one. Sometimes the longest finger (paddle) of the
Whale contains eleven bones. [n burrowing and swimming
animals the fore-feet are generally the largest, and among some
juadrupeds the reverse is the case. The posterior extremities
of quadrupeds are usually less modified than the anterior ones,
as they are used mainly for support and progression.

OSTEOLOGY OF BIRDS.

201. Vertebr@, Cervical, Dorsal, Caudal—Birds exhibit
several peculiarities in their Spinal Column. The number
of Cervical Vertebrae is much greater than in mammals,
giving them long and flexible necks. (Fig. 106, p. 94.)
The number is between ten and fifteen, but the white Swan
has twenty-three. The Dorsal Vertebrse vary in number
from seven to nine, and admit of but little motion upon
each other, many of them being frequently anchylosed to-
gether, as in the human sacrum. (Fig. 107, p. 95.) The
design of this is to give the firmest point of attachment to
wings that can be secured. The Caudal Vertebrae are hol-
low and form a complete canal for the spinal marrow. 'The
last one has a large disc-shaped process upon it for the sup-
port of the long feathers of the tail.

902. Bones of Head, 0s Quadratum, Jugal Bone.—
The bones of the head correspond in number and position
for the most part with those of the mammalia. (Fig. 108,
p. 95.) They are, however, united together at a very early
period, and the sutures can not be recognized except in very
young subjects. One point of difference between these skulls

What are some modifleations of Phalanges? 201. Compare the Cervical Vertebrae ot
Mammals with those of Birds. What number of Cervical Vertebre has the Bwan? Why
are ile Dorsal Vertebre usually firmly fixed together? What peculiarity of the Candal
Vertebraz? 202. What ean be said of the Sutures in the head of birds?
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Fig, 106.

0. . Thorsal Vertebre, £ 5 Saeral
6. Mumerns, 54

. 0 Cervieal Vertebra,

Vertebrae, ed. Candal Vertebre, 51 Seapula. §2 Coracoid Bone.
01, Metacarpus. 53. Furenla, 62, Innominata.

afd 55, Radius and Ulna. 38, Carpus.
3. Bacrum, 064, Pubis. 65 Femur., 66, Tibin, 606°, DPatella. 67. Flbula., ©¢9. Tarse
£., 4i., #ii,, fv. Phalanges,

Ekeleton of Swan,

Metatarsus,
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Fra. 107.

Cervical Vertebre.

——

Skeleton of the Goéland.

and those of the mammals is that the occipital bone con-
sists of four parts instead of one. A small bone, too, is al-
ways present called the Os Quadratum, in close proximity
with the occipital, temporal, and maxillary bones. A Jugal

Fic. 108.
Orbit. Inter-Orbitar Septum.

3 Cranium.

w.. 'Tympanum.

o f,- B ‘\ Os Quadratum,

e bt ;-_ r I=_-
Nasal Fossm. Jugal Bone. Infer. Maxil.
Head of the Eagle.

What bone in the skull of birds that demands attention?
2
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Bone is also found which is similar in position to the zygo-
matic process of the temporal bone in man.

203. Bill.—Teeth are entirely wanting in Birds, their
place being supplied by a single horny projection on each jaw
known as the Bill. Teeth are not needed by these animals,
since mastication, where it is necessary that it should be per-
formed, is done by the gizzard.

204. Ribs.—The Ribs are very firmly articulated with the
sternum by bone and not cartilage, so that they have a ten-
dency to keep the thorax as fully distended as possible all
the time, which is its natural position.

F1c. 109. 205. Sternum, in what
0 Birds largest.—The Ster-
num is the most striking of
_ all the bones in a bird. Tt
e ¢ 13 the largest bone in their

...........
.......

- bodies, a flattened and some-
L, . i S co times guadrangular bone, hay-

, Ing upon its anterior surface
e a prominent ridge like the

keel of a ship, for the attach-

ment of the pectr:-ral muscles

Bones of Sternum and Shoulder of : - r :
Birds. & The Sternum, & Notch of the USEd m ﬂlght' .[‘hE Blze 'DE

Bternum. ce. Origin of the Sternal Riba ; : 1
b, Crest. £ Fourchette. e. Coracoid Cla- tl:llS l‘]iigﬂ g.ﬂnerﬂ,lly stands in
vicle. o. Scapula. direct relation to the powers
of rapid flight, and hence in
the Humming Bird, one of the swiftest on the wing, it is

proportionally the largest.
206. Clavieles, Coracoid Bone.—The Clavicles of birds

present a marked peculiarity. They both unite at their an-
terior extremity, forming a forked bone known as the Fur-

203. What serves the purpose of teeth fol Birds? 204, Ilow doecs the artienlation of
the ribs affect the condition of the chest? 205. Which is the largest bone in birds?
How may we know the powers of flight in a bird by the keel of the Sternum ¥ 206 W lkar
do the clavicles of birds form as they are united together?
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cula, merry thought, or wish bone. They also possess another
bone which acts the part of a clavicle, called the Coracoid.
It reaches from the scapula to the sternum, side by side with
the Fureula, and is a principal source of support to the
wings in flight. There is a bone analogous to this among
some reptiles.

207, Numerus,—The Humerus is generally a larger and
glouter bone than the femur, contrary to the relative propor-
tion in man. This is because the anterior extremities of birds
are of much more importance in their habits than the poste-
rior ones, since the hind legs in most of the flying birds act
merely as a support for the body when at rest, and are not of
special service for rumming or scratching.

208. Bones of Wings, Fingers.—The two bones of the
fore-arm are proportionally longer than the same bones in
mammals, and are longest in birds of flight. The carpus is
represented by two short bones, and the metacarpus is of the
same number. In some birds the thumb is entirely wanting,
but when present it is made up of two bones. The little
finger has only one bone. The middle finger is the longest,
consisting of two and even three bones.

209. Femur, Tarso—Metatarsus,.—The Femur is hoth
thicker and shorter than the bones below it, which constitute
the leg. The Fibula is always, partially at least, united with
the tibia at its lower extremity. The Tarsal and Metatarsal
Bones are found as one, called the Tarso-Metatarsus, which
has at its lower extremity three pully-shaped heads for the
attachment of the toes.

210. Sesamoid Bones.—Sesamoid Bones are abundant in
pirds, and in many cases even the tendons themselves become

Is this peculiar to birds alone ? 207, What is the comparative length and size of the
Huomerus and Femur in birds? Why are the anterior extremities in most enses tho
longest? 203. What is said of the two bones of the fore-arm? How many bones are
there in the Carpus? Describe the fingers of birds, 209, What peculiarities in the
lower extremitics of birds? Deseribe the Tarso Metatarsal Bone. 210. What is said
about Sesamoid Bones in birds ?
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considerably ossified. This is especially true of those in
the leg.

211. Birds Bones are hollow.—The bones of birds are
more or less hollow internally, devoid of marrow, and per-
meated by air.  Hence they are provided with openings con-
nected with the respiratory apparatus through which the air is
brought into them. As a general rule the capacity and exteit
of these openings throughout the skeleton depends on the size
of the bird, and its powers of flight, since small though rap-
idly flying birds have few hollow bones; in larger and higher
flying species, however, they are numerous. In the Apteryx
of New Zealand there is the greatest want of these cells. This
bird has no wings, but ecan run and even burrow in the earth
very rapidly. Those bones which convey the air, iffer from
all others in appearance by their whiteness and more com-
pactly cancellated or cellular structure.

OSTEOLOGY OF REPTILES.

212. Number of Vertebre in Reptiles,—The Vertebra
of Reptiles vary exceedingly in number. ‘- For whilst in
the tailless Batrachia only nine or eight cervical vertebrse are
counted, some serpents have full 300.” Those of Batrach-
lans have long transverse processes.

213. Ribs; Use of Ribs to Serpents.—< In the serpents
the ribs are both very numerous and very wmovable; where
they cease the tail begins; here the Caudal vertebrse may be
distinguished from the other vertebrae of the trunk, whilst ail
distinction of dorsal and lumbar vertebrae fails.” They are

211. Why are birds' bones usually hollow and more or less occupied by cavities?
£12. What is the number of vertebr® in Heptiles? 213. Give the number of ribs in
Reptiles. How do they differ from those of quadrupeds? Of what service are they to
the animal ?
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valuable instruments of progression, since in many they can
be placed upon the ground and used as feet.

214. Shell of Tortoise—In the Tortoise that portior
which is commonly called the shell, is made up of the Caw

Fi1g. 110.

P i

Bkeleton of the Tortoise: the Plastron has been removed. we. Cervical Vertebrs
vd. Dorsal Yertebrm, e Ribs. cs Sternal Ribs.—The Marginal Bones of the Carm
pace: o. Scapula. ¢f. Collar Bone. ¢o. Coracoid Bone. &. Pelvis. # The Femur
. Tibia. p. Fibula.

pace or upper portion, and the Plastron, or lower one. The
Carapace seems to be a mere expansion of the vertebrae, and
the Plastron an expanded sternum. IHence, as the annexed

- e

214. What is the Carapace and what is the Plastron in the Turtlo family ? From what
bones are they developed ?
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cut shows, the skeleton of the Tortoise is a very simple one,
and the skeleton of the Frog, as shown in Fig. 111, is
equally simple.

215. lumerus,—The Humerus of the Tortoise is short
and very much curved. This is made so in order that the
animal may thrust its extremities out of the shell and reach
the ground, which could not be done if the humerns weie
straight as it 1s in most of the other vertebrate animals.

216. Femur—The Femur is curved in the same animals
for the same reason.

217. Phalanges.—Frogs generally have four fingers, with
from two to four phalanges in each finger. Tortoises and
Lizards generally have five fingers, and from two to five
phalanges in each finger.

Fig. 111.

BEeleton of the Frog.

OSTEOLOGY OF FISHES,

218. Bony and Cartilaginouns Fishes.—The skeletons of
Fishes are of two kinds, those made up of bony, and those of
cartilaginous matter. (Fig. 112.) The microscopic structure
of the scale of a Pike is seen in Fig. 113. Of the former kind

215, Why iz the Homerus of the Tortoise curved? 217, How many fingers have
Frogs, Lizards, and Tortoises? 218, What are the two Kinds of skeletons in Fishes
Give examples of cach.
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as representatives are the
Shad and Flounder, and of
the latter, the Shark and
Sturgeon.

219. Two Kinds of Ver-
tebr&e.—The only kinds of
Vertebrae in Fishes are the
Dorsal and Caudal. These
vary in number from seven-
teen to more than a hundred.
Their bodies (vertebrae) pre-
sent on both articulating sur-
faces a conical depression which
is filled with a soft matter
having the same use as the
elastic intervertebral  sub-
stance in the human vertebral
column,

220. No Sternum or Pcl-
vis,—The Sternum and Pel-
vis are both wanting in fishes,
and the anterior and posterior
extremities are rudimentary,
being represented by fins.

Fia.

113.

Lacun® and of the connecting Canaliculi.

Sectlon of the bony acale of Lepidosfens. a. Bhowing the regular distribution of the

. Small portion more highly magnified.

1c1

219. What are the only Vertebrse of Fishes? What is peculinr about their articuia-
ting surfaces ¥ 220, Why have Fishes no Sternum or Pelvis ?
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221. Head —The bones of the Head in this class of ani-
mals are numerous and exceedingly complicated, being in
fact a difficult portion of study in comparative osteology. It
is, however, a subject of great interest to a thorough scholar
of this branch of anatomy ; but as so little of it can be gen -
eralized, it must be omitted h re altogether.

222, Great Variety of Teeth—The Teeth present every
yossible variety in position and size, and, as Sir Richard
Uwen says, ‘‘they average in number from zero to count-

Fia. 114,

T or

pio
Head of the Pike. c¢. Cranium. #. Nasal Fossm. dm. Intermaxillary Bone.
m. Upper Jaw. p., op., éo. Bones peculiar to the head of fishes.

less quantities.” Some teeth, in shape and lowation re-
semble the pavement of the street, others are of a delicate
hook-shape, and others still are fine as hairs, and are located

Fra. 115.

Head of a Shark.

—

221. What is remarkable with respeet to the bones of the Head in this class? 222, Wha
i said about the variety of Fishes' Teeth? IHow numerous are ther tound at times?
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on the jaws, tongue, and palate. They are repeatedly re-
newed during the life of the animal. Fig. 116 represents
the microscopic structure of the tooth of an Eagle Ray,

F1G. 116.

Microscopic structure of Tooth of Eagle Ray.

223. Skeleton, or Harder Partsof Invertebrata—The
harder parts of invertebrate animals generally differ so much
from bones in composition and structure that the term Osteo-
logy may perhaps be less proper than that of Skeleton in
describing them.

224. Skeletons of Crustaceans.—Among the Articu-
lata the Crustaceans have a more or less solid external crust
of carbonate of lime in a base of peculiar azotic matter, in-
soluble in caustic potash, called Chitine.

295. Skeletons of Insects.—Insects, the most numerous
class of articulated animals, have a chitinous covering, gener-
ally leathery, but sometimes solid. The Avrachnoidea have a
similar skin, soft or coriaceous, rarely horny; and the Anne-
lida a very thin epidermis. The Helminthes, Rotatoria, and
Turbellaria, reckoned in this branch of the animal kingdom

e

What is curious about their renewal? 224, Dogeribe the skeleton of Crustaceans?
295. What Is the skeleton of Insects ?

5!:
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by some eminent writers, have a skin more or less hard, and
sometimes spinous.

Fic. 117.

Microscopie structure of the Spine of Sea Hedge-Hog.

226. Skeleton of the Mollusca.—1In all the three
great classes of Molluscs, the Acephala, the Cephalophora,
and the Cephalopoda, the animal possesses a mantle by which
it i3 able to secrete a solid deposit, mainly composed of car-
bonate of lime, which it spreads over nearly all the body, and
is fastencd to it by muscles. In the Acephala this skele-
ton is in two pieces, called valves; in the Cephalophora, it is
in one piece, except that a calcareous plate is attached to the
foot to close the orifice. The organic base of these shells
sometimes, but rarely, predominates over the caleareous part.
In the Cephalopoda there are cartilages for the attachment of
muscles similar to the same substance in vertebrate animals.
In the Argonauta and Nautilina of this class, the mantle
wecretes an external shell; but in the Loligina, or Cuttle Fish
family, it is internal.

The structure of the shells of Molluses is often complicated
and beautiful.

227. Skeletons of the Radiata.—Among the Polypi
some are entirely soft; others have a solid skeleton, which

226, Describe the skeleton of Molluges, 227, What are the skeletons of Radiates?
What is their chemiecal composition #
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Fic. 118.

Microscopic view of SBhell of Pinna.

13 calcareous, horny, or leathery. This skeleton, called a
polypary, or in popular language coral, is secreted by the
skin of the animal, and seems to be truly an internal skele-
ton. It contains, say ninety-five per cent. of carbonate of
lime, some two or three per cent. of fluorides and phosphates,
and from four to eight per cent. of organic matter.

The Acalephae, another class of Radiates, are mostly gela-
tinous: but a few are cartilaginous, and some have a nuclear
skeleton. The Echinodermata, with few exceptions, have an

Fig. 119.

R T

Microscopic section of hinge of Mya showing a erystalline structura.

What is cora]l 7 What is the skeleton of other Radlates !
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external skeleton highly caleareous. 1In the Asteroidea there
is also an internal articulated skeleton. T'he structure of
these skeletons is too complicated for deseription here. The
Echinide are remarkable for calcareous knobs and rays, both
sharp and blunt, sometimes several inches long; hence this
common name, Sea Hedge-Hog, or Porcupine.

Skefetons of the Protozoa.—The organisms brought
tozether by Prof. Owen under Protozoa, are the Amorphozoa
or Sponges, the Foraminifera, and Infusoria, ¢ which,” he
says, ‘‘manifest the common organic characters, but without
the distinetive super-additions of true plants or animals.” Of
the skeletons of the Infusoria we know little, save that they
occur fossil, and are composed of silica and iron ore.

The Foraminifera are small, gelatinous animals, protected
by a calcareous shell. The Sponges are said to be ceratose
or horny, siliceous or flinty, and calcareous or limy, accord-
ing as their frame-work partakes of these several characters,

—

What is gaid of the skeletons or the Protozoa? What of the Forminifera?



CHAPTER SECOND.

THE MOVING POWERS OF THE SYSTEM.—MYOLOGY, OR THE
HISTORY OF THE MUSCLES,

DEFINITIONS AND DESCRIPTIONS.

228. Microscopic Structure of Muscle—The Muscles,
known as flesh or lean meat, compose a large part of the
extremities, and the covering of the trunk. To the naked
eye they appear to be fibrous, and, with the assistance of the
microscope, these fibers are found to he bundles—called Fasci-
culi—of still smaller fibers, called Ultimate Fibers. These
seem to be polygonal in form, and with an average diameter
of ;15th of an inch in man, though in some of the lower ani-
mals their size is much less.

View of the stages of development of
Muscular Fiber. 1, A Muscular Fiber of
Animal life enclosed in its Sheath or !
Myolemma. 2, An Ultimate Fibril of the
eame. 35, A more highly magnified View
of Fig. 1, showing the true natore of the
Longitudinal Strime, ns well as the mode of
formation of the Transverse Strim. The
Myolemma is here so thin as to permit tha
Cltimate Fibrils to be seen through it. 44
A Muscular Fibre of Organic life with two
of its Nuelei ; taken from the Urinary Blad-
der, and magnifiedd 600 Diameters. 5 A
Mascular Fibre of Organic life from the
E mnach, magnified the same.

229. Fibrils,— The ulti-
mate fibers are still further divisible into what are termed
Fibrils. These have an average diameter of about ;;1;;th

e

F1e. 120.

228, What is lean meat? How does muscle appear to the naked eye? What are the
three microscopic elements? Deseribe each. 220, What is the diameter of the Fibrils®
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A View of the Frazments of Striped elementary Fibers, showing a eleavage in opposite
directions—magnified 800 Diameters. 1, The Longitodinal Cleavage. 2, The Transverse
Cleavage, the Longitudinal Lines being scarcely visible. 3, Incomplete Fracture, follow-
ing the opposite surfaces of 2 Dise which stretches across the Intervul and retains the two
Fragments in connexion. The Edge and Surface of this Disc are seen to be minutely
granular, the Granules corresponding in size to the thickness of the Dise and to the dis-
tanee between the faint Longitudinal Lines. 4, Another Dise nearly detached. 5, A de-
tached Disc more highly magnified, showing the Sarcous Elements. 6, Fibrille separated
Ly violence from ench other at the broken end of the Fiber. 7,8, The two appearancee
commonly presented by the separated single Fibrille ; more highly magnified, at T the
spaces are rectangular, at 8 the borders are scalloped and the spaces bead-like,

of an inch, and number about 650 in each ultimate fiber.
They are unprotected by any covering, while both the fasicu-
Fia. 122. lus and ultimate fiber
are everywhere pro-
tected by a delicate
sheath  called the
Sarcolemma.

230. Organie, or
Unstriped, and Ani-
: mal, or Striped Fi-
nscle. bers—All the mus-
cles of the body are divided into two classes, according to
their function. Those necessary for ecarrying on the vital
functions, such as breathing and digestion, are called Or-
ganic, and those under the control of the will Animal Fi-
bers. In addition to their use as a means of distinction,
they may be known by their appearance under the micro-

H:lll\"‘--"““; ol = L — =

Fibrils of Homan M

What iz the Sarcolemma? On what element of musele s this wanting? 230. Give
the two fonctional classes of the museles




Transverse Bection of Human Fibrille
=nowing & I'nlygonal form.

scope, the Animal Fiber being
marked Ly transverse strice,
or stripes resembling a beaded
filament, called Striped Fi-
ber; and the Organic being
made up merely of fluttened
bands destitute of these cross
marks, and hence called 1Tn-
striped, or smooth fiber. Tha
unstriped fibrils are developed
from cylindrical or spindle-
shaped nucleated cells, and
are surrounded by a peculiar
fluid known as muscle juice,
which is unlike the plasma of
the blood, since it contains
easein.

231. Tendons, Aponenro-
ses, Bellyor Swellof the Mus-
ele.—The extremities of tha
muscles are composed of densa
areolar tissue in the form cf
tendons or cords, and that
extremity which is nearest to

Y5I0LOGY.
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ar Fiber showing the
sheath or myolemma untorn,

Fi1G. 125.

Fusiform Cells of Bmooth Muscular Fi
bor. o, Two cells in their natural state,
&, A cell treated to acetic acid, showing the
nucleus e,

the center of motion is called the Origin, while the one most

What Is the appearance of the Animal Fibre under the microscope? Also that of the
vrganic? 231. State the composition of the Tendons.
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remote from it is called its Insertion, These are exceedingly
firm and strong, perfectl y inelastie, and can not be torn from
the bones without unnatural violence. If the extremity of
the muscle has a large surface for attachment, its tendon is
expanded into a broad membranous portion termed an Apo-
neurosis, as may be seen in the muscles inclosing the abdo-
men ; while the greater portion of the muscles have a fleshy
yortion called the Swell or Belly, and the tendinous portion
contracted into the shape of a cord, or even of a thread. In
general this belly of the muscle is in a place which is the
most firmly fixed, and distant from the point to be moved, in
order to effect grace of motion, and beauty of form.

Fra. 126.

A Radiate Muscle,

232. Forms of Muscles—In form the muscles present a
great diversity. A Radiate Muscle (Fig. 126) is one where
the fibres radiate from a central portion to distribute them-
selves upon a large surface. In the Fusiform (Fig. 127) the

Fie. 121%.

A Fausiform Muscle.

fibres diminish in size from a center to each extremity. In

- - = —

What is the fleshy portion of the muscle ealled? What isan Aponenrosis? Define the
Origin and Insertion of a muscle. Where is the Belly of the muscle generaliy loested t
232, Describe the Radiate and Fusiform Muscles,
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Fi1a. 128.

A Doubly Penniform Muscle.

the Penniform the fibres are short and arranged upon a long
tendinous line, like the plumes upon the quill of a feather.
"'he circular form, ealled Sphincter, is found in parts of the
bxdy where the fibres are circular, surrounding some orifice
which they partially or entirely close up by their contraction.
An example of this is seen around the eye and mouth. A
few muscles resemble in structure a ribbon. Others a cord,
and others are very thin and expanded, so that they resemble
a membrane. All these forms are thus arranged to secure
the greatest amount of power with dispatch, and also the most
perfect freedom of motion, as well as to adapt themselves to
the amount of space furnished them on the skeleton,

233. Number of Muscles, Single Musecles.—The number
of muscles in man is 540, being more than twice the number
of the bones. They are nearly all arranged in pairs ; that is,
both sides of the body have similar muscles, while the single
or unmated muscles are only thirteen. Each muscle is pro-
vided with one or more antagonist muscles, or those which
produce motion in an opposite direction, save a very few sur-
face muscles about the head and neck, where the elasticity of
the integuments produces the antagonistic motion.

234. Fascia.—Every muscle is covered by a firm and
slightly elastic membrane called Fascia, which serves the
double purpose of keeping the fibres firmly in their place, and
also of producing a tonic pressure, which gives inereased
strength to the muscle. An illustration of the utility of this
pressure is seen in the fact, that the school-boy, when engaged
in running as rapidly as possible in his sports, ties a handker-

Describe the Penniform and Circular Muscles. Are there any other forms of muscles ¥
Why are museles of these different shapes? 233, What is the number of human muscles?
How does this compare with the number of the bones? How many nnmated muscles
are there? What is meant by antagonist museles? 234, What is the Fascia, and what
purpose does it serve? What illustration of its use?
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Anterior View of the Muscles of the Body.
1, Frontal Bellies of the Ocecipito-Frontalis,
2, Orbicularis Palpebrarum. 3, Levator Lubii
Buperioris Almque Nasi. 4, Eysonaticus Mi-
nor. 5, Eyczomaticus Major. 6 Masseter. T,
Orbienlaris Oris. 8, Depressor Labii Inferioris.
9, Platysma-Myoides. 10, Deltoid. 11, Pecto-
ralis Major. 12, Axillary portion of the Latis-
gimus Dorst. 13, Suviratus
Major Anticus. 14, Biceps
Flexor Cubiti. 15, Anterior
Portion of the Triceps Ex-
tensor Cubiti. 16, Supinator
Radii Longus. 17, Pronator
Radii Teres. 15, Extensor »

Carpi Radialis Longior. 19,
Extensor Ossis  Metacarpi
Pollicis. 20, Annular Liga-
ment. 21, Palmar Fascia.
22, Obliquus Externus Ab-
dowinis. 23, Linea Alba. 24,
Tensor Vagine Femoris, 23,
Section of the Spermatie
Cord, 26, Psoas Magnus
27, Adductor Longue. 23,
Bartorins. 29, Hectns Fe-
moris. 30, Vastus Exter-
nus. &1, Vastus Internus,
32, Tendon Patella:. 28, Gas-
troenemins, 84, Tibialis An-
ticus. 35, Tibia. 86, Ten-
dons of the Extensor Com-
Hais.

Fic. 129.

14|
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Fie. 130.

Posterior View of the Musecles of the
Buody. 1, Temporalis. 2, OQecipital por-
tion of the Occipito-Frontalis. 8, Com-
plexus. 4, Splenins. 5, Masseter. 6
Bterno-Cleido Mastoideus. T, Trapezius.
B, Deltoid. 9, Ilnfra-Spinatus. 10, Tri-
ceps Extensor. 11, Teres Minor., 12, Te-
res Major. 18, Tendinous portion of the

Triceps. 14, Anterior Kdge
of the Triceps. 15, Supinator
Radii Longus. 16, Pronatur
" Radii Teres. 17, Extensor
7 Communis Digitorum. 15, Ex-
tensor Ossis Metacarpi Polli-

eis. 19, Extensor Communis Di-
gitorum Tendons. 20, Olecranon
and Insertion of the Triceps. 21,
Extensor Carpi Ulnaris. 22, Au-
rieularis, 2%, Extensor Commu-
nis. 24, Latissimus Dorsi. 25, Ita
Tendinons Origin. 26, Posterior
Part of the Oblignus Externus.
27, Glutens Medins. 28, Glutens
Magnus, 29, Biceps Flexor Cru-
ris. 80, Bemi-Tendinosus. 81,
82, Gastrocnemins, 835, Tendo-
Achilles.
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A Transverze Seetion of the Neck, show-
ing the Fnsecia Profunda, and its Pro-
longations as Sheaths for the Muscles.
1, Platysma Myoides. 2, Trapezins. 3,
Lizamentum Nuche. 4, Sheath of Sterno-
Clefdo-Mastoid. 5, Musecle itself. 6, Point
of Union of its Fasein. 7, Point of Union
of the Faseian Profunda Colli of each side
of the Neck, 8 Bcction of the Bterno-
Hyoid Musele. 9, S8ection of the Omo-
Hyoid Muscle. 10, Scction of the Sterno-
Thyroid Muscle. 11, Lateral Lobe of the
Thyroid Gland. 12. Trachea. 13, (Ezoph-
agzus. 14, Blood-vessels and Pnenmogas-
tric Nerve in their Bheath. 15, Longuns
Colll. 16, Reetus Anticus Major. 17,
Bealenus Antiens. 18, Bealenus Medius
and Posticus. 19, Splenins Capitis. 20,
Bplenins Colli. 21, Levator Scapula. 22,
Complexus, 23, Trachelo - Mastold, 24,
Transversalis Cervicis, 25, Cervienlis De-
scendens. 26, Semi-spinalis Cerviels. 27
Multifidus Spinm. 25, A Cervical Vertebra.

chief about his waist in order
to give strength to his mus-
cles. And so important 1s
this membrane to the muscu-
lar system, that, upon the
thigh, where very great
strength and rapidity of
movement 13 required, this
membrane is thicker than in
most of the other parts of the
body ; and not only so, but a
musele is also provided for the
especial purpose of rendering
this membrane very tense,
when any violent action is
required, or its own elasticity
i3 insufficient.

235. Deseriptions of par-
ticular Museles.—In such a
treatise as the present one, it
will of course be impossible
to deseribe all the muscles as
minutely as the bones have
been, nor will it be necessary ;
but only those which are the
most interesting and instruc-
tive.

236. Orbicularis Palpebr@® —The muscle which surrounds
the eye is a sphincter which is made of circular fibres, and
when contracted closes the eye, as itis termed. Consequently
this action requires the movement of no bones, and no attach-

ment to any thing but the soft parts of the face.
[ts antagonist is the Levator Pal-

the Orbicularis Palpebrze.

It is ealled

What is said about the importance of this fascia npon the thigh ? 236. What is the mus.
cle that opens and closes the eye, as it is termed? What Kind of a muscle is this?
What is the antagonist of the Orbicularis Palpebra ?
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A Front View of the Superficial Layer of Muscles on the Face and Neck. 1,1, Ante-
rior Bellies of the Oceipito-Frontalis. 2, Orbicularis or Sphineter Palpebrarum. 8, Na-
sal 8lip of Oceipito-Frontalis. 4 Anterior Auriculie. 5, Compressor Naris. 6, Levator
Labii Superioris Alieque Nasi. 7, Levator Anguli Oris. 5, Zygomaticus Minor. 9,
Zygomaticus Major. 10, Masseter. 11, Depressor Labii Superioris Almqne Nasi., 12,
Buccinator. 13, Orbicularis Oris. 14, The denuded Surface of the Inferior Maxillary
Bone. 15, Depressor Anguli Oris. 16, Depressor Labii Inferioris, 17, The portion of
the Platysma Mywvides that passes on to the Mouth, or the Muosculus Risorius. 18, Sterncs
Hyvidens. 19, Platysma-Myoides. It is wanting on the other side of the Fizure. 20,
Superior Belly of the Omo-Hyoldens near its insertion. 21, Sterno-Cleido-Mastoidens,
23 Bealenus Medius. 238, Inferior Belly of Omo-Hyoid. 24, Cervieal Edge of the Tra-

pezins.

pebrae, which takes its origin far back on the sides of the
eavity of the orbit, and is attached to the upper lid. When
rontracted it opens the eye.

237. Orbicularis Oris.—The Orbicularis Oris (circular
muscle of the face) by its contraction closes the mouth. Like
the corresponding muscle of the eye, it has its origin and in-
sertion in the soft parts of the face, and is made up of concen-

237. Whera is the Orbicularis Oris, and what i3 its use §
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tric fibres. And the antagonists are those muscles which are
inserted into it, coming from the different bones of the face
moving the lips and nostrils, and giving much of the expres-
sion of emotion in the countenance.

258. Masseter and Temporal Museles.—The elevators of
the lower jaw are two: the Masseter (chewing) and the
Temporal (from the bone on which it lies). They are at-
tached to the posterior portion of the bone near the joint, since
if their position was nearer to the front part of the bone they
would not contract sufficiently to bring the jaws together.

289. Digastrie Muscle.—The lower jaw is carried down-
wards by the Digastricus (two bellies) musele. This is a long
round muscle like a cord, which commences just below the
lower front teeth, and from thence runs downwards and back-
wards to th: os hyoides, where it runs through a tendinous
loop ; after this it passes upwards and backwards to the mas-
toid process upon the temporal bone, just behind the ear.
The contraction of this muscle then will open the mouth, when
the os hyoides is made fast; but if the jaw be confined by
its elevator muscles, the os hyoides will be the movable por-
tion, and will be elevated. The necessity of such an arrange
ment 13 evident from the fact, that no muscle from the jaw to
the hyoides would be of sufficient length to open the lower
jaw by its contraction; and if it were to run backwards to
the spinal column, the violence with which it must contract
{2 accomplish its object, would produce such pressure upon the
vessels and nerves of the neck as to injure them.

240. Sterno-Cleido-Tlastoidens.—A bow, or bending of
the head upon the spinal column, is effected by the action of
the Sterno-Cleido-Mastoideus muscle (named from its attach-

What are its antazonists?  What museles aid very much in giving expression to the
countenance ¥ 233. What are the two pairs of musecles that bring the jaws together in
the act of chewing? 239. State tha muscle that opens the mouth. What mechanieal
peculiaritics in its structure and operation? Why the necessity of such a complicated
arrangement ! 240, What is the muscle by whose action we buw the head ?
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Fig. 133.

A Lateral View of the Deep-seated Laver of Muscles on the Face and Neek. 1, Tem-
poral Musele deprived of its Fasein. 2, Corrugator Buperecilii. 3, Masal Slip of the Oc-
cipito Frontalis. 4, Superior or Nasal Extremity of the Levator Labii Buperioris Aleque
Nasi. 5, Compressor Naris. 6, Levator Angnli Oris. 7, Depressor Labii Superioris
Aleque Nasi. &, Boceinator. 9, Orbienlaris Oris. 10, Depressor Labii Inferioris. 11,
Levator Labii Inferioris. 12, Anterior Belly of the Dicastriens. 13, Mylo-Hyoid, 14,
Stylo-Iyoid. 15 Thyro-Iyoeid. 16, Upper Belly of the Omo-Tyoid. 17, Sterno-Cleidos-
Mastoid. 18, Sterno-Ilyoid. 19. Scalenus Antiens. 20, Pectoralis Major. 21, Deltoil.
23, Trapezins. 23, Scalenus Mediua, 24, Levator Beapulie and Sealenus DPosticus. 25

Splenius. 26, Complexus.
ment to the Sternum, Clavicle, the Greek for which is kleis,
and the mastoid process). The form of this muscle is essen-
tially that of a thick ribbon.

241. Muscles of the Scapula.— The Scapula is covered
with muscles on both sides, most of which are inserted into
the head of the humerus. Their use is to rotate the hu-

Whatis the shape of this mosele? 241. What actions do the muscles of the secapuls
effect ?
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Fig. 134.

A View of the Muscles of the Back as shown after the removal of ihe Integuments, 1
Deeipital Origin of the Trapezius, 2, Bterno-Cleido-Mastoidens, 8, Middle of the T'ra
pezius. 4, Insertion of the Trapezins into the Spine of the Seapula. 5, Deltold. 6, Sece
ond Head of the Triceps Extensor Cubiti. 7, Its Superior Portion. 8, Scapular port:cn
of the Latissimus Dorsi. 9, Azillary Border of the Pectoralis Major. 10, Axillary Doi-
der of the Pectoralis Minor., 11, Serratus Major Antiecus. 12, Infra-Spinatus. 13, Teres
Minor. 14, Teres Major. 135, Middle of the Latissimus Dorsl. 16, External Oblique of

the Abdomen. 17, Gluteus Medius. 18, Gluteus Minimus. 19, Gluteus Magnus, #0Q
Faseia Lumborum,

merus, as well as to give it protection where it articulates
with the scapula, and to keep it in its place.
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242, Biceps.—The Biceps
(two heads, or points of at-
tachment ) is the muscle which
flexes or bends the arm to-
wards the body. It arises
from the head of the humerus
and scapula, and is inserted
into the upper end of the
radius. It is a very fine ex-
ample of a fusiform muscle,
and though acting at a great
mechanical disadvantage as to
power, it effects a rapid move-
ment.

243. Triceps.—The Tri-
ceps (three heads), its antag-
onist, is similar in its general
form, and is attached to the
ulna instead of the radius.
It is situated upon the poste-
rior side of the humerus, and
the force with which it may
be made to contract, 1s seen
in the powerful blow given
by the boxer, or the weights
raised by extending the arms
upon the instrument made for
the purpose in a gymnasinm.

944. Muscles of the Fore-
Arm.—The Fore-Arm isabun-

dinons Imsertion of the Peetoralis Minor.

the Biceps. 13, Latizsimus Dorsi.
Diceps.

Flexor Mascles.

PHYSIOLOGY.

11, Coraco-Brachialis,

14, Inner portion of the Triceps.
16, Outer portion of the Triceps. 17, Brachialis Internus. 18, Orizin of the
19, Brachialis Internus near its Insertion.

119

Fig. 1335.

A View of the Muscles on the Front of
the Arm. 1, Clavicle. 2, Coracoid Pro
coss and Origin of the Short Ilead of the
Biceps. 3, Acromion Scapule. 4, Head
of the Os Humeri. & Tendon of the Bi-
ceps Muscle in the Bicipital Groove. 6
Lizamentum Adscititium dissected off. T,
Cut portion of the Pectoralis Major. &
Long Head of the Biceps. 9, Insertion of
the Deltold. 10, Cut portion of the Tens
12, Short Head of

15, Buody of the

a0, Tendon of the Bleeps,

21, Faseiculus from the Bieeps Tendon to the Fascia Brachialis. 22, Flexor Carpi Ba-
dialis. 23, Palmaris Longns. 24, SBupinator Radii Longus.

o4, -"i"-'hy is the name Bi-ncpn g{ven to the muscle that flexes the fore-arm? What
mechanical disadvantaze in its structure? What gain from it? 243, What is the antag-
onist of the Biceps? What actions show its mode of action ?

U
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Fia. 136.

A View of the Onter Layer of the Mus-
eles on the Front of the Fore-Arm (Flex-
ors). 1, Lower portion of the Bicepa
Flexor Cubiti. 2, Brachialis Internns, 3,
Lower Internal portion of the Triceps. 4,
Pronator Radii Teres. 5, Flexor Carpi
Radialis. 6, Palmaris Longus. T, Partof
the Flexor Sublimis Digitorum. 8, Flexor
Carpi Ulnaris. 9, Palmar Fasein. 10,
Falinaris Brevis Musele. 11, Abduoector
Iollicis Manus. 12, Portinn of the Flexor
Previs Pollicis Manus. The Line crosses
tie Adductor Polliciaa. 13, Supinatoer
Longus, 14, Extensor Ossis Metacarpi
Pollicis.

ANATOMY

dantly supplied with muscles,
many of which are fusiform
in their appearance, and all
of which are for the purpose
of moving the hand and fin-
gers. Most of the fibres run
in a direction parallel to the
bones of the fore-arm, but
those which perform the ac-
tions of pronation and supina-
tion lie obliquely, and some
nearly at right angles to the
long muscles. In this part
of the body the muscles are
distinguished by slenderness
of form and consequent deli-
cateness of tendon, the latter
in many cases being equal in
length to the muscular fibre,
since there are very few mus-
cles below the wrist, and those
only which are short and
thick, for the purpose of mov-
ing the thumb and little
finger.

245. Tendons of the Fin-
gers,—The arrangement of
the tendons which are at-
tached to the phalanges, for
the motion of the fingers,
shows the econtrivance and
skill of an Infinite Being. In

order that the fingers may be slender and easily moved, it is
desirable that there should be as small a quantity of matter in

244, Give the general arrangement of muscles in the forc-arm. How do the Pronators

and Suplnators lie?
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F1g. 131. Fig. 138.

A View of the muscles on the Palm of
the Hand. 1, Annunlar Ligament. 2, 2,
Origin and Insertion of the Abductor Pol-
licis. 3, Opponens Pollicis. 4, 5 Two
Bellies of the Flexor Brevis Pollicis. 6,
Adduaetor Pollicis. 7, T, Lumbricales aris-
ing from Tendons of the Flexor Profundus
Digitornm. 8, Shows how the Tendon of
the Flexor Profundus passes through the
Flexor Sublimis. 9, Tendon of the Flexor
Longus Pollieie. 10, Abdnetor Minimi
Digiti. 11, Flexor Parvus Minimi Digiti.

12, Pisiform Boope. 13, First Dorsal Inter- A View of the Under Layer of Muscles

osseous Muscle. on the Front of the Fore-Arm (Flexors).

1, Internal Lateral Ligament of the El-

bow-Joint. 2, Capsular Lizament of the Elbow-Joint. 3, Coronary Ligament of the

Head of the Radius, 4, Flexor Profundus Digitorum Perforans, 5, Flexor Longus

Pollicis. 6, Pronator Quadratus. 7, Adductor Pollicis Manus. 8, Lumbricales. 9,
Interossei.

them as possible. Hence, as above stated, the muscle that
moves them is situated in the fore-arm, and the tendon is
mide as slender as possible. But here another arrangement
claims our attention. A set of four tendons from a common
muscle is attached to the base of the second phalanx of each
finger, and a second set to the third row of phalanges. The
gquestion then arises, how can these two tendons pass upon

i e e s . e

245. Describe the arrangement of the tendons of the fingars,
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both sides (upper and lower) of the finger and be firmly
enough secured to the finger to keep them in place, without
making the finger of an unwieldy bulk, and at the same time
allow the force to be applied upon the center of the finger
rather than upon one side ? The answer is this : the muscle
which sends its tendons to the second phalanx Les above the
other set of tendons, and where the superior tendons join the
second phalanx, they are each split into two parts, through
which the tendons of the lower muscle pass to the last pha-
lanx, and move freely without interruption from the superior
muscle or tendons, This arrangement is found in the foot,
as well as in the hand, for giving the same motion to the
toes, and very much resembles the movement of a cord
through a loop.

246, Muscles of the Thumb and Little Finger.—The
thumb and little finger, as already mentioned, are supplied
with separate muscles in the body of the hand, mainly for the
purpose of giving motion from side to side, as well as.a partial
rotation. In addition to this, there are several muscles upon
the fore-arm which give their tendons only to these two ex-
tremities. The obvious use of this arrangement is to give
strength and great variety of motion so necessary in the
thumb and little finger.

247. Muscles of the Back, Dorsal Muscle—Upon the
back are found at least thirty pairs of musecles, which are ar-
ranged in six layers. These are of various forms and sizes,
with complicated and obscure attachments. The main use of
these muscles, taken as a group, is to keep the trunk in an
upright position, and give a firm attachment for musecles to
move the extremities. The outermost layer is very super-
ficial, lying directly under the skin, while the deepest layer
is deeply imbedded between different processes of the vertebre.

f e e o —

Why must one tendon pass throngh another rather than pass alonz by its side?
Do we find this arrangement upon both hands and feet? 246, Which two extremities
of the hand have the most muscles given to them? 247. How many pairs of museles
upon the back of the bidy ? Give the number of layers into which they may be dis-
secterd. State the essential purpose of them.



AND PHYSIOLOGY. 123

Fia. 139.

A View of the Second Layer of Muscles of the Back. 1, Trapezins. 2, A portion of
the Tepdonous ellipse formei by the Trapezins on both sides. 3, Spine of the Scapula,
4, Latissimus Dorsi. 5, Deltoid. 6, Infra-Spinatus and Teres Minor. 7, External Ob-
lique of the Abdomen. 8 Glutens Medins, 9, Glutens Magnus of each side. 10, Leva-
tor Scapule. 11, Rhomboidens Minor. 12, Rhomboideus Major. 13, Splenius Capitis.
14, 8plenius Colli. 15, A portion of the Orvigin of the Latissimus Dorsi. 16, Serratus In-
ferior Postiens, 17, Supra-Spinatus. 18, Infra-Spinatus. 19, Teres Minor. 20, Tercs
Major. 21, Long Head of the Triceps Extensor Cubiti, 22, Scerratus Major Anticus. 23
Internal Oblique of the Abdomen.

The largest muscle of the back (hence the name Dorsal) is
of value to move the arms. It has its origin from the lum-
bar and sacral vertebrae, and the posterior third of the crest
of the ilium, and is inserted by a short tendon into the upper
extremity of the humerus. The action of this muscle brings

- e — — o e _ —_——— o —

Give the origin and insertion of the Dorsal musecle, State Its action.
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the arm downwards and backwards, as in the movements of
chopping wood or striking with the blacksmith’s sledge. But
when the hands are made the fixed points, the body is raised
upwards.

248. Superior and Inferior Serrati—Two muscles of the
back are used in forced or violent respiration. These are the
Superior and Inferior Serrati Muscles. The Superior Se:-
ratus arises from the three lower cervical and two upper dorsal
vertebrae, and runs downwards and forwards to be inserted
into the border of the second, third, and fourth ribs. The
Inferior Serratus arises from the last two dorsal and three
upper lumbar vertebrze, and, running upwards and forwards,
18 inserted upon the four lower ribs. The name of these mus-
cles means in Latin ‘ saw-like,” since the portions which join
upon the ribs resemble the teeth of a saw. The former of
these elevates the ribs, thereby enlarging the cavity of the
chest, while the latter assists in its compression by depressing
the ribs, and consequently the diaphragm, downwards.

249. The Diaphragm.—But the essential musele of respi-
ration is the Diaphragm. This, as its name implies, is a par-
tition across the hody just below the lungs, —with three
large openings, —which separates the thorax from the abdo-
men. Its attachments in general terms may be said to be
upon an oblique line drawn about the body just below the
ribs, which line intersects the first lumbar vertebra, where
the central tendon of the Diaphragm, as it is termed, is at-
tached. When relaxed, it presents the appearance of an in-
verted and irregularly shaped eup or basin, but when in a
state of contraction it becomes nearly a plane surface. Hence
this muscle enlarges the chest by depressing its lower surface,
thereby forming a partial vacuum.

248. Which muscles of the baek are used in forecd respiration¥ Give the origin and
Insertion of the two Serrate Muscles, Why called *Serrate” 249, Give the form of
the Dinphragm. What two eavities of the body does it separate? What is it an essen-
tial agent in effecting
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A View of the Under Side of the Diaphrazm. 1, 2, 8, The Greater Musele of the Dia-
phragzm inserted into the Cordiform Tendon. 4, The small triangular space behind the
Bternum, covered only by Serous Membrane, and through which Hernia sometimes
pass. B, Ligamentum Arcuatum of the Left Side. 6, Point of Orizin of the Psoas Mag-
nus. 7, A small Opening for the Lesser Splanchnie Nerve. & One of the Crura of the
Diaphragm. 9, Fourth Lumbar Vertebra. 10, Another Crus or portion of the Lesser
Musele of the DMaphrazm. 11, Hiatus Aorticus. 12, Foramen (Esophageum. 13, Fora-
men Quadratum. 14, I'soas Magnus Muscle, 15, Quadratus Lumborum.

250. Intercostal Muscles.—DBetween the ribs are placed
two sets of muscular fibres, an external and an internal, called
the Intercostal Muscles, which by their action draw the ribs
upwards. The fibres run in a diagonal direction from one rib
to another, so that the greatest length may be given for their
contraction without compromising too much of their power.
And hence we can see that while the first rib is firm and im-
movable, by contraction of these fibres the ribs must be raised,
and by their relaxation they must be depressed. The exter-
nal fibres run downwards and towards the middle line of the
abdomen, while the internal run downwards and backwards.

251. Abdominal Muscles.—The principal muscles of the
abdomen are large and thin expansions of muscular fibres,

e —  E———————

250. Give the arrangement of fibres in the Intercostal Muscles. 231. What forms the
principal part of the walls of the abdomen ¥
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FiG. 141.

A Tateral View of the Muscles of the
Trunk, especially on the Abdomen. 1,
Latissimus Dorsi. 2, Serratus Major An-
ticus. &, Upper portion of the External
Oblique. 4, Two of the External Inter-
costal Muscles. 5§, Two of the Internal
Intercostal Muscles. 6, Transversalis Ab-
dominis. 7, Fascia Lumborim. 8, Poste-
rior part of the Sheath of the Rectus, or
Anterior Aponeurosis of the Transversalis
Musele. 9, The Rectus Abdominis cut off
and in its Sheath. 10, Reetns Abdominis
of the Right Bide. 11, Crural Arch, 12,
Gluteus Magnus—Medins and Tensor Va-
gine Femoris covered by the Faseia Lata.

which completely cover tho
space below the border of the
ribs, and above the innomina-
tum. They are arranged un-
der four different names, since
they run in different direc-
tions as they encircle the ah-
domen. DBy their contraction
they press upon the digestive
organs, and thus diminish the
cavity of the abdomen, and,
in proportion to the elasticity
of the diaphragm, the thorax
also. Hence these are the
essential instruments in cough-
ing, laughing, crying, and
sneezing, as well as in sing-
ing, shouting, or any action
1eyuiring expulsive effort. By
their elasticity they also per-
form the function of expira-
tion in natural breathing, as
well as keep up a tonic pres-
sure upon the stomach and
alimentary canal.

252, Great Psoas Musele.
—The Great Psoas Muscle,
known in animals as the ten-
der loin (from the Greek
signifying a loin), is the

one which bends the thigh upon, or towards the trunk.
It has its origin from the last dorsal and four upper lum-
bar vertebrze, and passes from thence downwards and for-
wards, gliding over the edge of the innominatum, and attaches

Under how many heads are they arranged ¥ What actions do they aceomplish 1\*]1{;;1

contracted ? 232, What is the scientific name of the “tender loin{® Give its attach
ments,
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Fiz. 142,

A View of the Superficial Muscles of the Left Side, and of the Deep Muscles of the
Right Side, on the Front of the Trunk. 1, Pectoralis Major. 2, Deltoid, 3, Anterior
Edge of Latissimus-Dorsi. 4, Serrated Edge of Serratus Major Anticus. 5, Subelaving
Muscle. 6 Pectoralis Minor. T, Coraco-Brachialis. 8, Biceps Flexor Cubiti. 9, Cora-
coid Process of the Scapula. 10, Serratus Major Anticus after the removal of the Ob-
liquus Exterrius Abdominis. 11, External Intercostal Muscle of the Fifth Intercostal
Space. 12, External Oblique of the Abdomen. 13, Its Tendon, The Median Line isthe
Linea Alba.—The Line to the Right of the Number is the Linea Semilunaris. 14, Tho
sortion of the Tendon of the External Obligue, known as Poupart’s Ligament. 15, Ex-
ternal Abdominal Ring. 16, Rectus Abdominis. The White Spaces are the Linea Trans-
versm. 17, Pyramidalis. 18, Internal Obligue of the Abdomen. 19, Common Tendon
of the Internal Oblique and Transversalis. 20, Crural Arch. 21, Faseia Lata Femoris
22 Saphenous Opening. The Crescentie Edge of the Sartorial Fascia is seen just above
fiz. 22, and the Interior or Pubic PPoint of the Crescent is known as Hey's Ligament.

itself to the front part of the lesser trochanter process of the

femur. It is made up of a very compact band of fibers, and,

though acting at a great mechanical disadvantage, it is ca-

pable of moving the lower extremity with great power. By
G
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this muscle it is that the body is bent forward when the thigh
is fixed, and also by its means we keep the body erect when

1 & mttmg posture.

233. Gluteus Musele.—A movement in a direction oppo-

Fiag. 143.

A View of the Muscles on the Front of
the Thigh. 1, Crest of the Ilium. 2, Its
Anterior Buperior Spinous Process. 8,
Glutens Medius, 4, Tensor Vagine Fe-
moris. &, Sartorius, 6, Reetns Femoris.
T, Vastus Externus. B, Vastus Internus.

D, Patella. 10, Iliacus Internus. 11, Psoas
Magnus. 12, Dectineus. 13, Adductor
Longus. 14, Adductor Magnus, 13, Gra-
eilis.

site to the last muscle, is ef-
fected by the contraction of
the Gluteus muscle. This
has its origin and insertion at
points directly opposite to
those of the psoas muscle—
and forms the nates or but-
tock. The fibers of this mus-
cle are the coarsest of any in
the whole body, showing that
they are designed for strength
and rot celerity of motion.
Besides the movement already
mentioned, this muscle is of
great value when the leg is
made firm by keeping the
body in an upright position,
or raising the body upon the
thighs when it is bent forward.

254. Muscles of the
Thigh—The leg (Tibia) is
moved upon the thigh (Te-
mur) by the conjoint action
of four muscles. These have
their origin about the head of
the femur, and the lower por-
tion of the innominatum, and
all unite into one tendon
which is inserted upon the
tubercle, or process of the

" What movements are effected by it? 233. What muscle produces motion in a eon-
trary direction to the psoas muscla* What is said of the size of the fibers of the Gluteus ?
234. How many muscles act to extend the tibia or the femur?
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tibia near to its upper extremity. Spoken of together, these
muscles are called the Quadriceps Extensor Femoris. The
tendon is one of the strongest in the body, and has inclosed
within it the patella, which bears the same relation to the
tendon as the pulley does to the cord which passes over it.
The action of these muscles extends the leg, as in walking,
running, or lifting the foot, and also places the femur in a line
above the tibia, when the latter is made the fixed point.

255. Sartorius Muscle.—The Sartorius or Tailor’s mus-
cle is a very long and slender muscle commencing at the an-
terior portion of the innominatum, and, descending downwards
and inwards, is inserted into the upper part of the inside of
the tibia. The obvious action of this muscle will be to bend
the leg somewhat backwards, and then to carry it across its
fellow, as is done by the tailor when seating himself for work
on his bench.

256. Tensor Vagin® Femoris.—A muselealready alluded
to—the Tensor Vagine Femoris, or stretcher of the sheath of
the thigh—arises at the upper and front portion of the inno-
minatum, and is inserted into the very strong fascize of the
thigh, its use being to assist the muscles in their action, by
increasing the tonic pressure upon them.

257. Muscles of the Posterior Part of the Thigh—
The muscles found upon the posterior part of the femur
and antagonizing the compound muscle in front, are four in
number, taking their origin from the ischium and pubes, and
being inserted into the broad Lead of the tibia. Their ten-
dons make those portions of the thigh which are familiarly
known as the ham-strings. Their names are the DBiceps,
Graeilis, Semi-tendinosus and Semi-membranosus.

When taken together, what is the muscle called ? What bone is imbedded in the ten-
don of the Quadriceps Extensor Femoris? 2535, Deseribe the Sartorius or Tailor's mus-
cle. 256, What is the Tensor Vaginm Femoris of service for? 257, Ilow many mmuscles
act as antagonists to the Quadriceps, ete.?  Give their names.
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Fig. 144.

A View of the Museles on the Back of
tha Thigh. 1, Glutens Medins. 2, Glu-
tens Magnus, 3, Faseia Lata covering the
Vastus Externns. 4, Long Head of the
Biceps. 5, Short ITemwl of the Bieeps. 6,
gemi-Tendinosns. 7, T, Semi-Membranosns,
B, Gracilis. 9, Edge of the Adductor Maz-
nus. 10, Edge of the Sartorius. 11, Fop-
liteal Space. 12, Gastrocnemius,

HITCHCOCK'S
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FiG. 145.

A View of the Muoseles on the Front of
the Leg. 1, Tendon of the Quadriceps
Femoris. 2, Spine of the Tibia. 38, Tibi-
nlis Antiens, 4, Extensor Communis Digi-
torum. 5, Extensor Proprius Pollicis. 6,
Peronens Tertins. 7, Peroneus Longus.
8, Peronens Brevis. 9, 9, Borders of the
Bolens. 10, PPortion of the Gastrocnemins,
11, Extensor Brevis Digitornm.

258. Museles of the Anterior Part of the Leg.—Upon

the anterior portion of the Tibia, or leg proper, are found four
museles with slender tendons, which are for the upward move-
ment or flexion of the foot. They have their origin near the
liead of the tibia, and are inserted into the bones of the meta-

5%, Where are the four musecles located tiat bend the fost upward ? Give their erigin
and insertion. -
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tarsus and phalanges. Their
names are the Tibialis Anti-
cus, Extensor Longus Digi-
torum, Peroneus Tertius, and
Extensor Proprius Pollicis.

259. Muscles of the Pos-
terior Part of the Leg.— The
muscles on the reverse por-
tion of the leg are three, con-
stituting what is known as the
calf of the leg. They are the
Gastrocnemius, Plantaris, and
Soleus. They are attached to
the top of the tibia on its pos-
terior side, as well as to the
lower part of the femur, and
all form a conjoint tendon, the
largest in the body, and which
1s attached to the bone of the
heel. It is called the tendon
of Achilles, because the great
Grecian warrior is said to have
been killed by the wound of
an arrow at this point. The
use of these muscles is to raise
the body upon the toes, and
are the muscles which are of
the greatest value to us in the
act of walking. Immediately

PHYSIOLOGY.
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A View ofthe Muscles on the Back of tha
Leg. 1, Tendon of the Biceps. 2, Inner
Mamstring Tendons. 3, Popliteal Space.
4, Gastrocnemiuns. 5, Boleus. 6, Tendo-
Achilles. T, Its Insertion on the 0z Caleis,
B, Tendons of the l'eroncus Longus amd
Brevis. 9, Tendons of the Tibialis IMosti.
cus and Flexor Longus Digitornm behind
the Internal Malleolus,

beneath these museles are six others which produce motion in
an opposite direction to those upon the anterior portion of the
leg. They are attached near the upper part of the tibia and
fibula, and inserted into the metatarsal bones and the pha-

e ——

What is Tendon of Achil-
How many muscles lie deeply covered in the calf of the

250, State the muscles which constitute the ealf of the leg.
les, and why is it so ealled?
leg?
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langes. In the tendon of one of them (Peroneus Longus) is
found a sesamoid bone, at the point where it glides over the
cuboid bone.

260. Museles of the Fool.—A few muscles are found
upon the upper and under surface of the foot, most of which
arise near the tarsus, and are
mmserted at the base of tha
phalanges. In their action
the toes are either bent or
extended.

261. Annular Ligaments.
—An interesting contrivance
for preserving the slenderness
of the hand and foot is found
in the Annular Ligaments.
These are large bundles of
ligamentous tissue which pass
around the wrist and ankle,
very much resembling a brace-
let. (TFigs. 148, and 149, p.
133.) They are very firm and
stout, and their design is to

A‘E_'lcw nflt.'lm Muscles on the S::'Icnl’.f.hc kﬂﬂp n plﬂ_ﬂﬂ_ the tendons
Foot immediately under the IPlantar Fas- : A
ela. 1, Os Caleis. 2, Scetion of the Fascia which move the extremities.
Fanars  Aor Tl 4 A When, for example, wo more
Digitorum. 6, Tendon of the Flexor the toes upwards, the muscles
Longus Pelieis. 7, T, Lumbricales. which effect this motion with
their tendons would extend in a straight line from the upper
part of the tibia to the last phalanx, thus making the leg
and foot very cumbersome and unwieldy organs, and poorly
adapted to their present use.

———

261, What is the use of the Annular Ligaments? What ornaments do they very closely
resemblel Buppose these or their equivalent was wanting ¥
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F1ag. 148.

A View of the Outer Layer of Muscles
on the Back of the Fore-Arm (Extensors).
1, Lower portion of the Biceps Flexor. 2,
I'art of the Brachialis Internus. 8, Lower
part of the Triceps Extensor. 4, Bupinator
Radii Longus. 5, Extensor Carpi Radialis
Longior. 6, Extensor Carpi Radialis Bre-
vior. T, Tendinous Insertions of these two
Museles, 3, Extensor Communis Digito-
rm.
Extensor Carpi Ulnaris,
13, Extensor Minor Pollicis,
Metacarpi Pollicis.

11, Aneoneus.

133

A View of the Museles on the Front of
the Leg. 1, Tendon of the Quadriceps
Femoris. 2, Spine of the Tibia. 8, Tibi-
alis Anticus. 4, Extensor Communis Digi-
tornm. 5, Extensor Proprius Pollicis. 8,
Peroneus Tertins. 7, I’eroneus Longus
8, Peroneus Brevis 0, 9, Borders of the
Soleus. 10, Portion of the Gastroenemius.
11, Extensor Brevis Digitorum.

9, Portion of the Extensor Communis Digitorum ealled Auricularis. 10,
12, Portion of the Flexor Carpi Ulnaris.
The Musele nearest the Figure is the Extensor Ossis
14, Extensor Major Pollicis.

17, Pusterior Annular Ligament.

The distribution of the Tendons of the Extensor Communis is seen on the backs of

the Fingers,
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FUNCTIONS OF THE MUSCLESH.

. 262. Irritability of Muscular Fiber.—Muscular fiber has
one characteristic peculiar to this tissue. This is known as
Irritability or Myotility, the shortening of the fiber when a
stimulus is applied. The stimulus may be mechanical, as
when the legs of a grasshopper are irritated with a probe or
gome pointed instrument, it produces contractions. Klectric
and galvanic currents, also, when made to pass interrupt-
edly through any museunlar portions of the body produce con-
tractions; as when a person grasps the handles of an electro-
tome or seizes the ball of a Leyden jar. And lastly, vitality
13 a muscular stimulus,

Fig. 150. 263. Condition of the Fibrils in a State
of Contraction.—Formerly it was supposed
that muscular contractions were due to a
zig-zag position which was assumed by the
fibrils ; but m:croscopical examination has
proved that the shortening of the fiber is
owing to a change in the diameter of the
ultimate fibrils; the cell in the fibril at
rest having its longest diameter parallel to
the fiber, while in a state of contraction the

longest diameter is at right angles to this,
264. Tonicity.—Another characteristic
of muscular fiber is Tonicity. This is a
constant strain or stretch of the museular
fiber, while irritability or contractility only

Structure of the Fi- e - - - e
T mn{ilff,sts itself when 3 Etlimulusf is applied.
the state of ordinary re- - This 18 a property which is exhibited when

laxation. b, A fibril s

BB contesital. a bone is broken or some musecular fibers
are separated. Thus, when a cut is made

| B (=

T
1
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262, What is the prominent eharacteristic of museular tissue? Illustrate the mechan-
jcal, electric. and vital stimunli. 263, How do the eells of the Abrils arrance themselves
during a eontracted state? 264. What is understond by Museular Tonicity ? When |s
this only manifest ¥
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directly across the fibers the gash at once opens very widely ;
or if a bone is broken and the ends allowed to slide by each
other, it is only by great force that they can be brought back
to their proper places. The value of this property is seen in
keeping the muscles in a state ready for action, as well a3 in
assisting the ligaments to keep the joints firmly together.

265. Dependent on Vital Energzy.—Both of these charac
Jristics are dependent upon nervous or vital energy. For if
life be extinct, or the nerve proceeding to any muscle be cut
off, tonicity and irritability soon cease ; although they remain
for a longer time in the involuntary than the voluntary mus-
cles. As, for example, the heart of a sturgeon, after its re-
moval from the body, has been known not only to pulsate for
a short time, but even to keep up its action until its folds
fairly rustled from inherent dryness.

266. Muscolar Waste the Cause of Museular Contrac-
tion.—DBut here the question meets us, What is this power that
passes through the nerves to each fibril, and how does it energize
the muscle ? Isita fluid acting on the fibers in the same manner
that water acts upon the strands of a rope, or is it an impon-
derable agency, like electricity or heat, passing through the
nerve by polar attraction or conduction from particle to par-
ticle? At present we must rest with the facts of muscular
movement, and perhaps we can never solve the mystery in
this world. The nature of what we vaguely denominate
nervous or vital force has never been determined. No mys-
tery in religion exceeds that of museular movement. It how-
ever seems to be the case that muscular contraction is in a good
degree dependent on a due degree of arterialization of the
blood ; for if a muscle be placed in carbonic ac'd its irritability
soon ceases, while in oxyzen it remains a long time after it is
removed from the body. A want of the proper amount of oxy-

Of what use is this property ? 265. Upon what do both myotility and tonicity depend?
In which muscles do they remain the longest after death ? Instance the heart of the stur
geon, 266, What is all we know of the power that produces this contraction ?
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gen is the cause of the inability to exertion experienced in the
thin air of mountain tops and the relaxation of the muscles in
fainting from exposure to carbonic acid, ether, or chloraform.
On the other hand, the more full the respiration, t..e more ener-
getic the muscular power. The effect of oxygen upon the tis-
gues is that of waste, or a consumer ; that is, it produces a more
rapid cireulation of matter by removing the carbonic acid,
and substituting itself in its place; and the deeper the resjte
ration, the more energetically will all the functions of the
body be carried on. Hence a plausible theory offers itself
to explain the cause of muscular contraction, which is, that
“ muscular contraction is the necessary physical result of mus-
cular disintegration.” ;

267. The Mechaniecal Disadvaniage at which many
Muscles Act — The Reason of it.—The force of muscular
contractions is almost always very great, sometimes so pow-
erful that some of the fibers are ruptured. DBut the main
evidence of this great force is exhibited in the mechanical dis-
advantage at which most of the muscles act. For instance,

Fia. 151 if the muscles were
attached at ¢, a much
greater weight could
be lifted by the ex-
penditure of the same
power than if it were
attached at & ; but a much longer portion of time would be
necessary to produce contraction in such a length of fiber, @
¢, than in a shorter portion, @ 6. Besides, in most cases ib
would be quite impossible for the muscles to contract suffi-
ciently to. effect what they now do, since muscular fiber can
net shorten itself more than one third of its whole length, as
measured when uncontracted, or in a state of rest.

What, bowever, do we know about deficieney of oxygen as affecting these properties?
Instanee ether and chloroform also. What hypothesis has been suggested owing to the
waste produced by oxygen? 267. How is mnseular power well illustrated? What loss
amd what gain are both experienced by this construction ¥
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268, Contraction commences at one End—Only a Part
of the Fibrils in a State of Contraction at Once.—The
contraction of a muscle does not take place in all parts of the
fibers at the same time, but commences at one end, and con-
tinues through in recular Fig. 152.
order, as is seen in the
cut 152. It is also sel-
dom the case that all the
fibers are contracted at
once. This explains the
reason why insane people : _

oL Muscular Fiber eontracting. a, Uncontracted
are often so prodigiously part. , Contracted part.
strong, since the whole of the muscle is made to act at once.
It also shows us why we can keep a muscle contracted for a
long time, as in carrying a weight for a long distance, and
also why a short and violent muscular action weakens and
tires us more than a protracted and more moderate one. The
simple explanation is, that but a part of the fibrils are con-
tracted at once, and when the nervous force is exhausted from
one set of fibrils, a new set are called into action to supply
their power.

269. Examples of Muscular Strength.—As examples of
great muscular strength, we have given to us the history of a
Samson and Goliath. And in more modern times we read of
Milo of Crete who killed an ox with his fist, and then carried
it more than 600 feet. He also saved the life of his fellow-
scholars and teacher, Pythagoras, by supporting the falling
roof until they had time to escape. Another man 1s mene
tioned who could raise 300 pounds by the muscles of his lower
jaw. This strength, however, is exhibited much more stril.
ingly in another part of this chapter under the head of Com*
parative Myology.

268. Do all the fibers, or even all portions of each fiber act at once in ordinary cases?
Instanece insane people. 260, Give examples of great museular strengh as illustrated by
Goliah and Mile.
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270. Rapidity of Muscular Contraction.—The rapidity
of muscular movement is equally wonderful. The pulsations
of the heart in children can often be counted as high as 200
per minute. Some persons can pronounce 1500 letters in a
minute (of course combined in words), each one requiring the
contraction and relaxation of one or more muscles, and both
occupying 3;'55th of a minute, or ;%th of a second. The
mascles, too, which move the wings of some insects mus
contract many thousands of times every second in order to
produce the musical tone or humming that is frequently heard
when their wings are in motion.

271. Duration of Muscular Contraction—Intrinsic and
Available Force—Shortening of Muscular Iiber—Muscn-
lar Sense—=Sound and Heat—The length of time which
muscles may be on the stretch is astonishing, but especially
so among the lower orders of animals soon to be mentioned

The intrinsic force of a muscle is no measure of its avail.
able power. Thus the deltoid, if able to act in a perpendicu.
lar direction, would raise 1000 pounds; while, acting at the
ereat mechanical disadvantage (that it does) of passing over the
head of the humerus, it can not lift 50 pounds held in the
hand.

The amount of shortening of the fiber in muscular contrac-
tion is differently stated by physiologists. The statements
are from one third to one sixth the length of the musele.
That is, a musecle three inches long can by contraction be-
come only two inches, or one six inches long become five
iuches. It is probable, however, that the former statement is
the nearest to the truth, and that a musele is shortened from
one half to one third its original length.

The muscles give but little evidence of sensibility ; that is
perception of objects by pressure or touch ; but when fatigued o
overworked, they give a painful sensation, and also give to their

270, Btate instances of great rapidity of muscular movement, as in pulsations of
children's hearts and the power of articulating words. 271, State the distinction be
tween the intrinsie and available foree of muscles. How much does muscular fibes
shorten during its contraction ¥ What is muscular sense !
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possessor a very delicate sense of the amount of their contrac-
tions.

It is also an established fact that a peculiar rumbling sound
15 given off and heat evolved during muscular contraction,
the latter of which is easily explained by the increased mus-
cular waste, or the absorption of oxygen and evolution of car-
bonie acid.

272. Precision of Nuscular Confraction.—An astonisl:-
mg precision in contraction of muscles is seen in those of the
human larynx. The largest of these muscles is less than
three fourths of an inch, and the total amount of contraction
one fifth. And since the ordinary compass of the human
voice Is two octaves, or twenty-four semi-tones, and ten inter-
vals between each of the contignous semi-tones can be easily
detected by a person with a cultivated ear, there must be a
shortening of only ;5%:th of an inch. And more wonderful
than all is the precision and readiness with which an ordinary
singer can accurately strike one note after another with inter-
vals of from two to twenty-four semi-tones.

HYGIENIC INFERENCFE.

273.—1. Muscles need Use.—Themuscles should be used.
This is necessary to stimulate the blood-vessels and lymphaties
to a healthy actior, so that the nutritious particles may be
deposited in proper proportion, and the waste particles be re-
moved ; in other words, to promote that constant change
which in all the organs of the body is so necessary for health,
I'heir moderate use also promotes their growth and strengtl,
while inaction causes them to diminish both in strength and
Blze.

Bpeak of gonnd and hea’ attendant upon museular contraction. 272, What remarkable
precision is there ir many muscular movements? 273, Why is it necessary that the
muscles be used to ¢ woderate extent ¥
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274,—2, Muscles need Rest.—The muscles also need rest.
That is, after work they need repose to restore the energies
which they bave expended, and if the amount of rest which
they receive is not sufficient to recruit the strength, they will
goon become small and weals ; for the lymphatics are so stimu-
lated that the amount of matter removed exceeds what is de-
posited.  But sleep is the grand restorative after severe mus-
¢ ilar exertion ; this alone gives back to the muscle its life
and strength.

275.—3. Muscles should Rest gradually after Violent
Exercise.—Experience, however, shows that when the mus-
cular system has been exercised vigorously it should not be
allowed perfect rest at once, but by degrees. Such a course
would save many an ache and stiff joint to the hard-working
farmer and mechanic, and especially to the one who labors
till the body is in a state of perspiration.

276.—4. Muscles require Regular Excreise.—Labor or
exercise that is regular and uniform is much the most conducive
to health. The muscles will endure a much greater amount
of effort if made steadily, rather than spasmodically. Regu-
larity of action is important in every function, but in none
more evidently so than the muscles.

277.—5. Especial want of Exercise by Students and
Sedentary People—We see that students and other seden-
tary persons are in special need of physical exercise, and
should consider it a moral duty to seeure it, for it stimulates
every organ to a healthy action. The blood flows more
cadily, and more completely fills all the minute vessels ; the

fand= of the skin act more vigorously ; the lymphatics and
autritive vessels perform their part more perfectly ; and even
: nervous system is kept in a healthy state by exercise. It
1s best, however, to get exercise if possible with some other

074, For what do the museles of hard-working men necd rest, and especially sleep ?
975, Is it always best to gain rest at onee, or gracdually ¥ 276, What Kind of labor or ex-
ercise i3 most conducive to health? 277. VWhy do students and sedentary people stand
greatly in need of muscular exertion? Is mere drudge work the Lest exercise ?
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motive than a mere conviction of its necessity and importance.
For if we are interested in pursuing an object, the mind ac-
quires a healthy action, and by its reaction brings on a state
of perspiration in the body. In this case we have obtained
two ends, the muscular system has been exercised, and the
mind has gained full recreation from study. Ience the study
" natural history, and especially those branches of it which
rquire field exercise in collecting specimens, not only
strengthens the mind and furnishes new ohjects of thought,
but is an admirable method of gaining bodily strength.

278.—6. Value of Gymnasia, ete., to Colleges and Acad-
emies,—We see how injurious to health is the stimulating
plan adopted in too many of our higher seminaries of learn-
ing. The mind is crowded to its utmost with labor; too
much time is taken up with cultivating the intellect, while
the body is left to take care of itself. A gymnasium or
some equivalent means of taking exercise is as important
a thing to our colleges and academies as are the build-
ings, libraries and cabinets themselves. And may it not
be the reason why literary men are generally so great suf-
ferers from ill health, that so little attention is paid to physi-
cal culture during the preparatory and collegiate course?
Is it not poor economy to take so much pains to cultivate the
inhabitant, when the house that it is to live in is such a mis-
erable tenement, and receives so little care and improvement ?

REMARKS UPON MUSCULAR DEVELOPMENT.

With the existing customs of the wealthier classes of
society, and our higher seminaries of learning especially, it ig
hardly possible to say too much upon the necessity of physical
education : not that it is best to lower the standard of iatel-

Why does the study of some branch of natural history seenre the best exercise? 278

What is said of the effect of a neglect of muscular exercise in schools and upoa muny
sducaced men of our country ?
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lectual culture in the least, cr 1o Cictate how those who are
possessed of an abundance of wealth shall dispose of it, but
simply to say that a thorough physical education is essential
for a proper enjoyment and improvement of our whole nature,
body, mind, and soul. The evils of a neglect of this branch
of education exhibit themselves, not only in puny clergymen
and lawyers, but in the meager and attenuated physiques of
our mothers and sisters.

Boys, especially wlen boys, will run, jump, shout, and
be in the open air in spite of any thing but the closest
watch ; in fact it is thought proper that boys should be ruddy
in countenance and healthy, but with girls it is not so.
By grossly perverted usages of society, it is considered im-
proper for girls to run and jump and shout, and especially so
out of doors; but while mere children even, they must act as
youny ladics, and never move except in a precise and meas-
ured manner, often as unnatural as it 1s injurious; and any
thing that requires muscular effort, is regarded as vulgar,
and of course not to be undertaken. Now, physiology tells
us that just the thing which our girls and ladies stand
in need of at the present day is active, vigorons muscular
effort, such as walking, rowing, riding on horse-back, and
calisthenic and gymnastic exercises. And let the question
be suggested to parents, guardians, and in fact all inter-
ested in the prosperity or even the existence of the Anglo-
Saxon race on this continent, whether the physical develop-
ment of ladies shall be neglected through the idle whim of
its ampropricty (which often only generates a false mod-
esty or prudishness), and thus tend to a deterioration of
the race which is now in fearful progress in the United
States.

Without a proper exeroise of the muscles in man or
woman, all the other portions of the body must suffer, and
if so, why, through an over sensitive, prudish caution, must
woman be the unfortunate victim? The old Greeks—
heathen though they were —did not neglect the development
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of the body in either men or women. And while they most
thoroughly disciplined the intellectual powers, their *semi-
nary of learning”’ was the gymnasium, where. as prominent
characteristics, were the running, wrestling, and boxing exer-
cises, and by them regarded as equally important with intel-
lectual effort.

But though the neglect of muscular exercise is the most
sadly evident in the female portion of society, yet it is not
confined here. For many of our educated men are of feeble
physical culture, mainly because of the cultivation of the in-
tellect at the expense of the body. Most men in the academ-
ical and professional schools are apt to regard study as first
and foremost, and a care of the body afterwards—if there be
any time for it! THow mwany make it a duty —and a relig-
ious one too—to take all the time that can possibly be se-
cured for study, and leave the exercise as a thing desirable
but not essential ! But we maintain that a system of educa-
tion which simply crowds the mind with discipline, to the
neglect of physical culture, is not only a defective, but a
monstrously pernicious system. Students may bear the
cramming process through the academical, collegiate, and
even professional course, but sooner or later the body will be
overpowered. Nature's laws cannot be violated without suf-
fering the penalty at some time; and of what service can the
most cultivated minds become, if the body is too feeble to use
their learning? Of what beauty is the most brilliant gem
without the art of the lapidary to develop and exhibit its
splendor ?

In how few educational institutions in our country is there
any thing like a system of exercise suggested, or much more
required? In how few of them does muscular development
meet with any thing but discouragement ?

It is true that muscular development has for too long a time
among us been associated with the lower class of people, as
prize-fighters, shoulder-hitters, bruisers and horse-racers, in
oIl which cases it should meet a decided disapproval. But is

'T =
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this a natural tendency of physical development? Is it
necessary that a well-developed man must of necessity be a
brutal fighter ? or that a beautiful horse must necessarily lead
his master to expose him to cruel excesses to test his speed?
If we do adopt the principle that physical development lLas
such an immoral tendency, is there any culture of body or
mind that we shall not be compelled to resign to the great
tempter, since he can so sadly pervert every thing ?

Ought not then a gymnasium or some equivalent means of
physical culture, to be attached to all our educational institu-
tions (female as well as male), as well as models, libraries,
cabinets, and apparatus? And if so, why should there not
be regular trainings of the body required by instructors as well
as mental exercises? And since but a small portion of time
is required for physical exercise if it be vigorous, as it will of
necessity be in a gymnasium, why may not a portion of school
duties each day be a half hour or an hour of exercise in the
gymnasium morning and evening ?  Does not every practical
teacher see that at least this would relieve the necessity of a
great many excuses, such as for ‘ head-ache,” * feel sick,”
““ unable to study to-day,” etc.

Fie. 153.  Lhere are, however, many simple gymnastic ex-
ercises which may be indulged in by everybody,
boys and girls, men and women, without an outlay
of any thing except a few dimes, and the use of a
few yards of space anywhere on terra firma.

From a piece of inch pine board from two to four
feet long (depending on the size of the person to
use it), and three to six inches wide, let an instru-
ment be made called the back board, as is shown
in Fie. 153.  With this simple piece of apparatus
grasped at each end, as in Fig. 154, a great va-
riety of exercises can be invented by any one, which will soon
set the whole surface in perspiration, and if persevered in
will, in the course of several days, impart pliancy and strength
to the muscles.
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A more vigorous exercise can Fia. 155.
be obtained by using what is
termed the ¢ Indian club,” or
““ scepter,” one in each hand.
(See Fig. 155.) These may be
made by the commonest turner
from any sort of wood, and 1t
is well that there be several
pairs of them, differing in weight
and length, and loaded with
lead if necessary, adapted to
the age and muscular development of
those using them. And it is astonish-
ing what great strength of tauscle can
be acquired by this means of exercise
continued through a few weeks. Some
of the differenf exercises which may be performed with this
club may be seen in Fig. 156, p. 146.

Another simple mechanism for gaining physical exercise,
called the ** triangle,” is seen in Figs. 157 and 158. It is

Fig. 158.

Fra. 1567
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FiG. 159.

s

made by hanging a bar
between the ends of two
ropes twisted together,
as in Fig. 157, or from
two ropes hanging per-
pendicularly from the
ceiling. This triangle
may be suspended from
the ceiling of any room,
or the branch of a tree,
and is of great service
for exercise, since 1t
calls into use not only
the upper, but also the lower extremities,

But much more complete exercise, and that which tends to
give symmetry of form to either sex, may be obtained from
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F1a. 160.
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F1a. 161.
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the various appurtenances of the gymmasium. Here, by
means of bars, ladders, ropes and similar pieces of appara-
tus are the best arranged eontrivances, not only for a gen-
eral exercise of the whole body, but for developing the most
important musecles. A few pieces of this kind of furni-
ture may be seen in Figures 159, 160, and 161. These
may be fitted up in any lar e and unfurnished building,
since the essential requisites are a few solid timbers to
give firm support to the bars and ladders, and walls mainly
to protect from exposure to severity of weather.

The exercise of rowing is one which probably can not be
surpassed as a means of exercise, since it not only requires a
use of the muscles, but is exhilarating and recreating to the
spirits ; and where circumstances admit, whether as supple-
mentary to or in place of a gymnasium, we would say by ail
means let both boys and men, and ladies too, indulge in the
invigorating and healthful exercise of boat rowing.

—

COMPARATIVE MYOLOGY.

279. In microscopic structure the muscles of the lower

orders of animals very closely resemble those of man, as may
be seen in the fibrils of the pig, Fig. 162.

280. Tegumentary Musele—Abdominal Museles—Mus-
eles of Lower Jaw—Diaphragm.—The general structure
and relations of the muscles in quadrupeds differ very little
from those of man save in the extremities. Nearly all quad-
rupeds have a sct of fibers called the Tegumentary Mus
cle, which is a thin layer of muscle lying just beneath the
skin, and which is only rudimentary in man. Its func-
tion is to contract and corrugate the skin in order to remove
dust, insects, or any offending matter, as can be seen in a

—

279, What is said of the structure of musecles In El mammals ! 280, Eaacrihn tha
Tegumentary Muscla
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horse or cow during the time Fic. 162.
when flies irritate by biting.
The same muscle in the por-
cupine and armadillo is made
use of to roll themselves up in
a ball. In apes the foot and
hand are similar both in mus-
cular development and func-
tion, but are by no means
equal to the band of man.
The abdominal muscles of all
quadrupeds are stronger than
man’s, since from their posi-
t..i['ﬂl t-hﬁ WEight Df the viscera Muscular Fibrils of the Pig. <, An ap
is thrown upon the muscular parently single fibril. b ¢, Collections of
walls of the abdomen, and "

not upon the bones of the pelvis, as in him. In beasts of
prey the masseter and temporal muscles are more strongly
developed than in man, because great strength is required
in the jaw to secure the food and fit it for digestion. In all
mammals a more or less complete diaphragm is found, though
it is absent in nearly all the remaining vertebrata.

281. Muscles of Birds—Ossification of Tendons.—The
muscles of most birds are remarkable for their deep red color
and the density of their structure. In herbivorous ones, how-
ever, they are of a paler color and softer in texture, and hence
more palatable as articles of food. The bellies of the muscles
are for the most part situated on the body, so that they may
not encumber the limbs ; and those designed to move the ex-
tremities are extended into long tendons, which, as already
mentioned, become ossified to a considerable extent.

OFf what use is this muosele in the poreupine and armadillo? Why are the abdominal
muscles of quadrupeds proportionally stronger than in man? What is said of the strength
of the masseter and temporal muscles of beasts of prey? What of a diaphr-gm? 251
What are the museles of birds remarkable for? 'What is said of the tendons and bellies
#f muscles in birds? 7
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282. Suspensory Muscle.—In the turkey and birds of like
character an especial muscle is provided for the support of
the crop, which so often becomes heavily loaded with food,

283. Muscles of Birds' Feathers —Their Use—Their
Number—Museles of the Dreast.—Birds are supplied with
tegumentary muscles somewhat after the manner of quadru-
peds. The main difference is, that in birds a few muscular
fibers are sent to each quill feather of the body, by which the
feathers can be violently shaken to dislodge dirt, or they may
be merely raised on end by the same muscles. This property
is well seen in common barn fowls, when they shake them-
gelves after having lain in dry dirt. A hen with a brood of
chickens, too, when disturbed shows her wish to protect her
young by ruffling up her feathers and attacking whoever may
annoy her. In some birds, where there are 3,000 quill feath-
ers, the number of muscles must be at least 12,000. No
muscles are found upon the face of birds, but to secure the
degree of motion to which the head is subject, and the flexi-
bility of the neck, the muscles of this portion of the body are
very strongly developed. The most powerful muscles of
birds zre the pectoral, or those on the breast: one end of
which is attached to the keel of the sternum and the other to
the humerus. These muscles are three in number on each
side, and the largest one exceeds in weight all the other mus-
cles of the body.

284. Museles of Fishes,—The muscles of fishes are char-
acterized by their slight degree of separation from one an-
other, by the absence of long tendons, and the softness of their
fibers. Their color is generally white, or yellowish white,
but in microscopic structure they do not differ from those of
the other vertebrata. By far the largest part of the fleshy

282. What peculiar muscle is found in birds like the turkey ? 283. What is worthy of
note in the tegumentary muscle of birds? In what condition does a hen show the ace
tion of the tegnmentary muscles? What number are there in some birds? Why is
there need of s0 few muscles on the head of birds? T'pon what portion of the body are
there the most museles? Give the actnal amount by weight. 284. What is the peculiar
Feature of the muscle of fishes ! Give their coler
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mass of these animals is made up of the lateral muscles of
the body which extend from the head to the caudal fin; and
as each lateral muscle by its contraction bends the body to its
own side, the motion of the fish through the water is effected
in the same manner as the oarsman sculls his boat.

F1g. 163.

Museular Fiber from Leg of Meat Fly. «, Termination of Museular Fiber. ¢ Tendon.

285. Museles and Locomiotive Organs of the Inverte-
brates.—Muscles, both striated and smooth, voluntary and
organic, abound in all the invertebrates. They are modified
in form and position to meet the wants of the animal as wisely
as in the higher tribes. F1g. 164.

In some of the Polypi
movements are made by
the contraction of their
sides, in which no mus-
cular fibres have been
discovered, though ex-
existing in other parts

=

of the animal. The Insect Fasciculi Magnified Fifty Diameters.
muscles of insects are either colorless or of a dirty yellow.

986. A great variety of locomotive organs are found in the
Invertebrates. The Echinoderms have tentacles, called Am-
bulacra, on some of which there are suckers, which enablel
them to hold on to substances. They have also forcep-like
organs of locomotion. Most of the acephalous molluses move
by a highly developed foot, which, in the Cephalopoda, is used
as a sucker, The Cephalopods have arms with suckers at-

What portion of the body is made up of them? 230, What are the locomotive organa
of Invertebrates?
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tached to the cephalic cartilage. ~Annelids move by sub-
cutaneous muscles, stings, and bristles. The Rotatoria re-
volve by a retractile vibratile apparatus. Crustaceans bave
usually two legs to each segment, and the Myriapods some-
times four. Some of these appendages are tactile, some for
oars, and some ambulatory. Spiders have four pairs of legs,
and insects three,

287. Examples of Muscular Strength.—There are some
remarkable examples of muscular strength among the lower
animals. A flea harnessed will draw from seventy to eighty
times its own weight, while a horse can not draw more than
six times his weight. The flea weighs less than a grain, and
will clear several feet at a leap. The common dorr bettle,
weighing but fifteen grains, has been known to heave a weight
placed upon him amounting to 4,769 grains, equal to nearly
320 times his own weight.

2883. Length of Time the Muscles can be Employed,
—The length of time during which some muscles can be em-
ployed without rest is also very remarkable. Many birds will
fly uninterruptedly for hundreds of miles, and it 1s also said
that insects will remain suspended in the air a whole sum-
mer’s day without alighting.

289. Rate of Flight of Dirds.—Some birds fly sixty
feet in a second ; but a race-horse scarcely ever exceeds forty
feet in the same time. A faleon of King Henry II. flew on
one day from Fontainbleau to Malta, a distance of about
1,000 miles. The rice-bird, which afterwards becomes the
reed-bird of Delaware Bay and the bobolink of New York, is
often found below Philadelphia with green rice in its erop.
The same thing is true of pigeons during the rice-growing
season.

987. State the power of a flea compared with a horse. 83, What is wonderful abont
the length of time that some insects can use their muscles without weariness? 280, With
what speed can some birds fly? Give the instance of King Henry's falcon.



CHAPTER THIRD.

THE NUTRITIVE SYSTEM.—SPLANCHNOLOGY, OR HISTORY
OF THE DIGESTIVE ORGANS.

DEFINITIONS AND DESCRIPTIONS.

290. Definition of Digestive Organs—The Digestive Or-
gans are those which receive the food into the body and effect
such changes in it that the various tissues can be formed
from it by means of the glands. OF these organs the princi-
pal one is the Alimentary Canal. This commences with the
mouth, and includes the stomach, with the whole length of
tube known as the intestines. This canal, in a full-grown
man is about thirty feet in length, being as a general rule
five times the height of the individual, and is lined through-
put its entire length by mucous membrane.

201. The Mouth; Salivary Glands; the Tonsils—The
Mouth contains the organs of mastication including the teeth
and tongue, and receives the saliva, which is secreted by three
pairs of glands named Parotid, Submaxillary, and Sublingual,
situated just beneath and behind the lower jaw. Besides
these three glands there are many other minute glands and
follicles situated upon the floor and backsides of the mouth,
which secrete fluids that aid in mastication and digestion.
The Tonsils are simply an acgregation of follicles situated in

990. What are Dizestive Organs? Give the general deseription of the Alimentary
Canal. 291, What does the mouth contain? Name the three principal pairs of glands
aml give their location.
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Fic. 165.

fﬁ“&g§§§§t

o

A View of the Salivary Glands in sitn.

1, The Parotid Gland in situ and extend-

ing from the Zygoma above to the Angle of the Jaw below. 2, The Ductof Steno,
8, The Sub-Maxillary Gland. 4, Its Duet. 5, Sub-Lingual Gland.

Fig. 1686.

A few Follicles from Huoman Tonsil.

the upper part of the
fauces or throat, a few
of which are represent-
ed in Fig. 166. The
mouth is a variable cav-
ity having mo empty
space within it when
closed, and when fully
open, containing nearly

half a pint.

202, The Pharynx.—-
The Pharynx (the Greek
name for this portion of

the body) is the next division of the alimentary canal. It 1s
a short and somewhat irregnlar tubular cavity, into which
the mouth opens hehind, serving as a portion of the canal

—

What are the Tonsils? Are there any other glands in the mounth? 202, Deseribe the

IPharynz.
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Fia. 167.
Pendulons Palate.

Nose,
Bars of the Craninm.

""" - Tongue.

Pharynx.
-=eme Balivary Glands,
-=====-—= Lingnal Bone.
==e-ema=t Larynx.
""""""""" = Thyroid Gland.
Esophagus. Trachea ur Windpipe.

Vertical Section of the Mouth and Throat.

from the mouth to the stomach, its lower limit being nearly
opposite to the Pomum Adami (Adam’s apple) in front, and
the fifth cervical vertebra behind. It also communicates with
both ears, with the nostrils and lungs, by passages which open
directly into it. The communication between this cavity and
the mouth may be entirely cut off by means of a movable
muscular curtain called the soft or pendulous palate, which is
of great service in the act of swallowing. This portion of the
alimentary canal is made up of muscular fibers which run in
two directions, so as to cross each other at a large angle, in
order to give the most perfect compression upon the food as
it passes through it. And in its lining (mucous) membrane
are found a great number of follicles or sac-like bodies of
microscopic size called Pharyngeal Glands.

293. Esophagus.—The Pharynx terminates in the Eso-
phagus (meaning the passage for conveying the food). This

What eavities doos it communpicate with? What is said of its muscular coat? 203
What is the Esophagus?
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Fic. 168,

ITEH @ s, (L Yl

; Glands of Esophagus Maznified fifteen Times.
is a long and narrow tube, made up of two muscular coats,
which terminates in the stomach by the cardiac orifice. It is
smaller in size than the Pharynx, and contains a great num-
ber of minute glands, (see Fig. 168), which secrete an oily
fluid when the food is passing through it.

294. Stomach, its Coats, its Size, its mnscular Coat,

Fig. 169.

Section of Human Stomach. 1, Esophagus. 2, Cardiae Orifice. 8, 4, 5, 6, Greater
and Lesser Carves of the Stomach. 7, Dilatation, or rudiment of a Second Stwmach.
| 8, Fulds of the Mucous Membrane. 9, Pyloric Orifice. 10, 11, and 14, Duodenum.
1 12, Duet of Pancreas and Liver. 15, Jejunum.,

N
)
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Gastric Follicles.— The Stomach is the largest expansion of
the alimentary canal, situated in the upper portion of the
left side of the abdomen, immediate'y beneath the diaphragm,
mclining obligquely downwards from the left to the right. Its
walls are made up of three coats: an outer or serous, a middle
or museular, and an inner or mucous. Its normal or average
size will allow it to contain about a solid quart, but in gor-
mandizers, and wine and beer drinkers. it is dilated to threa
or four times that size. In the middle or muscular coat (Fig.
170) the fibers run at right angles to each other, in order that

F1G. 170.

A Front View of the Stomach, distended by flatus, with the Peritoneal Coat turned
off. 1, Anterior Face of the Esophagus. 2, The Cul-de-Bae, or greater Extremity.
8, The lesser or Pyloric Extremity. 4, The Dundennm. 5, 5, A portion of tne Peri-
teneal Coat turned back, 6, A portion of the Longitndinal Fibers of the Muscular Coat.
7, The Circular Fibers of the Muscular Coat. 8, The Oblique Munscular Fibers, or
Musecle of Gavard. 9, A portion of the Mnseular Coat of the Duodenum, whers its Te-
ritoneal Coat has been remowved.

they may contract in the most efficient manner upon the con-
tents of the stomach for the purpose of digestion, and forcing
the contents onwards into the Duodenum, They also assist
in forcing the contents of the stomach backward in vomiting.
In the inner or mucous lining are situated an immense num-

204. Where is the Stomach sitnated? What is its normal size? How many coats has

it and what are they? Of what service is the museular coat? What glands are eon-
tained in the muncous membrane of the stomach ?
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ber of tubular glands which open directly into the stomach.
They are cup-shaped cavities about the 3;%55th of an inch in
diameter, and ;th in length, from the bottom of which pro-
ject two or more parallel tubes, ending in a closed termina-
tion in the tissue beneath. These compose the greater por-

Fig. 172.

The Glands in the Coats of the
Btomach, magnified forty-five dia-
meters. 1, A Gastric Gland, from
¢he middle of the Stomach. 2, An-
other, of more complex structure,
and appearing to contain Mueuns
—from the meighborhood of the
I'vlorus,

tion of the mucous mem-
brane, and are for the
purpose of secreting the
gastric juice, and prob-
ably the Pepsin also. In
addition to these glands,
a large number of the
mouths of veins open
into the stomach, which
15 act the part of absorbent

vessels to remove tha
water, whether pure ce
mixed with other sub-
= stances.

[ 4
Dagram of the Stomach and Intestines. 1, Stomach, 205. Duodenum.—

9, Fsophagus. 5 and 4, Stomach. 5 and 6, Duode- The first division of the
num. T, Jejunum. 8, Ileum. 9, Cecum. 10, Ver- . :
miform Appendix. 11. 12, 13, 14, Colon. 15, Rectum. Intestines is the Duo-
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denum, becaunse in length it is equal to the breadth of twelve
fingers. It commences with the pyloric orifice on the right
extremity of the stomach, and runs slightly backwards and
upwards until it terminates in the Jejunum. It is often
called the second stomach, because a certain part of digestion
takes place here, and the food passes slowly and receives ne
less than three different secretions : one from the Liver, an-
other from the Pancreas, and the third from the Mucous
membrane of the intestine itself.

296. Jejunum,—Next below the Duodenum is the Jeju-
num, meaning “‘empty,” since it is always found in this con-
dition after death. This, like the other divisions of the intes-
tine, has three coats, and is of a slightly pinkish color, be-
cause here the mucous membrane is thicker than in any other
of the intestines. Fie. 173.

297. Ileum.—The Tleum -
(from the Greek signifying
to twist) is the third division
of the Intestines, and is about
fifteen feet in length. It 1s
the smallest Intestine, and has
a darker color than either of
those already mentioned, and
is exceedingly tortuous in its
course,

298. Ceeum.—The fourth

division of the Intestine 1is
| S i

the Caeenm. This is a shut i’ G A 1t Wopenilel 10

gic much lﬂ,l‘gﬂl' than the cum. 2, Colon 3, lleum. 4, Entrance

. from Ilenm to Colon. §, [lio-Ceeal Valve,
small IﬁtE-St-ll]Et and of a 6, 7, 9, Parts of the Appendix Ceeei.

=

What do they secrete ¥ What vessels open into the stomach, and of what service ara
they* 295. What is the Duodenum? Give its general course. Why is it sometimes
ealled the second stomach? What fluids are poured into it? 296, What is the name
Jejunum) derived from? What is its color? 207. How long is the Ileum? What is
said of its shape? 205, Name the fourth divison of the intestines. Describe it.

S
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grayish blue color, and not exceeding three inches in length.
The entrance of the Ilium into the Caecum is effected by a
valvular arrangement which allows the food to pass into the
Ceecum, but never in the opposite direction. It is situated at
the right Innominatum in the lower part of the abdomen, and
its lowest portion has a worm-shaped process attached to it
which is only rudimentary, and consequently of no great
service to man, but largely developed and of great service in
some of the lower animals, and especially in the herbivorous
ones.

299. Colon.——The Colon (from the Greek signifying *to
prohibit,”” since the food passes very slowly through this part
of the canal), commences at the Ceecum on the right side of
the abdomen, and in the first part of its course passes in an
upward direction, and is called the ascending Colon. When
it reaches the lower edge of the liver, it crosses horizontally
to the extreme left edge of the body, constituting the trans-
verse Colon. After this it descends, and joins the Rectum,
forming the descending Colon. Its length is from five to
eight feet.

300. Rectum.—The Rectum completes the divisions of the
Intestines. It is nearly straight in its course, of a larger
size than any other division of the canal, except the stomach,
and from six to eight inches in length. Its name is derived
from the straight direction which it assumes.

301, Division of the Intestines into small and large.—
The last three divisions have a much larger diameter than
the first three, and are called on that account the large Intes-
tine, and the Duodenum, Jejunum and Ilium, the small In-
testine. The latter seems to be the portion necessary for
preparing the food to enter the Lacteals, while the large In-
testines act mainly as a receptacle for the waste portion.

Where is its loeation in the body ? What curions appendage is attached to {t? 200
What are the three divisions of the Colon? How long isit? 800. What does the Colon

terminate in? How long is the Rectum? 301, Define the large and the small Intestine
and give their probable nses,
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Fra. 174.
Liver. Pylorus. Gullet, Pancreas

Stomach.

Gsll-Bladder. T N NG - Spleen.

Large Intestine.

Cecom. .

Appendix of the . . [
Ceeun,

Small Intestine. Rectum.

Digestive Apparatus in Man.

802. Structuve of Intestines, Intestinal Glands.—Like
the Stomach, the Intestines are formed by three membranes.
Also m the inner or mucous membrane are situated an im-
mense number of microscopic glands, so that a French teacher
speaks of them existing *‘as numerous as the stars in the
starry heavens.” They are distinguished as Duodenal Glands,
Brunner's Glands, Solitary Glands, Peyer’s Patches, and
Follicles of Lieberkiihn. (Fig. 175, p. 164.) They are
most abundant along the course of the Ileum and they seem
to be especially affected in Typhoid Fever, although no cer-
tain use for them in health has as yet been discovered. The

302, What is the strueture of the Alimentary Tube ? What is said of the Glands found
in its mucous lining ¥ State their mames,
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A Portion of the Tlinm highly magnified, show-

ing Peyer's Patches and the Villi.

supply from these secretions,

ANATOMTY

Follicles of Lieberkihn
are found only in the
large intestine. The
Mucous membrane of
this part of the ecanal,
is not smooth and con-
tinuous with the serous
or outer layer, but is
doubled upon itself in a
great number of folds,
in order that the surface
containing these glands
may be the largest that
is possible, so that the
contents of the Intestine
may receive a large

Minute Villi or hair-like pro-

jections are also found in great abundance upon this mem-

Fre. 176.

A Portion of one of Brunner's Glands.

the Microscope.
Internal Coats of the Intestine.

Fie. 177.

A View of a Longitudinal Section of the
Jejunuim, showing the Villi as seen under
1, 1, The Terminal Orifices of the Villi. 2, 2, The

8, The Peritoneal Coat.

How is the Mucons membrane arranged through the canal, and what fs the design of

such an arrangement ¥
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brane, in order to increase the amount of its secretory surface.
It is the presence of villi that gives to some parts of the mu-
cous membrane a velvet-like appearance, and in these villi
are found the commencement of the lacteals, one lacteal
usually being found in each villus.

303. Glands attached to the Intestines,— Connected
with the Alimentary Canal are several large glands, a few of
which have already been described. They are soft solids, of
various forms and gizes, and are composed of lobules or small
divisions, each one of which i3 supplied with an artery, vein,
and duct. Kach of these ducts communicates with the prin-
cipal duct or outlet, which conveys away the product sepa-
rated from the blood by the whole gland. In microscopic
structure, a gland is made up of very minute cells, which
seem to have the power of secreting or separating from the
blood the particular substance which it is the function of the
gland to eliminate.

304. The Liver, Gall-Bladder.—First in importance of
this class is the Liver. (Fig. 178, p. 166.) This, except-
ing the brain, is the largest organ in the body, and is situated
on the right side of the abdomen, corresponding to the stom-
ach on the left, and is of a reddish yellow color. The average
weight of it is four pounds, measuring twelve inches in its
longest diameter, and it is divided into five lobes or great divis-
ions, and these are entirely composed of minute bodies or
lobules, (Fig. 179, p.-166), which are about the size of millet
seeds, each one containing an artery, a vein, and a plexus, or
net-work of ducts for conveying away the bile. These differ-
ent plexuses unite with each other and form two hepatic ducts
which discharge the bile into the Grall Cyst or bladder. (Fig.
180, p. 167.) This is a pear-shaped sac, containing from
one to two ounces, of a greenish yellow color, situated under

Deseribe the Villi. 308. What is said of the large glands connected with the organs of
digestion? Btate the structure of a gland. 304. What is the relative size of the Liver?
Where is it located? State its color and weizht. Give its minute structure. What is
the Gall Cyst or Bladder? What is the duct that earries the Bile to the Gall Cyst, and
the one that empties the Gall Cyst into the Duodenum ?
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Fig. 178.

1l | 1.|.f..|. -
T, 5

The Inferior or Coneave Surface of the Liver, showing its Subdivisions into Lobes.
!, Center of the Right Lobe. 2, Center of the Left Lobe. 8, Its Anterior, Inferior, of
Thin Margin, 4, Its Posterior, Thick or Diaphragmatic Portion. 5, The Right Extrem-
ity. 6, The Left Extremity. T, The Notch on the Anterior Margin, 8, The Umbilical
or Longitudinal Fissure. 9, The Lound Lizgament or remains of the Umbilieal Vein.
10, The Portion of the Suspensory Lirament in connection with the Round Lizament.
11, Pons Hepatis, or Band of Liver across the Umbilical Fissure. 12, Posterior End of
Longitudinal Fissure. 13, 14, Attachment of the Obliterated Duetns Venosus to the
Ascending Vena Cava. 15, Transverse Pissure. 16, Section of the Hepatic Duct. 17,
1lepatic Artery. 18, Its Dranches. 19, Vena Portarnm. 29, Its Sinns, or Division into
Right and Left Branches. 21, Fibrous remains of the Ductus Venvsus, 22, Gall-Blad-
der. 28, Its Neck. 24, Lobulus Quartns. 23, Lobulus Spizelii. 26, Lobulus Caudatus.
27, Inferior Vena Cava. 28, Curvature of Liver to fit the Ascending Colon. 29, De
pression to fit the Right Kidney. 30, Upper portion of its Rizht Conecave Surface over
the Renal Capsule. 31, Portion of Liver uncovered by the Peritoneum, 32, Inferior
Ldge of the Coronary Ligament in the Liver. 53, Depression made by the Vertebral
Coluwnn,

Fie. 179. the right side of the
liver, and has a
small vessel called
the Bile Duet, which
enters the Duode-
num obliquely about
three inches from
the stomach.

305. Pancreas.—
The Pancreas (“‘all
flesh,” because there
- is no fat ever found
Trapsverse Section of a Lobule of the Human Liver. In it) is another
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Fig 180.

A View of the Gall-Bladder distended with Air, and with its Vessels Injected.
1, Cystic Artery. 2, The Branches of it which supply the Peritoneal Coat of the
Liver. 8, The Branch of the Hepatic Artery which goes to the Gall-Bladder. 4,
The Lymphaties of the Gall-Bladder.

gland, lying directly behind the stomach. It is about six
inches in length, the right end of it being somewhat larger
than the left extremity, and hence called the head. To the
naked eye the lobular structure is apparent : but each lobule
is itself made up of much smaller lobules. The duct of the
Pancreas conveys the milk-like secretion of this gland, to
nearly the same point on the Duodenum as the Hepatic Duct,
where they both enter that tube in a slanting manner, so that
by the valvular arrangement the contents of the intestine can
not be forced backwards into the Biliary or Pancreatic duet.

FiG. 181,

An Anterior View of the Pancreas, S8pleen and Duodenum, with their Blood-Ves-
sels Injected. 1, The Spleen. 2, Its Diaphragmatic Extremity. 8, Its Inferior
Portion. 4, The Fissure for its Vessels. 5, The Pancreas. 6, Its Head, or tha
Lesser Panereas.. 7, Duodenum. 8, Coronary Arteries of the Stomach. 9, Tha
Hepatic Artery. 10, The Splenic Artery. 11, The Splenie Vein.

805. Describe the Pancreas. What is its structure? Where does its duct empty, snd
what mechaunical structure in it makes it remarkable ?

T ———
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Fi. 182. 306. Periton enm.—
: The Peritoneum, ‘cov-

; ering about,” or exter-

nal coat of the intes-
tines is not a little pe-
culiar in its conforma-
tion. This, like all
serous membranes, first
completely invests the
organs and then is re-
flected from them so as
to make a lining for the
whole cavity. Hence
the cavity of the ab-
domen, although a per-
fectly shut sac, is of
very irregular outline.
That it is a shut sac
may be seen from the
fact that in dropsy of
the abdomen —the fluid
has no means of escape
except by absorption, or
Setoxon of o Forlunese D Diphge:  punoture from the out:

creas. 1. Small Intestine, 7 Rectum, B Blad- Sidﬂ. In the {115[}3,33

der. The numbers indicate the course of the .
Peritoneum. commonly known as in-

flammation of the bow-
els, this membrane is the principal seat of the difficuity, and
the inflammation of this as well as of all other serous mem-
branes, is attended with acute pain, and the progress of the
disease, for better or worse, very rapid.

307. The Mesentery and tne Omentum.—These are folds
of the Peritoneum, attached to different parts of the abdomen
and its viscera, which serve to retain some of the organs in

S06. What is the Peritoneum ? 1s the cavity of the abdomen of a regular outline?
What is the principal seat of disease in inflammation of the bowels? 307, What is the
Mesentery and the Omentum'? What is it thickly packed with?
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their positions, and also, from the amount of fat contained in
them, to protect the intestines from cold and mechanical
violence, and to furnish a soft surface for them to glide over
in their various movements. In a lateral view of the abdo-
men, Fig. 182, some of the parts of the Omentum and Me-
sentery may be seen. At 4 is seen what 1s known as the
lesser Omentum, connecting the Liver and the Stomach. At
5 and 6 are seen the folds which constitute the greater
Omentum. At 10 is found the Mesentery, which encircles
the small mntestines. This is a broad fold of the Peritoneum
connected to the middle of the cylinder of the Jejunum and
Ileum through their whole length, and is attached to the
posterior wall of the abdomen. Widlin the layers of the Me-
sentery are found from 130 to 150 bodies of almond shape
and size, known as the Mesenteric Glands. Through these
the Lacteals pass on their way to form the Thoracie Duct.
308. Lacteals.—The Lacteals are minute vessels, which
commence with the inner or mucous coat of the intestines,

Fig. 183.
Aorta, Thoracie Canal. Lymphatic Glands.

Eadicles of the
% Uk yhferous
¥V easels,

Lacteals. Mescntorye
Chyliferous Vessels.

What small bodies are found in it.,nndﬁwhatia theo use of the Mesentery ¢
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Fic. 184, and terminate in the Thoracie

Duet. These at their com-

L 1 mencement are about the
o f i same in anatomy with the

radicles or small veins, and
at this point act the part of
absorbents. Soon after they
have left the Intestines, sev-
: _ eral of them unite into one
Wil E= and pass through small bodies
of about the size of peas,
called the Mesenteric Glands.
As they emerge from these

|
-
—
e
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f' = glands, they are fewer in
. :E number but larger in size,
! (f—*’-,i} until they all unite into one
}' FE tube called the Thoracic Duct,

a little larger than a goose
quill, at about the point of
the last Dorsal Vertebra.
This vessel passes immedi-
ately upwards, lying closely
upon the Spinal Column,
sometimes separating into two
smaller tubes for a few inches,

pe————
LR T

A View of the Conrse and Termination of the Thoraecic Duet. 1, Arch of the Aorta.
2 Thoracic Acrta. 3, Abdominal Aorta. 4, Arteria Innominata. 5, Left Carotid. 6,
Left Sub-Clavian. T, Superior Cava. 8, The two Venm Innominate. 9, The Internal
Jurular and Sub-Clavian Vein at each side. 10, The Vena Azygos. 11, The Termina-
tion of the Vena Hemi-Azygos in the Vena Azygos. 12, The Receptaculum Chyli: sev-
eral Lymphatic Trunks are seen opening into it. 13, The Thoracie Duet dividing, op-
posite the Middle Dorsal Vertebra, into two branches, which soon re-unite the courss
of the Duet behind the Areh of the Aorta and Left Sub-Clavian Aorta is shown by
Dutted Line. 14, The Duct making its turn at the Root of the Neck and receiving sev-
eral Lymphatiec Trunks previous to terminating in the Posterior Angle of the Junction
of the Internal Jnenlar and Sab-Clavian Veins, 15, The Termination of the Trunk of

the Lymphatics of the Upper Extremity.

—

3058. Where do the Lacteals begin, and where do they terminate? What do they re-
semble, anid what do they pass through? State the size of the Thoracie Duct, its course

and termination,
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until it reaches a point as high as the clavicle, where it
gradually curves forward, and joins itself to the left sub-
clavian vein. The Lacteals and Thoracic Duct are all made
up of three coats and present a silvery white appearance
from the color of the fluid they contain. Their function 18
to convey the Chyle or nutrient portion of the food into the
blood.

309. Kidneys.—The Kidneys are two in number, situated
upon the side of the lumbar vertebrze, and are cenerally en-
closed in a large amount of fat. Their average size is be-
tween four and five inches in length, two and a half inches
breadth, and one in thickness. Their color is of a reddish
yellow, and form decidedly oval, with a depression in one of
the sides. Upon its upper extremity is a small body, called
the Renal Capsule, and the whole organ is abundantly sup-
plied with blood. 'The design of it seems to be the removal

Fig. 185 Fia. 186.

Diiagram of the Urinary Apparatus. a:
The Kidneys. 50, The Ureter. & The
Bladder. , Canal of the Urethra.

A Section of the Right Kidney surmounted by the Renal Capsule. 1, Supra-Rena)
Capsule. 2, Cortical Portivn. 3 Medullary or Tubular. 4, Two of the Cnl:l:ms
receiving the Apex of their corresponding Cones. 5, The Infundibula. 6, The
Pelvis. T, The Ureter.

What vein does it empty into? What fluid does it carry ? 509, State the leading
foatures of the Kidneys. What is found upon its upper edge ?
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of the waste Nitrogen of the system, and many salts, espe-
cially the Phosphates, which can be eliminated by no other
organ. The secretion of the kidneys is the urine, upon

the regular secretion of which the health of the system greatly
ﬂepends.

FUNCTIONS OF THE DIGEBTIVE ORGANS.

310. Mastication; Use of the Tongue; Use of the Saliva,
Amount of Saliva.—The first process through which the food
must pass 1s Mastication, or reducing it to a pulp by means of
the teeth and admixture of the saliva. The service of the tongue
1s to keep the food between the teeth and to place it in such a
position that it will readily receive the saliva. The saliva is
of use to moisten the food, since the gastric fluid will much
more readily dissolve it than if dry or solid. It aids articu-
lation and the sense of taste by keeping the lining of the
mouth in a moist and pliant state. It also is of use to cleanse
the mucous membrane, and by its moisture to quench or pre-
vent thirst. Air is also carried by it into the stomach to aid
the process of digestion. But the most important use of this
fluid is the conversion of starch into sugar. This property
depends mainly upon a peculiar organic active substance con-
tained in it ealled Ptyalin, and is most active when in a state
of incipient decomposition. The saliva secreted daily varies,
according to different authorities, from about three pounds to
six pounds and a half, and is alkaline in its character. Aeid,

aromatic, and pungent substances increase the amount of the
secretion very much.

311. Deglutition. A part of the Process involuntary
—After mastication, the next process is that of swallow-
ing, or deglutition. The first step is to place the bolus,
or mouthful, upon the back part of the tongue, when by

= —— e — -

———— R

Of what great use are the Kidneys* 810. Deseribe thc process of Mastication, Of
what use is the Saliva? How much is secreted every day ¥ What increases its amount?
211. Describe the process of swallowing.
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the muscles of the tongue and fauces it is forced into the
Pharynx. As soon as it fairly enters this passage, the mus-
cles by an involuntary movement seize it, and force it rap-
idly past the opening into the lungs, and at the same
moment the epiglottis is forced down upon the larynx, to
prevent its entrance intd the trachea. This part of the pro-
cess i3 involuntary, from the necessity of keeping the passage
to the lungs open as much as possible, in order to admit air,
and also from the great danger of introducing any other sub-
stance. And so perfectly carried on is this function that it is
seldom—compared with the frequency of deglutition—that
even a fluid escapes the vigilance of this sentinel.

312. Passage of the Food through the Esophagus.—The
food passes slowly through the Esophagus into the stomach,
it being forced along by the contraction of the muscular
fibers, aided by the oily secretion of the Esophageal glands.

913. Gastric Digestion —As soon as the food reaches the
stomach, the most important part of the process of digestion
commences, all the previous steps being preliminary. When-
ever any solid substance comes in contact with the inner or
mucous membrane of the stomach, it excites the gastric glands
to pour out in abundant quantity the Gastric fluid.

314. Gastrie Floid—its Amount—Pepsin—This fluid is
a transparent liquid of a little greater consistency than water,
and of a perceptibly acid taste. It possesses the property of
coagulating albumen, and of separating the whey or serum
from the milk in a very short time, and is secreted at the rate
of seventy ounces per day. This property, however, is owing
to a peculiar organic compound called Pepsin, which acts after
the manner of a ferment at the normal temperature of the
human body. The Gastric fluid also possesses antiseptic

What part of the process is under, and what part is not under the control of the will?
212. How is the food carried through the Esophagus? 18, Where does the most im-
portant part of digestion take place? What effect has any solid substance upon the Gas-
tric Glands of the Stomach ¥ 314, What are the properties of the Gastric Fluid? How
much is scereted daily # What effect has it on the decay of substances ?



L
174 HITCHCOCK’S ANATOMY

properties, or the power of preventing decay or putrefaction
for a long time. These three properties, the acid, fermenta-
tive, and antiseptic, are of service in the following manner.
The acid assists in the solution of the different materials in
the stomach. The Pepsin, which constitutes two thirds of
the solid materials of the gastric juice, does its office by es-
tablishing the lactic fermentation, such as is seen in the
cuanges through which milk passes in hot weather. The
antiseptic properties are important in order to prevent putre-
faction, which would be so liable to be set up among organie
substances in such a condition, and at such an elevated tem-
perature as the stomach usually possesses.

315, Digestion partly dependent on Chemical Aetion —
Thus we see that this part of digestion is mainly a chemical
affair, although not entirely so: since by experiments care-
fully conducted in a vial outside of the body, maintaining the
same temperature and all the essential conditions of digestion,
the process goes on very slowly and quite imperfeetly. It
was found, however, that a piece of meat did digest in a vial
in nine hours and a half, while that in the stomach under

precisely similar circumstances, was digested in one hour and
a half.

816, Digestion partly a vital Process.—Consequently to
say exactly what stomach digestion is, must at present be im-
possible. We can only say that it is a chemico-vital process,
essentially a chemical action depending upon vital power.

S17. Movements of the Stomach in Digestion., — In order
to bring the food in contact with the largest amount of Gastrie
Fluid, the stomach, by an instinctive movement, carries its
contents over the greater curve m it, from the right to the
left, and returns it in a reverse direction, occupying about

——

What constitnent is it that is primarily essential in this process? 315. How much of
the process thuos far described is mainly a chemical one? What experiment proves it?
816, What definition can be given of Digestion ¥ 217. What instincetive movements docs
the stomach seem to possess?
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three minutes for each revolution. And in order that all of
it may be permeated by this fluid, contractions frequently
take place in the muscular coat of the stomach, resembling a
churning process.

318. Intestinal Digestion, Chyme.—The process thus
far is Gastric Digestion, or that which takes place in the
stomach, and the object accomplished seems to be the con:
vorsion of the nitrogenouns constituents of the food into albu-
minose called histogenetic digestion, or the preparation of the
food to be made into the tissues of the body. But when all
the food is thoroughly dissolved, or made into a liquid condi-
tion called Chyme, the Pyloric orifice is opened, and the food
passes into the Duodenum. When it arrives here—and never
sooner, in a healthy state—the secretions of the Liver, Pan-
creas, and mucus of the Intestine mix with it, performing the
second or Intestinal digestion, which is called calorifacient or
heat making, since it prepares the food which supports the heat
of the body. The process, however, is somewhat obscure, al-
though it is certain that food is not perfectly fitted for absorp-
tion until it has well completed this process.

819. Use of the Panereatic Fluid.—The Pancreatic Fluid
secreted at the rate of from five to seven ounces per day, re-
sembles quite closely the Saliva, converting starch into sugar,
and aiding in the absorption cf fatty matters, by forming an
emulsion, which, however, is much more readily formed by
the presence of bile.

390. Action of the Bile, an Antacid and Exere-
tory Agent.—The Bile, thrown out at the rate of fifty-four
ounces a day, seems from its large quantity to be of no
little importance. And since the juices of the stomach are
mostly acid in their character, it scems desirable that there
should be some counteracting agent, which is furnished in the

818, What is the prineipal thing accomplished by stomach digestion? What is food
called after it has passed through this proeess? Deseribe Intestinal digestion and its
use. 819. What smonnt of Pancreatic fluid is secreted daily? What is its principal use?
320. How much Bile is secreted daily?
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highly alkaline character of the biliary secretion. Another
use of the bile is to remove certain materials from the blood
(the carbonaceous), by allowing them to pass off with the
waste portions of the food, the liver thus performing the office
of an excretory organ. The liver also seems to possess the
power of forming sugar and even fat, when it 1s not contained
in the food, thus seeming to act the part of an equilibrator in
the process of blood making. And since all the blood re-
turning from the small intestines passes through the liver
before going to the heart, without doubt an important change
is accomplished in it by the liver, although the change is as
yet by no means fully understood.

321. Purposes for wl.ich Food is reqmired. Two kinds
of Materials in the Food, azotised and non-azotised,
Azotised Constituents, Albamen, Fibrine, Casein, Gela-
tin.—In the animal body we find that food is required for at
least three purposes : First, to build up the organism at the
outset, or, in other words, to secure its first growth, Second,
to maintain the organism at its normal standard after its
growth is complete, or to furnish material to supply the waste
which is perpetually going on while life lasts. Third, to
maintain the proper temperature of the system. Hence there
must be at least two kinds of material contained in the food:
one that will sustain and promote the growth of the tissues
called histogenetic, and another that will keep up the heat of
th body to a proper standard, called calorifacient. The first
of these requisites is found in food containing N itrogen, called
azotised, and the other in that with no Nitrogen, called non-
azotised. Of the azotised food the most important constituents
are Albumen, Fibrine, Casein, and Gelatin. Albumen is fami-,
liarly known as the transparent portion of an egg before it i3
cooked, or the white of the egg after a cooking process. Tt ex-
ists also 1n the blood, muscles, and hones of all animals, and is

How is its alkaline character servicealide ! What other processes does it accomplish?
821, What three purposes is food required for? IMenece what two kinds of food must be
Lrought into the system ? Give examples of azotizsed food.
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coagulated or made hard and white by heat or mixture with
Nitric Acid. In some parts of vegetables also, especially in
the seeds and fruit, is found a substance which, from its re-
semblance to animal albumen, is called vegetable albumen.
Fibrine exists in the blood and muscles of animals, forming
the coagulum or clot of blood, and the proper muscular sub-
stance. There is also a corresponding substance in plants
known as vegetable Fibrine. Casein closely resembles Albus
men in its constitution, but differs in many of its physical
properties. For while Albumen is coagulated by heat, Casein
is only coagulated by lactic and acetic acids. Casein is best
seen in cheesc.  These three substances are the essential ele-
ments of nutrition in mamm=1s. and though every other prin-
ciple may be supplied in the {vod, yet the body is insufficiently
nourished without Albumen and Fibrine. Gelatin, which
exists abundantly in the cartilage of animals, is another
azotised principle of food. This, however, of itself can not
support life, although it can be changed into albumen, or
some of its compounds by the action of the fluids of the
stomach.

522. Non-azolised Constitments,— Of the non-azotised
constituents of food, the Saccharine and Farinaceous and
Oily, are the principal ones, although there are many others
of less importance. Of the former, the principal element is
starch, while the sugar is secondary or subsidiary to it, and
in the latter we find an abundance of a Hydro-Carbon, or a
compound of Hydrogen, Carbon, and Oxygen, and all are
essential elements in combustion.

323, Is an exclusively Animal or Vegetable Diet the
best adapted to Man? Testimony of Experience. Ex
perience of Dr. Kane.—The question then which naturally
suggests itself here 1s, whether man i3 adapted to live ex-

What effect has heat and Nitrie Acid upon Albumen ¥ Where is Fibrine found ? How
does Casein differ from Albumen? Will Gelatin (or Jelly) of itsell support life? 322
What are examples of non-nzotised kinds of fond* 325, Is man made to live on sn ex-
clusively vegetable or animal diet ¥
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clusively upon vegetable or animal diet. An answer comes
to us from both experience and chemistry. For while on the
one hand hundreds of examples are adduced, as showing that
some men have lived to a green old age in solid health, who
have entirely refrained from animal diet, and many others
who probably would have shortened their lives a score of
years by the use of animal food, have prolonged it by adopt
ing a vegetable regimen, an equal number of cases can be
mentioned to show that a mixed diet has promoted equally
long and healthy lives. The geographical distribution of man,
as well as the manner of life, also furnishes valuable evidence
in this case. Travelers who have visited the polar regions, and
pre-eminently Dr. Kane, give us undoubted testimony of the
necessity of eating meat and animal fat to keep the body in
health: since the low temperature not only requires a greater
amount of combustive material, but this greater energy of
respiration produces a more rapid waste of all the tissues of
the body, requiring a more abundant supply of azotised and
non-azotised material to supply the deficiency. And on the
other hand experience shows that in tropical climates stimu-
lating food and drink should be avoided, because the high
temperature of the atmosphere depresses vital energy, and
consequently less material for supporting animal heat is re-
quired with a corresponding decrease in the waste of the

body.

324. Example of the Esquimaunx.—As examples of these
principles one traveler among the Esquimaux relates that these
people relish very heartily tallow candles as a dessert for din-
ner. Another states that he has seen the Greenlanders eat
from twenty to thirty pounds of blubber, or whale-fat, at one
meal. This, however, was a sufficiency of food to them for
two or three days.

Give the testimony of experience. Give the argument derived from difference in
climate. What kind of food is necessary to support life in polar, and what in tropical
countries ¥ 524, State luxurious articles of diet among Esquimaux and Greenlanders
How much will a Greenlander sometimes eat?
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825. Voice of Chemistry.— Chemistry, however, teaches
us that we can find in the vegetable world all the principles
necessary to support the body without using animal food.
And although the vegetable kingdom contains those elements
which will support life in many instances, yet we know,
as a general rule, that we find man in the highest degree
of bodily and mental vigor, only when he makes use of
: mixed diet. And we also find that all animals which are
the most active in their habits, and rapid in their motions, are
feeders upon animal flesh. There is also a race of half civil-
ized savages, the Guanchos, who spend the greater part of
their lives in the saddle and constantly in a state of greal
activity, who live almost exclusively upon animal diet, and
yet are unequaled in their powers of physical endurance, and
live lives fully equal to the average in duration.

826. Argument from the Teeth —The strongest physio~
logical argument in favor of a mixed diet, is found in the
conformation of the teeth and alimentary canal of man. In
those animals which live exclusively upon animal diet, the
teeth are sharp and pointed, with a very short alimentary
tube, since the nutrient portion of the food is readily absorbed
by the lacteals. On the other hand, the teeth of vegetable
feeding animals are smootked upon their upper surfaces, being
adapted to crush vegetable substances, and the alimentary
tube very long, since the nutrient portion of vegetable food is
not so readily parted with. Now in man we find neither of
these apparatuses perfectly complete, but an admixture of
both. Part of the human teeth are of the carnivorous or
flesh eating kind, and another part of the herbivorous or
vegetable eating kind : but each of them so modified, that
either kind of food can be readily prepared for digestion.
The alimentary canal too is intermediate between that of the
carnivorous and herbivorous type, being equally well adapted

225. What does chemistry teach on this subject? How does great bodily activity
affect the diet as illustrated by the Guanchos? 326. State the argument derived from
the teeth. What two kinds of teeth are found in man?
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to the digestion of animal or vegetable food, or an admixture
of both.

327. Conelusions,—The kin1 of food which is the most
perfectly adapted to the constitution of man, seems to be de-
termined by the following rules, based upon the temperature
of the climate, the habits or employments of life, and the
health of the individual,

First. The lower the temperature the greater the amount
of animal heat necessary for the support of life, which re-
quires the fattest portions of the meat.

Second. The more active the habits of the individual, and
the greater the amount of exposure in the open air, the greater
the demand for animal food.

Third. If the system be suffering under inflammation of
any sort, or if there be any tendency to inflammation, animal
food should be used very sparingly, or entirely dispensed
with.

Fourth. That diet seems to be the most perfectly adapted
to the human constitution in all climates and seasons, which
is composed of animal and vegetable food in the proportion of
one to two, or one third by weight of animal food to two
thirds of vegetable food. This proportion is the basis of the
diet scales of the United States and British Navies.

328. Use of the Laeteals.—The use of the Lacteals is to
absorb the Chyle or nutrient material from the contents of the
intestines, and .carry it into the general circulation. The
force by which this fluid is taken from the alimentary canal,
is by no means understood at present, unless it be capillary
ittraction.

329. The Chyle—The Chyle is a white liquid somewhat
micker than milk, and is made up of a solution of albumen
eontaining minute globules, or cells, which are mostly spher-

827. What four conelusions are drawn from this whole subject of diet? 328, What is
the function of the Lacteals? What is the force that circulates the Chyle? 329. De.
scribe the Chyle.
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ical and about sslgsth of an inch thick, and Chyle Cor-
puscles, which are simple cells about ;;5th of an inch in
diameter.

330. The Place where the Chyle enters the Blood.—
Principle of Venturi.—As already mentioned the Chyle en-
ters the blood through the left Subclavian vein of the neck.
It is not, however, simply by the opening of one vessel inte
another that this is accomplished, but advantage is taken of
the union of two currents, so that by their combined force
the chyle is drawn in towards the heart. The mouth of the

Fia. 187.

Position of the Thoraciec Duet and the Veins of the Neck where it empties.
S V. Subelavian Vein. o Jugular Vein, D, Thoracie Duct.

Thoracic Duct, however, is provided with valves to prevent
the blood from entering it, in case obstruction in the veins
should occur. And “ it is a physical fact that, when a small
tube is inserted perpendicularly into the lower side of a hori-
zontal conical pipe, in which water is flowing from the nar-

=

Give the size of the Chyle Corpuscles. 330. Give the description of the hydranlie
prineiple by which the chyle is drawn towards the heart.
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Fic. 188. rower to the wider portion,
if the vertical tube be made
= to dip into a vessel of water,

not only will the water of the
larger pipe not descend into
the vessel, but it will draw
up the water through the
small tube so as to empty
the vessel.” This is called
“ the principle of Venturi,”
and is well illustrated by the
entrance of the Thoracic Duet
into the Subclavian vein, as
seen in the cut No. 187. A
diagram illustrating the same
prineiple is seen in Fig. 188,
the arrows representing the
IMustration of the Prineiple of Ven- direction of the GUTI‘EHtﬁ, uﬂd

turl. When a eurrent passes through a '
large tube, if another smaller tube open the SI]'IH.HEI', I}erpendlﬁlllﬂ.l'

into its side, the enrrent in this toha X L -
: o
b %0 ks 1hs Bse falie avan tube illustrating the Thoracie

against the force of gravity. duect at its entrance between
the veins of the neck.

831. The Lymphaties.—The Lymphatics in general
structure and function resemble the lacteals. The lacteals,
however, are designed exclusively for promoting the growth
of the Lody by adding nutrient materials, while the lympha-
tics give up to the general circulation not only useful pro-
duets, but all those which are absorbed. IHence whatever is
presented to the mouths of the lymphatics, is carried into the
general system, while injurious products are not usually taken
up by the lacteals. (See also page 284.)

332. The Action effected by the Lymphaties.—Since
the Lymphatics, as already described, are found in every

—————— e e —

INustrate the principle of Ventori, 831, Give the general strncture of the Lymphs-
tics. Btate the probable differences in function between these and the Lacteals.
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part of the body in great numbers, and are almost constantly
at work in removing the waste particles, it follows that in
process of time a large part, or even the whole of the body,
will be removed. And it is generally admitted that the
whole body is actually renewed every few years, although
the precise number can not be stated, since so many circum-
stances modify the change, such as exercise, the amount of
fyod taken, and climate, as well as other causes not so easily
urderstood. It is, however, quite probable that the period
of ten years is sufficient to complete the change in most in-
dividuals, and the number is stated by some as low as seven.

HYGIENIC INFERENCES.

833. 1. From the structure and functions of the Digestive
Organs we can derive some hints as to the manner of pre-
venting acute and chronic diseases in them.,

334. Danger of Eating too much,—2. We see that there
is a great danger of eating too much. Large quantities of
food distend the coats of the stomach, and give too much labor
for them to perform. As a natural consequence the gastric
glands are weakened from excessive action, and then indiges-
tion or some other diseased action is sure to follow. And in
how much better health would multitudes in the higher classes
of society be kept, if some of the numerous dishes they use
were omitted! And in this country the remark applies to
nearly all classes.

335. We are apt to eat too many Kinds of Food.—3. We
also see that our meals are generally made up of too many
kinds of food. In the habits of the lower animals we dis-
cover a great simplicity of diet. Even in those whose ana-
tomical structure closely resembles that of man, the appetites

— = -

832, How great changes are effected in the body by the Lymphatics? In what length
of time is the body probably entirely renewed? 334 What is the injury from eating
too much? 885, What is said about eating too many kinds of food ?
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are easily satisfied by the simplest food. Nor does man’s
intellectual superiority demand a greater variety in diet, all
that is requisite being the materials necessary to support the
growth of the different tissues.

335a. 4. It is evident that condiments and spices should
be always used very sparingly, and generally spices not at
all. To be sure nature seems to indicate the want of a mode-
rate supply of salt (perhaps for the juices of the stomach)
but pepper, mustard, and ketchup excite the coats of the
stomach to an action that is unnatural. And it seems to be
a law of the system that stimulants and opiates, if used
regularly, must be constantly increased in quantity, other-
wise they will lose their effect, and disorder will follow. In
fine, all experience seems to prove that the demands of nature
for food are very simple and easily gratified; but the appetite
may be so trained as to loathe every thing of a simple and
natural kind, and be satisfied only with the stimulating com-
pounds of modern cookery. The law of nature, however,
cannot be reversed, that he who lives in the simplest manner
lives the longest, and suffers the least from pain or disease.

336. We must not eat too fast.—5. Most persons eat oo
fast. No time is gained on the sum total of life, by taking
any from that demanded by nature for eating and digesting
food. A fortune or great reputation, it is true, may some-
times be gained a little quicker by using the time which the
stomach rightfully claims, yet the penalty for such robbery is
a shorter life, or a disease which makes life miserable.

887. The Time of Eating.—6. We see that the time of
eating should not encroach upon the hours devoted to sleep,
or those of hard labor. During sleep the brain needs quies
but if there be any function going on such as that in the
earlier stages of digestion, the brain, as a matter of necessity,

Dioes intellectual superiority require so great a variety as is often introduced? 885.
Why are condiments and spices to be used very sparingly? What are the demands of
nature upon the appetite? IHow much may the appetite be perverted? 836, Whas
danger in eating too fast? 337, What time during the day should we eat?
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must labor till the process is accomplished, and as a result,
dreams or imperfect trains of thought will produce that kind
of sleep which cannot refresh the body. If again the time
for meals precede or follow very closely upon hard labor, a
law of nature is broken, and the penalty is sure to follow.
The nervous energy cannot be immediately called off from
the part to which it has for some time been directed (whether
to the brain or the muscles), and consequently the stomach
for a while must lie nearly inactive. Hence a short season

of relaxation from all active exercise, whether mental or -

physical, just before and after meals, is very conducive to
health, since in the former case the circulation is equalized,
and the brain can prepare its energies to expend them on the
stomach, while after meals the whole force of the nervous in-
fluence is needed for a time by the digestive function before it
can be directed to the muscles for exercise. Even a short
time after dinner devoted to a nap promotes digestion quite
rapidly, although the habit often is an inconvenient one, to
say the least, since if by unavoidable circumstances it is omit-
ted for once, the person feels uncomfortable the rest of the
day.

338. Danger of employing Stimulants for weak Stom-
achs —7. We see the error and danger of a very common
practice : that ewhen the digestive organs become wealk, and
the appetite is poor, stimulants are employed (o waken the
stomach to crave more food than it can digest. This only
agoravates the difficulty and makes a demand for stronger
stimulants, and thus often is the system prematurely worn
out. Whereas, would men follow nature and when a dimins
ished appetite teaches them to eat less and give the organs an
opportunity tv rest, they would ere long rally and digest all
that is necessary to give tone and energy to the system. To

— e ——

Why should not hard labor and a full meal come closely together? How does a short
nap after dinner affect digestion # What is a serions ohjection to the habit? 333, What
dlanger results from using stimulants to help weak stomachs ¥ Should we eat more than
tlie natural appetite eraves?
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eat more than the stomach craves, is not the way tu gain
strength, but to increase weakness and shorten life.

COMPARATIVE SPLANCHNOLOGY.

339. Digestive Organs of Mammals.—In many mam
inals the digestive organs in their general arrangemwnt and
construction resemble those of man.

Fig. 189,

Parotid Gland.
Maxillary Gland.

Trachea. -.._h\ _
xh""'\-\.._ _ .Iu-.

£ i
Linis Pharynx.
""""" Gullet,
Heart.
Thorax,
Liver. _Aorta,
Gall Bladder. q..nh"‘“

. ""-..._\_.

~ Midriff,

_ Btomach.
_ Pamcreas,
_ Bnleen,

Kidneys.

Colon,

_ Abdomen.

Colon, - -
Cmcnm, \,_‘H
Bmall Intestine. -.:?\_

Digestive Apparatus of an Ape.

340. Esophagus of the Horse—In the Horse, however,
at the lower end of the Esophagus, there is a sickle-shaped

340. How does the Esophagus of the Iorse differ from that of a man?
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fold of lining membrane, which makes it impossible for this
animal to vomit.

341. Stomach of Ruminants—Mammals, as a general
rule, bave very simple stomachs, and particularly those
which live upon animal food. But in those herbivorous
ones which chew the cud, this organ consists of four cavities,

Fia. 190.

--------------------

] il
Pylorus. The Rennet. 2d Stemach. Paunnch.
Stomach of the Bheep.

the Ingluvies or ¢ Paunch,” the Reticulum or Honey
Comb,” the Omasum or *Many Plies,”” and the Abomasum

Fic, 191.

Gullet,
Esophageal Groove.

Maniplies, or Third
stownach,

Eennet, ot Fourth
Btomach. N

Duodenum, ———eammaedii,

i i
Pylorus. Sccond Stomach. Paunch.
Interior of Stomach of the Sheep.

—

84.., What is the number of stomachs in herbivorous snimals? Give the Dames o
anel.
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Fie. 192. or ‘Red.” As the
food enters the Inglu-
vies, it is simply mixed
with the fluid secreted
by its coats, when i
passes into the Reticu-
lum, where it not only
receives additional se.
cretions, but 1s made
mto little * cuds”

““ pellets,” which, when
the animal is at rest.
are returned to the
mouth for the purpose

Btomach of the Ox. A, Paunch. B Re- of re-chewine and mix-
ticulum. (. Omasum. D. Abomasum, E 3 = ;
E. Pylorus. F. Duodenum. . Esopha- mng with the saliva,

Zus.

After this process is
completed, they are sent into the Omasum, which cavity
seems designed to prepare the food to enter the fourth stom-
ach where the true process of digestion takes place. And
it is from this fourth stomach or Abomasum, that the Rennet
is taken from young calves, and used by cheesemakers for the
purpose of coagulating the milk.

342. Reason of this Complex Stomach—The probable
reason of such a complicated stomach in these animals is that
since they have such poor means of self-defense, they need to
crop their food as quickly as possible, and then retire to a
safe place to masticate it. And it is also partly owing to the
fact that vegetable substances require a longer process for di-
gestion than does animal food.

343. Length of Intestine—The length of the Intestine
depends as a general rule upon the food used by the animal,

Give the process of chewing the cud in these animals, 342, What is one importans

reason for this complicated arrangement? 343. Upon what does the length of Intestine
depand ?
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the vegetable feeders having a long tube, and the flesh feeders
a short one, since animal food is so easy of stomach digestion,
and the nutrient portion of it so readily taken up by the
lacteals. Thus the ox has an alimentary tube fifteen or
twenty times the length of the body, amounting in a full
grown animal to 150 feet, the sheep one twenty-eight times 1ts
length, while many of the carnivora exhibit one only about
tlree times the length of the body. The true Cetacea or Whale
tribe are the only ones which do not have a marked distine-
tion between the large and small intestine.

344. The Liver.—The Liver as in man is one of the
largest organs in the body, and is much more divided into
lobes in earnivorous than herbivorous animals. It is smallest
and least divided in those animals with compound or rumi-
nating stomachs.

845. Bill of Birds.—Birds are destitute of teeth, since
the process of mastication is carried on in a certain portion
of the alimentary canal. But the horny investment of the
jaws known as the bill, is harder in birds of prey, and those

Fig. 193.

0s Hyoides.

Head of the Woodpecker.

that feed on fruit and nuts, as Parrots, and in Woodpeckers.
The bill, or rather mouth, of Ducks and Geese is lined by
a tender membrane, in order that they may be partially

What is the leagth of the Intestine of the Ox? Of the Sheep? Give the propor-
tional length of Intestine in Carnivorous Animals. 34, What difference in the Liver
between flesh and herbivorous animala? 345 Why are Birds destitute of teeth?
What Birds have the hardest bills? What peculiarity in the lining membrane of the
mouth of Ducks, ete. ?
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Fia. 194.
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b. Crop or Ingluvies. & Pro-

g. Panecreas. k. Doodenum,

. Esophagus.
m. Ureter. n Ovidoct.

Digestive Apparatus of Fowl,
é. Liver. f. Gall-Bladder.

o, Gizzard.
{. Large Intestine.

ventriculus.
k. Cieca.

. Small lntestine.
. Cloaca.

guided in the selection of their food from the soft mud by the

sense of touch.

346. Stomach of

Birds,—The Gizzard,— The true
stomach of birds consists of two divisions.

There are, how-

o

240, State the uwsual number of stomachs in Birds,
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ever, three enlargements of the alimentary canal, all of which
prepare the food for assimilation. The first of these is the
“* Ingluvies” or  Crop,” where the food is softened by the
mucous secretion of the lining membrane. Then as it passes
along into the ¢ Proventriculus,” it receives the gastric juice
from the gastric glands which line it. The second stomach,
the ** Gizzard,” is round and flat and made up of powerful
muscular fibres, except in birds of prey, where it is thinner
in texture. In gallinaceous birds its lining membrane is of
a horny consistency, which, with the powerful muscular fbres,
render it an organ of mastication to granivorous birds. Gravel
and angular stones are purposely swallowed by these birds
to aid in the digestive or grinding process.

847. Teeth and Jaws of Reptiles.—Reptiles need teeth
only to seize and retain their prey, since whatever food is
taken by them, is swallowed without mastication, which is
one reason why the jaws and
throats of serpents are so
very capacious. A peculi-
arity in their bony construc-
tion renders this possible,
for the jaw is not made
up of one or at most two
pieces as in mammals, but of

Fia. 195.

several segments, which rea- i
dily move one upon another, Head of the Rattlesnake. mi. Lower
as if with different articula- /8% & Tympanic Bane. ma. Mastold

: Bone. m. Upper Jaw.
tions.

348. The Tongue~—The Tongue is used as an instrument
for the capture of prey by many reptiles. Frogs and Sala-
manders are able to thrust it out with great rapidity and

Give the names of each. TDlescribe the Gizzard Why are gravel and stones swallowed
by granivorous birds? Whieh is the true stomach? 347 What is the only use of teeth
in reptiles? State the reason why the jaws are so eapacious. Of how many bones are
they frequently made up ? %48, Of what use is the tongzue Lo some reptiles?

"
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coil 1t upon insects or any other object. This property, to-
gether with the adhesive mucus found upon it, makes it for
these animals a very serviceable apparatus in obtaining

food.

349. Esophageal Teeth—In many animals of this de-
scription the Esophagus is lined with bony processes pointing
downwards, called Esophageal teeth, which greatly aid in
swallowing the large masses which they are accustomed to
force into their stomachs.

3800. Stomaeh.—Length of Intestine,—The Stomach
seems to be only a dilatation of the Intestine. In many
species it is divided into two cavities resembling those of a
bird, (Fig. 196): the first a Gizzard, or an organ made up
of stout muscular fibers, and the second a thin walled and
secreting cavity. In Crocodiles it is round, and the muscular
coat 13 very thick, in order to reduce to a digestible size
the coarse food which it so greedily devours. The length
of the intestine in most reptiles is about twice the length
of the body; in Lizards, however, it is only about the
same length as the body. A cloaca or additional reetum

Is sometimes found in these animals, as is the case among
birds.

8ol. 8tomach and Intestine of Fishes —In many Fishes
the intestinal tube extends from the mouth directly through
the animal without any enlargement for the stomach, or any
convolutions, as is the case with all the animals thus far con-
sidered on this subject, and with which no organ of secretion
15 connected, except the liver. The intestinal canal, however,
15 generally more or less convoluted, and ordinaril y 1t 18 short.
In the Shark the stomach is parceled out by constrictions and

With what is it covered, that renders it more serviceable as an instrument of capture ¥
$49. What is said of Esophageal teeth? 850, Is the slomach a simple or complex cav-
ity ? What is the averagze length of intestine among reptiles?  What is said of a cloaea?

#31. In what condition is the stomach found in most fishes? What peculiarity is met
within the Shark ?
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Fig. 196.

Anatomy of the Common Snake. L Tongue. . Esophagus. i Stomach. 4. Smak
Intestine, el. Cloaca. 7 Liver. o. Ovary. o' Eggs. & Trachea. p. p’. Lungs ol
Ventriele. e e Aunricles. . ad. @’. Aorta. ac. Carotid Arteries. ®. ve. Vena Coves

¢, Pulimonary Vein.

juversions into several divisions with valve-like appendages
between them.

352. Liver.— Fishes Lave usually a large soft Liver com
pletely saturated with an oil. Its form is various, but is

352. Speak of the Liver of fishes,

——
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often imperfectly divided into two lobes. The oil that is ex-
pressed from the liver of the Cod Fish, is often used with
great efficacy in the early stages or symptoms of consumption,

Fia. 197.

Digestive Apparatus of a Dectle. a.
Head, & Crop and Gizzand. c Biliary
Vessels. d. Intestine. e. Seercting Or-
gans.

853. Pylorie Appendages,
—1In many fishes with bony
skeletons there is found a cu-
rious set of gland-like organ;
called Pyloric appendages
They vary in number from
two in the Plaice, to two
hundred in the Mackerel, and
always either encircle the
pylorus, or are found near
the upper end of the intestine.
These appendages are Inva-
riably absent in those fishes
which have an impeifectly
formed stomach, and by some
are considered as analogous
to a Pancreas in function.

354. Salivary Glands—
Salivary Glands are wanting
in fishes, but thewr place 13
supplied by an increased de-
velopment of the mucous
glands of the mouth.

855, Digestive Organs in
the Invertebrates.—In the
Polyps of the Radiate am-
mals, we have the simplest
form of digestive apparatus,
viz., a simple sack, with &
mouth to receive the food

and to disgorge the refuse, as is seen in Fig. 198, A.  Other
Polyps, however, have two openings in their stomach or sack,

as shown in Fig. 198, B.
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Fia.

198.
A

Digestive Apparatus of Unicellular Animals,
356. The Hydra.—Fig. 199, an unicellular animal, is an
example where the simplest sort of digestive organs is ex-

hibited. The animal is little
else than a gelatinous sac,
and if it be turned inside out
digestion will still go on.
Thus, ‘“ notwithstanding the
simplicity of Its structure,
this creature feeds not merely
upon algze, but upon young

active animaleules, the young of

crustaceans, etc. ; any one of
these, when they happen to
came in contact with one of
the tentacular filaments, be-
ing usually retained by
adkesion to it. As this
filament shortens itself, all
the surviving filaments ap-
ply themselves to this captive

parficle, so that it becomes gradually inclosed, and grads

Fig. 199.

Hydra or Fresh Water Polyp. a. Ew
trance and Exit to Stomach,

856, What is the process of digestion in the hydra ¥
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ually shortening, so as at last to bring the prey close to the
surface of the body. The spot with which it is brought in
contact, then slowly retracts, and forms at first a shallow de-
pression, gradually becoming deeper and deeper, into which
the prey sinks little by little, for some time. however, con-
tinuing to project from the surface. The depression at last
assumes a flask-like form, by the drawing in of its margin,
and finally its edges close together, and its prey is entirely
sbut in. This gradually passes to the center of the body,
where its soluble parts are dissolved, whilst in the mean time
its external portion recovers its pristine condition.”

357. Other Radiates have an alimentary canal more com-
plicated, having a stomach and ceecal appendages that appear
to perform the office of a liver. Some of the Echinoderms
have teeth; in the Echinidze is a curious apparatus in the
mouth called Aristotle’s lantern.

858. Another form of the digestive apparatus consists of a
central cavity, with branches extending through every part
of the body. Fig. 200 shows this in one of the Articulated
animals, an Arachnoid Crustacean, the Ammothea pyenog-
onoides. This arrangement is found in several other classes
of the Invertebrates.

309. The Crustaceans are generally furnished with two
upper jaws, called Mandibles, which move laterally ; and be-
hind these, two pairs of weaker and softer lower jaws, which
are sometimes changed into suckers and legs. The higher
branches are always provided with prehensile organs for seiz-
g the food, which are arranged in pairs,

860. These are best seen in the Lobster, where they ars
enormously developed, projecting in front of the eyes a dis-
tance nearly equal to that of the length of the whole body,
and each extremity is furnished with a powerful pair of pincers.
Some of the higher Crustaceans have a sort of horny teeth
implanted in the coats of the stomach which are worked by a

s el

350, What are the jaws of crustaceans ?
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Fic. 200.

—
b

Digestive Organs of Ammothea pyenogonoides (Crustacean). a. Esophagur 5. Stom.
sch. e Intestine. d. Digestive Cavity of the Jaws. e. Digestive Cavity of the Lega.

powerful set of muscles, which help in the reduction of the
food. 'These teeth are found in the Lobster’s stomach. The
stomach of the Leech is very capacious, being nearly the size
of the whole body. The same is essentially true of the com-
mon Earthworm, which is an Annelid. In many insects
salivary glands are present, and in such cases they are placed
at the commencement of the alimentary canal. The different
parts of the alimentary canal in insects “may be properly
distinguished in the following manner. The first portion i3
the Esoplagus, muscular, occupying the three thoracic seg-
ments and often dilated at its posterior part into a crop
(Ingluvies) and muscular gizzard (Proventriculus). Some-
times there is appended to the Esophagus a sucking stomach,
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Fic. 201.

Aplysia (Molluse) laid open to show the viscera. @. Esophagus. c. Balivary Glands
. Cephalic Ganglion. e Esophageal Ganglion. £ g First Stomach or Crop. A. Third
or True Stomach. i. Gizzard. k. Intestine. I Liver. m. Posterior Ganglion. n. Aoria
o. Hepatic Artery. p. Ventricle of Heart. ¢. Auricle. ». & Branchie or Gills. =
Lower Intestines. #. Ovary.

-
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consisting of a more or less pedunculated thin walled vesicle,
which is multiplicated on itself when empty. The second
portion consists of a stomach (ventriculus) in which the chyle
is formed, and which is continuous at the point of insertion
of the malpighian vessels with the third portion of the digest-
ive canal. This third portion commences by a small and usu-
ally short ileum, which is followed by a colon larger and of
variable length. This last often has a ceecum at its anterior
extremity, and terminates posteriorly in a short, muscular
Rectum.”

““ A considerable number of insects take no food during
their perfect state, the object of their existence being only to
accomplish the act of reproduction. Their jaws are often
very rudimentary, and are fit neither for sucking nor for
masticating.”’

361. The Annelida have sometimes quite complicated
jaws, even as many as eight or nine, moving laterally. They
have also salivary and hepatic glands, as have many other
invertebrates. These are shown on Fig. 197, which repre-
sents the whole alimentary canal of an insect.

862. The Cephalopod Molluses have a mouth, two horny
jaws moving vertically in the pharynx, a tongue, an ceso-
phagus, a stomach, a pylorus, and an intestinal canal.

363. In the Cephalophora the jaws move laterally for the
most part. In the whole class we find a biliary apparatus
and generally salivary glands. Fig. 201 shows the digestive
organs of a Gasteropod, the Aplysia. Nearly all the Ceph-
alophora have a longer or shorter fleshy mass attached to
the base of the pharynx that is comparable to a tongue. It
has a bongitudinal grove in it, and is sometimes included in a
sheath. It is always covered with horny denticulated plates
and spines, which are very delicate, and arranged in quite
elegant longitudinal and transverse rows. The points of these
gpines turn backward, which aids greatly in swallowing.






CHAPTER FOURTH.

THE CIRCULATING SYSTEM.—ANGIOLOGY, OR HISTORY OF
THE ORGANS OF BLOOD CIRCULATION.

DEFINITIONS AND DESCRIPTIONS.

365, The Cireulatory Organs.—The organs composing

this system are the Heart,
Arteries, Veins, and Capil-
laries, and are mainly tubes
of various diameters and a
hollow organ, with the double
office of receiving and propel-
ling the blood.

366. The Heart.— The
Heart, or central engine of
circulatior, is located in the
thorax or chest, resting by its
lower surface on the dia-
phragm, and somewhat to the
left of the middle line of the
body. It isof a conical form,
made of animal muscular fiber,
the fibers crossing themselves
in at least three directions;
and it is a singular fact that

Fia. 202.

Hy

An Anterior view of the Heartin a Ver-
tieal Position, with its Vessels injected. 1,
Right Auricle. 2, Left Auricle. 3, Right
Ventricle, 4, Left Ventricle. 5, Descent-
ing Vena Cava. 6, Aorta. 7, Left Pulmo-
nary Artery. 8, The Arteria Innominata.
9, Left Primitive Carotid. 10, Left Sub-
Clavian Artery. 11, Anterior Cardiac Ves-
sels in the Vertical Fissure. 12, Posterior
Vessels from the Transverse Fissure, 13,
Main Trunk of the Pulmonary Artery.

465, What are the organs used for the circulation of the blood? 366. Give the location

of the Heart.
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Fic. 203. many of the fibers of the Licart
' anastomose, or join with each
other in many places, as Is
seen in Fig. 203. The heart
i3 a double organ, one side
being called the arterial and
the other the venous, or left
and right hearts. since the for-
mer receives and propels the
pure or arterial blood, while
Anastomosing Fibers of the ITnman Heart. the latter circulates venous
blood. Again, each of the two sides or hearts are divided
into an auricle and a ventricle. Each of these four cavities
will ordinarily contain about three fluid ounces, making the
whole heart to contain nearly a pint.

367. The Auricles and Ventricles. - The Auricles are
the uppermost cavities of the heart, and are somewhat smaller

Fic. 204,
o ac & aoc wj

Vein of the '- i [ Artery of
Arm, i ' 2 the Arm.

Yein of
the Arm.

Right Lung.

aid ve od a T
Lungs, Heart, and Principal Vessels in Man. od, Right Auricle. od, Right Ventricle.
vg, Left Ventricle. «, Aorta. ae, Carotid Arteries, we, Vena Cava. ¢, Trachea. ©j,

Jugnlar Veins

What are its shape, size, and four cavities ealled? What is the capacity of an adult
Beart ?
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than the Ventricles, or lower ones. The auricles also have
the thinnest walls, and are capable of considerable dilatation,
since by a sudden effort of the body the blood is liable to be
sent in great quantities to the heart, and the veins would be
in danger of rupture were there no elasticity in the receptacle.
The thickened walls of the ventricles give increased power of

Fig. 205.
Yena Cava Sup. Art. Pulm. Aorta, Art. PPulm,

________ ~ Pulmonary Veins.

Pulmonary Veins. S

Right Auricle. ——" iemeemenes - Left Auricle.

Exenerid Velys F/' : T = Mitral Valve,
Vena Cava Inferior. - '_

I--"-“"""i Left Ventricle,

Right Ventricle. *~

4
)

Septum. Aorta.
Theoretical Section of the Heart in Man,

contraction. This is needed because the ventricles drive the
blood from the heart, and the auricles receive it on its return.
The right ventricle, however, propels the blood only 7o the
lungs. while the left ventricle sends it to all parts of the body
except the lungs. The left auricle receives only the blood
from the lungs, while the right auricle receives it from all the
other parts of the body.

368. Valves of the Meart.—DBetween the auricles and ven-
tricles are peculiar forms of muscular and tendinous fibers,
resembling cords and pillars, that are termed valves, making
a sort of curtain to allow the flow of blood from the auricles
to the ventricles, but not in the opposite direction. At the

e

[ N

367. Give the essential differences between the anricles and ventricles,. Why does the
left ventricle need the thickest walls? 363, Deseribe the valves which lie between the
suricles and ventricles,
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point where the arteries are given off
from each ventricle are found (in each)
three crescent-shaped folds of semi-
cartilaginous tissue called Semi-lunar
Valves, to allow the motion of blood in
an outward direction, but to prevent
the return, which is called regurgita-
tion.
Semi-lunar Valves of the 369, Pericardinm—~In addition to
Heart closed, . z c
the fascize and fatty matter which im-
mediately invest the heart, this organis enclosed in another mem-
brane in the form of a shut sac, a fibro-serous membrane called

Fiag. 207.

Semi-lunar Valves of the Aorta laid open. a, Corpus Arantii on the Free Border. 8,
Attached Border, e, Oriflees of Coronary Arteries.
the Pericardium (meaning about the heart). This contains a
small quantity of a fluid like water, so that the heart actually
floats in a liquid, and does not rest firmly upon any hard sur-
face. The pericardium not only exists as a loose sac about
the heart, but it is reflected upon it where the vessels are
given off ; covering it in the same manner as the fascize cover
and protect the muscles.

3T0. Arteries—Their Coats,—The Arteries are tough and
eylindrical tubes which convey the blood from the heart to the
different parts of the body. They are made up of three mem-

Deseribe the Semi-lunar Valves and their location. 369, What is the sac called that
surronnds the heart ? What fluid doez it contain? How much of it is there? Is the
pericardinm attached at all to the heart? 370, Of how many coats are the arteries com-
posed ¥
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Fi1a. 208.

Temporal oo e
Artery.
Carotid il Vertebral
ATRREY. ™ T e Artery.

200

I ————— TS F. Ll.l:lﬂ I ﬂﬂ-':i ah

Artery.
xd _____._Axillary
AT e Artery.
_________ Brachial
ATtary.
_ ~ Celiac
B Artery.
Fopal . . ...
Artery.
Hinoy: -}
Artery.” Radial
Artery.
Femorsl - ________. 3
Artery.

Anterior L . Posterior
A [ e E S ! . = e < e Tibial
Artery. / Artery.

\ ~ Peroneai
____________ S e e j,:rtur:.'.

Arterial System in Man,

branes, of which the middle one deserves especial attention.
This is an elastic coat composed of yellow fibrous tissue (Fig.

—

—————— —

209), in order, as we shall presently see, to aid in the circu-

Deseribe cach one and their peculiar value,
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F1g. 209. lation of the blood.
: The inner one is smooth
and of a serous charac-
ter, for the ready pas-
sage of the blood over
it. The arteries (all
above 3 5th inch in

diameter) are nourished

Highly Magnified Portion of the Middle Coat of by a capillary net-work
the Arteries. . .

i which is made from ad-

Joining blood-vessels. Nerves are distributed to some arteries,
but ordinarily they only accompany them.

871. The Aorta.—The arteries sent to every portion of
the body from the left ventricle proceed from one trunk,
called the Aorta, meaning a starting-point. It is nearly an
inch in diameter, and ascends in a perpendicular direction
for about two inches, when it males a curve upon itself, and
descends through the thorax and abdomen until it reaches
the fourth lumbar vertebra, when, as is the case with most
of the large arteries, it divides into two branches of equal
size. Between the curve or arch of the aorta and the heart
no branches are given off, but from the summit of this arch
to the subdivision in the abdomen a great number of branches
are distributed to the different portions of the chest and ab-
domen,

S72. Deseription of Partienlar Arteries — Innominata
—Carotid—Subelavian—Axillary—DBrachial—Ulnar Ra-
dial—Palmar Arch.—The first branch arising from the sum-
mit of the aortic arch is the large one called the Innomi-
nata, or nameless artery. Next comes the Carotid, and both
distribute themselves to the head and upper extremities.

-~

871. What is the Aorta? What does the word aorta mean? Give its course Il L
subdivides. Where does it divide into the common illacs? 872, Where are the In
nominata Arteries? The Carotid ¥
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Fi6. 210.

A View of the Heart, with the Great Vessels of the Neck in Sitn. 1, Right Ventricle
of the Heart. 2, Rizght Auricle. 3, Left Ventricle. 4, Left Auricle. 5, Pulmonary
Artery. 6, Archofthe Aorta, 7, Descending Vena Cava at its entrance into the Right
Auricle. 8, Ascending Vena Cava, 9, Thoracie Aorta. 10, Arteria Innominata. 11,
Right Brachio-Cephalic Vein. 12, Left Brachio-Cephalic Vein. 13. Section of the SBub-
Clavian Artery. 14, Section of the Bub-Clavian Vein. 15, 15, Primitive Carotid Ar-
teries. 16, 16, Internal Jugular Veins. 17, 17, External Jugular Veins. Between
these YVeins is seen the Section of the Sterno-Cleido-Mastoid Muoscle, 18, The Trunk
formed by the Buperficial Cervical Veins, known sometimes as the Anterior Jugular
Vein. 19, A Braneh from it to the Facial. 20, Main Trunk from the Inferior Thy-
roid Veins. 21, Superior Thyroid Vein. 22, Transverse Cervical Artery and Vein
23, Lingual Artery and Vein. 24, Facial Artery and Vein.

The Innominata on the right very soon becomes the Sub-
clavian, after which the corresponding arteries of both arms
receive the same name. The Sub-clavian Artery, as its ety-

mology implies, lies directly beneath the claviele until it
reaches the axilla, or arm-pit, where it receives the name of

The Sub-clavian? The Axillory ?
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F1a. 211.

L g Fop T2m 2
A View of the Arteries of the Neck and Shoulder. 1, Primitive Carotid Artery. 2,
Internal Carotid Artery. 3, External Carotid Artery. 4, The SBuperior Thyrold Artery.
5, Dranches to the Museles. & Main Branch to the Gland. 7, Inferior Pharyngeal Ar-
tery. 8 Linzual Artery. 9, Facial Artery. 10, Its Branches to the Sub-Maxillary Gland,
11, S8ub-Mental Branch. 12, Prineipal Branch of the Facial as it goes over the Jaw.
13, Oceipital Artery. 14, Branches to the Muscles on the Back of the Neck. 15 Main
Trunk to the Occiput. 16, Posterior Aurieular Artery. 17, A Branch cut off, which
goes to the Parotid Gland. 18, Orizin of the Internal Maxillary Artery. 19, Origin of
the Temporal Artery. 20, Origin of the Anterior Auricular. 21, The Sub-Clavian. 22,
Origin of the Internal Mammary., 23, Trunk of the Inferior Thyreid, from which arise
in ihis subject the Anterior and Posterior Cervieal Arteries. 24, Branech of the Inferior
Thyroid going to the Thyroid Glamd. 25, Anterior Cervical going up the Neck. 26,
Posterior or Transverse Cervical. 27, Brancles to the Scaleni and Levator Seapula
Muscles. 28, The Superior Beapular Artery. 20, The Thoracica Superior of the Axil
ary Artery. 20, A Branch to the Deltoid. 21, Recurrent Branches of the Intercosts’ 3

Axillary Artery. Then as it passes along the inner side of
the humerus it is called the Brachial, until it has passed be-
yond the inner side of the elbow, where it is divided into the
Ulnar and Radial, corresponding in position and direction to

Where are the Brachial, Ulnar, and Kadial Arteries?




AND PHYSBIOLOGTY.

the ulna and radius. Some-
times, however, the branch-
ing takes place higher up, as
is seen in cut 212. When
these have fairly passed the
wrist, they both join again In
an artery which describes a
curve at the base of the meta-
carpus crossing the palm of
the hand, and called the Pal-
mar Arch. Small branches
are given off from this which
supply the different parts of
the hand, including the fin-
gers and thumb.

373. Distribution of the
Carotids—Vertebral—Circle
of Willis,.—The common Ca-
rotid Arteries, one on each
side of the neck, pass upwards
from the innominata and sub-
clavian nearly as far as the
angle of the jaw, when they
divide into the internal and
external carotids, the latter
furnishing blood to the face,
and the former to the brain and
back part of the head. The
Vertebral Artery is also giv-
en off from the sub-clavian,
which, passing backward, en-
ters the spinal column at the
sixth cervical vertebra, and

209

Fra. 212,

Arteries of the Arm. 1, Termination ni
the Axillary Artery. 2, The Brachial A -
tery. 3, 3, Radial Artery. 4, 4, Ulnar Ar
tery. 5, A Recurrent Branel. 6, Anterior
Intervsseons Artery. 7, Superficial Pal-
mar Arch formed by the Ulnar Artery. 8,

Deep-Seated Palinar Arch. 9, The Anastomosis of the two Arteries, much enlarged,

S —

What is the Palmar Arch? 373. Give the branches of the Carotid as it passes up-

ward to the head.
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passing through a foramen or opening in the transverse process
of each of these vertebrze, at last reaches the posterior portion
of the brain. This artery in the brain meets with the termi-
nal branches of the internal carotid, so that the blood can
easily reach the brain from either direction. By this ar-
rangement, if, from pressure or accident, the flow of blood
to the brain in either of these channels should be obstructed,
t.:e other would supply it; for sensation and consciousness

Fig. 213.

Clirele of Willis. 1, Vertebral Arterics. 2, 8, Anterior and Posterior Spinal Artaries,
4, Posterior Meningeal Artery. B, Inferior Cerebellar. 6, Basilar. 7, SBaperior Cerebel
lar. & Posterior Cerebral. 9, Branch of Carotid, 10, Internal Carotid. 11, Ophthalmi.
Artery. 12,13, Cerebral Arteries. 14, Anterior Communicating Artery.

entirely cease if the brain be deprived of its arterial blood.
This arrangement is called the ** Circle of Willis” from it
discoverer.

——

What arteries does the Vertebral communicate with in the brain? What is the ser-
vice of this arrangement ?
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374. Thoracic Aorta—Abdominad Adorta—Celiae AXxis—
Gastric, Hlepatic, Splenie, Rencl, Mescnterie, and Lui-
bar Arteries—After the aorta fairly commences its descent
——called the Thoracie Aorta—several small branches are given
off from it which send nourishment to the heart and lungs, and
next a pair which are distributed to the diaphragm. Then
Fig. 214.

¢

A TView of the Abdominal Aorta and its Branches. 1,1, The Diaphragm. 2, Foramen
Quadratum and Scetion of the Ascending Vena Cava. 3, Foramen Esophageum and
Seetion of the Esophagns. 4. Foramen Aorticnm in the Crura of the Diaphrazm, T'e
Plirenic arteries a'c seen going to the Diaphragm. 5, Capsulie Lenales. 6, The K. -
neys. 7, Abdominal Aorta. 8, Phrenic Arteries, 0, Colie—gziving off. 10, The 8pl -
nie. 11, The Gastric. 12, The Tlepatic. 17, Section of Saperior Mesenterie. 14, Emul-
gent Arteries. 15 Spermatic Arterics. 16, Inferior Mesenterie. 17,17, Lumbar Arteries.
18. Division of the Abdominal Aorta. 19, Its last Branch—the Middle Sacral. 20,
Primitive Iliacs. 21, Ureters—in their Position to the Arteries. 22, Internal Ilines,
93, External Iliaes. 24, Circumflexa I'ii. 25, Distribution of the Epigastric. 26, Blad-
Jer distenided with Urine. The Vesieal Arteries are seen near it.

374. What are the first branches of the Thoracic Aorta?
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FiG. 215. we meet with a large trunk

| given off just below the dia-
phragm, about half an inch
in length, called the Ceeliac
Axis, which gives origin to
the Gastric artery supplying
the stomach, the Hepatic,
running to the liver, and the
Splenie furnishing blood for
the spleen. Below this we
find the Renal arteries, sup-
plying the kidneys, and the
Superior and Inferior Mesen-
teric Arteries, which give
blood to the intest nes, and the
Lumbar Arteries, terminating
in the external museles of the
ahdnmﬂﬂ.

370. lliac Arteries—Te-
moral, Popliteal, and Til-
ial Arteries—Dorsalis Pe-
dis.—As already mentioned,
the aorta divides iito two
branches opposite the fourth
lumbar vertebra, for the
supply of the lower extrem-

A Front View of the Femoral Artery, as
well as of the External and Primitive
Iliacs of the Right Side. 1, Primitive Iliac Artery. 2, Internal lliac Artery. 8, Exter—
nal Iliag Artery. 4, Epizastric A rtery. 9, Circumflexa Ilii Artery. 6, Arteria Ad Cu-
tem Abdominis. 7, Commencement of the Femoral just under the Crural Arch. 8
Puint where it passes the Vastus Internus Musele. 9, Point where it leaves the Front
of the Thigh to become Popliteal. 10, Musgeular Branch to the Psoas and Iliacus. 11,
External Pudic Artery eut off. 12, Origin of the Internal Circumtlex. 13, Profunda Fe-
moris., 14, Muscular Branch. 15, 16, Artery to the Vastus Exiernus Muscle. 1T, Artery
to the Pectineus and Adductors. 18, First Perforating Artery. 19, 19, Muscular Ar-
teries. 20, 21, Anastomotica. 22, Buperior External Artlenlar. 28, Middle Articnlar
24, Inferior External Articular. 25, Inferior Internal Articular,

e

Deseribe the Ceeliae Axis. Where are the Gastrie, Hepatic, Splenic, Renal, and Lum-
bar Arteries ¥
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ities. These are the com- Fi. 216.
mon iliacs, from being near '
the ilium, and each of them
soon subdivides into the Ex-
ternal and Internal Iliaec, the
former of which supplies the
greater portion of the leg
wth blood. As soon as it
passes over the pubis it be-
comes the Femoral Artery,
which at first is quite exter-
nal, lying just beneath the
skin and upon the pubis; but
as 1t passes down the femur it
plungesdeeper and deeper into
the soft parts until it appears
behind the knee, where it re-
ceives the name of the Pop-
liteal Artery. This is only a
few inches in length, and at
the upper extremity of the
tibia divides into the Anterior
and Posterior Tibial Arteries.
The former runs along the
inner side of the tibia and
over the tarsal bones, until it ;
reaches the metatarﬂusl when A View of the Arteries on the Dack of
: ; : the Lez. The Muscles have been removed
it becomes the Dorsalis PCdIHI, s0 as to display the Vessels in their whole
W]liﬂh giVﬂH Qﬂ‘ bl'l'l.-l'.lﬁhﬂﬂ to length. 1, The Popliteal Artery, cut off

so a8 to show the Articular Arteries.
Liwer End of the game Artery on the P:J{JI[T.!:LIH- Muscle. & Point of Bifureation into the
Piterior Tibial and Peroneal. 4, Superior Internal Articular Artery. 5, Superior Ex-
ternal Articular Artery. 6, Middle Articular Artery. T, Inferior Internal Articular Ars
tery. 8, Inferior External Articular Artery. 9, Branch to the Head of the Boleus Mus-~
cle. 10, Origin of the Anterior Tibial Artery. 11, Origin of the Pesterior Tibial Artery.
12, Point whera it passes behind the Annular Ligament to become the Plantar. 13, 14,
13, Musenlar Branches. 16, Origin of the Peroneal Artery. 17, 17, Muscular Branches.
18, 18, Anastomosis of the Posterior Tibial and Peroneal Arteries near the Ieel. 19,

Muscualar Branch from the Anterior Tibial.

e -

875 What do the common Iliac Arteries become as soon as they eross the pubis?
Give the loeation of the Femoral, Popliteal, Tibial, and Dorsalis P'edis Artery.



214 HITCHCOCK'S ANATOMY

each of the toes, and supplies the upper part of the foot with
blood. Tbe Posterior Tibial Artery follows upon the back
side of the leg a corresponding course to the anterior tibial,
and supplies the sole of the foot and toes with blood.

876. Capillaries.—The arteries just described are a few
only of the principal ones, since at nearly every inch of their
course larger or smaller vessels are given off according to tla

Fia, 217.

R
(=)
=l
i. s

AL,

Varieties of Capillaries. A, Those around Fat Cells. ®, In Muscle. ¢, In Mucous
Membrane. n, Skin of Finger.
nature of the part to be supplied with blood, and, with a few
exceptions, such as the one in the head (circle of Willis).
they all terminate in minute vessels called Capillaries.

377. Diameter of Capillaries—Functions Perfer: \
m them—These are minute tubes ;i;th to ;g555th of an
inch in diameter, and are always the terminations of arteries.
They are of a uniform size, and very regular in the distribu-

976. How do nearly all the arteries terminate¥ Where is the only exception? BT
Etate the diameter of the Capillaries. What of their uniformity ?
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Fig. 218.

A Front View of the relative Positions of the Veins and Arteries of the Face and Neck,
In the Right side the Superficial Vessels are seen, and the Deep-seated ones on the Lefk
!, Primitive Carotid Arteries. 2, Superior Thyroid Arteries. 8, Internal Jugular Veira,
1, External Jugular Veins. 5 A Branch known as the Anterior Jugular Vein, 6, Supe-
perior Thyroid Veins. 7, Facial Arteries. 8, Facial Veins. 9, Zyzomatic Branch of the
Pacial Artery. 10, Nasal Branch of the Facial Vein., 11, Anastomosis of the Facial
Artery and Vein with the Ophthalmic Artery. 12, Venons Arch above the Nose. 13,
Frontal Vein. 14, Temporal Vein, 15 Temporal Artery. 16, Frontal Branches of
the Temporal Artery and Vein., 17, Infra-Orbitar Vessels, 18, S8ub-Aponecurotic Branch
of the Temporal Vein. 19, 20, Venous Anastomosis around the Eye-Lids, 21, Frontal
Branches of the Ophthalmic YVessels of Willis.

10
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tion of their branches, without any

HITCHCOCK’S

ANATOMY

increase in their diam-

eter. The only exception to this is where red blood is not re-
Fra. 219.

|

A View of the Veins of the Trunk and
Neck. 1, The Deseending Vena Cava. 2,
The Left Vena Innominata. 3, The Right
Vena Innominata. 4, The Right 8ub-Cla-
vian Vein. 5, The Internal Jugular Vein.
6 The External Jugular, 7, The Anterior
Jagular. 8, The Inferior Vena Cava. 9,
I'he External Iline Vein, 10, The Internal
[liae Vein. 11, The Primitive [liac Veins

quired for the nourishment of
the parts; as in the white of
the eye, the finger nails, the
tendons, etc., where the ca-
pillaries are too small to allow
the corpuscles of blood to pass
through them. And yet in
many of the capillaries we find
their size to be so small that
the corpuscles could not, if
unyielding, pass through.
But this is readily accom-
plished in most cases by the
flexibility of the corpuscle,
which permits itself to be
doubled up to such an extent
that it will easily pass through
a tube much smaller than its
normal diameter. In the ca-
pillaries the important pro-
cesses of secretion, nutrition,
and the production of a por-
tion of animal heat take place ;
so that there is no place in
the whole body except the
outer coat of the eye, the ten-
dons, the nails, and white
portions of the body gener-
ally where true capillaries are
not found.

12, 12, Lumbar Veins. 13, The Right Spermatic Vein. 14, The Left Spermatic Vein,
15, The Right Emulgent Vein. 16, The Trunk of the Hepatiec Veins, 17, The Vena Azy-

gos. 18, The Hemi-Azygns.

19, A Branch eommunicating with the Left Renal Vein.

20, The Termination of the Hemi-Azygos in the Vena Azygos. 21, The Buperior Inter-

Costal Vein,

Where are true capi-lﬁ.:-ies not found ¥ What takes place in them ¥
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378. The Veins—Their Coats—Their Volume ~The Veins
carry the blood from all parts of the body to the heart. Like
the arteries, they have three coats, and the larger veins follow
the same general course as the large arteries. The smaller
veins, however, are much more numerous than the smaller ar-
teries, and are most abundant just beneath the skin. The
whole volume of the veins may be regarded as a large cone,
¥ th the base at the surface of the body and the apex at the
hart, so that in these vessels the blood is continually flowing
faster and faster, in consequence of the flnid coming into a
larger channel from small extremities. while the reverse hap-
pens in the arteries. The veins are much thinner m struc
ture than the arteries, so that after death they most usually
collapse. (See Fig. 218, p. 215.)

379. Location of the lare- Fig. 220.
er Veins—Sinuses.—As al-
ready mentioned, the larger
veins usually lie near the Y

larger arteries. DBoth also ﬁ: |
frequently have the same b
names, DBut there are sev- (o

' JEB iy
eral remarkable exceptions to P

this, as in the vessels of the ;':
brain. Here are but few Vi
veins, but several sinuses or k

channels. These are canals — AN
excavated in the dura mater ] S )
of the brain with this mem-
brane for an outer coat, and
the serous layer of the true
v ins for an inner coat. These  sinuses of the Base of the Skull. 1,

. 3 1 x L Ophthalmic Veins, 2, Cavernous Sinus.
run in different directions on T Ol (T rior Petrosal, 5,9,
the inside of the skull, and oceipital Sinuses. 7, Internal Jugular

Yein.

278. What conrse does the blood take in the veins? Give the coa:s of the veins
What is the relative proportion of small veins and small arteries? What is sail of their
ageregate volume? 579, Where are the larger veins usually found? What are Sinuses,
gnd where are they found ?
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wost of “ner empty into the great veins of the neck. Their
robable “eervice is to afford a free passage of blood from the
Jrain, even if by excess of arterial action this organ should be
svercharged with blood.

380. Portal System—Use of the Portal System.—An-
other apparent exception to the ordinary system of veins is
seen in what is called the Portal System. This comprises
those vessels which receive their blood from the intestinal
canal, the stomach, and the spleen. As these small vessels
anite into a larger trunk, instead of passing directly to the
heart, they form what is called the Portal Vein, which emp-
ties itself into the liver. This vein ramifies into every part
of the liver, where the blood is again collected by a series of
vessels which unite into several trunks, called the Hepal'ic
Veins, and which convey the blood to the heart. The design
of this arrangement is not certainly known as yet, althongh
it is probable that the blood which returns from the alimentary
canal is not fitted to enter the general circulation until it has
gone through some change in the liver.

F1q. 221, 381. Orizin of the Veins
—Valves —Their Discoverer,
—The Veins all take their ori-
gin in the capillary vessels in
every part of the body except
b those of the stomach, and in
number and length of tube
greatly exceed the vessels of
the arterial system. In the
lining membrane of the veins,
also, we find a peculiarity
not presented in the arteries.
Vein laid open to show the Valves. o,  This is the presence of folds,
Vein. & Valves.
so that pouches or bags are

formed, which readily suffer the flow of blood towards the

Of what especial serviee are they ? 830, Deseribe the Portal Bystem. What is the
probable use of so marked an exception to the general circulating System? 881, Where
do the Veins take their origin? What is said of the Valves of the Veins?
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heart, but almost entirely pre- F16. 222,
vent its passage in an oppo- |
site direction. They act in
the same manner as valves in
machinery, although with no
loss from friction, and conse-
quently no necessity of a lu-
bricating fluid. It was the
discovery of these valves in
the veins which led Harvey,
an English physician, to the
greater discovery of the cir-
culation of the blood. He in-
ferred that the blood could
pass in bhut one direction
through the veins, and conse-
quently in the opposite direc-
tion through the arteries.

882, Inoseulation — Use
of Anastomosis.—The arter-
ies and veins open into each
other (i. e., their own vessels)
very frequently, allowing a
ready flow of blood from one
vessel to the other, even if the
flow does not happen tobe in the
most favorable direction from
the center of circulation to the

The SBuperficial YVeins on the Front of
the Upper Extremity. 1, Axillary Artery. 2, Axillary Vein. 3, Basilic Vein where
it enters the Axillary. 4, 4, Portion of the Basilic Vein which passes under the Brachial
Fascia—a portion of the Vein is freed from the Faseia. 5, Point where the Median Ba.
gilic joins the Basilic Vein. 6, Points to the Posterior Basilic Vein. 8, Anterior Basiliy
Vein, 9, Point where the Cephalic enters the Axillary Vein. 10, A portion of the same
Yein as seen under the Faseia ; the rest is freed from it. 11, Point where the Median
Cephalic enters the Cephalic Vein, 12, Lower portion of the Cephalic Vein. 13, Median
Cephalie Vein. 14, Median Vein. 15, Anastomosing Branch of the Deep and S8uperficial
Veins of the Arm. 16, Cephalica-Pollieis Vein, 17, Bub-Cutaneous Veins of the Fin-
gers. 18, Bobh-Cataneons Palinar Veins.,

———

Who discovered the circulation of the blood £
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Fre. 223. extremities. This relation of

NEY parts is called Inosculation or
: Anastomosis. This arrange-
ment gives a plentiful supply
of blood to every part of the
body, if, by wound or pressure,
the ordinary channel of blood
to any part should be ob-
structed or completely closed
up.  Inoseulation 1s mose
abundant in the veins and su-
perficial arteries, since these
are most liable to be thus im-
peded.

383. The Blood — Micro-
scopic Strueture — Plasma
or Serum—DRed Corpuscles—
White Corpuscles—Propor-
tion of one to the olher—
The blood of the human sys-
tem amounts to about eighteen
pounds, or nearly ten quarts.
Is has a specific gravity a lit-
tle greater than that of water,

— | is of a bright scarlet color if
th?ﬂmﬂzf i n&gﬂfﬁ:ﬂ;ﬁ‘%ﬁ drawn from an artery, or dark
B ot el Clstion o s fhics o Fmpieif takim. fom: wtverm
the Knee-Joint. 5, Poplitesl Vein on the  with a taste slightly alkaline,

inner Side of the Joint. 6 Popliteal Ar- ;

tery without and beneath it. T, Extremity ﬂ-!’ld an odor mEEmb]mg that
of Saphena Minor Vein, 8§, 9, Internal Ar- \

ticular Vessels, both Arteries and Veins. 19,11, External Articular Vessels, hoth A~
teries and Veins. 12, Junetion of the Peroneal and Posterior Tibial Veins, 13, A Ve -
ous DBranch from the Anterior Tibial Vein. 14 A Vein from the Gastrocnemius. 15,
Anterior Tibial Artery eoming through the Interosseons Ligament. 16, Posterior Tibial
Artery. 17, Its two Venm Comites, 18, Ieroneal Artery. 19, Its two Vens Comites.

20, Vesscls on the Ilcel.

e

432, What is meant by Inosculation or Anastomesis? What is the service of anasto-
mosis? In what vessels is it most ubundant? 553, How much blood is there in & hue
man adult? State its eolor and odor,
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of the breath of the ani- Fic. 224.
mal from which it is \
taken. It penetrates
every solid tissue of tle
system, as may he known
by puncturing any part
of the body with even a
pin, when blood is sure
to follow. If it be ex-
amined with a micro-
scope  when freshly
drawn, it appears to be
made up of a transparent
liquid called the Serum
or Plasma, and a num-
ber of minute circular bodies, mostly of a red color, called
corpuscles, or minute bodies. This fluid is found, on analy-
sis, to be made up of water, albumen, fibrin, and several salts,
some of which are found in crystals, as is seen in the cut.
After it has been drawn from the body a considerable time. it
separates into a thickened mass called Coagulum, made up of
Fia. 225. fibrin and the corpuscles, while the
o ® serum with the albumen still remains
=, a3 a transparent liquid. The Red

6a ol g5

® ® o E‘; Corpuscles prove to b flattened dises

-8 ’% with both surfaces slightly concave,

and measuring about  G;th of an
Q9 inch in diameter, and are in reality
fted Corpuscles of Muman Nothing but a cell, that is a bag or
Blood. a, Seenon the Surface. o6 oontaining a fluid composed of the
¢, Seen in Profile. b, Seen in ] = PEEERE T 5
o Rall Magnified 400 Dismeters.  two proximate principles globuline and
hematine. Besides the red corpuscles, there exists another
kind in the blood known as the White or Colorless Corpus-

cles. They are by no means so abundant, when the body is

What is its appearance under the microscope ? How does it conduct itself after stand-
ing a while in an open vessel? Describe the Red Corpuscles. Describe the White Cor-
puscles.
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in health, as the red corpuscles. But in certain diseases, and
especially if there be a wound in any part of the body to be
healed, the white corpuscles are developed at a great rate,
although their abundance ceases when the system is restored
to a sound state again. Their average diameter is nearly
s55sth of an inch, and they appear to be nucleated cells. The
proportion of the white to the red corpuseles in health is nearly
as 1 to 346. The whole amount of blood corpuseles has been
estimated as high as 65,570,000,000,000.

584. Effect of an Alternate Exposure to Oxygen and
Carbonic Aeid.—If the red corpuscles are alternately exposed
to oxygen and carbonic acid they lose their circular form,
and become corrugated or star-shaped, and finally are destroyed ;
and it is calculated that millions of these corpuscles are de-
stroyed at each pulsation of the heart.

FUNCTIONS OF THE CIRCULATORY SYSTEM.

885. The Main Use of the Blood-Vessels—The large
Angle made by the Arterial Branches near the Hearl—
The first and most obvious use of the blood-vessels is to allow
a free and rapid passage of this fluid to every part of the
body. This is evident from the smooth lining of all the ar-
teries and veins, and from the fact that, with the exception of
the large arteries near the heart, the vessels branch off at a
small angle from each other, which arrangement offers the
least possible olstruction to the passage of the blood. In the
organs near the heart, as the head and lungs, the bload would
readily pass by smaller vessels and by less force of the heart
in sufficient quantity. But in that case the parts of the body
quite distant from the center of circulation of the blood would

—— -

When are the white ones the most abandant? Btate the approximate nnmber of blood
corpuscles in one individoal. 354, What effect has an alternate exposure of oxygen and
carbonie acid upon these? How many are possibly destroyed at each pulsation eof tha
heart ¥ 835, Give the use of the arteries and veins.
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be imperfectly supplied. And apoplexies and congestions
would be much more frequent than they now are in the vital
organs, if the arteries did not branch off at nearly a right
angle.

386. Why a large Amount of Arteries and Veins.—
The necessity for such a large amount of arteries and veins,
and their numerous connections with each other, is evident
from the great variety and extent of the tissues, and also
from the great liability to obstruction from inflimmations, ac-
cidents, or even the ordinary compression of clothing. But
arranged as these vessels are in the body, it is a very difficult
thing by any mechanical means entirely to check the flow of
blood to any part. But were it not for this system of ample
inosculation the amputation of a portion of the body would
generally produce fatal results.

387. Comparative Capacity of the Arterics and Veins.
—If all the arteries in the body were to be made into a singls
vessel, the capacity of it would be much less than that of a
similar vessel made by the union of all the veins. This dif-
ference in capacity will in part result from the feebler char-
acter of the forces which propel the blood through the veins
than through the arteries, and consequently venous obstruc-
tion could not be so casily overcome as if it were in the ar-
teries ; and in order to compensate for deficiency in power, an
increased amount of tubing is provided.

388. Forces of the Arterial Cireulation.—The ingquiry
naturally arises, What are the forces that send the blood
through the circulatory channels ?

389. Contraction of the Heart—Elasticity of the Mid-
{le Coat.—In the first place the contraction of the heart i3
the most essential force in driving the blood outwards. This
force has been estimated at thirteen pounds, though the re-

—_— - ———— —_—— =

N

Why do the arteries near the heart branch off at a large angle? 886, Why is there ro
large an amount of arteries and veins ¥ 837, What is the eomparative capacity of the
veins and the arteries? $38. What are the forces of the eirculation? 239, What i3 sald
of the contraction of the heart? What is the estimate of the force that it exerts?

10%*
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sult can not be relied on for perfect aceuracy ; and that this is
no incousiderable foree may be inferred from the great amount
of resistance that is offered to this current from the ramifica-
tions of the smaller arteries, whereby the velocity is increased
as well as the surface of resistance. It may also be seen by
wounding an artery of medium size, when the blood is sent
out in jets, and sometimes to the distance of several feet.
This, however, is not the whole amount of the propulsive
force in the arterial system, for the middle or elastic coat as-
sists by a secondary action. When the ventricle contracts or
the heart beats, the blood is driven into the aorta and its
lirger branches with so much force, that the middle coat yields
considerably, and the artery is distended beyond its ordinary
size. As soon as the contraction of the ventricle ceases, of
course the blood is forced back towards the heart by the elas-
ticity of the artery. But as soon as it commences to flow to-
wards the heart the semi-lunar valves close at once, prevent-
ing the flow in that direction, so that the whole force of the
artery is expended in driving the blood towards the extremities.

390. Pressure of the Muscles—Another power which
aids in the propulsion of the arterial blood is the pressure of
the muscles upon the arteries. This is effected by the en-
largement which always takes place in the belly of the mus-
cle whenever it is used. This is not a constant power, acting
only during exercise of the muscles,

391. Forces of the Venous Cirenlation.—The agencies
by which the blood is returned to the heart are not so well
known as those just considered. The valves in the lining
membrane of the veins seem to be a contrivance to supply the
deficiency of power to drive the blood back.

892. Pressure of the Museles,—The pressure of the
muscles, without doubt, is another important impulse in

When can the forees of the cireulation in arteries be well sgeen? How does the mid-
ille eoat assist in this work ¥ OF what nse are the semi-lunar valves® 890, How does
the pressure of the musecles aid in the circulation? 391, How do the valves aid in the
venous cireulation ¥ 392, Does museular pressure aid in this?
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aiding the return of blood towards the heart. For, as in the
aorta, its elasticity forces the blood, first against the semi-
lunar valves and then onwards through the arteries, so the
muscles, pressing upon the veins, urge the blood into the
pouches or valves on their inner coat, which, preventing re-
gurgitation, assist in returning it towards the heart.

393. Respiration.—Respiration is another cause that
greatly aids in emptying the veins. In some persons a dis-
tinet fullness or pulsation of one of the veins of the neck 1s
noticed during each inspiration. This is produced by the
partial vacuum made by the act of inhaling air; that is, as a
pressure is produced on all parts of the body by the atmos-
phere, not only a rush of air is made into the mouth, but the
blood is forced into the heart by the same cause. And could
we examine all the large veins of the body during inspiration,
without doubt we should see the blood returning rapidly in
them at each inhalation of air.

894. Affinity of Venons Blood for 0xygen. - The affinity
or desire of venous blood for the oxygen, and the arterial for
the tissues, are important causes in the circulation, and es-
pecially in the capillaries. It is a principle well known in
physics, that if two fluids of different degrees of affinity for a
third fluid meet each other in a capillary tube, the fluid hav-
ing the strongest affinity for the third substance will either
partially or wholly force out the other fluid. ~ This takes place
equally well through porous substances, membranes, or capil-
lary tubes.

395. So that when pure air is present upon one side of the
membrane of the lungs and venous blood on the other, the
Jatter urges itself onward to meet the oxygen, and thus forees
that which is already purified into the pulmonary vessels, and
thence into the heart.

396. The same thing is seen in the capillaries of the ea.

393, How does the respiratory act aid the circulation of the blood? 334, How does
chemieal affinity aid in the circulation ?
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tremities, where the arterial blood, by its affinity for the
healthy tissues, forces along that which is already surcharged
with earbonic acid into the systemic veins.

397. Forces of the whole Circulation.—The forces, then,
which propel the blood through the whole system may be thus
briefly summed up :

Contraction of the heart.
Elasticity of the arteries.
Capillary force.

Muscular pressure.

Act of inspiration.

. Arterialization of the blood.

398. Course of the Blood throngh the Body.—As al-
ready mentioned, the ventricles are the propelling and the
anricles the receiving cavities. IHence, in tracing the course
of the blood through the hody, beginning with the left ven-
tricle, we find the current passing through the aorta and ar-
teries to all parts of the body except the lungs. As soon as
it has gone through the capillaries it returns to the right au-
ricle by the different veins, from which cavity it passes to the
right ventricle, and thence to the lungs.  After it has received
its due supply of oxygen, it is received by the left auricle,
from which it passes again to the whole system. The parts
of this circle and their order are as follows : left ventricle, ar-
teries, capillaries, veins, right auricle, right ventricle, lungs,
and left auricle. Thus we see that the whole circulation in
man and all mammalia follows through the body a course
represented by the figure 8,

399. Relative Time Occupied by Contraction of Au.
ricles and Ventricles.—The diastole or dilatation of auricles
and ventricles occupies a longer period of time than the cor-
responding systole, or contraction. If we dlwde the whu]ﬂ

=2 S

887, Give a synopsis of the cirenlatory forees. 888, Give the ecourse taken by the
blowd as it circulates throngh the body, By what fizure mny it be represented? B89%
What is the systole and diastole of the heart ¥
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portion of time occupied by one pulsation into cight intervals,
we shall find that the auricles employ only one of these in-
tervals in contraction, and the remaining seven by dilatation ;
while the time occupied by the Fig. 226,

contration of the ventriclesis / 2 3 # & 6 7 &

the same as their dilatation, as \

may be seeninthe diagram. | | | | | ot
400. The Sounds of the | e|=7|" Aurislea
Heart— Cause of the First |” Tl
and Second Sound.—If the J
ear be applied over the heart [~|. |
of a healthy person, two s onteolen

sounds will be heard, one il 2l
of which corresponds in time i
with the pulsation noticed

Dingram showing the relative Time oceu-

at the wrist, or any other pica by the Contraction of the Auricles and
large artery of the body. eiriestho comwsie les o bt
ThESE 301111{15 di,} not corre- verging ones the dilatation,

spond to each other in intensity or duration, but are some-
what indefinitely represented by the sounds given to the mono-
syllables *“ lub” and **dup:” the first a long and heavy
sound, and the second a short and light one. The first sound
18 undoubtedly caused by the contraction of the heart, the
rush of blood, and the impulse of the organ against the side
of the chest; while the second is the chicking of the semi-
lunar valves as they close at the commencement of the aorta
after the ventricular contraction. That the last sound is due
to this cause is proved by an experiment performed on a dog,
of introducing a hook through the aorta, and holding back one
of these valves, when the second sound entirely failed.

401. Number of Pulsations per Minute.—The number
. pulsations of the heart varies considerably at different pe-
riods of life. Thus the following table shows the average
number of pulsations each minute at different ages :

1= TEre e e ———— e e e

Give the relative time ncenpied by the contraction and dilatation of the auricles and
ventricles. 400, What two sounds are made at each complete pulsation of the heart?
Give the causes of the first gound. What is the last sound owing to? What proo «f
itt




228 HITCHCOCK?S ANATOMY

New-born infant. .... A S e S 120 to 140
During the Iat year...........00ccau 115 % 130
< e 11 T L R e e 100 * 115
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402. (auses affecting the Pulsations.—Muscular exer-
tion has a considerable influence upon the rapidity of the cone
traction of the heart. So also has the position of the body.
whether sitting, lying, or standing. The time of day or
night likewise has an important influence, the highest number
of pulsations being found at noon, and the fewest at mid-
night. .
403. Use of the Corpuseles.—The function of the Red
Corpuscles seems to be to convey oxygen to the tissues, and
as this is the agent which is continually promoting the ehange
or waste of the system, these corpuscles seem to be the great
agents for disassimilating the tissues and the blood itself. The
colorless or white corpuscles seem to be the agents by which
the repair of the body is effected, since they are greatly aug-
mented in number when there is a large wound to be healed,
or when there i3 a great amount of internal or external in-
flammation.

403a. NMatisties.—In an ordinary life of a man the heart
beats at least 3,000,000,000 times, and propels through the
aorta one half a million tons of blood.

HYGIENIC INFERENCES.

404. DBot few Diseases of the Circulatory Organs.—
1. Though the blood-vessels are so constantly in use, and so
easily excited by every muscular movement and mental emo-
tion, yet they are affected by only a few diseases, and many

401, State the number of pulsations of the heart at different periods of life. 402. What
canses modify the number of the pulsations? 40%. What is the probable business of the
Red Corpuscles? What of the White? 404. Are there many diseases of the Cireulatory

organs ¥
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of these affections, which seem to be diseases of the heart, are
merely sympathetic, and the difficulty lies in other organs.

405. Avoidance of sudden Efforts.—2. But those per-
sons who have a tendency to diseases of the heart, sympa-
thetic or organic, should be on their guard against sudden
exertions, and, to as great an extent as possible, avoid mental
anxiety and alarms. Heart diseases are most common late in
life, at ov about sixty years of age.

406. Principal Danger from Wonnds.—Treatment of
Wounds of Arteries,.—3. The principal danger to be feared
from these organs results from wounds. If these are in the
arteries, they require prompt attention, but if in the veins,
they need scarcely ever excite fear. If an artery be wounded
—which can always be known by the escape of blood in jets,
and not a steady stream—the wound should be cither cloged,
or the artery pressed upon between the wound and the heart
with so much force as to stop the flow of blood through it.
In case of any such arterial wound it will always be well to
tie a bandage as tight as possible immediately over the wound,
and then compress the artery as already mentioned. 1f the
wound be on the hand or forcarm, the brachial artery may be
found and compressed just above the inner angle of the elbow.
Or if it is desirable to compress the artery still higher up, the
axillary artery may be found in the armpit, where by pressing
outwards, nearly all the blood flowing to the arm may be
checked.

407. Method of Checking the Blood to the Lower Ex-
iremities—a. If itis desired to check the flow of blood to the
lower extremity, the popliteal artery lies directly against the
femur upon the backside of the knee-jomt, where n compres
sion of it may be effected with great advantage. Nearer t!2
heart (in the groin) the femoral artery is found, where it

e

405. What should those persons predisposed to these diseases especially be on theie
gnard against? At what time of life are Heart diseases the most frequent? 406, How
can we distinzuish between the wound of a vein anid that of an artery? Ilow may ar-
terial hemorrhaze be most readily checked in the npper extremities? 407. How may il
be checked in the lower extremities?
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crosses the os innominatum lying just beneath the skin. Here
an efficient compression may be made, since all the anterior
part of the thigh and the whole of the leg proper, is supplied
with blood from this artery.

408. 5. Except bad wounds, however, a tightly drawn band-
age, directly over the wound, thoroughly wet with cold water,
will check hemorrhage sufficiently, until a surgeon can be

called.

COMPARATIVE ANGIOLOGY.

409. Heart of Mammals,—In all mammals the heart is

Cirenlation in Man.

a. Right Auriele.

I. Right Ventricle. o Lelt Auricle. .
Loft Ventricle. & Aorta. f Vena Cava.

¢. Pulmonary Artery.
Yeins

A, Pulmonary

divided into four cavities, as
in man. Its form, however, is
more rounded and less elon-
gated. In one species of the
whale this organ is cleft in a
peculiar manner, the division
between the two ventricles
being indicated externalily by
a deep fissure in its apex. In
the Ox, Hog, Sheep, and
Goat there are «lways found
one or two bores in the di-
visions between the ventri-
cles. [n most mammals it
is placed more in a right line
with the middle of the body,
and not so obliquely as
man.

403, What treatment will check all ordinary hemorrhages? 400, What is peculiar ir
the heart of the Whale, the Ox, the Sheep, and Goat? Where is the heart located ir

quadrupeds ?
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410. Aorta and Pulmonary Veins.—The manner in which
the Aorta and its branches are given off varies greatly in these
animals, as may be seen by the cut. The number of Pulmo-

Fig. 228,
A B ', D E

a b
Dm;rnm of the Principal Varieties of the Aorta in its Principal Branches in A, Man ;
B, Elephant o, Cetacea; », Bat; &, Carnivora; 7. Seal; &, Euminants ; m, Reptiles.
1, Right Subelavian, 2, Right Carotid. 8, Left Carotid. 4, Left Subclavian, 3, Verte
bral. @, Ascending and & Descending Aorta.

iir.', (R e T

nary Veins varies upon the different sides of the body, and
is generally according to the number of lobes in the lungs,
the relations of the sides being represented by the formula

b

411, Economy of Diving Animals.—In diving animals the
vena cava is capable of great dilatation, in order to contain an
unusual quantity of blood which accumulates there when the
animal suspends respiration under water, since 1t can not be
purified except in the lungs. Still further protection to the
heart in diving animals is seen in the vena cava ascendens,
where a circular muscle, by its contraction, can completely cut
off the flow of blood to the heart Fig. 229.
from the lower extremities. #‘ %@ﬂ

412. Blood Corpuscles of ﬂl, @@

Dammals—Wonder Nets.—
The blood of mammals, for B

: g Led Corpuscles of the Ox, A In their
the most pﬂ‘rt’:' plﬁ%nt& S]II;LH Natural State. «,Beenin Profile. b, Been

]f‘f_’_*.]_[n(l]I digc-sha,pc{l CﬂTpUSﬂIEH} on the Burface. B, Altered Corpuseles.
similar to, but smaller than those in man. This is especially

410, What is peculiar about the aorta and pulmonary veins in many mammals? 411,
What is the arrangement of the vena in diving animals?
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true of ruminants. The largest animals, such as the elephant,
have very small corpuscles. In some of the camels and llamas
the corpuscles are large and somewhat elongated. The same
is true of the dromedary,
Crystalline  substances
are found in the blood
of other mammals as
well as man. The a. -
nexed cut shows erystals
from the blood of the
Gruinea pig.

The distribution ot
the arteries of quadru-
peds is a subject of con-
siderable interest. In
grazing animals, which

Blood Crystals of the Guinea Pig. hold their heads low, in
addition to large arterial trunks, we find a great number of
very small ones, which are exceedingly tortuous in their course,
called *“ Wonder Nets.”” This arrangementis to prevent a too
rapid flow of blood to the head by the force of gravity, which
would of necessity take place when the head is so constantly
in a dependent position. A similar disposition is seen in the
limbs of the sloth and other animals which are like them in
tardiness of movement. In the fore-leg of the lion, where
great muscular force is exerted, the main artery passes through
a perforation in the bone, so as to sccure i1t from obstruction
to the flow of blood by pressure of the rigid muscles.

413. Heart of Birds.—The heart of birds is highly mus-
cular and of very large size in proportion to the bulk of the
body, and in general structure resembles the same organ i
mammals. The valves of the right ventricles, however, are
supplied with a strong band of muscular fibers, which gives

—

412, What 1s peculiar about the blood dises or eorpuscles of the larger animals?
What is the form of ncarly all of them? In what animals are they oval? What are
Waonder Nets, and why are they introduced? 413, What is worthy of note with refer-
ence to the heart of birds ?
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additional impulse to the blood as it is forced into the pulmo-
nary arteries The need of this arrangement is to give a full
supply of blood to the lungs, which the ordinary powers of

the heart could not effect.
Fia. 231.

Arterial System of o Bird

A-terles of the Gribe. @, Aorta  am, Onc of its large Branches. It gives off t &

Carotid (ac) and Subelavian, is ultimately distributed to the muscles of the chest, and

corresponds to the wammary arteries of mammals. av, One of the Branches of the

Vertebral Artery supplying the Muscles of the Shonlder. ee, Arterial Loops formed by
the Branches of the External Carotid, «/, Lingual Artery. ¢, Trachea, or wind-pipe.
ar, Renal Arteries. ai, Ischiatic Artery proceeding to the lower extremities. as, Sac-
ral Artery, forming a continuation of the Aorta, and giving origin to the Inferior Mesons
teric Artery, ete. of, The Cloaca,

Why ao the valves have an especial muscla ?
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414. Arteries—Wonder Nets.—The trunk of the aorta is
very short, and after giving arteries to supply the heart it di-
vides at once into two large branches, quite unlike the con-
formation in mammalia. Wonder nets, too, are often found
in birds, and especially in those arteries supplying the brain,
eyes and legs.

Fia. 232. 415. Blood —The blood of
birds has the highest tem-
@ perature of the vertebrate
S animals—110° F. The blood

@) cells, or corpuscles, are al-
- ways of an elliptical form and

I'igeon's Blood (red) Corpuscles Magni- f a ver uniﬁ:rrm diﬁl’.‘ﬂ&‘l‘ﬂl‘.
fied 400 Diameters. A, In Natural State. 0 e .?

B, Altered by Acetic Acid. 416. Heart of Reptiles—
The heart of reptiles ordinarily consists of a single ventricle,
Fig. 233. Fig. 234,

Blood Corpuscles of the Frog, 400 Diameters.
A, In SBerum. a, Fully Developed. &, Nucleus
with clear contents.

or propelling cavity, and two auri-
cles, or receiving cavities, so that

Circnlation 1nichtilea. a, Heart, the pure blood is mixed with the
£ Nenthile oy e AuTiee, impure (or a portion of it) as it
comes from the lungs, which accounts in part for the general
sluggishness of these animals. The blood corpuscles of rep-
tiles are large and oval, as may be seen in Fig. 234,

414. Into how many branches does the aorta at once divide? Where are wonder nets
found in birds? 415 What is said of the temperature of birds? What of hload-ecells ?
418, Deszeribe the heart of reptiles. What is the effact upon the blood* What is the
gize of their blood-vessels ¥
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417. Blood-Vessels,—The arrangement of Blood-Vessels
is very diverse, since one portion of them breathe by gills and
another by lungs, while frogs in their early condition are fur-

Fi1a. 235.

Carotiil
7 Artery.

f”-"‘.
g Arches of
- the Aorta,
L Left

= . Auricle.

Ventricle

of the
.. Heart,
e Pulinenary
==Y ein.

... Brachial
==="" Artory.
Pulmonary
_.—"" Artery.

Archies of
tlie A urta.\\

Right
Auricle. ™.

E-111reri or
Yena =
Cavn.

Yentral ____

Aorta.
Pulmonary L[]
Artery.
Inferior —% .
Vena r
Cava. il '|‘
]
- SR O [ [ B
Liver and L
Pﬁ:[n; = wesaneeneneee S tomach,
-
,I-—-——|
r—'_—
Kidneys.--——} Vens
IE..—--. T & v) {9150
Ventral L ... EN PR [ntestines,
Avrta, —~————

Circulatory Apparatus in the Lizard.

=

417, Why are blood-vessels arranged differently in many of the reptiles ?
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nished with the former, but in adult age, after passing through
a metamorphosis, have the latter system of respiratory vessels.

Fig. 236. 418. Heart of Crocodile.
—Crocodiles and turtles ex-
hibit the most perfect form of

heart, for it agrees essentially
with that of mamimals, as may
be seen in Figs 236 and 23T

But there is a small opening
just at the outlet of the two
ventricles, so that the pure
and impure blood is mixed.

Heart of Crocodile. », Veins. ao, Right \ =
Auricle, of. Ventricles. ap, Pulmonary 4 1 9 P orta I h ]" § t e,

Arteries. o, A Vessel proceeding from the Rﬁpti]ES have a double Portal
Ventriele to the Aorta. , Left Auriele.
% System, one set of vessels

supplying the kidneys and another the liver,

o

420. Lymphatie Hearts—Many reptiles have small sac-
like organs lying just beneath the skin in certain portions of
the body, which, from their containing lymph and showing

Fig. 2317.

Pulmonary Art-:-ry“_‘:q-" == ».. Pulmonary Artery,

Pulmonary Vein, - i >« Pulmonary Vein.

Right Auricle.

H‘ Left Auricle.

Vena Cava. Single Ventricle,

Left Arch of the Aorta, -8

Rizht Aorta.
YVentral Aorta,

Heart of the Turtle.
pulsations, are called Lymphatic Hearts. In the Frog, two

such hearts are situated on the back of the animal, between
the joints of the thigh bones.

——

418, What animals of this elass have the most perfect form of aheart? 419 What kind
of a portal system do we find among reptiles? 420 Describe lymphatic hearts,
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421. Heart of Fishes.—The heart consists of one auricle
and one ventricle, which are covered by a pericardium, and
the whole organ is very small in proportion to the size of the
whole body, being from ;| th
to +5'55th its weight. In the
osseous fishes the heart is
elongated and conical, while
iu the Sharks and Rays it is
broader. The ventricle dis-
charges its blood through the
aortic trunk upon the gills.
This trunk divides up into
a large number of minute
branches which ramify upon
the gills, and after the blood
has received its oxygen from
the water. it is collected by
a corresponding sect of ves-
sels, and emptied into another
trunk which supplies all the Cireulation in Fishes. a, Heart. b,

. Auriele, o, Ventriele., &, Circnlation
rest ﬂfthﬁ bﬂdy—' which trunk through the Gills, or Lesser Circulation.
corresponds to the sorta— & Croabiion, drovd i Baig o
though it has no muscular
power to propel the blood along. After it has performed its
office it is collected by a system of vessels similar to veins,

and returned to the auricle.

Fig. 238,

422. Pulsations in a Minute.—Commonly not more than
twenty or thirty beats in a minute may be counted in fishes,
while in birds one hundred may be counted in the same
time.

423. Portal Circulation.—In fishes, as in reptiles, there
ceems to be a double portal circulation,

421, Why is the heart of the osseous fishes called a branchial heart? What proportion
of the body does it constitute? Give the course of circulation. 422. What number of
pulsations ean be counted in the beart of fishes, and what number in birds?
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424. Aecessory Hearts—Caudal Heart.—Awmong many
fishes are found what are termed Accessory Hearts, or small
muscular organs which seem to aid in the propulsion of blood
through the different parts of the body. Thus, in the myxine,
the portal vein is distended into a large sac, which expands
and contracts alternately; and in eels there is found upon

HITCHCOCK''S ANATOMY

Fi1g. 239.

Branchial Vessals,

Yentricle of tha
Heart.

Auricle of the
Heart. —— Ilr..

Yenous Binug, ——- ;

Vena Porte, -r' fie
Liver, &e. = !

Dorsal Artery, ot

Circnlating Apparatus of the Fish.

424. What are the accessory hearts of fishes?
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both sides of the last caudal vertebra a pulsating organ which
receives the blood from the delicate veins of the caudal fin,
and propels it into the caudal vein, this constituting a true
caudal heart.

425. Fishes' Bleod.—The blood of
fishes, almost without exception, is of a
red color, and contains oval and slightly
bi-convex corpuscles. In one family
they are distinguished by their great

. Blood Corpuoscles of a.
size, and thus resemble those of frogs;  Lamprey Eel; b, skate,
but other families have smaller ones.

Fig. 240.

F1G. 241.

Bmaller Circulation.

Branchio-Cardias

Greater Circulation.
Diagram of the Circulation in Fishes,

426, Dorsal Vessel, or Heart of Articulates—In ar-
ticulata, a vessel or tube passes along the back of the body—
behind the intestines and in front of the chain of ganglia—
called the Dorsal Vessel, which is divided into as many por-
tions as there are segments of the body. This is really the

—

What peculiarity in the tail of the eel? 425, What is the color of fishes' blood, and
what are its corpsucles? 426, What is the Dorsal Vessel of articulates?

11
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Fia. 242,

Circulatory Apparatus in the Lobster. «, The Heart. b, Ophthalmie Artery. e, An-.
tennar Artery. d, Hepatic Artery. ¢, Abdominal Artery. f, Sternal Artery. g, Venous
Sinuses. A, Branchim,

heart of the animal, since by the contraction of its coats the
blood or contained fluid is forced along. Small arteries are
given off from this dorsal vessel all along its course. This

Fiag. 243,

e (0 T o g

e=/S=puninza= = o

/ e “-l P —

A—

 Circulation In Insects. @, Dorsal Vessel. b, Principal Lateral Currents. The Arrows
show the direction of the Fluid.

plan, however, is seldom completely carried out, but is
most fully exemplified in the class of insects which is
partly exhibited in Fig, 243,
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427. Ventral Trank.—The blood which is driven forwards
by this dorsal vessel is collected by a set of vessels which unite
into a large tube called the Ventral vessel, or trunk, which
returns it to the posterior part of the body.

428. Blood of Artienlates.—This fluid called blood is a
thin liquid, yellowish brown, red, green, or even colorless,
end never containing corpuscles ; and the only reason why it
13 called blood is, that it circulates like the blood of the
higher animals.

429, Chylaqueons Fluid.—DBut besides this fluid there is
another found in the general or abdominal cavity of the body,
which, though not contained in orgius expressly designed for
its circulation, yet is rapidly carried th ough the body by
means of the motion of the different segments of the animal,
which in many of this order is incessant. This fluid, unlike
the true blood, is rich in corpuseles and easily coagulated,
which gives it one of the essential characteristics of true blood
i the higher animals. It, however, must probably be re-
garded as the cylaqueous fluid of many of the lower verte-
brata. Scorpions have arteries and veins.

430. Meart and Blood F16. 244.
of Crustacca.—Among the 0 @
crustaceans, such as the erab e
and lobster, we find a vessel
much shorter than the dorsal O
vessel of most articulata, A

which resembles a heart from Blood Corpuseles of the Crab. A, Granule
o L Cella. B, Nucleated Cells,

the fact that it is a propel-

ling organ and has muscular fibers in its coats. The blood in

these animals is of a whitish or purple color, and the pulsa-

tions of the heart vary in number from fifty-one to two hun-

dred per minute.

427, TMow i3 the Llnmd retnrned that is eirenlated by the dorsal heart ! 425 Describa
the blood of articulates. 429, What other fluid is found in these animals ¥ 480, What is
said of the heart and blood of the erab and lobster ¥
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431. Circulation in Molluses —Tle higher orders of
molluscs show a system of circulating vessels which seem to
be arteries and veins, with a central vessel answering to a
heart. There is usually a ventricle corresponding to the
right ventricle in man, to send the blood to the 1'{-.}1pimtﬂr:,f
argan. There is also another cavity which corresponds some-

Fia. 245.

= — ——— . =

Anatomy of the 8nail. a, Mouth. 5, Foot. d, Lung. e, Btomach. 7 Intestine. &
Liver. &, Heart. 4, Aorta. j, Gastric Artery. I Hepatic Artery. &, Artery of the
Foot. m, Abdominal Cavity. #, Canal conveying the Blood to the Lungs. o, Vessel
earrying Blood from Lung to Heart.

what to an auricle, which receives the blood as it enters the
heart. DBut with the exception of the vessels carrying blood
to the gills, there are fow Separate tubes for carrying this
ﬂ'u!d ‘tht‘m.lg}! the body, it being left to circulate by imbi-
bition, or it is effected by means of the lacunar spaces, Fig
245, T

190 :

432. DBlood of Molluses.—The blood of these animals 3
generally destitute of corpuscles, and is sometimes colorless,
though often white, brown, red, er green,

433. Contractions of the Heart.—The heart does not

431. What are the circulatory vessels §
ators E in molluses? How 18 most of ) id cireu.
Iated ¥ 432, What of the blood of molluses ? s g i
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expand and contract regularly, but in a spiral, serew-like
manner, like the peristaltic motion of the intestines.

434, Circulation in the Radiata and Protozoa—In a
few polyps a vascular system is quite obvious, and may be
inferred in them all. The blood is colcrless, and has white
corpuscles. In the Acalepheze there exists a circulating fluid,
which is thought by Agassiz and Dana to be merely water,
intended to subserve the purposes of respiration rather than
nutrition. The Echinoderms have one heart, and sometimes

more. The Infusoria have pulsatory cavities, but no system
of circulation.

433. How does the heart pulsate? 434, What is the plan of circulation among the
radiate animals ?



CHAPTER “PIFTH.

PNEUMONOLOGY, OR HISTORY OF THE ORGANS OF BREATHING.
—THE RESPIRATORY, VOCAL, AND CALORIFIC ORGANS,

DEFINITIONS AND DESCRIPTIONS.

435. Location of Respiratory Organs.—Sympathy be-
tween the Heart and Lungs,—Within the thorax are con-
tained not only the central organs of circulation, but other
organs closely related, and connected with them, the Respira-

Fia. 246,

ri t ri

Artery of the Arm.

Vein of the Arm.

E ————,__ ]

Right Lung. [

od ve vd a v

Lungs, Heart, and Principal Vessels in Man. ed. Right Auricle. w»d. Right
Ventricle. w#g. Left Ventricle. a. Aorta. ac. Carotid Arteries. »e. YVena Cave.

t. Trachea. wuj, Jugular Veins.

435, What organn nre contained in the thorax? What is said of the sympathy Le-
tween the respirat ¥ and circulat Ty organs?
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tory.  These are not only related by position, but are mutu-
ally dependent on each other for their action. Thus, if severe
disease affect the heart, the lungs are ver y apt by imperfectly
or irregularly performing their offices, to show their sym-
pathy. In like manner, if the lungs exhibit disease,
sooner or later the heart is sure to manifest its sympathy
with its suffering neighbors.

436 The Lungs, their Shape, their Color, Lobes ot
the Right Lung, Capacity of the Right Lung, Amount of

Fia, 247.

A View ofthe Bronchia and Blood- Vessels of the Lungs as shown by Dissec:
tion, as well aus the relative Position of the Lungs to the Heart. 1, End of the
Left Auricle of the Heart, £ The Right Auricle. 3, The Left Ventricle with its
Vessels. 4, The Right Vertricle with its Vessels. 5 Pulmonary Artery. 6, Arch
of the Aorta. 7, Snperior Vena Cava. 8, Arteria Innominata, 9, Left Primi-
tive Carotid Artery. 10, Left Sub-Clavian Artery. 1), The Trachea. 12, The
Larynx. 13, Upper Lobe of the Right Lung. 14, Upper Lobe of the Left Lung.
15, Trunk of the Right Pulmonary Artery. 16, Lower Lobes of the Lungs. The
Distribution of the Bronchia and of the Arteries and Veins, as well as gome of
the Air-Cells of the Lungs, are al=o ehown in this dissection.
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Blood in each Lung,— The essential organs of respiration
are the Lungs. These are light solids, two in number, and
occupy nearly four fifths of the cavity of the chest. They

Frig. 248.

An Anterior View of the Thoracie Viscern in Situ, as shown by the Retnoval of thelr
Anterior Parietes. 1, Superior Lobe of the Right Lung. 2, Its Middle Lobe. 38, Its
Inferior Lobe. 4, 4, Lobular Fissures. 5, 5, Internal Layer of the Costal Pleura form-
ing the Rizht Bide of the Anterior Mediastinnm. 6, 6, The Rizht Diaphragmatie Por-
tion of the Plenra Costalis. T, T, Tha Right Pleura Costalis on the Ribs, 8, Buperior
Lobe on the Left Lung. 9, Its Inferior Lobe. 10, 10, Interlobular Fissures, 11, The
Portion of the I'leura Costalis which forms the Left Bide of the Anterior Mediastinum,
T1, The Left Diaphragmatic Portion of the Pleura Costalis, 13, Left Pleura Costalis.
14, 14, The Middle Bpace between the Pleurm, known as the Anterior Mediastinum.
13, The Pericardinm. 16, Fibrous Partition owver which the Pleure are reflectad. 17
The Trachea. 18, Thyroid Gland. 19, Anterior Portion of the Thyrold Cartilage. 20
Primitive Carotid Artery. 21, Subelavian Vein. 22, Internal Jugular Vein, 238, Bra
chio-Cephalic Vein. 24, Abdominal Aorta. 25, Xiphoid Cartilage.

= e — -

436, What are the Lungs?
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are of a conical shape, the apex pointing upwards, the hase
resting on the Diaphragm, of a pinkish gray color, frequently
dotted with black spots, and divided by a deep fissure into
two lobes. The right lung is shorter in its long diameter
than the left, on account of the liver which raises the right
side of the diaphragm higher than the left. The right lung
1s subdivided again, so that it is really made up of three lobes
iastead of two. It has also a larger capacity than the left,
since the position of the heart, considerably upon the left
side of the median line of the body, occupies a portion of the
left thorax. Each of the lungs ordinarily contains a pint of
blood.

437. Lobules of the Lungs—.A\ closer examination of the
lungs shows them to be made up of small bodies called Lung-
lets. These are from {;th to {%th of an inch in diameter, and
of a conical or pyramidal shape. They are much more clearly
defined in small children than in adults. Tir. 249, by the

Fi1G. 249.

A Luanglet with a SBection of a Bronechial Tube. a, Bronchus. b and e, Veasels of
Bronehial Lining Membrane. d, d, e, ¢, Spaces between contiguons Lobules, conun-
ing the Termiual I'ulmonary Arteries and Veins supplying the Capillary Plexus (7 5)
ta the Meshes of which the air gains aceess by the Lobular "assages.

Give their shape, color and division. What are the lobes of the lungs? Which is the
largest lung, and why the difference? 437, How are the lungs made up? At what pe-
viod of life can the lunglets be best seen ?
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hexagonal figure surrounding the bronchial tube, shows a
section of a lunglet, or lobule of the lung.

438, The Pleura,—Pleurisy.—Root of the Lungs,—The
lungs are immediately invested with a serous membrane called
the Pleura, which is also the inner lining membrane of the
walls of the chest: so that when the lungs are fully inflated,
these two surfaces are brought in contact, and in the act of
respiration move slightly upon each other. And if any por-
tion of these membranes becomes inflamed, the disease results
which is known as Pleurisy. In the acute or early stage of
this disease, if a long breath be drawn, intense pain is felt at
the lower portion of the lung. This is owing to the friction
of these inflimed mem'yanes one upon the other, and the
reason why the pain is severest in the lower part of the lang,
is that this part of the lung moves over the largest space in
breathing. The vessels for supplying blood, emptying it
and nourishint the lungs, as well as the air-vessels, nerves
and lymphatics, are all collected together in one bundle at
the inner side of these organs, and are collectively called the
Root of the Lungs.

439. The Air Passages.—The vessels which are especially
designed for the purpose of conveying air into the lungs are
the Larynx, from the Greek meaning a whistle, since sound
is made in it—the Trachea, meaning rough, as is its struc-
ture—the Bronchia, meaning the windpipe, (Fig. 250, p.
249), and the intercellular passages which terminate in the
air-cells. (Fig. 252, p. 250.)

440. The Larynx.—The Larynx is a conical cartilaginous
tube from one to two inches in diameter, opening upwards into
the Pharynx, and terminating below in the Trachea. (See
Organs of Voice.)

441. The Trachea.—The Trachea is a cartilaginous tube

433, What are the lnnzs covered with, and what is the chest lined with? What Is
Pleurisy ¥ What is meant by the root of the lung? 439, Give the names of the dif
furent parts of Lhe air-passages. 440, Deseribe the Larynx.
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Fig. 250.

The Larynx, Trachea, and Bronehia, deprived of their Fibrous Covering, and with the
outline of the Lungs. 1, 1, Outline of the Upper Lobes of the Lungs. 2, Outline of the
the Middle Lobe of the Right Lung. 3, 8, Outline of the Inferior Lobes of both Lungs.
4, Outline of the Ninth Dorsal Vertebra, showing its relation to the Lungs and the Ver-
tebral Column. 5, Thyroid Cartilage. 6, Cricoid Cartilage. T, Trachea. 8 Right
Bronehus. 9, Left Bronchus. 10, Crico-Thyroid Ligament. 11, 12, Rings of the Tra-
chea. 13, First Ring of the Trachea. 14, Last Ring of the Trachea, which is Corset-
shaped. 15, 16, A complete Bronehial Cartilaginous Ring. 17, One which is Bifurcated.
15, Double Bifurcated Bronchial Rings. 19, 19, Smaller Bronchial Rings. 20, Depres-
sions for the Course of the large Blood-Vessels,

about one inch in diameter, made up of from fifteen to twenty
cartilaginous rings, commencing at a point nearly opposite
the fifth cervical vertebra, and extending as low as the second
dorsal, or top of the sternum, where it divides into two bron-
chi extending to each lung. These segments of the trachea

are not perfect rings, since they complete only about five sixths

441. How is the trachea made up? Where does it divide into the two bronechi? Ar
the gegments of the trachea perfect rings?®
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Fig. 251.

Capillaries of the Human Lung.

of a circle, the remaining sixth consisting of smooth or invol-
untary muscular fiber.

442. The Bronchi.—Intercellular Passages.—C(wmeal
Air-Cells. Their Number.—As soon as the Bronchi fairly

Fra. 252,

A Magnified View of a Section of the Lung, showing the Arrangement of some or
the Lobules, the Communication of the Air-Cells in one Lobule and their Separation
from those of the adjoining Lobule. The Ramifieations of the Blood-Vessels in the
Texture of the Lunz and their Conrse throngh the Air-Cells are also seen. 1, 1,
Dranohes of the Pulmonary Veins. 2, 2. Branches of the Pulmonary Artery.
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enter the lungs, they immediately divide and subdivide, until
they have diminished to a diameter about one fiftieth of an
inch, and some of them are within one eighth of an inch of
the outside of the lung.  After this they are changed m their
structure, and become channels hollowed out in the cellular
tissue of the lung, and are called Intercellular Passages.
These terminate in minute
eells, called Ceecal Air-Cells.
These cells have an average
diameter of ;1 :th of an inch,
and accumulate around each
terminal bronchus to the num-
ber of 17,790, making a total
in the lungs of 600,000,000,
which, if spread out, would
make an area of cell surface
of 132 square feet; Dalton
says 1,400 square feet.

F1G. 253.

443. Composition of the
Air-Tubes, Their Mucons
and Pleural Surfaces— Longitudinal Section of the Termina
These sir-tubes just described tio=cfs Bronoims L, oo
are essentially composed of
cartilage and fibro-cartilage,
and lined throughout with
mucous membrane.  Hence
we see that this membrane,
though situated nearest the
center of the body, lines the
outside of the lungs, while
the Pleura, although nearer =
the surface of the ‘E)D{]'}", lines Smuly Bronchial Tube laid open.

Fig. 254.

— = — = _—

442, What are the bronchial tubes subdivided into? Ilow larze are the emeal air-cellst
How many aronnd each terminal bronchus#  What is their aggrezate number? Why -
is the area of cell snrface in the lungs? 443, What is the composition of the air-tubes
W hich is really the inside and which the outside of the lungs?
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the interior of the lungs. This apparent contradiction of
terms arises from considering that portion of the body as ex-
ternal which is in contact with the air, in the same manner as
the intestines ; the anatomically external surface being phys-
iologically the internal surface.

444. The Substance of the Lungs.—The substance of the
lungs is entirely made up of arteries, veins, lymphatics, and
bronchial tubes, connected by areolar tissue. And when in-
flammation takes place in this substance, the disease is known
as pneumonia, or lung fever.

445, The Essential Musecle of Respiration—Process of
Breathing—The Rest Gained by the Respiratory Museles.
—The musele which performs the most essential part of
breathing 1s the diaphragm. This by its contraction produces
inspiration, but does not directly produce expiration. Breath-
ing is performed as follows. The cavity of the chest is va-
riable in size; made so by the movement of the diaphragm
upwards ana downwards. For as the sides and upper portion
of the chest are unyielding walls, if the diaphragm be de-
pressed the cavity of the chest is enlarged, a partial vacuum
is produced, and the air rushes in to supply the vacancy.
This is inspiration, and is purely an active muscular effort.
Expiration, however, is quite the reverse, being wholly a pas-
sive exercise. For when the lungs are filled, the contents of
the abdomen are depressed by the descending diaphragm and
the ribs are elevated, both of which parts offer resistance to
the inhaling force. Consequently, when the diaphragm and
the other respiratory muscles are relaxed, several muscles of
the back, abdomen, and chest, by their elastic tonicity, force
air again out of the mouth, which completes the process of
expiration without expending any nervous energy, and at the
same time gives rest to the muscles employed in breathing.
Ilence the muscles of respiration are not all the time in ac-

, 444 What is the substance of the lung composed of ¥ Define pnenmonia. 445 What
is the principal muscle of respiration? Deseribe the mechanism of breathing. Which
act is nctive and which Is passive ¥ ‘When do the respiratory muscles resi?
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tion, but as the period occupied by expiration is longer than
that of inspiration, consequently they rest during a longer
time than they are in action.

e

FUNCTIONS OF THE LUNGS.

446. The First Object of Breathing.—The immediate
object of breathing is to bring air into the lungs and carry
it out again after it has performed its office ; and the function
of the lungs is to expose as large a surface of blood as possible
to the air inhaled. The ultimate objects of this arrangement
are to remove waste products from the body, which exist in
the form of carbonic acid and water, and also to generate the
animal heat necessary. A third, but by no means an incon-
siderable value of this function, is to convert the gluten of
vegetable food into fibrin,

447. Another Use of Breathing, Purifying the Blood
—Endosmose and Exosmose,—The impurities of the blood
—carbonic acid and water—are exchanged for the oxygen of
the atmosphere. This is not effected by actual contact of
blood and air, but through an intervening membrane, the
wall of the air-cells. It is a remarkable property of mem-
branes, both animal and vegetable, called Imbibition, or En-
dosmose and Exosmose, that allows fluids and gases to pass
through them in opposite directions at the same time.
Through the membrane of the lungs, the carbonic acid, which
hias more affinity with pure air than for the blood, passes out-
wards, while the pure air, containing oxygen, has an aflinity
for the blood, and passes inwards,

448. Amount of Air Used in Breathing—~Causes of i4
Variation —Capacity of the Chest.—The average amount
of air which passes in and out of the lungs at each inspiration

e ————=

446. What is the object of breathing, and what is the function of the lungs? What
..hreu processe. are accomplished by this process? 447. How does breathing purify the
ylood? Deseribe the process of imbibition.
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and expiration is about twenty cubie inches, and the amount
passed through them in twenty-four hours about 360 cubic
feet, or, as others estimate it, from 3,000 to 5,000 gallons
every day. This varies greatly. In'the first place, the lower
the temperature the greater the amount of animal heat to be
generated, and consequently the greater the guantity of air
to be consumed. Also a person laboring in the open air
breathes more deeply than one confined to the house. Again,
the capacity of the lungs modifies the quantity of air inhaled.
And this capacity depends more upon the height of the indi-
vidual than any other physical feature. From a series of
5,000 observations made by Dr. Hutchinson, the following
principle is deduced. ¢ For every inch