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STATEMENT TO THE READER.
Preface to the First Edition.

THE WRITER asks no apology for the introduction of
this volume to the Undertaking profession of America. During
my services as Demonstrator in the Indiana College of Em-
balming, and as President of the Chicago College of Embalm-
ing, I felt that the student would receive more benefit if he
had a complete and modern text book to guide him in his
studies.

There being no work in the field which completely covered
all the different topics necessary to complete a course in
embalming, I bave written this work, feeling that it would
give the student a more comprehensive view of the work
and would enable him to cope with the more difficult parts of
the science.

Those in the profession who, on account of business cares,
and who have advanced in years, not feeling able to attend a
college course, could by consulting a practical work on em-
balming become acquainted with the modern ideas and the
late discoveries which have been put forward in the last five
years.

I have endeavored in this work to give only those things
which I thought necessary; and while some parts of the book
may appear to be superfluous, the expert embalmer would
not judge it so.

Some may say the work is too scientific, while others
would condemn it because of the lack of those points.

Writing this book as I have written it, not only for the
student, but for the beginner, for the practitioner and for the
expert, I trust you will see the difficulty of pleasing all.
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I have endeavored to give every subject contained in the
book a thorough consideration, and where I found language
alone could not express the meaning, I have added such en-
gravings as would appeal more direct to the mind. Occular
demonstration is proof conclusive.

Having tbus explained the cause for introducing this
work on embalming, I submit it to the judgment of the em-
balmers of America, with the assurance that whether favor-
able or unfavorable, the decision will be just.

In conclusion I wish to thank all those who have so gen-
erously aided me in the preparation of this volume, especially
Mr. Wm. P. Hohenschuh and Dr. Chas. E. Barmm, my
colleagues.

DEDICATION.

To all those who have honored me with their subscrip-
tions before the work was written, the amount of which was
sufficient to pay for the entire edition, this work is dedicated
by their most humble servant, "~ CARL L. BARNES.



STATEMENT TO THE READER.
Introduction to the Second Edition.

The first edition of my work having met with the
approval of the profession, and having been endorsed by the
Presidents of State and National Funeral Directors Asso-
ciations, by Presidents of State and National Embalmers
Associations, and by learned authorities on the subject
of embalming, as the most complete and modern text
book on the subject of embalming, that has yet appeared
in the English language, it would be false for me to say
that I do not feel complimented. Distinguished Anat-
omists and Demonstrators, Members of State Boards of
Health, and prominent scientists, having encouraged me
by the same kind of endorsements, even beyond my most
sanguine expec!:ations, I desire at this time to thank each
and all for their kind words. Nothing is so gratifying to an
author as to see his works imitated. It, above all, is
. the most striking proof of the success of his efforts. In the
five hundred and more pages of the second edition, the text
has been augmented so as to include all of the more recent
investigations. In order to permit this increased amount of
important material a place in this work, it was found neces-
sary to eliminate all that part in the first edition pertaining .
to ancient embalming. The Self-Pronouncing Dictionary of
medical and scientific terms in the back of the book, was
carefully compiled by selecting only those technical terms
in common use by the profession. The half-tone engravings
of actual operations on the cadaver are of a pre-eminent
character and, with the full page anatomical engravings in



colored plates, ‘‘the first of the kind ever produced,” the
reader will have an anatomical aid superior to any other
heretofore introduced.

In conclusion I desire to thank all those who so gener-
ously aided me in the preparation of the second edition,
especially Mr. James J. Morris, the Assistant Demonstrator
in the Chicago College of Embalming.

CARL LEWIS BARNES,
576 La Salle Ave.,
Chicago, Il
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CHAPTER L

Death: Its Phenomena, Modes, Signs and

Premonitions.

Premonitions.

The masterful painting of Hogarth, ‘‘The End of All
Things,” was begun by the great artist with the belief that it
would be his last. He labored on it with unusual assiduity,
fearing he would die before it was finished. When at last the
final stroke of the artist’s brush had been applied, he gazed
intently for a time on his mind’s creation, then rising from
his seat he seized his palette, broke it in pieces and said, “‘I
have finished.”

Soon after he died. Thus his presentiment that the end
would soon come was fulfilled. ‘‘Requiem,” that beautiful
strain by Mozart, was composed under the conviction that it
would be for himself, and when soon after it had been finished
the hour of death drew nigh and life was flitting fast, he
asked those around him for the score, and on it being brought
to his bedside he smiled; and musing over it said: **Did 1
not tell you truly that it was for myself I composed this
death chant ¥”

With many the first symptom of approaching death is the
strong presentiment that they are about to die. The great
surgeon, Dr. John Hunter, who was also one of the greatest
embalmers of his day, intimated on leaving home that if a
discussion which awaited him at the hospital took an angry

1—B
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turn it would cause his death. A colleague gave him the lie;
the coarse word verified the prophecy and he expired in an
adjoining room almost immediately afterward. Often we
feel within ourselves we cannot live, the nerves communicate
the thoughts to the brain from the weakened vital centers
and in many instances it soon becomes a reality. The pre-
monitions of death were fully observed by Shakespeare.
Gossiping Dame Quickly informs us Falstaff fumbled with
the bed clothes. I have observed this sign among many
others in those who are in the throes of death. The patient
picking at the bed clothes around her, tossing them from the
wearied and weakened frame, as though even these protect-
ing coverings would soon no longer be required, and as life’s
candle was rapidly burning lower she began to ‘‘pick at the
flowers,” musing and murmuring in indistinct tones; soon the
voice began to sound husky, the Pomum Adami moved up
and down as though keeping time with the pulse waves which
were getting weaker and weaker, slowly carrying the soul to
its rest. Many persons, especially those who have been ill
with typhoid fever, have no wish to recover: this is often
one of the premonitory signs of approaching death. They
lose interest in the things which most concerned them during
life and health, although with many in the last moments of
death their minds revert back to the scenes of their childhood
or to some of their greatest achievements. Thus the great
Napoleon fought again another battle: was he at Austerlitz?
was he in Egypt? or was it his Waterloo? His last words,
““Tete d armee,” were characteristic. While the ship was
sinking he was at last again with his army: possibly he could
hear the martial sounds of fife and drum, the roar of cannon,
the thundering volleys of musketry, the appeals of the dying
and the shouts of the brave. All of that once magnificent
army was around him again; they swept like a tornado all
before them; he was leading them onward and with each ad-
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vancement they were sweeping down thousands of the enemy;
they were repulsed but only for a moment, then onward again
with that awful charge, fifty thousand rifles crash, the sound
is almost deafening and when the smoke clears away thou-
sands of human dead are strewn upon the ground, never to
rise again. The shouts of victory pierce the air and as the
echo dies in ‘the distance, all is darkness forever. Amid
these imaginations the great leader took his leave.

Ingersol in his tribute to his dead brother, Ebon C., said:
‘“He who sleeps here, when dying, mistaking the approach of
death for the return of health, whispered with his latest
breath, ‘I am better now.”” The grasp of death, as it were,
relaxes its tightening grip on us for a moment—one feels
‘‘the fever is going now,” or “I am better now,” or in the
last moments when the nerves begin to lose their powers of
perception and conduction as the darkness of death comes
over one, they are liable to cry out in their last words like
Goethe, who experiencing the loss of power in his optic
nerves, said, ‘‘Let the light enter.” Some, after the dark-
ness of death begins to come over them, are suddenly aroused
by sudden flashes of light. Or they may inform those around
them that they hear ‘‘sweet strains of music.” These ‘‘light-
ning flashes” are familiar to every experienced physician,
they are all premonitory symptoms of approaching death.
Or in some patients during these flashes numerous small col-
ored specks will float before the vision (musca volitantes).
These are often a slight annoyance to the patient, who soon
sees nothing but oblivion, and is ushered forever into eternity.
The words ‘‘death agony" oftentimes convey a meaning of
intense repugnancy. It is because in a certain proportion of
cases dissolution is accompanied by visible spasms and dis-
tortions of the countenance. Yet it is as nearly certain as
anything can be that these distortions of the facial muscles
are not only painless, but take place unconsciously. This
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may be said to be true in almost every case excepting those
who die from the influence of some irritant poison, and then
the death spasm or death agony is certainly experienced by
those who are so unfortunate as to die by these methods.
This distortion of the face and countenance may be likened
to the sudden flickerings in the dying flame of a candle, or
the irregular motions in the wheel of an engine whose steam
is being gradually withdrawn. Oftentimes a comatose or
semi-comatose condition supervenes before death. In such a
case it is evident that more or less unconsciousness and no
knowledge to the sufferer of his approaching death is known
to him. People who have been almost drowned, and who
have been resuscitated, tell almost a similar story of the con-
ditions through which they passed previous to the loss of
consciousness. After a few moments of painful struggling
which was accompanied by the greatest of fear and anxiety,
during which it seemed as though their entire life was spread
out before them,there wassuddenly a few flashesoflight before
the eyes and then a state of tranquility followed. They see
visions of green fields. It is remarkable that nearly every
person who has passed through this condition, or death by
drowning, refers to seeing green fields. In some cases they
hear sweet strains of music. and are so far from being
miserable that they experience a degree of ease and comfort
of mind and body which is delightful. Attempts to resusci-
tate those who are apparently drowned, or who are in the
third stages of narcotism, will prove difficult at times on
account of the resuscitated person protesting energetically
against being brought back to life. After they have been
fully restored they tell us that the restoration was accom-
panied by physical pain and acute mental misery. I have
resuscitated many persons who were under the toxic influence
of morphia, and in nearly every instance after restoring my
patient they said that they passed through more misery in
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the few minutes or hours preceding their restoration than
they had experienced in their entire life. Death as a rule is
by no means a painless process, although in many cases it is
actually devoid of any physical suffering. The famous Dr.
Cullen on his death bed faintly intimated to a friend, ‘I wish
I had the power of writing, for then I would describe to you
how pleasant a thing it is to die.” Sir Walter Scott in his
last moment exclaimed, ‘“I feel as if I were to be myself
again.” Divine nature, I believe, intended that we should go
out of the world as unconsciously as we came into it.

Signs of Impending Death.

The signs of impending death are many and various. In
no two instances can they be said to be alike; yet several of
these signs are common to every case. They, of course, have
not the positiveness of the signs of real death, but are suffi-
cient to guide us in forming an opinion as to the approach of
death in the afflicted. From a large number of statistics it is
well settled that the least mortality is during the hours
from eleven o'clock A. M. to two o’clock P. M., and the
greatest mortality is in the early morning hours from three
to six. These signs of impending death have been recorded
by many writers, scientific and otherwise. Shakespeare, in
the account of the death of Falstaff, referred to his nose:
‘‘His nose was as sharp as a pen.” The coldness of the feet
gradually extending upward, the picking at the bed clothes
(carphologia), and the playing with flowers, this latter sign
showing the weak and puerile state into which the once acute
mind bad fallen. In those about to die speech grows thick
and labored; the hands feel cold and clammy, and if they are
raised they fall instantly. Listening one hears the difficult
respiration caused by insufficient aeration of the blood. The
heart loses its power to propel the blood into the extremities,
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thus the body begins to get cold at these parts first and
gradually extends towards the viscera, these structures re-
taining the heat longest after real death has made its
approach. The voice grows weak and speech is difficult,
husky or piping. The eyes begin to assume a fixed position
and have a staring look as if they were not focused on any-
thing definitely. The lachrymal gland refuses to secrete and
the eye begins to lose its luster. Functions are imperfectly
and involuntarily performed, memory fails, imaginations
cease, the muscles get stiff and rigid (muscle spasm preced-
ing death), small noises irritate, digestion is disturbed and
interrupted, capillary circulation is clogged, loss of con-
sciousness supervenes, the brain loses control of the great
sympathetic, respiration ceases, and the heart, the central
organ of circulation, comes to a full stop, and this stop
means the end.

Premature Burial.

Premature burial is such an exaggerated theory that I
feel as though it deserves only a passing notice in this book.
Possibly in former times, or previous to the year 1616, when
William Harvey first discovered the circulation of the blood,
premature burial might haye actually occurred, and doubt-
less did occur, but in this enlightened age with all our
knowledge of the circulation and respiration, our complete
mastery of the phenomena of death makes such a thing as
premature burial absolutely impossible, in the hauds of even
a casual observer. Newspaper writers delight in the marvel-
ous, and without any regard whatever to the scientific phase
of the subject, frequent mentioning of cases of premature
burial are to be found almost daily in the press of the
country. I have carefully investigated some of these news-
paper stories only to find that they either originated in the
fertile brain of some reporter or were merely published to
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consume space. Previous to the time of the discovery of the
circulation of the blood several authentic cases of premature
burial are on record. I will mention only a few of them.
Vesalius, the eminent anatomist, was about to give a demon-
stration before his class. On opening the thorax and reflect-
ing the sternum or breast bone, the exposed heart was seen
still beating. Dr. Philip Small, a physician, was summoned
to perform a Cesarean section. The woman was nine months
pregnant and was about to be confined. During the stages
of labor the woman suddenly lost consciousness, the heart
ceased to beat, and a glass held over her face showed no
signs of respiration. After making a few preliminary tests
he plunged his knife into the body and was cutting down on
the uterus when the woman awoke from her swoon. In the
- little village of lower Charente, France, a rural guard having
no family died. Hardly bad his body grown cold when it was
taken out of bed and laid on a straw ticking covered with a
coarse cloth. An old woman was charged with the watch
over the death bed. At the feet of the body was placed a
branch of boxwood put into a receptacle filled with holy
water. A lighted taper was near at hand. Toward mid-
night the weary old watcher fell asleep. A few hours later
she awoke surrounded by flames from the fire that had caught
her clothes. She hurried out crying for help and the neigh-
bors running together at her screams saw issuing from the
hut a naked spectre limping and hobbling on legs covered
with burns. While the old woman slept the lighted taper
bad fallen over and ignited the bedclothes. The fire thus
kindled had aroused the supposed dead and the old watcher
from their sleep. It is interesting to learn that they both
under proper care grew sound and well. The Abbe Prevost
being struck down by apoplexy was regarded as dead. A
physician was about to hold an autopsy, but when he cut
through the scalp with a knife the Prevost awoke and
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regained consciousness, only to die immediately afterwards.
I never believe in touching the body with the knife until one
has brought into play all of the various tests or has observed
all of the phenomena attending real death.

Modes of Death.

The expert when summoned to inspect a body supposed
to be dead, or found under suspicious circumstances, has no
easy task before him. He should first determine the fact of
death; second, the known or unknown cause of the death;
third, the time which has elapsed since the death, and, fourth,
the actual mode of the death. Life according to some writers
is situated in one of three great centers,— the heart, the brain
or the lungs. I cannot agree with the weight of authority on
this point. I rather incline to the belief that life is situated
in each individual cell. Every molecule of protoplasm has
its being, its life. This conglomeration of cells is connected
together into one mass by the great sympathetic, the motor
and sensory nerves. The higher nature touches them all and
life is the result. The actual departure of life from the body
may be said to occur under one of three forms: Death by fail-
ure of the heart's action (syncope); by failure of the respira-
tory organs, the lungs (apnoea), or failure of the functions of
the brain (coma). It is only reasonable to state that the fail-
ure of any one of these great life centers will immediately
cause a cessation of vital functions in the other.

Death by Syncope.—The heart’s action may be arrested
either by a deficient nerve supply, a deficient supply of
blood, (anemia), or by a defective quality of the blood, or
through the loss of heart power, such as would be caused
by sudden shocks and blows upon the epigastrium, or through
a flabby or degenerated condition of the muscular struc-
ture of the organ itself. Life may be terminated by sudden
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hemorrhage or, as is the case in chloroform narcotism, the
left side of the heart will empty itself, as will also the arter-
ies, and the blood will congest in the veins of the body.
Thus the patient actually dies by aenemia or bleedsto death
. as it were in his own vessels.

Death by Como.—The brain centers are usually those
first incapacitated. The power of the brain may become sus-
pended either through the result of injury or disease, produc-
ing uncounsciousness. Following the suspended functions of
the brain the respiratory apparatus is weakened as is evi-
denced by the slow stertorous and irregular breathing, which
finally just preceding the death becomes rapid, feeble and
irregular. As soon as the Medulla loses power the respira-
tory centers fail and breathing ceases altogether. The heart
thus deprived of its normal stimulant, arterial blood, soon
ceases its beating and death is the result. In apoplexy we
‘have an example of a natural death by como. The blood
escaping from the ruptured vessels compresses the brain and
unconsciousness supervenes. Injury to the skull such as
fractures involving the inner table would be an example of
an unnatural death by como, while in a case of narcotic
poisoning such as caused by morphia we have the brain
centers destroyed by the action of the drug on the nervous
system without any compression from a mechanical stand-
point.

Death by Apnoea—Asphyxia.—Asphyxia is that con-
dition found in all those cases strangled, smothered or
drowned, or who die from the influence of poisonous gases
such as methane gas in coal mines, charcoal gas, carbon-
monoxide, etc. Breathing is either arrested by paralysis of
the respiratory muscles or by mechanical pressure on the
throat and thorax. In all these modes of death the respira-
tory apparatus fails first. The heart continues to beat, thus
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congesting the large veins of the head, neck and lungs.
Thus in many of these cases if we get to them soon enough
life may be restored by artificial respiration and relieving the
congestion. In asphyxia from hanging the warmth of the
body is usually preserved longer than under common circum-
stances, i. e.,, from twelve to fifteen hours, before which
period rigidity is seldom complete. The blood of the asphyx-
iated subject resists slow combustion and putrefaction, and
many of these cases of asphyxia will preserve several days
without showing the least sign of decomposition. In the
case of the Smith family at North Indianapolis, three were
asphyxiated in a room by means of natural gas. Suspicions
pointed to murder and an investigation was held. The bod-
ies were opened and the stomach and contents subjected to a
chemical examination for poisons. This examination, how-
ever, proved negative, but an examination of the bodies made
two weeks afterwards showed them to be in an excellent
state of preservation. No means whatever were applied to
prevent these bodies from undergoing a rapid dissolution.

The blood in the asphyxiated subject remains a bright
scarlet.

Signs of Actual Death.

The cessation of life is always followed by certain
changes in the body denoting the return of its elements to
those of the outer world. The changes which tend to occur
in all individuals after death, for the most part are regular in
appearance, one following upon another until the body has
been entirely reduced to the dust from which it came. These
changes which occur in the dead body have been termed
‘“signs of death.”

The conditions most readily mistaken for actual death
are syncope, apoplexy, catalepsy and asphyxia. Many
learned articles have been written on the subject of a posi-
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tive sign of death, but they have all been proven negative
when it came to giving a positive sign which would be suffi-
cient to distinguish between cases of suspended animation
and actual death. In the past year (1897) the scientist has
undertaken a new method of ascertaining the existence of
real or apparent death by the use of the Roentgen (X) rays.
The temperature sign and the decrease of occular tension
have also received support and consideration from the very
highest of medical investigators. The injection of a solution
-of ammonia beneath the subcutaneous layer of the skin asa
means of certifying real or apparent-deatl has also received
favorable comment by many of the medical profession. With
all these methods in addition to those formerly employed by
the profession, it will be seen that we are rapidly approach-
ing the time when we will be able to prove the existence of °
real or apparent death in a few moments. Information of a
great deal of value may be obtained by the merely superficial
examination of the body. The facial expression (facia hypo-
<rates) and the complete cessation of all censorial and intel-
lectual faculties, together with the complete absence of
muscular motion, will at times cause a hasty decision, as will
also the presence of wounds which have severed large vessels,
or injuries to the skull which have resulted in fractures of a
compound variety. The general paleness or pallor of the
whole body, except in those of florid complexions, will also
present itself for immediate consideration.

The undertaker when he is called upon to care for a
body, should he find the relatives in doubt as to whether the
person was really dead, should proceed to help them reach a
correct opinion by applying one or all of the various tests
‘which have thus far been advanced as favorable signs of
death. He need not follow any particular order, but in most
cases the investigator begins his examination by applying
the test Wl.'lich in his mind is the best, and after reading
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authorities on this subject the reader should use his own
judgment and proceed with the investigation.

After making the usual objective examination of the
body, he should begin the search for more positive informa-
tion.

Absence of Circulation.—This is one of the most posi-
tive signs of death, and, when actually demonstrated, further
investigation is unnecessary. The mere fact that the pulse
is absent is no criterion that the heart is inactive. Careful
examination over the pericardial region will give us informa-
tion as to whether there are any heart sounds; if these be
absent and there is no perceptible pulse, it is a very good
sign that the death is real; yet we cannot accept this as a
positive sign, for the reports of Col. Townsend, Col. Medley,
and others, who claim to have witnessed the burial of certain
Hindoo fakirs that were afterwards taken up and resusci-
tated (although complete and accurate information on this
subject is wanting), we cannot say that cessation of the cir-
culation is a positive sign of death. The fakirs that the
above named gentlemen had the pleasure of seeing, entered
into a state resembling hibernation, during which condition
it is reported that neither respiration, pulse beat or heart
sounds could be detected. It has been suggested by good
authority that a needle passed into the third or fourth costal
space, near the sternum (breast bone), will cause heart move-
ments if life be present, which can be seen by the movement
of the needle. The introduction of a fine needle, which is
thoroughly aseptic, into the fibers of the heart would not
cause much trouble, but should never be attempted only as a
last resort and then in the hands of an expert. If a needle is
introduced into the tissues of a dead body and after a few
minutes withdrawn, it will show no marks of corrosion or
rust, but should the body be alive the needle, a short time
after removal, will show signs of rust; as it comes in contact
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with the blood caused by the rupture of the capillary circula-
tion, while in the dead body no circulation exists. This,
however, is not positive as the needle might penetrate a vein
which contains blood in the dead body and then after a short
time the needle will rust just the same as if it had been intro-
duced into a live person.

One of the best tests to be applied in order to discover
the existence or absence of circulation is to cause pressure to
be made over the superficial veins of the fore-arm or the
ankle. If circulation exists the veins on the distal side of
the ligature, or other means of making the pressure, will fill
up gradually and will become quite prominent, but if no cir-
culation exists, no perceptible change will occur. In apply-
ing this test, the ligature should only be applied tight enough
to shut off the venous circulation and should not be of suf-
ficient strength to cut off the circulation through the radial
or ulnar arteries if the arm be used, or the tibials if the ankle
is the location of the investigation. This test should be ap-
plied with care and cannot be used with any degree of
certainty only after the lapse of several hours. The blood
after death tends to leave the arteries and escape into the
veins; this usually begins at the time dissolution occurs and
the arterial system may empty itself in less than thirty
minutes after death,even before death in chloroform narcosis,
and it may be hours or even days before the process is com-
plete. In the majority of cases the blood has passed from
the arteries into the veins in about five and a half hours after
death. Thus if a ligature was applied two hours after sup-
posed death the veins might fill up on the distal side of the
ligature and miglht lead one to suppose that circulation still
existed, while it would only be the escape of the blood fiom
the arteries into the veins. I rather believe, although it has
never to my knowledge been suggested or applied, that this
test should be made by tying the ligature tight enough to



14 THE ART AND SCIENCE OF EMBALMING.

prevent circulation either through the arteries or veins, and
instead of observing the distal portion of the hand or arm
the part just above the ligature and towards the heart should
be the field of investigation. If circulation exists at all it
will manifest itself by causing a distension of the blood ves-
sels, redness and swelling on the side of the ligature next
the heart, and if it does not exist and the subject is really
dead, then no perceptible change will occur, only another
good sign of death, corroborative of the first, which will be
seen in the loss of elasticity in the skin and the marks made
by the ligature will remain many hours after it has been re-
moved. This can never occur in any live person, even in cases
of General Anarsaca (Dropsy), the capillary circulation will
be sufficient to cause a change denoting the existence of
circulation.

Cessation of the Respiration.—This has been urged by
some as a positive sign of death. The respiratory function
may be reduced to so low an ebb by the action of narcotic
poisons, that it is next to impossible to detect its presence.
Some of the tests applied are the following: Holding a
feather to the nostrils and observing whether it moves or is
disturbed by the current of air that might be escaping from
the lungs; placing a mirror over the mouth and nose and
noticing whether there appears any moisture from the action
of expired air, is also employed to detect the presence or
absence of breathing. The direct examination by aid of the
stethoscope should complete the examination. All other
methods which have been advanced are less important than
the above and are useless if we use the tests just given.

Physical and Chemical Changes.—After death the
blood begins to leave the arteries and enter the veins, these
becoming filled to distention, and the consequent early ap-
pearance of decomposition in the blood causes the blood to
gravitate through the walls of the blood vessels and pene-
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trate to the dependent parts of the body; this gives rise to a
peculiar dark venous discoloration, which is known as ‘‘post
mortem discoloration” and is a very good sign of death.
But since these dark venous congested spots have appeared
on the dependent parts of those who have suffered from some
long continued illness, and are practically identical with the
hypostasis caused by venous congestion and post mortem
staining, it cannot be accepted as a positive sign of death.
‘While post mortem discoloration is making its appearance in
the body, certain other and no less important signs of death
are making their appearance on the ventral and uppermost
surfaces of the body. This is particularly noticeable along
the course of the large veins, such as the femoral, basilic, or
jugulars, and in some cases the frontal over the forehead.
The blood, which has become fluid through the process of
decomposition, percolates through the vessel walls, while
the gaseous elements of that medium escape towards the sur-
face. As the ha2maglobin, the coloring matter of the blood,
and the oxygen, its gaseous element, are closely assimilated
with each other, when decomposition begins in the blood this
gas escapes along the course of the veins and, carrying the
coloring matter with it, gives rise to a peculiar reddish or
purplish staining known as ‘ post mortem staining.” This
sign, then, like that of post mortem discoloration, may be
accepted as one of the numerous signs certifying death.
These latter stainings may also appear in certain diseased
conditions during life, and, like the other signs above given,
cannot be accepted as positive.

Changes in the Skin.—As soon as the vital function of
life has ceased, the surface of the entire body becomes pale
and of an ashen hue. This is due partly to the settling of the
blood in the deeper parts, and also by the putrefactive
changes occurring in the cellular part of the skin. When the
skin of a dead person is caught up between the fingers and
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pinched, it does not readily regéin its original position, while
in the living state it easily approximates itself to the sur-
rounding muscles. The features of a dead persou generally
have a shrunken appearance; the nose seems to be pinched,
and the lips are inelastic and cold to the touch. If froth or
mucous bubbles gather about the nasal openings or at the
mouth, caused by the purging of the body, it is a sign that the
respirations are absent, but since this froth makes its appear-
ance in cases of epilepsy, it could not alone form a very
favorable sign of death. When heat is applied to the body
by laying a hot iron or other hot material on the skin, it is
not followed by those changes of repair which take place im-
mediately after a burn of the living skin. The skin of a dead
body loses its transparency, and if the fingers of the hands
are approximated or brought together they will not transmit
the rays of light.

If a solution of ammonia be injected beneath the skin
hypodermically it will cause a rose or violet red spot to ap-
pear if the body be living, and if dead the spot will be a dirty
yellow, and in some cases will not appear at all. If life ex-
ists, such injection always causes a violet spot to appear at
the place of injection.

Suggillation, or livid violet colored spots, will appear in
the skin sometimes within tifteen minutes after real death,
while it may be several days before they occur. These spots
are the same as those described as post mortem staining and
discoloration, and are termed by some as ‘‘death spots.”
These spots often bear a close resemblance to bruises or ecchy-
moses, which latter are the results of violence inflicted before
death. They are important in a medico-legal sense, and it is
oftentimes necessary to prove the real nature of the discolor-
ation before a jury. If the body has only been dead a few
hours when found, then an incision into the discolored spot
will cause blood to flow if it has been caused by a blow or

e




TETE ITS pEINWIw (I
TSRS MR MO mi, N g v

I T g s
s LR Ly

v - -

Tiiee 7 e e e L

=Tl - T --

- - - =~ - © - - -
-~ - R - S .- Tt
. . - - T o= . R -




18 THE ART AND SCIENCE OF EMBALMING.

muscles of the lower jaw and the flexor muscles of the ex-
tremities. Cases are recorded by Barlow and Pepper where
in the case of a body dead of Asiatic Cholera it was seen to
draw up or contract the muscles of one side and in one in-
stance a case is reported to have completely turned on its
side, although it was proven to be a case of real death, and
the muscles were contracting ounly through the changes,
chemical and otherwise, occuring in the muscles.

The Gibbons Method of Resuscitation in cases of Suspended Animation, resulting
from Electric Shock, Blows upon the Epigastrium, Drowning, etc.

EXPLANATION OF CUT.—By means of a small bellows especially constructed, air
is forced into the lungs by a tube introduced into the mouth or nostrils; the second
movement of the bellows exhausts the air from the lungs, while a third movement
forces it in again, etc., thus the natural or normal respiratory function is produced.

The above method has been adopted by The Roval Life Saving Association of
Canada.
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Rigor Mortis, Post Mortem Rigidity, Cadaveric Ri-
gidity.— By the above terms is meant that phenomena which
takes place after death, commonly known as stiffening of the
body.

Cause.—As soon as a body dies certain changes begin to
manifest themselves in the tissue entering into its composi-
tion. The blood leaves the arteries and escapes into the
capillaries and veins, thus congesting those vessels. The
blood then, is the first of the fluids to undergo a change
caused by death; the hemoglobin escapes from the red blood
corpuscles, becomes dissolved in the liquor sanguinis and es-
capes into the surrounding tissue. The cause of this escape
of ha#moglobin is due partly to oxidation, and, second, to the
putrefactive changes in the blood itself, the hamoglobin es-
caping from the corpuscles during this change. The copuscles
first lose their circular disc shape arrangement and become
stellular in appearance, soon after becoming granular, and
finally being dissolved entirely. Before this change in the
blood is completed, a chemical change is taking place in the
myosin of muscle and the protoplasm of the tissues. The
cause of this change in the muscle plasma is not very well
understood, on account of the chemical changes which take
place so early after death. Just as soon as the myosin of the
muscles and the protoplasm of the cells become granular or
coagulated, the muscular tissues wherein it first begins,takes
on a peculiar rigidity or stiffening, which soon spreads to the
muscles of the whole body, causing the condition known as
‘‘rigor mortis.” As soon as this coagulation takes place
chemical changes make their appearance, a free acid is de-
veloped, which upon analysis proves to be sarcolactic acid,
at the same time a large amount of carbonic acid gas is lib-
erated from the tissues.

During the existence of rigor mortis in the dead body —
the chemical re-action of the muscle juice is acid, i. e., red-
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dens litmus paper—but as soon as it passes off it is alkaline
—turns litmus paper blue. Thus if a body was found and it
was a matter of doubt as to whether the rigor mortis had
appeared or passed off, the chemical analysis would settle
the question.

Variations in Time of Appearance, Duration, Etc.— It
is impossible to state the time of appearance of rigor mortis
in any given case. It may come on a few moments after
death or be delayed for twenty hours, or even longer. This
variation is largely due to the condition of the muscular sys-
tem at the time, and also the physical condition of the
subject. To illustrate this point, I will refer to the experi-
ments of Brown Sequard, whose observations developed the
following facts: First, that people who die in perfect
health, such as die suddenly from accident or in decapitated
criminals, the rigor mortis does not make its appearance for
several hours—ten to twelve—and the rigidity does not
pass off for several days; in some cases a week, even in warm
weather. To further illustrate the effect of the muscular
system on the rigor mortis, Sequard poisoned three dogs with
strychnia. To the first dog he gave three grains; this dog
died almost immediately. To the second dog he gave one-half
grain; this dog died in twelve minutes. To the third dog he
gave one-fourth of a grain; this dog died in twenty-one
minutes, the muscular system suffering intensely during that
time. Rigor mortis did not make its appearance in the first
dog until eight hours after its death, and it did not pass off
until the twentieth day afterwards. In the second dog the
rigidity came on earlier, commencing two aund one-half hours
afterward, and disappeared on the sixth day; while in the
case of the third dog, whose muscular system had been ex-
tremely exhausted, the rigidity came on in thirty minutes and
passed off in less than twenty-four hours.

In a case of strychnia poisoning that came under my own
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observation, that of a young lady who died two hours after
taking the drug, the muscular system having been completely
exhausted, the rigor mortis appeared in less than an hour
and passed off in twelve hours, but on account of the intro-
duction of preservative fluids putrefaction was suspended for
several weeks.

In people who are in perfect health at the time of death,
the rigor mortis does not make its appearance for several
hours and does not pass off for several days. Thus it will be
seen that the more the individual approaches health at the
time of death, the more firm will be the rigidity of the body.
Its duration is also proportionately increased. In those who
die from some slow, wasting disease, such as consumption, ty-
phoid or any of theadynamic fevers, which exhaust the whole
system, the rigor mortis comes on as early as ten minutes after
death and may pass off in a few hours. Some pathologists
have claimed that in cases of death from lightning, carbolic
acid poisoning, sulphuretted hydrogen, etc., that no rigor
mortis appears. This has been disproved, however, by sev-
eral able authorities, who claim that the rigor mortis came
on very early after death and disappeared in an equally short
space of time. There seems to be some difference, however,
in death from lightning and death from the electric shock
from a dynamo, for in two or three deaths of this latter kind
the rigor mortis appeared and was quite firm, lasting several
hours.

I believe that the chemical change of the myosin in the
muscles of the human body after death is stronger in a case
of Asiatic cholera than in any other form of death. So vio-
lent does this stiffening become in some cases, as has been
observed by Wharton, Pepper and others, that the body may
be altered in its position, the flexor muscles contracting so
violently as to cause the body to turn on its side. The mus-
cular contractions may act alternately—first the muscles of
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one side and then the other. In this class of cases the lower
jaw has been seen to move up and down several hours after
the person was dead, This can only be accounted for by the
theory of molecular life and chemical activity existing after
the occurrence of somatic death.

The rigor mortis begins first in the muscles of the eyes,
which in some cases, it is claimed, become fixed even before
death; it then spreads to the muscles of the jaw and neck,
thence to the pectoral muscles, and then to the muscles of
the upper extremities, the muscles of the abdomen and lower’
limbs being the last to take on the cadaveric rigidity.
Its disappearance is in the same order. The muscles of the
eye lose their contraction, then the muscles of the jaw, neck
and upper limbs, etc. In some cases the lower limbs may be
quite rigid while the upper parts of the body will be supple.
As soon as the rigor mortis has left the body, putrefaction
begins.

Another good sign of death relative to the rigidity of the
body is the turning in of the thumb upon the palm of the
hand, caused by the contraction of the flexor profundis policis
muscle, while in all those cases where the person is simulat-
ing death the thumb will be found free and extended from
the palm of the hand. The peculiar stiffening of the muscles
of a cataleptic subject is easily distinguished from cadaveric
or post mortem rigidity. In catalepsy the rigidity when
once broken up returns and assumes its original position,
while in a person really dead, after the rigor mortis is once
thoroughly broken up, the muscles assume a more flexible
condition and remain so. Persons who are half frozen pre-
sent a rigidity of the muscles which should not be mistaken
for rigor mortis, and in those cases of drowned bodies where
the limbs are stiff, it should not prevent us from making at-
tempts at resuscitation.
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The Later and More Positive Signs of Death.—The
difference in appearence of the dead and living hands when
photographed together by means of the Roentgen (X) rays,
the gradual cooling of the body, the changes in the humors
of the eye causing a decreased teusion in that organ, and the
appearance of putrefaction, are four of the most positive
signs of death. None of these can occur unless circulation
and respiration have ceased absolutely, and if positively
demonstrated, further investigation is unnecessary.

Roentgen (X Ray) Test.—To my knowledge the first
experiments on dead and living tissue by photographing a
dead hand with the living with the same current on a single
plate were performed by the writer in April, 1896. Skia-
graphs which are obtained by photographing different ob-
jects all show a certain degree of density and penetration
according to the solidity and opacity of the object to be pho-
tographed. Thus when one thinks of the many changes,
chemical and otherwise, that occur in the tissues of a dead
body, the difference in penetration of ordinary light in the
dead and living bands, we at once wonder whether the X
rays will act differently on the dead and living subject. If a
live hand be held before a lighted lamp the rays will pass
through it and the hand become a scarlet red, due to the cir-
culation of blood in the part. If a dead hand be held before
the lamp it will not permit the rays to enter and the hand
remains opaque and dark. The red corpuscles of the blood
in their natural condition are bi-concave circular disks and
have a very high refractory power. After death they lose
their circular shape and thus their power of refraction; coag-
ulation and suggilation are taking place. If a skiagraph is
taken of a dead and living hand on the same plate it will
show a very slight difference in penetration. The bones of
the dead and living hands will show with about the same dis-
tinctness, but the soft tissues of the dead hand appear the
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least bit darker than the living. At the present rapid rate of
advancement in this particular field of science, we may ex-
pect in the near future by means of this apparatus to actually
photograph life and death on the same plate.

Dr. Carl Lewis Barnes taking a skiagraph of his own hand, with that of a
cadaver (April, 1896). First experiment of the kind ever made.

Temperature—Animal Heat, Post Mortem Caloricity, -
Etc.—The normal heat in the human body during health and
life varies but little; the mean temperature in the living sub-
ject, taken in the axilla and the mouth, will average about
87 deg. C. or Y83.05 deg. F. The temperature varies if taken
in the different cavities of the body, and when taken by a
thermometer placed in the rectum or vaginz, will be found
to be a little higher; in the former reaching, possibly, 100
deg. F., while if taken in the vagina it will be less, and will
be found to register approximately at 97.06 to 98 deg. F.
Thus temperature varies but little in the living subject,there
being few diseases of the human system that will cause a



DEATH: ITS PHENOMENA, MODES, SIGNS, ETC. 25

variation of nine degrees either way, without causing death.
This temperature in the living subject is kept up by the
metabolism of cellular life in the body.

Just as soon as death takes place, the temperature gen-
erally begins to fall. It is sometimes increased, and in some
cases reaches the unusually high temperature of 111 deg. F.
In a case of aggravated dysentery, in a child two years of
age, the temperature taken in the rectum registered even
higher than this, the mercury reaching 112 deg. F. But,
while these are exceptional cases, they should be recorded.
The temperature, which rises after death, seldom reaches the
103 deg. F. mark, and then it slowly recedes until it falls far
below the temperature during life. The generation of heat
rapidly decreases, until the bodily temperature approximates
that of the surrounding atmosphere. Physical conditions
and the presence of warm clothing, etc., serve to cause slight
variatiouns in the gradual cooling of the body, while cold or
the opposite extreme hastens it. The physical conditions
which bear upon the cooling of the body are several:—gun-
shot and stab wounds, and death from Asiatic cholera, yellow
fever, tetanus, electric shocks, and lightning stroke, retard
the cooling of the body considerable, and for many hours
after death has really taken place the temperature of the
body will have fallen very little. The same is also the case
with those persons dead from senility or old age. The heat
of the body recedes very slowly, while those who die in mid-
dle life are the opposite, and cool rapidly. Of course, there
are certain conditions during life in which the bodily temper-
ature falls considerably below 98.06 deg. F., but they should
not be mistaken for the gradual cooling of the body after
death, the coldness during collapse, and that which comes up
in persons apparently drowned, should never be confounded
with post-mortem cooling.

Post-mortem caloricity includes all those bodies where



26 THE ART AND SCIENCE OF EMBALMING.

there is a rise of temperature above the normal, after death;
it is rather a phenomena than a regular condition to be ex-
pected in the cases above quoted: Tetanus, yellow fever,
Asiatic cholera, electric shocks, etc.

The body becomes cold to the touch in about eight to
twelve hours after death, but the heat in the thoracic and
abdominal viscera may remain much longer. In order to ap-
ply the temperature test, the investigator should place the
thermometer in the rectum, for by taking the temperature at
this place you will not only prevent mistaking it for that
caused by collapse, and which only affects the superficial
structures, but will be able to differentiate between the super-
ficial coldness which appears in bodies apparently drowned.
If the temperature is taken in this part of the anatomy, in-
stead of the mouth, axilla or superficial parts of the body, it
will prevent any possibility of an error. If the temperature
of the body falls to 70 deg. F'., death is real.

Changes in the Eye.—This test can only be properly
applied by the expert: it relates to changes both in the
external and internal structures of the organ, and even to
the degree of tension in the muscles of the eye. As soon as
death takes place, and in some cases a few minutes before,
the eye assumes a hazy appearance, which gradually attains
to a dull greyish color. The pupil fails to contract on the
approach of light, or to dilate on its removal; these tests will
be about all we can use without calling to our aid medica-
ments and instruments of precision. The medicines which
are applied to the eye for certifying death are such as cause
it to dilate, and properly belong to the field of mydriatics.
Chief among these drugs is belladonna, or its alkaloid atro-
pine, which, when introduced in or on the surface of the eye,
cause it to dilate if there is any life, while if life is extinct
the pupil of the eye will not be affected in the least. A bet-
ter drug to use, and one which acts quicker and gives the
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same results, is cocaine (muriate), which will cause the eye
to dilate if there is any life, and will not affect it if death
is present. However, this test must not be applied until
after muscular contractions have ceased to respond to the
influence of the galvanic or faradic current. This will be in
about eight to twelve hours after death. If muscular con-
tractions still exist it shows that the nerves are still living.
Thus if the drug was introduced before these contractions
had ceased, the eye would dilate and this might lead one to
expi'ess a wrong opinion as to the death. If, however, these
contractions have ceased, and belladonna, atropine or cocaine
does not cause a dilitation of the pupil after a reasonable
length of time (one to three hours), death is real.

The next step will be to ascertain the appearance of the
retina, and the condition of the inner structures of the eye.
This can only be accomplished by the nse of the ophthalmo-
scope in the hands of a person who is accustomed to its use.
If, onlooking into the eye,the arteria centralis retinz is empty,
or presents the appearance of no existing circulation, and the
whole posterior part of the eye shows a dark venous appear-
ance —the result of the settling of the blood in that part of
the organ —it is a very favorable sign of death in the body.

The most recent observations concerning the eye as a
medium of certifying death are such as relate to the tension.
This has been advanced by some as a positive sign of death,
but the author failed to state what degrees of tension are
present in cases of glaucoma, or bulging of the eyes. The
observations of this writer go to prove that the tension of the
eye (which can never be accurately determined during life)
was always less after death. For the most part this is cor-
rect, but in the case above quoted, that of glaucoma, the
tension during life is very high, and consequently after death,
when the tension would fall, a glaucomatous eye would prob-
ably fall to the tension of the majority of normal eyes. This
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test, then, should not be considered a positive sign. The
cause of the fall of tension in the eye is the result of the
gravitation of the fluid constituents, through the coats of the
eye, into the surrounding fatty cusion at the back part of
the eye: the aqueous and vitreous parts of the eye, which
thus escape into the cellular structures after death, retain
the tension and globular condition of the ball of the eye dur-
ing life.

Changes Caused by Bacteria of Putrefaction.—The
greenish tinge of putrefaction, when general, is one of the
most unequivocal signs of death. This greeunish discolora-
tion — which makes its first appearance over the abdominal
cavity, corresponding to the right illiac region, over the illeo
caecal valve and vermiform appendix —can readily be distin-
guished from the other forms of discoloration so frequently
met with in the first few hours after death. Accompanying
these putrefactive changes in the body is a peculiar odor
tputrid and offensive to the smell) caused by the gases and
chemical products of the cadaveric bacilli, which only de-
velop in putrefving substances.

Remember, putrefaction may appear in a living body,
and will resemble post mortem putrefaction very much;
especially is this the case in septic poisoning, where the odor
resembles very strongly that of putrefaction in the dead body;
but the location of the putrefactive changes, together with
the appearance of localized swellings or wounds and the dis-
coloration, would prevent error in the minds of the observing.

To recapitulate: The signs which have been given. if
taken as a whole and each of them tried. and all give nega-
tive results, then we may safely say that the death of the
suhiedt s meal. Patrefaction will appear earlier in those
badies which have been exposed to a warm, moist atmosphere.
Either of the extremes of temperature, oold or hot. or immer-
0on 0f e bady i haadse will preveat the rapid decompaosi-
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tion of the body. Pyamia, dropsy (anarsaca), variola,
typhus, and poisoning from the narcotic drugs, will hasten
decomposition, while death from digitalis, arsenic, alcohol or
acids will retard it. It should also be remembered that
putrefaction is retarded in those who die from electric shock;
the chemical changes which appear in most subjects soon
after death are often delayed several hours in the electro-
cuted subject. The temperature remains near normal and
the blood retains its red or scarlet appearance for many hours
after the shock. My friend, Mr. P. J. Gibbons, M. A. M. D,
of Syracuse, N. Y., who is one. of the highest authorities on
this subject, has invented an instrument for restoring the
respirations and circulation in those bodies apparently
drowned or who have been subjected to a severe electric
shock. Cut No. 1 will give the reader a good idea of the
methods of resuscitating, first applied by Dr. Gibbons and
favorably commented upon by the medical fraternity of the
world.

The signs quoted in this article are those which are most
frequently sought for, and, if when found are negative, are
the ones in which most reliance can be placed; and if the
presence of life is actually overlooked, it will be attributable
to neglect, rather than the impossibility of proving it.

It will be well to make a table of those signs and tests
which are to be applied by the public and those which can
only be successfully applied by the expert.

Those tests which may be applied by the public are as follows:

Feather to the nostrils to ascertain if respiration exists.

String tied around the finger or wrist to see if circulation
is absent.

Mirror held over the mouth and nostrils to see if moisture
forms on the surface, if so breathing has not ceased.
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Applying a match or hot iron to the skin to ascertain
whether circulation and repair is still going on; if a
blister forms and water or plasma forms beneath it, life
still exists. If it forms but has no water or plasma (yel.
low colored fluid) in it, death may be real.

Listening over the chest for heart sounds, and respiratory
murmurs.

Examination of the skin, if generally pale, cold and clam-
my to the touch, loss of elasticity when stretched,slowly
regaining its usual position, it may be presumed that
death is real.

If red or violet colored spots appear over the surface of
the arms and chest, and deep uniform blue discolorations
are present all over the muscles and tissues of the back,
except parts pressed upon, presumption is that real
death exists.

If the parts pressed upon such as the back of the shoulders,
buttocks, thighs and calves of the leg are flattened and
remain so after the body has been turned over, it isa
good sign that the body is dead.

If the hands held before the light are dark colored and re-
fuse to transmit the rays of light death may be real.

If the pupil fails to contract on the approach of light to
the eye, or to dilate as it is removed, nervous reflexes
are at an end and it is a favorable sign that death isreal.

The signs or tests which are to be applied by the erpert will include
the above and the follmwing:

To ascertain the existence or absence of circulation and
respiration by auscultation.

To take the temperature both internally and externally.

To examine the eye with the opthalmascope, and to ascer-
tain the degree of tension present.

To take a radiagraph of the dead hand with a living.

“w
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To observe whether putrefaction is present by the presence
of the characteristic greenish yellow tinge over the
abdominal cavity.

To note whether rigor mortis has appeared or has passed
off.

To ascertain if post-mortem discoloration or post-mortem
staining is present.

To ascertain whether muscular contraction has ceased by
applying the faradic current.

To introduce mydriatics in the eye to ascertain the exist-
. ence of nervous reflexes, and observe whether the pupil
dilates.




CHAPTER IL

Putrefaction,

The death of a tissue, animal or vegetable, is always fol-
lowed by certain chemical and molecular changes, which, in
the case of solid tissues, amounts to a mechanical softening,
while if the tissue be semi-solid it is reduced to a fluid con-
sistence, and the fluids of the substance are reduced from a
complex chemical nature to those of a simpler chemical con-
sistence. These changes which take place are known under
various headings, as putrefaction, decomposition, decay,
rotting, etc. Since it is not the intention in a work of this
kind to enter into the decomposition of the vegetable sub-
stances, the following words will apply directly to the de-
composition of the human body.

Putrefaction, as first supposed, is not a chemical change
alone, but is caused by the action of micro-organisms, prin-
cipally bacteria (bacterium termo, bacillus cadaver), etc.,
which develop in the dead body under varying conditions and
circumstances. Thus, when the temperature of the season
is between 70 deg. F. and 100 deg. F., as in summer time, the
bacteria develop much more rapidly, and the decomposition
of the body is considerably hastened. These germs may be
restrained in their action by lowering the temperature to 32
deg. F., although that temperature does not always kill
them. If the temperature could be raised to 212 deg. F. it
would be sufficient to kill all the putrefactive bacteria that
are present in the body. In warm countries, such as in the
arid deserts of Arabia and Africa, in certain parts of Aus-
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tralia, and in those parts where the temperature reaches 130
to 180 deg. F., the body, instead of undergoing a rapid pu-
trefaction, will slowly dessicate and resemble a Gaunche or
Peruvian mummy. The intense heat causes the evaporation
of the fluids of the body, and bodies that have been found in
these parts are extremely dessicated in appearance, caused
by this loss of watery constituents. If a body be frozen and
the temperature retained at or below 32 deg. F. it may be
preserved for an indefinite period. It is reported that the
body of a Russian nobleman that had been buried in the
frozen soil of Siberia, on being exhumed nearly a hundred
years afterwards, was found in a perfect state of preserva-
tion. Frequentreference is also made to the finding of bodies
well preserved in the arctic regions, also of animals that do
not belong to the present century, but which have been dug
out of the ice, having been well preserved in this medium for
centuries.

Putrefaction is also relarded by deep sea water. Capt.
Maurer maintains that all corpses which bave been com-
mitted to the deep in blue waters, with weights attached, are
now standing on the bottom with their lineaments and feat-
ures as well preserved as the day whereon their comrades
cast them over the ship’s side. Dr. Konig also reports on
cases of the arrest of decomposition in deep waters. This
eminent authority, who observed several bodies taken from
the waters of the Echoschacht after they had been in it over
forty years, states that they were ina perfect state of preser-
vation. There was no formation of adipocere, or the forma-
tion of any gases in the intestines or cavities of the body.
The internal organs had the appearance of the viscera of one
dead only a few hours, retaining their natural color, but the
brain had hardened considerably. These bodies were thor-
oughly saturated with salt, the sodium chloride being present
very abundantly in the form of crystals in the interior of the

3—-B
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body. Decomposition takes place more rapidly in the open
air than when the body is hermetically sealed or shut off
from the air, as immersion in water or buried in the earth. It
is said that the ratio is as one, two and eight. Thus the
body will decay as much in one week in the open air as it
will in two weeks in the water, and in eight weeks if it be
buried in the earth. Putrefaction will also advance more
rapidly in those bodies that are confined in shallow water or
are floating near the surface. These bodies, as soon as they
are removed from the water and brought into the air, begin
to decompose much more rapidly than they would had the
body been left in the water.

Effects of Putrefaction on the External Appearance
of the Body.

The changes which make their appearance in those bodies
which have been exposed to the action of the air, and which
have not received any treatment whatever in a preservative
way, are, for the most part, quite regular in appearance,
duration, etc. Usually about three days in summer or five in
winter are sufficient for the body to begin the phenomena of
decomposition. The lower part of the abdominal cavity, gen-
erally that part known as the right iliac region, begins to
change in color from that of the normal to a greenish, yellow-
ish green or greenish purple hue. This discoloration gradu-
ally extends to the genitals and finally to all parts of the
body. The next sign of putrefaction, after the discoloration
has made its appearance, will be those that are caused by the
effects of gases, causing pressure on the abdomen, greatly
distending it, and giving the body a bloated appearance.
The neck and face become distended and discolored from the
effects of this gaseous pressure on the diaphragm and great
vessels of the thorax; this discoloration is known as ‘‘ venous
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congestion.” The gases which have been described by chemists and
pathologists as products of the bacteria of decomposition, are: car-
bonic acid gas, carbonic oxide, ammonia, hydrogen sulphide, carbu-
retted hydrogen, phosphoretted hydrogen, mitrogen and carbonate
of ammonia. Some of these gases are inflammable. and if a
match be applied to the escaping gas entering the air from
the trocar it will burn with a pale blue flame or with a
slightly yellow tint, as is seen in a light from coal gas.

Besides these changes already described, other phenom-
ena soon begin to manifest themselves. The eyes become
very prominent, giving them a bulged appearance; this con-
tinues for a few days when they collapse, caused by rupture
of the coats of the eye and the escape of the fluids from the
globe. Mucous and serous accumulations tinged with blood
soon begin to escape from the mouth and nostrils. This
purged material generally comes from the stomach and lungs,
but in rare cases even the contents of the intestines have
been detected in discharges from the mouth and nostrils.
The cellular tissue of the body, and those parts which are
very vascular, such as the labia in the female and the scro-
tum in the male, become distended. The eyelids become
congested and soon little vesicles or blisters form in the epi-
dermis of the skin, which soon becomes moist and in many
instances discolored, although the skin may slip without the
presence of any discoloration. At about this time the hair,
nails and scarf skin become loosened and are very easily de-
tached.

It is often asked: ‘' How soon after death does putre-
faction begin ?” It is impossible to give a specific answer to
this question, as putrefaction has many variations as to time
of appearance, duration, etc. Some authorities have stated
that putrefaction will not advance as long as the rigor mortis
is present in the body, but this has been disproven many
times. I have seen the trachea almost consumed by putrefac-
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tion, yet the neck and the remaining parts of the body were
in a complete state of cadaveric rigidity. Then again putre-
faction will advance more rapidly in one body than in
another, although they die or are killed under the same cir-
cumstances. Casper quotes a case where four men of about
the same physical build and age were killed in a riot; these
bodies were prepared for burial alike, placed in coffins alike
and buried in the same kind of soil and within a few feet of
each other, but when they were taken up and examined, a
few months later, the extent of decomposition was very dif-
ferent in each body. As a general rule, in about eight hours
after death (in summer time) the surface of the chest and pos-
terior part of the neck assume a marbled appearance, caused
by the escape of the coloring matter of the blood in the super-
ficial veins, giving to the surface of the body a marbled appear-
ance, which either changes to a reddish purple or shades into a
grayish tint, and finally, thirty hours after death, assumes a
yellowish green or greenish discoloration. About sixteen
hours after death the skin covering the abdomen changes to
passing through a yellowish pur-
ssumes the true greenish discol-
: about the same time the poster-
2 discolored by the gravitation of
giving them the appearance of a
ration is generally of a bluish
e which shades to a black tint.
death the whole body assumes a
skin, if it bhas not already shown
‘orm blisters, and it becomes eas-
the body acquire great liquidity
coint of least resistance, will be
of the body. The fluids then es-
e skin, and if the subject is that
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will take place much earlier than six or seven days; in ex-
treme cases I have seen it escaping only a few hours after
death.

Having dwelt for some time on the external appearance
of putrefaction, I will now proceed with the effects of putre-
faction on internal organs of the body.

The Viscera and Internal Tissues — How Affected
by Putrefaction.

The trachea or wind-pipe and the brain of infants are the
first organs in the body to take on decomposition; the heart,
lungs and the uterus are the organs which resist it the long-
est. The following table will aid in keeping the order in
which the internal organs are attacked by putrefaction—

Organs which putrify rapidly: larynx and trachea, brain
of infants, stomach, intestines, spleen, omentum and mesen-
tery, liver and adult brain.

Organs that putrefy slowly: heart, lungs, kidneys, blad-
der, cesophagus, pancreas, diaphragm, blood vessels and
uterus.

Brain of adults and gall bladder.
Heart and lungs.

Kidneys and supra renal capsules.
10. Urinary bladder.

11. Oesophagus.

12. Pancreas.

13. Diaphragm.

14. Large blood vessels.

15. The uterus or womb.

TABLE.
1. Trachea and larynx.
2. Brain of infants.
3. Stomach.
4. Intestines.
5. Spleen.
6. Liver.
7.
8.
9.
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Trachea and Larynx.—About the same time the green-
ish discoloration of putrefaction appears over the lower part
of the abdomen, the mucous membrane lining the trachea
(wind-pipe) and the larynx begins to take on certain changes
of a putrefactive nature; these may appear even before the
discoloration appears on the abdomen, and in some cases it
will be delayed, but for a short time only. The membrane at
first assumes a dark red color (the membrane in life always
being pale or very slightly red). Immediately after death it
takes on a pallor, which changes at the beginning of putre-
faction to a dirty red color, this finally shading to an olive
green; then the tissues become so lax that the rings (cartilag-
inous) separate from the membrane and fall to pieces.

Brain of Infants.—This organ in the infant, on account
of its very delicate structure, also on account of its large
blood supply, is possibly the second organ in the body to
undergo decomposition. It at first changes to a dark red,
caused by the early decomposition of the coats of the large
sinuses, which allows the blood to intermingle with the
structure of the brain. It soon liquifies and escapes through
the various openings in the skull.

Stomach.—This organ is, on account of its structure, one
of the earliest to take on decomposition. The first effects of
putrefaction are found on the fundus and posterior parts of
the stomach, or those parts where, on account of the hypo-
static congestion, putrefaction advances most rapidly. Post
mortem digestion should not be mistaken for putrefaction.
The next change that occurs in the stomach is a mottling of
the inner membranes, which is soon followed by streaks of a
reddish, purplish tint over the blood vessels; then the organ
becomes a dirty yellow, which shades into a green discolora-
tion; finally the organ is reduced to a pulpaceous mass, it
being impossible to recognize the existence of anything re-
sembling the original organ.
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The Intestines are fourth in the order of putrefaction.
They take on discoloration, and the post mortem changes are
the same as those that take place in the stomach; gases form
in them, which increase as the decomposition advances, until
the intestines burst from distension. That part of the intes-
tines near the ileo cacal valve is the first to be entirely con-
sumed.

The Spleen, Omentum and Mesentery.—These organs
undergo putrefactive changes at about the same time, being
fifth in order. The spleen at first begins to show a slight
mottling of its surface, and then changes to a dark red color,
this giving place to a greenish blue; it finally becomes soft
and pulpy and disappears altogether. The omentum and
mesentery begin to putrefy at about the same time as the
spleen. They are retarded somewhat, however, by the ab-
sence of fat, but should there be much fatty tissue connected
with them, they undergo putrefaction much earlier.

The Liver.—This viscus resists putrefactive changes
for a considerable time, and in death from some of the poi-
sons, such as arsenic, it has been claimed to be preserved for
many months. When putrefaction begins in the liver, the
organ assumes a green color, which turns to black; it then
softens, liquifies and is finally dissolved.

Brain of Adults.—This organ in the adult subject is
much more compact than in the infant, hence it resists putre-
faction much longer (fifth or sixth week). The putrefactive
changes are seen at the base of the brain first; these spread
upward and inward until the whole substance of the orgat is
under its influence, changing it from a reddish gray to a blu-
ish green. It finally softens and completely disappears. It
will be found that those cases of cerebral softening, apo-
plexy, gun-shot wounds, etc., will cause the brain to decom-
pose much more rapidly than when these are absent. In
gun-shot wounds, where the air can get free access to the
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contents of the cranium, the brain takes on putrefactive
changes very rapidly.

The Gall Bladder begins to decompose about the
same time as the adult brain.

Heart and Lungs.—The heart and lungs resist putre-
faction for a considerable period after death. When putre-
faction does commence in the heart, it is first noticed in the
columnar carn and inner lining membrane of the ventricles.
It spreads from the inner wall towards the muscular part of the
organ, which is soon brought under its influence; finally the
heart becomes so soft and pulpy in consistence that it is im-
possible to distinguish the auricles from the ventricles, finally
disappearing altogether.

The lungs present certain phenomena in relation to putre-
faction that are not well understood. They are in direct
communication with the air, which always contains millions
of germs which could find a suitable nidus in nearly every
other tissue of the body. The lungs are also composed of a
very soft structure, and offer apparently very little impedi-
ment towards decomposition. But these organs resist putre-
faction for a long time. If the lungs were in a healthy state
at the time of death, they will be found in a good state of
preservation for many weeks afterwards. The presence of
tuberculosis, abcesses, calcareous deposits, pneumonia, etc.,
will cause putrefaction to commence much earlier. When
decomposition does begin in the substance of the lungs, it is
first detected by the formation of gas between the lobes and
in the sulci, being found along the under surface. The com-
position of this gas is not as yet known. The lungs begin to
turn green, then black, after which they soften and break up
into an unrecognizable mass.

Kidneys and Supra Renal Capsules.—The kidneys
and capsules resist putrefaction nearly as long as the pan-
creas. The first sign of decomposition is generally exhibited
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on the under and posterior surface of the organ, which soon
becomes of a dark blue color; finally the putrefactive process
advances towards the pelvis and then attacks the muscular
structure. At about this time the capsules covering the kid-
ueys begin to liquify, and in a short time it is impossible to
distinguish either of the organs.

Urinary Bladder.—The urinary bladder follows imme-
diately after the kidneys, being entirely consumed in a few
days after the kidneys and capsules disappear.

The Oesophagus.—The cesophagus or gullet is next in
order after the urinary bladder. Both are consumed at nearly
the same time, but the cesopeagus, on account of its struc-
ture, resists the putrefactive process somewhat longer than
the bladder.

The Pancreas.—This glandular organ, soft in consist-
ence, and placed so near the stomach, intestines, liver and
other organs which undergo decomposition very early after
death, resists the approach of putrifaction for a longer time
than any other organ in the abdominal cavity, unless it be
the uterus or womb, which, according to Casper, is the last of
all to undergo decomposition.

The Diaphragm.—This musculo-fibrous membrane
which forms the partition or dividing membrane between the
abdominal and thoracic cavities, is, next to the uterus, the
last structure to undergo putrefaction. This first begins at
the lower and posterior part of the membrane near its attach-
ment to the vertebra; the membrane becomes spotted and
then assumes a blueish discoloration, which soon takes on
the characteristic greenish tinge of putrefaction.

The Large Blood Vessels are, next to the hair, nails,
bones and teeth, the last to decay. In one case I examined,
the body had been buried two months, the arteries were
so well preserved that I injected them with a preservative
solution, which had the effect of changing the condition of




42 THE ART AND SCIENCE OF EMBALMING.

the body considerably. It is impossible to tell just when such
structures as the hair, nails, teeth, bones, etc., will take on
putrefactive changes. Certain it is that these parts of the
body are found in a good state of preservation in the mum-
mies that have been exhumed after they had been buried
thousands of years.

The Uterus is the last muscular structure in the body
to undergo decomposition; it is often found in a fair state of
preservation after the lapse of nine months.

Certain other conditions not previously considered have
a tendency to affect the time putrefaction may begin in a sub-
ject. These are: corpulency,age and sex,the manner of death,
etc. A corpulent or plethofic individual, on account of the
greater amount of fluids in the body, will take on putrefac-
tion much more rapidly than a lean subject, or one who has
very little fatty tissue. This also applies to women who
have died in child-birth. On account of the large amount
of blood in the body, it will cause the subject to putrefy
very early. New born children and infants will also show
signs of decomposition much earlier than adult subjects.

Inference of the Time of Death Before Putrefaction
Has Begun.

The phenomena which take place in a dead body before
the commencement of putrefaction if observed, may sometimes
enable a person to form an opinion of the time at which the
deceased died. The body may be still warm and the extremi-
ties perfectly pliant, or the body may be cold and rigid. In
the case of a murder and suicide that came under my obser-
vation, the shot was indistinctly heard about two or three
o’clock in the morning. The bodies were not found until
eight o’clock in the morning. The wounds on the woman
were such as to indicate immediate death as her throat was
cut with a butcher’s knife and the carotid artery and internal
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jugular vein were severed. The man had shot himself after
committing the deed and had also died almost immediately.
When found the body of the woman was quite cold and rigor
mortis was quite prominent in the muscles of the head and
neck. The body of the man was still warm and pliant. Here
is an instance of death at the same time and up to the time of
discovery no putrefaction had manifested itself. Yet one
body was still warm and the other was quite cold. In the
minds of the unobservant they might be lead to give a differ-
ent opinion as to the time of death in each, but it must be
remembered that some bodies cool more rapidly than others.
Especially is this so where there has been extensive hemor-
rhage as in the case of the woman. Very little hemorrhage
occurred from the gun shot injury to the man, thus when
found five hours later the body of the male was still warm.
Another almost identical case came under my observation and
I had the opportunity of watching these bodies for a week
after the deed had been committed. Putrefaction occurred
in the man about the third day and advanced so rapidly that
by the end of a week you could scarcely recognize him. This
was in the month of September, but the temperature was un-
usually warm. The body of the woman at the end of a week
was in a good state of preservation. All of the blood in the
woman had escaped from the divided ends of the large ves-
sels in the neck, while in the man the hemorrhage being in-
ternal, decomposition advanced more rapidly. Rigidity of
the body is seldom complete in less than from twelve to fif-
teen hours in those persons who come to their death while
they are in a state of comparative health, but this, of course,
is different and modified considerably in all those cases of
lingering disease — fever, etc. If, for instance, a body was
found in a room quite cold, with the rigidity or rigor mortis
not fully developed, there being no signs of putrefaction
present, it may be safely inferred that the body has been
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dead from four to ten hours. It should also be remembered
that rigor mortis begins in the tissues of the muscles of the eye
first, then in the muscles of the jaw, and finally passes to the
lower extremities. Thus if examining a body found dead be-
fore putrefaction has really begun, it would be well to exam-
ine, first; the condition of the eyes and then the jaw, the
muscles of the chest,the arm and fore-arm, to see whether the
rigor mortis has commenced. Iknow of no better illustration
to quote, to enable one to form an opinion of the time which
has elapsed before putrefaction commences, than the case of
Gardner versus the Crown, tried at the Central Criminal
- Court in October, 1882. The prisoner lived with his wife and
another woman named Humbler. The wife was found dead
in her bedroom with her throat cut, at eight o’clock A. M.
The position of the body, the nature and direction of the
weapon, and the surroundings, as well as other circumstances,
proved conclusively that this wasan act of murder. As there
were no persons in the house at the time of the occurrence ex-
cepting the woman Humbler and the prisoner and his wife it
followed that either Gardner or the servant Humbler, or both,
must have been concerned in committing the deed. When
confronted with the crime Gardner accused the servant Hum-
bler of having perpetrated the murder during his absence
from home, but as no evidence could be obtained against the
woman, Gardner was called upon to answer the charge of
murdering his wife. Medical experts examined the body of
the woman. Her age was thirty-seven, previous to her
death healthy. General inspection showed her to be a well-
developed woman. The examination was made at eight
o’clock in the morning. Her body was found on a wooden
floor, covered with a flannel petticoat and a chemise. The
upper extremities were cold and rigid. The face, shoulders
and chest were cold and the neck was so rigid with the trunk
that the entire body was lifted up with it when the head and
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neck were raised. The thighs and legs were quite cold; but
there was no rigidity below the pelvis. The body had cooled
counsiderably and the only temperature to be observed was in
the abdominal cavity; the woman being in the seventh month
of pregnancy, such a condition would be a natural inference.
The opinion given by the medical expert who made the first
examination regarding the time of death was that the body
must have been dead over four hours, certainly more than
three, and she could not bave been dead so short a time as
two hours when he first saw the body, and possibly
seven hours might have elapsed since the death. Comeley,
another medical expert, affirmed this and, considering the
general coldness of the body when seen at eight o’clock, said
that the deceased must have been dead above four hours
rather than under that time. It was observed that about two
pints of blood escaped from the wounds in the throat and as
the windpipe had been cut the blood flowed directly into the
bronchial tubes, thus obstructing respiration, and death was
caused by asphyxia. It was proved on the trial that from
four to eight o’clock in the morning, for about four hours, the
prisoner was absent from home following his usual occupa-
tion as a chimney sweep. It was contended by his counsel
that the murder was committed during his absence from home

or between the hours of four and eight A. M. On this theory
alone the woman Humbler could be found guilty. The facts
presented at the trial, however, proved the utter inconsist-
ency of the death having occurred between these hours. The
result of the trial was that the defendant Gardner was con-
victed and sentenced to the penitentiary for life. The weight
of authority in this case proved, or rather tended to prove,
that it was an utter impossibility for a body dying in appar-
ent health to cool in less than four hours, or to show any
marked signs of rigidity in less than that length of time.
Thus from this inference the jury decided that the woman must
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have been murdered sometime between the hours of eleven P.
M. and three A. M. In one hundred cases of death suddenly
where the temperature was taken into consideration and ob-
served by Stevenson and Wilks there was not a single instance
in which a body cooled and rigor mortis occurred in four hours
or under. Thus if we discover the body in a state of warmth
with a very poorly developed rigor mortis it is a safe opinion
to say that the body has not been dead more than five hours,
and possibly seven hours.

Putrefaction seldom commences before the temperature of
the body has fallen several degrees below the normal. Thus
if the gradual cooling of the body be taken into consideration
in estimating the time which has elapsed since the death, it
will serve to reach a diagnosis. It should be remembered,
however, in some diseases the body will cool more rapidly
than in others, and it is also claimed by some authorities that
in all individuals after death there is a slight rise in temper-
ature in the three great cavities of the body (the cranial, the
thoracic and the abdominal); but while this may occur in the
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a large amount of blood lost, or whether the death has been
due to hemorrhage, etc. As a rule it may be said that the
fall of temperature in a body under ordinary circumstances
will be about as follows:

HOURS AFTER DEATH.

2to 3% 3%to6 6to 8 8 to 15 or more.

Maximum temperature. .| 95° F. 86° F. 80° F. 79° P, (26.1¥C)
Minimum temperature. .| 60° F. 62° . 60° F. 56° F. (13.3°C.)
Average temperature ...... 76° F. T4°F. | 70° F, 69° F. (20.5° C.)

In taking this temperature the bulb of the thermometer
was placed on the skin over the abdomen and the thermom-
eter was deeply impressed in the folds of the skin, so that
the external air might not influence it. From eighteen to
twenty-four hours is the average time in which cooling of the
body may occur. In winter this is hastened, while in summer
it is delayed. From six to eight hours the temperature
taken in the deeper tissues of the body will be about 28 de-
grees C. (82.4 F.). The temperature taken in the rectum in
six cases, six hours after death, showed a temperature of 90.6
degrees F. Niderkorn differs considerably from the table
given above in his observations of temperature after death.
Niderkorn's table is as follows:

HOURS AFTER DEATH.

2 to 4 1to 6 ‘ 6to 8 ‘ 8 to 12
Maximum temperature ... ....| 100.4° 9R8.2¢ 95.3¢ 100.4° F.
Minimum temperature.......... 89.6v 80.6¥ l 70.5° 62.6° F.

Average temperature. .. ... 96.9~ 90.2¢ ' 81.7° T.9°F.

It is reported by Nysten that in cases of asphyxia three
days are required for the body to cool down to the tempera-
ture of the surrounding atmosphere. Of course, this means

R -
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internal temperature. In the new-born child cooling occurs
more rapidly than in those a month old. Thus bodies of old
people will cool less rapidly than young subjects; an emaci-
ated body, sooner than fat subjects. Where hemorrhage has
caused the death, cooling will also be very rapid, but it is
not always the case.

Dervergie gives a very good table for the purpose of
ascertaining the length of time which has passed since death.
He has divided this into four periods.

First Period: If the warmth of the body is more or less
preserved, and there is only a general or partial relaxation of
the voluntary muscles, giving special attention to the special
circumstances leading to and causing the death, and the con-
dition of the body previous to the death, it may be inferred
that the body has been dead from a few minutes to ten hours.
In this short period from a few minutes to ten hours the mus-
cles of the body are susceptible of contraction and expansion
under the influence of mechanical and electrical stimuli.

Second Period: If the body is perfectly cool throughout
and the rigor mortis is well marked, the muscles no longer sus-
ceptible tonervous influences,the body must have been dead not
less than seven hours and, according to surrounding circum-
stances, the manner and the causes leading to the death, might
have been dead three days. This opinion may be a little in-
definite, but my observations lead me to express it in this
way. It must be remembered in all of these cases that partic-
ular attention must be given to the manner and cause of
death, the condition of the deceased at the time of the exam-
ination, and his probable condition, healthy or diseased, be-
fore the death, the surrounding things attendant thereto, and
especially to the time of year and the conditions of temper-
ature at the time.

Third Period: The body is perfectly cool, internally and
externally. The arms, the legs and neck, as well as the trunk,
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are pliant and no remains of cadaveric rigidity are present.
This usually marks the beginning of putrefaction, but it may
not be noticed at this time. If it has not made its appearance
in the form of green discolorations in the right iliac space or
on the abdominal structures, the body must have been dead
not less than two days nor more than five. If, however, putre-
faction is present, then the time may be extended to eight
days or longer.

Length of Time Which Has Passed After Com-
mencement of Putrefaction.

According to Taylor, putrefactioun is first manifested by a
slight greenish discoloration of the skin of the abdomen,
while according to Woodman and Tidy putrefaction begins in
the mucous membraune of the trachea and larynx first, but it
is not shown by any external signs such as are present on the
skin of the abdomen. Nearly all medico-legal investigators
are alike in this respect. Putrefaction is certainly one of
the most unequivocal signs of death. The greenish tinge of
decomposition usually manifests itself in from twenty-four
hours to three days in summer, and from three to twelve days
in winter, depending on the degree of cold. In some cases it
may be present within twelve hours after the death, and in
extreme cases I have not observed it even after the lapse of
fifteen days. This, however, was in the body of an asphyx-
iated person, which, if it be remembered, takes on decompo-
sition slowly, if it has been caused by the ordinary illum-
inating gas or natural gas, but in those who have been
suffocated with coal gas (methane gas) and sulphuretted
hydrogen gases, the body will take on putrefactive changes
very rap‘idly. The bodies of new-born children and those of
women dying in child-birth undergo putrefaction very rapidly.
The child’s body contains more fluids and thus more moisture,
which always has a teundency to hasten putrefaction, as is

4—B
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evidenced by the rapidity with which decomposition mani-
fests itself in the bodies of those who die of dropsy (general
anasarca). The external conditions affecting decomposition
are the air, moisture and temperature. The influence of the
atmosphere upon the decomposition of animal tissue is well
understood, and from the quotations made on another page
it will be seen that a body will decompose in air nearly three
times as fast as it will when the air is excluded. Oxygen
has a great deal to do with the decomposition of animal tis-
sues. Reese says that nitrogen will preserve animal tissues.
However, I do not believe this gas alone would have much
influence in preserving a human body. It is a mistaken idea
prevalent among the laity that if a body is placed in an air-
tight casket no decomposition can occur. An experiment
was performed on a body in order to disprove this statement.
The body was placed in an air-tight casket without being
embalmed or having anything applied to it to preserve it.
By means of a small opening in the casket, a rubber tube and
a vacuum pump, all of the air that was around the body was
exhausted, thus neither nitrogen nor oxygen were present in
the external air. Then the case was hermetically sealed.
Putrefaction was delayed a little, not manifesting itself until
the third or fourth day, but when once begun it progressed as
rapidly, and seemed to be in excess of what might have been
expected if the body had been left in the open air. Bacteria
develop best in the bodies where there is a great deal of
moisture. As previously stated, the bodies of the infant and
women in child-birth will decompose more rapidly than ordi-
nary persons. The woman during pregnancy bas an increase
in the amount of blood, thus an increase in the amount of
fluids of the body. During this critical period she ‘must not
only take care of her own body and supply it with nutritious
blood, but must have enough blood to supply that of the
child in utero. Fat persons and those of a lymphatic tend-
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ency generally decompose very rapidly; lean ones rather
slowly, unless they have been euntirely exhausted by some
lingering disease. The effect of moisture is well understood
by all bacteriologists. Saprophitic bacteria develop very rap-
idly in the bodies of persons who have an excessive amount
of serous fluids in them, but if moisture be excluded from
the tissues by drying, by removing the moisture, or the intro-
duction of some chemical into the body that will unite with
the water and serous matters and form a solid or semi-solid
substance of a different chemical composition, then putrefac-
tion may even be arrested in those bodies that die of dropsy
or child-birth or a disease where a large amount of serous
matter is distributed throughout the body. If one was called
to examine a body, and after taking in all of the circum-
stances which teud to influence, accelerate or modify decom-
position, it is found that the abdomen is green, the rigor
mortis has disappeared, the temperature of the body
lowered, it feels cold, and the extremities are pliant, as well
as the muscles of the trunk and abdomen, there being a
decrease of tension in the eye, and the cornea when pressed
upon with a pencil point, or other instrument, receives an
indentation which does not disappear, such a hody has been
dead from one to three days in summer, and from three to
fifteen days in winter, according to the degree of tempera-
ture at the time. I desire to quote a case, that of an individ-
ual whose vocation was that of a quarryman. He left his
home in early December and was last seen going over the
mountains to visit a friend. He never reached his friend’s
house. Search was made for him, but afterseveral days’ dili-
gent effort the body could not be located. The search was
discontinued. The following spring, about the middle of
March, the body was accidentally discovered by some hunt-
ers. It was taken to an undertaking establishment, where I
made an examination. There was no sign of decomposition
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over the abdominal cavity except a slight greenish yellow
just over the stomach. The body was intensely rigid, and
before it could be straightened it was necessary to cut the
tendons of the soleus and plantarus muscles, the tendons of
the biceps and the flexor tendons of the arm. There was not
a sign of decomposition about the face or neck save the ine-
lasticity of the cornea and a decreased tension in the eye,
giving it a sunken appearance. It happened that during this
winter it was very cold from December to March, the temper-
ature being at a freezing point nearly all that time. Thus it
can be seen that decomposition could not advance very much
in such a climate. If a body is found in summer time with
blebs (blisters) over the skin and maggots in the muscles, the
body greatly distended with gases, green all over, the epi-
dermis slipping, the nails loose and easily detached, the eye
in such a condition that it is impossible to note its color, and
distended as though they would leap from their sockets, the
boily has been dead from two to three weeks in summer and
from three to five weeks in winter, according to the tempera-
ture existing at the time. If you are called to examine a
body which has been dead evidently a considerable time, and
you find that the chest and abdomen have burst open and dis-
charged their contents, the ribs and some of the bones of the
extremities denuded of their fleshy coverings, it is safe to
presume that the body has been dead from one to two months
in the summer and from two to five months in the winter. It
is impossible to state exactly how long a body has been dead.
The greatest authority on this subject, Orifila, states that we
cannot do any more than conjecture. Casper’s case, where
the men were buried at the same time, in the same kind of
soil, in the same clothing, and each found in a different state
of decomposition a few days later when they were exhumed,
will be sufficient to put us on our guard in giving a concise
and definite opinion as to the length of time that has elapsed



PUTREFACTION. 53

since the death of the individual. But, taking everything
into consideration, the surroundings, the temperature, the
condition of the body, the previous history of the individual,
if it can be obtained, the manner and cause of death, we
will be able by considering all of these to form an opinion
which will have some weight before a tribunal or a scientific
body.

The Formation of Adipocere is another peculiar phe-
nomena which appears in certain cases during the progress
of decomposition. The first accounts of any importance on
this subject are those published by Fourcroy in 1789. This
gentleman observed a change from the ordinary order of pu-
trefaction. In removing the remains from a cemetery in Paris
he came upon a large number of bodies that had been buried
one upon the other. These bodies were buried in very moist
soil, and when exhumed presented the appearance of a soft
cheesy mass of a dirty white color. This condition was pres-
ent in all of the bodies, and in nearly every instance the
whole body was affected alike. Fourcroy gave the name of
‘‘adipocere ” to this condition. It is also known as saponifi-
cation. Saponification or the formation of adipocere cannot
take place only in the presence of moisture; the body must be
buried in very moist soil, or else immersed in water for a con-
siderable time. Drowned subjects frequently present this
phenomena. About five or six weeks is all that is required
for the body of an infant to be converted into adipocere, if
the body has been immersed in water for that length of time.
It requires a much longer period for an adult subject —usually
one year will elapse before the process is completed. If the
body has been buried instead of being immersed in the water,
and the soil be of a moist condition, it may be three years
before saponification is complete. It has been found upon
examination of these bodies that adipocere is a chemical sub-
stance, composed principally of ammonium oleate and stear-
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ate. There is also frequent deposits of lime found in bodies
of this class. The ammonium is obtained from the nitrogen
of the body.

In India the body of a young Chinese woman alleged to
have died in child-birth was exhumed seventy-six hours after-
wards. It was found to be considerably saponified. Such a
rapid conversion into adipocere can only occur in hot coun-
tries. A male Hindoo was killed by the kick of a horse, and
was buried the following day. Four days after burial the
body was exhumed and found to be in an advanced state of
saponification externally. The heart and liver also were in
the same condition. All of these bodies were buried in a soft,
porous soil saturated with moisture, the temperature being
high. Another case was that of an European sailor who fell
into the river Hoogly. The body was recovered in nine days.
Saponification was complete in both the external and inter-
nal parts. A young European was drowned in the same river.
The body was discovered seven days afterwards. Saponifi-
cation had advanced in both internal and external tissues.
The stomach of this individual contained undigested food,
flesh and potatoes. The flesh in the stomach was saponified
and the potatoes not altered in the least. One case is re-
ported in India where a body was completely saponified both
externally and internally in the short period of forty-eight
hours. This, however, is an unusually rare occurrence, and
could not possibly happen in any other climate remote from
India.

Mummification.— This constitutes another condition by
which the ordinary progress of decomposition is arrested.
Mummification is a condition in which the body dries up or
dessicates. This is very frequent in hot countries, such as
Arabia, Australia, Egypt, etc. Natural mummies may also
be found in many other countries remote from those just
named. In the Monastery of St. Petersburg, those bodies
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which are found dead in the snow are deposited in a chapel in
a sitting position. This chapel has open grated windows,
giving free access to the air, the cold of which seems to have
preserved them and given time for drying. I have seen sev-
eral mummies which were made in the United States; two of
these were produced in the state of Alabama, which has a
climate favorable to mummification. One of them, the body
of a criminal, was in a very perfect condition of mummifica-
tion; the other one, that of a negress, was also a fine speci-
men, but had begun to show signs of decomposition. During
my services as Demonstrator at the Indiana College of Em-
balming, I made several experiments on this line, some of the
mummified specimens being in existence at the present time.

The bodies of those such as die from some of the wasting
diseases are most liable to this change, lean persons more so
than plethoric individuals. Certain embalming preparations
containing a large amount of arsenate of soda and alcohol
also have a tendency to cause mummification.



CHAPTER IIL

Anatomy of the Human Body.

Anatomical Elements.

Without a complete knowledge of the component parts
of the body, the embalmer cannot perform his work in a sci-
entific manner, neither will he be able to appreciate the
pathological and morbid conditions that present themselves
in the various cases he is called upon to handle, unless he is
well acquainted with the details of the normal structure of
the human body. While it is not necessary that the em-
balmer should be familiar with the histological conditiouns or
the study of the genesis of cells, and the minute anatomy, he
should be well acquainted with the structure of the vascular
system, the arrangement of the different viscera, and their
function during life.

It is a well known fact that the ancient embalmers were
well acquainted with the anatomy of the body, although their
facilities for study were not as good as ours, as dissection of
the human body was entirely prohibited in the days of
Herodotis and Diodorus Sicilus, who were the historians that
lived and wrote during the Egyptian period.

The anatomy that is necessary for the professional em-
balmer pertains more to the study of the vascular éystem,
and to the positions of the viscera, and these will be taken
up in their entirety and will be described in full; the anatom-
ical elements, independent of the arteries, veins and the vis-
cera, will be described sufficiently to give the reader an
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intelligent idea of their structure, without entering into an
exhaustive treatise on these minor subjects.

Divisions of the Body.—The body to be dissected is
usually divided into sections, or divisions, namely: The head
and meck; the thorax and upper extremities; the abdomen and
lower extremities. The dissector who has the arm and thorax,
dissects the viscera contained in that cavity, which are the
heart and lungs; also their coverings, the pericardium and
the pleura, respectively. The dissector who has charge of
the lower extremities, dissects the contents of the abdom-
inal and pelvic cavities, which contain the liver, gall bladder,
stomach, spleen, pancreas, large and small intestines, kid-
neys and their appendages, the supra renal capsules, the
bladder and the ureter; and in the female subject we have, in
addition to these organs, the uterus or womb, and the falo-
pian tubes and ovaries; the peritoneum is the covering which
protects the intestines and the contents of the abdominal
cavity.

The dissector who has charge of the head and neck, also
dissects the contents of the cranial cavity and the upper part
of the spinal cavity; these cavities enclose the brain and
spinal cord and its envelopes, the arachnoid membranes, pia
mater and dura mater.

Division of the Tissues.—The human body may be fur-
ther subdivided into its anatomical elements, which are:
skin, subcutaneous tissues, the superficial fascia, muscles,
bursz, lymphatics, synovial membranes, deep fascia, arteries,
veins, nerves, viscera, ducts, mucous and serous membranes,
ligaments, cartilages, bones, teeth, hair and nails.

The Skin.—The skin is composed of two separate and
distinct layers, the outside layer being known as the epider-
mis, the inner layer being known as the true skin or cutis
vera. The epidermis, or outside layer, is made up almost en-
tirely of stratified epithelium, the cells of which are large
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and contain more protoplasm as they encroach upon the cells
or outside layer of the true skin. In the colored races of
mankind, the pigment or coloring matter, which serves to
distinguish one race from another, is found in the deep layer
of cells in the epidermis. There are no blood vessels in the
epidermis, but the lymph circulates very freely through
channels between the cells. The nerves are distributed quite
freely throughout the entire layer of the epidermis.

Microscopical appearance of human skin—taken from a section
through the tip of the finger.

The cutis vera or inner layer of the skin is composed of
connective tissue of a very dense nature, but as the corium
deepens, the connective tissue becomes soft and cellular as it
begins to encroach upon the subcutaneous tissues, the upper
part of which is very intimately connected with the under
surface of the true skin.

The corium is very freely supplied with blood vessels
and nerves; the blood vessels end at the upper surface of the
true skin in a capillary net work.
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Subcutaneous Tissue.— The subcutaneous tissue is
found just beneath the skin. It is made up principally of
adipose or fatty tissue. In a great many places in the body
this subcutaneous tissue may be divided into two layers,
which are then known as the superficial and deep layers of
the subcutaneous tissue.

Superflcial Fascia.— The superficial fascia of the body
is a dense fibrous layer which covers the whole of its surfaces
beneath the skin. In many places the superficial fascia is
formed into ligaments, which serve to bind down the tendons,
as in the wrist and ankle, and in these situations is much
thicker and stronger than in other parts of the body.

Muscles.— Since muscular tissue forms the greater part
of the fleshy constituents of the body, we should endeavor to
investigate it as fully as possible. All muscular tissue pos-
sesses the power of contractility, either through the form of
nervous stimuli or from mechanical irritation by means of
electric currents. The degree of contraction varies however
with different muscles and in different regions of the body.
Histologists have divided muscular tissue into two kinds —
voluntary and involuntary; and a still further division in that
of the heart, which is known as cardiac muscular tissue, and
will be described more fully with the anatomy and descrip-
tion of the heart. Voluntary muscles are those which are
. under direct control of the will, while involuntary muscles
are entirely independent of the will, The voluntary muscles
of the human body are attached to the bony frame-work of
the body either at their origin or their insertion, there being'
but rare exceptions to this rule. Their principal use is that
of motion and locomotion. The involuntary muscles of the
body are found chiefly in the viscera and between the internal
and external coats of the arteries, veinsand lymphatics. The
involuntary muscles are supplied by the sympathetic nerves.
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Minute Anatomy.—If a section of muscle be examined
under a low power of the microscope, it will present several
important and separate

structures; the outside

shield of the muscle is a

fibrous structure and exists

between all the large mus-

cles, under the name of

intermuscular septa, but as

soon as we take a section

through a part of the mus-

cles, we find that the mus-

cle is further divided into

bundles of muscular fibres.

2 These fibres are either cir-

Microscopical appearance of muscle (low cular or pyramldal In Shape
power) from cross section biceps muscle.

1, external perimysium: 2, fasiculus: 3, in- and are Separated from one
ternal perimysium; 4, muscle fibre. another by a thin fibrous
membrane known as the internal perimysium, while the mem-
brane which invests the whole of the muscular fibres is known
as the external perimysium. The little delicate membrane
which separates each fibre is known as the sarcolema, and is
a very elastic membrane, being transparent and possessing
considerable toughness. The fibres in the muscles are very
short, varying in length from 30 to 40 millimeters, and are ar-
ranged parallel to the course of the muscle. These fibres,
when examined with still higher powers, present, in the case
of the voluntary muscle, a striped appearance, while the in-
voluntary fibres are destitute of these striations; thus volun-
tary muscles are known as striped, while involuntary muscles
are known as unstriped muscles.

The Vascular Supply.— The blood supply to the mus-
cles of the body is very great and is characteristic in the dis-
tribution of the capillary branches. The vessels, after enter-
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ing the muscle, are supported into the fibres by means of the
perimysium; at this point they break up and spread out into
capillaries, which are more or less circular, and within this
capillary arrangement the muscular fibre is contained. The
muscular fibres are freely supplied with lymphatics and
nerves, the nerves always entering the muscle at the center,
then spreading towards each extremity.

Chemical Composition.—The chemistry of the muscles
is very little understood, on account of the coagulation that
takes place in its substance immediately after death, but
numerous experiments along this line of investigation prove
that after the muscular fibre has been separated from the fats
and connective tissue, then frozen and placed in a mortar and
the fluids expressed through linen,which acts asa sort of filter-
ing agent, a slight yellow syrupy fluid is obtained, known as
the muscle plasma. This muscle plasma, or muscular juice,
is mostly neutral, but in some cases is alkaline. As soon as
this fluid is obtained from the muscular fibres it undergoes a
spontaneous coagulation at ordinary temperature, and re-
sembles very much the plasma taken from human blood.
This plasma subsequently contracts and presses out a thin
serous fluid, which is known as the myosin of the muscle.
This myosin is acid in reaction, and, in the dead body, as
soon as it coagulates it causes a peculiar condition, known as
rigor mortis, or post mortem rigidity, which appears in all
bodies after death, and which is discussed in full in the chap-
ter on that subject.

Bursee.—The burse in the human body are of two kinds—
bursa mucosa and bursa synovia. The bursz mucosa are
found in the subcutaneous areolar tissue beneath the skin and
some bony prominence, as at the elbow joint and over the
patella at the knee joint. The bursa synovia are found in
the deeper tissues, usually between muscles or tendons
These burse are closed sacs, except where they are situated
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near a joint, where they usually communicate with the syno-
vial surfaces in the joint. They are composed of fibrous
tissue and contain a viscid fluid.

Lymphatics.—In addition to the general or systemic cir-
culation of blood, we have a separate system of vessels.
for the circulation of lymph. These vessels are known as
lymphatic vessels. The lymphatic vessels generally begin
at the periphery, in what are known as lymph spaces. These
spaces are found in nearly all of the organs and tissues of the
body. The lymph which is taken up from these lymph spaces
and from the lymph channels in the intestines is collected
into a larger system of vessels at the receptaculum chyli,
which is situated in the abdominal cavity at a point opposite
the third lumbar vertebra. The lymph, which is now col-
lected into the larger lymph vessels, ascends towards the
root of the neck, where it is emptied into the thoracic
duct, which in turn empties it into the subclavian vein.
The lymph fluid which circulates in these vessels is of a
clear, viscid consistence, and is supposed to come largely
from the lymph which has escaped through the tissues from
the blood current and in the interstices of the villi of the
intestines.

At the beginning of the lymph capillaries, which are al-
ways larger than the blood capillaries, the vessels have but
one coat, which gradually merges into sinuses or open ves-
sels, but as the capillaries encroach upon the larger lymph
vessels they begin to take on the more substantial form of
vessels, having distinct coats and valves along their course,
so as to prevent the regurgitation of the lymph. These
valves are nearly analagous to the valves in the veins. All
along the course of these lymphatics, but more especially in
the neck and along the flexure of the thigh, corresponding to
the location of Poupart’s ligament, will be found a series of
glands. These glands vary in size—from that of a millet
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seed to that of a hazel nut—in the normal or physiological
condition; but in certain diseases infecting these glands,
they increase in size very considerably. The glands are for
the most part arranged in a system of chains, being situated
all along the course of a lymph vessel. The lymph fluid
which circulates through them is thrown through a system of
meshes before it proceeds along the course of the vessel
towards the thoracic ducts, which empty the lymph fluid into
the circulation by a small duct which enters the subclavian
vein at the junction of the subclavian with the internal jugu-
lar vein.

Synovial Membranes.—Lining the surfaces of the
joints, and interposed between certain muscles and tendons,
is a membraneous sac, or tube, which secretes a clear
viscid fluid, not unlike the white of an egg. This fluid is
known as synovia, and serves to lubricate the joints and ar-
ticular parts of the body. These membranes are composed of
connective tissue, and are tough and fibrous. The synovial
membrane, situated in the knee joint,is the largest in the body.

Deep Fascia.— Closely investing the muscles and form-
ing the sheaths for the arteries and veins is a membrane,
fibrous in texture, very inelastic and unyielding. This mem-
brane, which invests the deeper tissues of the body, is known
as the deep fascia. It serves to protect the different struct-
ures aud to give attachment to muscles, as is the cases of
that of the temnsor vaginz femoris muscle in the thigh;
serving also to protect the body. The membrane is thicker
on the outside of the extremities than on the inner
side. It closely invests every muscle, and in many cases is
attached to the periostium of bone. Where it invests the
muscles separately, the fascia between the muscles is known
as intermuscular septa.

The Arteries.— The arterial system is one complete net
work of vascular tubes which serve to convey the blood from
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the heart to the capillaries, which exist in every part of the
body. The arteries are made up of three distinct coats, an
inner endothelial coat, so arranged that the epithelium, lining
the inner part of the tube, points toward the long axis of the
vessel. This coat becomes detached very early after death,
and is easily separated from the remaining coats. The mid-
dle coat is composed principally of muscular and elastic tis-
sue, and gives strength and elasticity to the vessel. This
middle coat is different in many of the arteries. In the caro-
tid and some of its immediate branches, also in the aorta and
the larger blood vessels generally, the middle coat has nearly
the same amount of elastic tissue as it has muscular tissue.
In the smaller arteries the muscular tissue predominates.

The external or outside coat of the arteries is composed
of connective tissue with a small amount of elastic tissue in-
terposed as the external coat approaches on the middle tunic.
The outside coat of the artery gives a great deal of strength
to the vessel, and is not so easily torn or separated from the
other coats when a ligature is placed around it.

The Veins.— The veins, like the arteries, have three
coats. The inner coat is made up of much the same material
as the inner coat of the arteries, but the inner coat of the veins
has less elastic fibres in it and it seldom becomes a complete
membrane. The inner coat of the veins is not so easily de-
tached as is the case with the arteries. The middle coat
contains both muscular tissue and elastic tissue, but they are
in less quantity than the middle coat of the arteries. The
external or outside coat is composed principally of white
fibrous connective tissue, intermingled with elastic fibres;
this coat is stronger than the external coat of the arteries,
thus while the veins have thinner walls, they are in many in-
stances stronger than the arteries. Valves are present in a
great many of the veins, especially in the large veins of the
extremities; these valves are semilunar in shape and are com-
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posed of fibrous tissue and a folding in of the inner coat of
the vessel; they are very strong and prevent the regurgita-
tion of the blood in the veins. The coats of the veins, like
the arteries, differ in different parts of the body. Some of the
veins have one or another coat developed more than the
average, while others will be found deficient in the inner or
external wall.

The Nerves.— All nerve trunks, whether derived from
the cerebro spinal or the sympathetic system, may be classed
under two headings — medullary and non-medullary. The
nerves springing from the brain and cord are made up of the
medullary variety, while those springing from the sympa-
thetic system are mostly non-medullated.

The nerves for the most part tend to follow the course of
the blood vessels, and in many instances will be found in the
same sheaths. They can be distinguished from the vessels
or surrounding tissue by their white color, inelasticity and
fibrous texture, being hard to the touch and, unlike the arte-
ries or veins, they have no central opening.

Ducts.—Ducts are tubes or canals which serve to convey
the products of secretion into the intestines, or in the case of
the thoracic duct, into the circulation. There are many
smaller ducts
and canals in
different parts
of the human
anatomy which
serve merelyas
efferent tubes.
These ducts
are generally

— composed of
PANCREAS AND DUODENUM.
Pancreatic and Bile Ducts opening into the Intestines. three coats, the

middle coat being made up principally of muscular tissue.
5—B
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The largest ducts in the body are the ducts leading from the
liver (the ductus communis choledicus, the hepatic duct and
the cystic duct). The duct leading from the pancreas and
the bile ducts empties into the duodenum (see cut of pancreas),
the upper part of the small intestines. In the foetal state we
have two ducts which serve to convey the blood from one
vascular channel to another; these ducts close at birth.
They are the ductus arteriosis and the ductus venosis.

Mucous and Serous Membranes.—The inner coats or
lining of the canals of the body, such as the intestinal canal,
the vaginz, the mouth, etc., are lined with mucous membrane,
which is a smooth membrane. As this mucous membrane ap-
proaches the orifices of the body, it becomes intimately con-
nected to the skin, the point of union being marked by a
distinct line, as at the lips. The 'serous membranes in the
body serve to protect the viscera aund tissues from friction,
and in some instances they serve to protect the viscus which
they surround. The serous membranes invest all opposed
surfaces and form the lining for the abdominal and thoracic
cavities. All of the viscera are surrounded, more or less,
with serous membranes.

Ligaments.—Ligaments are found around all joint sur-
faces of the body. They are composed prihcipally of elastic
tissue. These ligaments are exceedingly tough in texture,
and are the means of binding the joints together, thus hold-
ing the joint surfaces in apposition and preventing displace-
ment. The ligaments are pliable but inextensible, permit-
ting of easy movement in a limited direction.

Cartilage.— There are several varieties of cartilage in
the body, according to the location and the function it has to
serve. It is found on the articular extremities of the bones,
and between the vertebra. The costal cartilages of the ribs,
which connect the ribs to the sternum or breast-bone, are
made up of strong white fibro cartilage, while the cartilages



ANATOMY OF THE HUMAN BODY. 67

of the ear and eustachian tube are composed of the yellow
elastic fibro cartilage. The cartilage permits of freedom of
movement in the case of the costal cartilages, and at the
same time serves to protect the viscera of the thorax. The
cartilages of the spinal column and joint surfaces serve as a
cushion to prevent concussion.

Bone.— For convenience of description, the bones of the
skeleton may be divided into long, short, flat, and irregular.
The skeleton gives attachment to the muscles and soft tissues
of the body, maintains the shape and position, and protects
the viscera from injury. There are two hundred distinct bones
in an adult human body, but in the child this number is in-
creased, on account of certain bones, such as the pelvis, being
divided. These subsequently become united in the adult state.

The Skull consists of twenty-two bones, fourteen of
which form the face and eight unite to form the cranium.
The spinal column is made up, in the adult, of twenty-six
bones, while in the child, on account of the yet incomplete
union between the sacrum and coccyx, there are thirty-three
bones. In the chest we have the thorax, which is comp osed
of the sternum and twelve pairs of ribs, which make in all for
the chest, twenty-five boues. In the arm and hand we have
thirty boues, which, if we include the clavicle or collar-bone
and the scapula or shoulder-blade, makes thirty-two bones,
and counting those in the opposite arm and hand would make
in all sixty-four bones for the upper extremities. The bones
of the leg and foot are thirty in number; thus, if we consider
the pelvis, which is composed of the innominate bones, and
the bones in the opposite leg and foot, we have in all sixty-
two bones in the lower extremities.

The Thorax, which is composed of the sternum in front,
the ribs laterally, and the thoracic vertebra posteriorly, is a
counical-shaped structure with the base formed by the dia-
phragm and the apex by the root of the neck.
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The Clavicle, or collar bone, and the scapula or shoulder
blade, serve to unite the thorax to the arms, the clavicle
being connected to the first piece of the sternum and articu-
lating with the acromian process of the scapula. The clav-
icle is a long bone, cylindrical in shape, and serves as a
prominent bony landmark for the location of certain arteries
and veins. The humerus is the largest bone in the arm, and
is a long bone, cylindrical in  shape and articulating at its
upper end with the scapula, and below forming the elbow
joint by articulating with the ulna. The radius and ulna are
long bones of the fore-arm. The brachial artery and basilic
vein run in a parallel course over the inner and anterior sur-
face of the humerus. The bones in the thigh and leg are the
femur, the tibia and the fibula. The femoral vessels and nerve
run over the course of the femur, while the anterior and pos-
terior tibial arteries and veins run in front and bebind the
tibia respectively.

Microscopical Appearance of Bone.

All bones are composed of two substances—animal and
mineral. The mineral matter is made up principally of lime
salts, the phosphate and the carbonate being the most abund-
ant. These can be dissolved out of the bone by the addition
of hydrochloric acid, which will leave nothing but the animal
matter remaining. The animal matter, when boiled, yields
_gelatin. The long bones are composed of compact layers,
while the irregular and some of the smaller long bones, also
the flat variety, are composed of an outside or compact layer,
while the inner or middle parts of the bone are cancellous.
If a section be made through the humerus it will be found hol-
lowinthecenter,the hollow being tilled witha substance known
as marrow. If asection of one of these bones be placed under a
low power of the microscope. there will .be seen numerous
little openings or canals through which the blood vessels
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ramify in distributing the nourishment to the bone. These
canals are known as haversian canals. Around these haver-
sian canals are seen several smaller spaces arranged in a

MICROSCOPICAL APPEARANCE CROSS SECTION OF BONE.
X 300 diametus. a, Haversian canals; black dots, Lacunea.

circle; these are known as the lacuna. Nearly all of the
long bones and many of the irregular bones are supplied by a
nutrient artery which enters the bone near the center, and
then gives off branches which distribute the blood to its ex-
tremities. All of the bones have an outside and an inside
membranous covering. The outside membranous covering of
the bones is known as the periosteum and is composed of two
layers, the inner one of which supports the blood vessels and
contains the bone cells known as osteoblasts. This inner
layer, on account of its bone forming principles, is known as
the osteogenetic layer, and lies next to the true bone.
Teeth.—Human beings have two sets of teeth.” The first
appear in childhood and are known as milk teeth, and are
twenty in number. Milk teeth are also known as temporary
teeth, while the permanent teeth last until old age. There
are thirty-two permanent teeth, being divisible into several
classes, known as incisors, canine, bicuspid and molars. The
teeth are made up of three different substances which are
known as the enamel, the dentine and the cement or crusta
petrosa. The dentine forms the principal part of the teeth
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the cement or crusta petrosa is a bony layer which covers the
roots; the enamel is the hardest part of the teeth, and covers
the crown.

Hair.—The hair and nails, also the sweat glands and the
sebaceous glands, are all outgrowths from the malpighian
layer of the epidermis or outer layer of the skin. The hair is
generally composed of a shaft and a central canal, through
which the nourishment is derived from the root. This part
of the hair may penetrate farther than the external layer of
the skin and reach to the subcutaneous layer beneath the
corium. A great deal has been written concerning the post
mortem growth of the hair, but on the authority of C. Henri
Leonard, M. A.; M. D., this is disputed. This eminent sci-
entist says its growth after death is more a horrid fiction
than anything else. It is entirely at variance with scientific
and physiological facts and principles I am well aware
that many instances are quoted, by those that delight in the
marvellous, of such growths. But hair growth is just as
much a living physiological process as the beating of the
heart; both depend upon circulating blood for their food, and
when this is denied them, both cease to live. I admit an ap-
parent growth of hair after death, but there is a vast differ-
ence between this growth and a genuine one. The apparent
one is made from just the opposite conditions that would
favor the true one; for the apparent is seen only in the
shrinking of the skin tissues, squeezing the blood and nour-
ishment out of them, thus allowing, through the contraction
of the skin, a more projected appearance of the hair cylinder,
which to an unpracticed eye would simulate real elongation.
This apparent growth may be observed by shaving a body
clean, and then placing it in a vault for a week or more, or
long enough to allow the shrinking of the skin to take place,
then if we look at the body it will appear as if the hair had
grown about a quarter to a half inch.
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Upper bone of sternum (breast bone).

First ribs.

Second pair of ribs,

Right and left lungs.

Pericardium enveloping the heart, showing prominence of
right ventricle.

Lower end of breast-bone (sternum).

Right and left lobes of liver. .

Right and left halves of the diaphragm in section. The
right half separating the right lung from the liver; the
left half separating the great or cardiac end of the
stomach from the left lung.

Eighth pair of ribs.

Ninth pair of ribs.

Tenth pair of ribs.

The stomach.

The umbilicus (navel).

The transverse colon covered by peritoneum,

The peritoneum covering transverse colon and small intes-
tines.

The gall bladder.

Right and left pectoral prominences.

Small intestines.






CHAPTER IV,

The Viscera of the Human Body.

By the term viscera is meant certain organs which are
found in the head, the thoracic and abdominal cavities. In
the head we find the brain and the beginning of the spinal
cord, together with their envelopes, the dura mater, the pia
mater and the arachnoid membranes. In the thoracic cavity
we find the central organ of circulation, the heart: the organs
of respiration, the lungs; also the coverings of these organs,
the pericardium and the plura. In the abdominal cavity we
have the stomach, large and small intestines, the liver, gall bladder,
pancreas, spleen, kidneys and their coverings—the supra renal cap-
sules —the bladder, and in the female subject we have, in addi-
tion to these, the uterus or womb and the ovaries. The peritoneum
is the covering which is found protecting the organs in the
abdominal cavity.

The Brain.—The average weight of the normal adult
brain is approximately estimated at forty-eight to fifty
ounces. In the female subject the weight is somewhat less
than that of the male brain, and weighs from forty-six to

. forty-seven ounces. The brain is divided into four separate
parts, known as the cerebrum, the cerebellum, the medulla
oblongata and the pons varolii, all of which are contained
within the cavity of the skull. On removing the skull cap
from the calvarium we at once notice a white membrane,
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tough and elastic, which is very firmly attached to the inner
membranes of the skull, and more so to the sutures which
unite the different bones of the skull; this membrane is known
as the dura mater. Numerous processes of the dura mater
serve to bind the different parts of the brain more closely to-
gether and to fix it more firmly with the different bony
processes of the skull. On removing this membrane we come
down upon the brain proper. This organ will be seen to have
numerous grooves and fissures running through it in every
direction. These grooves and fissures are known as the con-
volutions of the brain. When the membrane covering these
grooves and fissures is spread out they cover, according to
Baillarger, 670 square inches of surface. The pia mater is
the internal covering of the brain, but is not so tough and
fibrous as the dura, the outside covering.

Cerebrum.—The cerebrum comprises the principal
weight of the brain. It is divided by the longitudinal fissure
into two lateral halves, the under surface of each half being
still further divided into three lobes, known as the anterior,
middle and posterior lobes. The corpus callosum is composed
of a thick layer of medullary fibres and divides or forms the
separating membrane between the two lateral halves of the
cerebrum. If an incision is made in the right or left hemis-
phere of the cerebrum, beginning at one extremity and ending
at the other, the knife will enter a cavity which exists clear
through the structure, from end to end. This is known as
the lateral ventricle.

Cerebellum.—The cerebellum is placed posteriorly to the
cerebrum and is nearly seven times smaller. It occupies the
posterior fosa of the skull, and is made up of the same cells
as the cerebrum, being composed of white and gray cells.
The white matter is found more on the surface of the cerebel-
lum, while the gray matter is found in the deeper structures.
The superior vermiform process divides the cerebellum into
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Olfactory nerve................... First pair.
Optic nerve....................... Second pair.
Motoroculi............... ..o Third pair.
Trochlear (pathetici) ............. Fourth pair.
Trifacial, motor and sensory root, Fifth pair.
Abducens.............iiiiiniiienn. Sixth pair.
Facial......... ..ot Seventh pair.
Auditory nerve.................... Lighth pair.
Glosso pharyngeal............. .... Ninth pair.
Pneumogastric .................... Tenth pair.
Spinal accessory................... Eleventh pair.
Hypoglossal ....................... Twelfth pair.

Anterior spinal arteries.
Medulla oblongata.

Anterior spinal artery.

Inferior cerebellar artery.
Auditory artery.

Superior cerebellar artery.
Posterior cerebral artery.
Posterior communicating artery.
Anterior communicating artery.
Internal carotid artery.
Anterior choriod artery.

Middle cerebral artery.
Anterior cerebral artery.
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two hemispheres, which are further divided into lobes and
processes. The cerebellum is the center for the co-ordination
of muscular movement. The cerebrum, which lies anterior
and above the cerebellum, is the center for intelligence, rea-
son and will.

Medulla Oblongata.—The medulla oblongata is the up-
per expanded portion of the spinal cord. It is connected to
the brain by several membranes and processes of the pous
varolii, and extends from the pons varolii to the upper part
of the atlas, the first bone of the spinal column. The medulla
oblongata is the most vital part of man and, it is said, is the
only place in the body an injury of which-will cause instant
death. It controls the functions of circulation, respiration
and deglutition.

Pons Varolii.—The pons varolii is the commissure which
connects the cerebellum to the medulla oblongata. Itiscom-
posed of a broad band of white fibres, which arch on either
side and enter the cerebellum in the form of a thick, rounded
cord. The basilar artery, which is formed by the vertebrals -
and assists in the formation of the circle of willis, runs
through the fissure made by this division, into the two cords
of fibres, which enter the cerebellum on each side.

Spinal Cord.—The spinal cord is the continuation from
the medulla oblongata, and extends from the base of the
brain to the second lumbar vertebra, where it ends in a wide
expansion, known as the filum terminale. There are many
nerves which branch from the spinal cord. These nerves are
known as spinal nerves, and are divided into thirty-one sep-
arate pairs; of these nerves some are sensory and some are
motor. The arachnoid membrane, which is a closed sac, is
the membrane which covers and protects, to a certain extent,
the spinal cord. It secretes a thin serous fluid, which is
known as arachnoid fluid. The spinal cord enters the back
bone or vertebra through an opening formed by the posterior
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part of the body and the processes of the vertebra. These
openings in the vertebra do not end at the same place as the
spinal cord, but the opening is continuous from the coccyx to
the skull. The cavity of the skull and the cavity in the
back-bone or vertebra comprise what is known as the cerebro-
spinal cavity.

The Alimentary Canal.

The inner surface of the mouth is lined with mucous mem-
brane, which is continuous with the mucous membrane lining
the pharynx (the throat). The throat, or pharynxk, is the ex-
panded portion of the upper part of the cesophagus and is
composed of strong muscles and fibrous tissue, which connect
the upper part, with muscular attachments, to the basilar
portion of the occipital bone and to the inferior surface of
the petrous portion of the temporal bones. It is also held in
position by muscular attachments to the styloid process of
the temporal bone, to the inferior maxillary bone (lower jaw)
and to the hyoid bone and the cartilages of the larynx, the
upper expanded portion of the trachea or wind-pipe. The
throat has seven openings entering it—the eustachian tubes,
the posterior mares or nasal openings, the mouth, the wesophagus,
and the larynx. The pharynx extends from the base of
the skull to a point opposite the larynx in front, and the
fifth cervical vertebra behind. It is this portion of the
pharynx that the embalmer uses when he fills up the throat
with absorbent cotton to prevent purging.
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The (Esophagus.

ALIMENTARY CANAL, HUMAN ADULT.

R, Soft palate: 9, pharynx: Il. tongue: 5,
mucous membrane: 13-14. trachea or wind-

ipe; 15-21, oesophagus: 18, stomach: 17, car-
giac end: 20. greater curva ure: 19, lesser
curvature; 2. pyloric valve: IX. pyloric end
of stomach: 33, pancreatic duct: 32, opening
of pancreatic duct: 27, gall bladder: 29, he-
patic duct: 30, cystic duct: 31. ductus com-
munis choledochus: 24, opemng of ductus
communis choledochus: 25-26. dvodenum: 35,
jejunum; 16-36-38, ileum: 37-3% cnding of
ileum {a the caecum: 40-41. caccum: 39 ileo
caecal valve. 42, appendix. vermiformix:
13-13-14, ascending colon . d5.transverse colon;
38-47-17, descending colon: x40 sigmoid
flexure: 50, rectum: 31, sphyncter muscle.

The cesophagus, or gul-
lett, is that part of the
alimentary canal which
carries the food from the
mouth to the stomach. It
begins at the lower border
of the pharynx and extends
to the cardiac orifice of the
stomach. It is composed
of three coats, which are
made up of mucous tissue
on the inner surface, the
middle coat being composed
of areolar tissue; the out-
side coat is composed of
muscular tissue. This tube
receives its blood supply
from branches of the sub-
clavian and from the aorta.
The vessels which branch
from the aorta and subclav-
ian arteries enter the coats
of the cesophagus and are
continued along in the di-
rection of the tube or long
axis of the wsophagus.
The relations of this struc-
ture to the anatomy of the
neck should be carefully
considered,as the embalmer
is required to cut down
upon and ligate it, in cases

of purging which resist milder treatment, such as plugging
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the throat with cotton, removing gases with flexible tubes,
injecting fluid into the stomach and trachea, etc.

Relations.—In the neck the cesophagus lies in close re-
lation to the trachea or wind-pipe in front. The thyroid
gland and the thoracic duct lie in front of it as it descends
from the root of the neck to enter the thorax. On either side
it is in very close relation to the carotid arteries, especially
the left carotid, as the wesophagus inclines more to the left
side. The recurrent laryngeal nerves are situated just be-
tween the avsophagus and the trachea (wind-pipe). Behind,the
wsophagus rests upon the cervical portionof the spinal column.

Operation for Ligating the (Esophagus.— In order to
tie the wsophagus, in extreme cases of purging from the
stomach, the incision should begin about one and one-half
inches above the sternum or breast-bone and a little to the
left of the trachea. The incision should be continued down
to the top of the breast-bone. This incision should divide
the structures between the trachea and the anterior border of
the sterno mastoid muscle, being careful not to injure the
veasels which lie at the immediate left of the gullet. After
the first incision the tissues should be carefully dissected
away with the handle of the scapel. Pushing the trachea
and the vessels aside, you will expose the wsophagus, which
may be secured by passing a bluat hook around it and draw-
ing it up intv the wound. when it may be tied. It is bardly
BECEYsSSArY to state that, with all of the otber means now in
use to prevent purying, the operation tor ligating the aesoph-
agus or trached ts seldom, i ever. resorted toe  If it must be
ligated, tape will answer the purpose best.
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The Abdominal Viscera.

The different organs contained in the abdominal cavity
bhave received careful enumeration on a previous page. One of
the most important organs contained in theabdominal cavity is

The Stomach.— This organ is situated in the epigastric
region, just beneath the diaphragm. Its cardiac end
encroachesslightly to the left hypochondriac region,while the
pyloric end is found in the right hypochondriac region. It is
about thirteen inches long and five inches in width in the
average adult subject, and will hold anywhere from three to
seven pints. The stomach is the direct continuation of the
cesophagus, and is the largest expanded portion of the ali-
mentary canal. It is composed of three coats, and has two
curvatures—a greater and a lesser, and two openings—the
aesophagal and the pyloric opening, which permits the food

to pass into the duodenum, the upper portion of the small
intestines.

The inner coat of the stomach is a mucous coat, and has

imbedded in its structure the different glands which secrete
the gastric juice; these

glands lie wholly in the mu-

cous coat. In the pyloric

region of the stomach we

find the mucous glands, and

in the cardiac end of the

stomach, the true peptic

glands. The middle coat

of the stomach is composed

principally of muscular tis

sue, which is arranged so

that the fibres run in differ-

S8TOMACH ANDO DUODENUM.
1, arsophagus or&zgllet):&emllng of wsoph- ent directions, there being

agus in cardiac end of stomach: 3. cardiacend

of stomach: 6. greater curvature: ¥, interior S -
of stomach: 7, gylorlc end of stomach; 9. py- three sets of muscular fi

loric valve: 4. beginning of duvodenum: 10, i1, B s
14 and 15, duodenum; 1253, pancreatic duct. bres, the longitudinal, the
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circular and the transverse. The outside coat of the stomach:

is formed by a reflection of the peritoneum, and is a serous.

coat.

The Small Intestines.—The small intestines are about
twenty feet in length, have four coats, and are divided into
three parts. The upper part of the small intestines is known
as the duodenum; the second part is known as the jejunum;
the third portion of the small intestines is known as the ilium.

The Duodenum is the direct continuation of the stom-
ach, and is the shortest, the most expanded, and the most
fixed part of the small intestines. The upper part of the
duodenum is supplied with a valve, which is situated just at
the pyloric entrance of the stomach. This valve is called
the pyloric valve, though its action is not as complete as
valves situated in other parts of the body. The duodenum
takes a course upwards to the under surface of the right lobe
of the liver, and then curves upon itself and gradually ap-
proaches the center, where it empties into the jejunum. The
duodenum is about eight inches in length. The coats of the
duodenum and small intestine are the inmer or mucous coat,
in which are situated the intestinal glands, lacteals,villi, etc.

The submucous coat, composed principally of areolar tis-
sue, lies between and counects the middle or muscular coat to
the mucous. The middle coat is composed of muscular fibres,
which are arranged in a longitudinal and transverse direc-
tion. The outside coat is formed by a reflection of the peri-
toneum, and is called the serous coat.

There are several openings into the duodenum. The pan-
creatic duct, which collects the secretions from the pancreas,
enters the upper part of the duodenum. and pours the pan-
creatic juice into the small intestines at this place. The
three ducts which lead trom the gall bladder, and which
serve to collect the bile, empty the bile into the upper part
of the duodenum by a siuvle opening. The bluel supply to
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the duodenum is obtained from branches of the hepatic and
superior mesenteric arte-
ries.

TheJejunum.—The
jejunum is the second
part of the small intes-
tines, and is so named
from being found empty
after death. Its coats
are much thicker than
the rest of the small in-
testines and are supplied
more freely with blood
vessels. This part of
the intestinal canal be-
gins a little to the left of
the second lumbar verte-
bra at the ending of the
duodenum. Itcomprises
about tWO-ﬁfthS Of the ARTERIAL SUPPLY OF INTESTINES.
entire length of the .3 tuperlor mesentericariery: b pancreas, o
small intestine, and is branches; f. f, f, intestinal branches.
confined more to the central and iliac regions of the abdom-
inal cavity. A trocar puncture in the region of the umbilicus,
or umbilical region, would enter some of the folds of the je-
junum.

The Ileum.— The ilem is the lower part of the small in-
testines and, in the continuation of the jejunum, it forms
about three fifths of the small intestine. There is no line of
demarcation between the beginning or ending of either the
jejunum or the ilium. This part of the small intestines is
paler than the remaining parts, and is not as freely supplied
with blood vessels. Its caliber is much smaller than that of
the jejunum or duodenum. It terminates by entering the
colon at an obtuse angle in the right iliac fossa.
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The Large Intestines.—The large intestines are about
five feet in length, saculated in appearance, and divided into
the cacum, the ascending, tranverse and descending colon,

and the rectum. The
small intestines,with the
exception of a portion of
the duodenum, are sur-
rounded above and at
the sides by the ascend-
ing, transverse and de-
scending colon. The
small intestines and the
colon are both held in
their position by the
mesentery and processes
of the peritoneum,but the
small intestines are not
so firmly attached as the
ascending, transverse
and descending colon.
The large intestines be-

ARTERIAL SUPPLY OF INTESTINES. gin at the ending of the
a. Aorta. boinferior mesenteric artery: ¢, col- ¢ 3
ica sinistra branch: d. sigmoid branch: e, supe- lleum and at the lOC&t]OD
rior hemorrhoidal: . superior mesenteric and .
branches. of the ileo-cacal valve,

ascend upward from the right iliac fossw, through the lum-
bar region, to the under surface of the liver in the right
hypochondriac space, where it is curved upon itself and takes
a course directly across the cavity, at its superior extremity,
and along the anterior wall of the stomach, through the epi-
gastric region, and terminating by a fold in the left hypo-
chondriac space. The descending colon is continued down-
ward from this space to the upper part of the left iliac fossae,
where it forms an ©S7-shaped curve, which is known as the
sigmoid flexure of the large intestine.  The siecmoid flexure is
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continuous with the rectum, the lower part of the large intes-
tines and the end of the intestinal canal.

The Ceecum, the beginning of the large intestines, is the
most expanded portion of that tube, but the colon can be dif-
ferentiated from the small intestines, generally, on account
of its larger size. The cacum is about two and one-half
inches, both in its long axis and in its transverse diameter;
thus, on account of this wide, but short expansion, it forms a
pouch or saculated appearance of the large intestine. Its
position is very changeable, being found generally in the
right iliac fossz, at other times it will be found occupying the
the left iliac foss®. The reason for this freedom of move-
ment is very easily explained, when we consider the relations
of the peritoneum. At this point the mesentery does not
bind down this part of the intestinal canal, like it does the
remainder of the colon, which is always, more or less, fixed
in its position. The under surface of the caecum bas attached
to it a worm-like process, measuring from two to six inches
in length and varying in size from two to three lines, or about
the thickness of a goose quill. This process is guarded at
its beginning, at the cacum, by an incomplete valve, formed
by a process of the mucous coat. This worm-like tube, lead-
ing off from the caecum, is known as the

Appendix Vermiformis.—Its course is usually upward
and backward, being curved slightly, the ending being in a
rounded form. This tube is pervious for the full length of its
course, and sometimes gives rise to a great deal of trouble
when it becomes inflamed from injuries or the accidental lodg-
ment of a foreign body within its structure. The disease re-
sulting from inflammation of this tube is known as appendi-
citis, the mortality in this class of cases is very high.

The Ascending Colon.—The ascending colon is the
largest dilated portion of the large intestine, excepting the
cekcum. It begins in the right iliac foss®, and ascends

6—B
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to the under surface of the liver. In its course up-
wards to the liver, it lies directly over the right kidney
and the quadratus lumborum muscle. It is held in position
by a process of the peritoneum, or by a narrow meso colon.
The small intestines lie to the inner side of the ascending
colon, while the peritoneum and abdominal parites lie in front
and externally to it. The curve near the under surface of the
liver, where the ascending colon merges into the transverse
colon, is known as the hepatic flexure.

The Transverse Colon.—This portion of the colon is the
longest, and extends from the hepatic flexure to the left
hypochondriac region, where it joins the descending colon.
In its course across the body, it makes a curve, the convexity
of which is sometimes backward and at other times upward,
the concavity looking towards the lower part of the abdom-
inal cavity. It is in relation, by its upper and posterior sur-
faces, with the right lobe of the liver, the gall bladder, the
stomach and the lower part of the spleen. The small intes-
tines are found just below it, while the peritoneum and
abdominal parites lie in front and anterior to it. Behind, it
is in relation to the transverse meso colon.

The Descending Colon.—The descending colon is
smaller in caliber than the ascending colon, and is placed
more deeply in the abdominal cavity, lying almost directly
upon the left kidney and the quadratus lumborum muscle. Its
relations, with the exception of its upper curve, is precisely
the same as the ascending colon on the right side of the
cavity. At this portion (upper) the descending colon is con-
nected by loose areolar tissue to the left crus of the dia-
phragm, and covers over the anterior surface of the spleen.
It is more frequently covered with peritoneum than the as-
cending colon. .

Sigmoid Flexure.— The sigmoid flexure begins at the
termination of the descending colon and ends at the rectum.
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Uppgg end of sternum (breast-bone).

First ribs.

Second pair of ribs.

Aorta. Left vagus and phrenic nerves crossing the trans-
verse arch.

Origin of pulmonary artery in right ventricle.

Right ventricle.

Right auricle.

Superior vena cava. Right phrenic nerve on its outer border,

Right and left lungs collapsed and turned outward in order
to show relation of heart to thoracic walls.

Seventh pair of ribs.

The diaphragm in section.

The liver in section.

The gall bladder with its duct joining the hepatic duct to
form the common bile duct.

The stomach and arteries supplying it.

The cceliac axis, giving off the gastric, hepatic and splenic
branches.

Inferior vena cava.

The spleen.

S8SSS. The ascending, transverse and descending colon of the

large intestines.

T.T. Convolutions of the small intestines.
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In its course from the left iliac fossa towards the deep part
of the pelvis, it forms an ‘“S”-shaped curve. This part of
the colon is much smaller than the descending colon, and
presents very favorable conditions for opening, for the re-
moval of gases in the large intestine, in those cases where it
is impossible to puncture with the trocar. The incision for
the removal of gases in this region should begin one and
one-half inches inward from the crest of the ileum and a little
downward in the left iliac fossa. By incising the large intes-
tine at this point you will successfully remove all the gases
in the large intestines, and, since the opening in the intes-
tinal canal is made at a point below the ileo-czcal valve, the
gas from the small intestines is permitted to escape also.

The Rectum.— The rectum is the ending of the alimen-
tary canal, and is the continuation of the sigmoid flexure. It
is narrow at its beginning, at the end of the flexure, but
about two inches above the anus it forms a pouch of consid-
erable, but variable, magnitude. It begins just opposite the
left sacro iliac symphysis, and makes a gentle curve to the
right, then approaches the median line and lies just upon the
coccyx.

The Ileo Ceecal Valve.—This valve is situated at the
termination of the small intestines (at the cazcum) and the be-
ginning of the large intestine; it is a valve semi-lunar in
shape and composed of two flaps of mucous membrane, which
are strengthened by strong fibres. It prevents the escape of
gas upward in the intestinal canal, and acts similar to the
valves in the veins, which prevent the regurgitation of blood.
The experiments of Senn, however, prove that hydrogen gas
can be forced through this valve, while other investigators
claim that fluids can be made to pass through it also. This
is a disputed question, however, and should not be accepted
as final until other investigations, now being conducted, are
completed.



84 THE ART AND SCIENCE OF EMBALMING.

The Blood Supply of the Alimentary Canal.

The vessels supplying the mouth are derived principally
from the carotids, the pharynx also receiving its principal
blood supply from these arteries. The cesophagus is supplied
by three large branches, one derived from the subclavian ar-
tery; the other branch is given off by the aorta, while the
lower part of the cesophagus is supplied by the gastric branch
of the abdominal aorta. The stomach is supplied by the gas-
tric and its branches, the gastro-epipleic and vasa breva
from the splenic also supply it with blood.

The duodenum, the first part of the small intestines, is
supplied by the pyloric and the pancreatico-duodenal
branches of the hepatic and by the inferior pancreatico-
duodenal branch from the superior mesenteric. The remain-
der of the small intestine—the jejunum and the ileum—is
supplied by the superior mesenteric artery, the branches of
which penetrate the coats of the bowel and anastomose very
freely in it. Some of the branches of the superior mesenteric
artery pass around the surface of the intestine to join other
branches on the opposite side. The large intestine is sup-
plied, also, by the branches of the superior and inferior mes-
enteric arteries, but in this situation the arteries enter the
coats of the bowel and penetrate between the muscular coats,
then finally into the submucous, and after reaching the rec-
tum they penetrate the mucous coat. The vessels in the
large intestine run in a longitudinal course, following the
long axis of the bowel.

The Liver.

The liver, the largest secreting gland in the body, weighs
from four to five pounds. It is situated in the right hypo-
chondriac region, just beneath the diaphragm. The left lobe
of the liver enters the epigastric space, and partly covers the
pyloric end of the stomach. This conglomerate gland is held



THE VISCERA OF THE HUMAN BODY. 85

in position by five ligaments, four of which are derived from
the peritoneum; the remaining ligament (the ligamentum
teres) is derived from the umbilical vein. These ligaments
serve to hold the different lobes of the liver in position, and
retain it in the right hypochondriac space. In the child the
liver extends across the epigastrium, and the left lobe enters
the left hypochondriac space. The five lobes of the liver are:
the right and left lobes, the lobulus caudatus, the lobulus
quadratus, and the lobulus spigelii. The five tissures, which
exist in the liver and separate these different lobes, are: the
longitudinal and trans-
verse fissures, the fissure
for the gall bladder, the
fissure for the inferior
vena cava, and the fis-
sure of the ductus ven-
osis.

The right and left lobes
of the liver are the larg-
est, the right lobe being

R, right lobe: L. left lobe: @ lobulus quad- Much larger than the
g.afluuséms‘ligg‘i‘xl:ugs ?{’é%f'g‘anf'%ﬁ’aé‘é‘éif‘éi‘éf"‘;‘?ii left — the left lobe being
Pertor vena chears. vena porgrtC et IR times smaller than
the right. The lobulus quadratus is next in size to the left
lobe, and is placed between the right and left lobes, just
above the lobulus spigelii, which is still smaller than the
lobulus quadratus. The lobulus caudatus is the smallest lobe
of all and is situated just between the right lobe and the
lobulus spigelii.

The covering of the liver is composed of a dense fibrous
material, which is closely adherent to the surface of the
organ. It finally penetrates the substance of the liver at the
trausverse fissure, forming a kind of covering for the vessels
which ramify through the structure of the liver, constituting
what is known as Glisson’s capsule.
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Microscopical Appearance.— On taking a section of the
liver and placing it under the microscope, it will be found to be
composed of a large number of rounded or ovoid bodies,known
as lobules. Between these different lobules there is a space,
through which pass the blood vessels, nerves, hepatic ducts,
and lymphatics. A further examination shows these lobules
to be made up of cells, rounded in shape, and which are about
one one-thousandth of an inch in diameter. These cells are
the true hepatic cells of the liver, and secrete the bile.

The Blood Vessels.—The blood vessels entering and
emerging from the liver are: the portal vein and the hepatic
artery. The hepatic veins collect the blood which is taken
to the liver by the portal vein and the hepatic artery, and
empty it into the inferior vena cava. The portal vein and
hepatic artery, as soon as they enter the structure of the
liver, begin to break up into smaller vessels, which ramify
between the lobules, at which situation they are known as
the interlobular vessels. The hepatic artery gives off
branches, which supply the coats of the portal vein and the
tissue forming Glisson’s capsule. The hepatic artery finally
ends by emptying into branches of the portal vein. The in-
terlobular vessels finally give off branches, which enter the
structure of the lobules and the cells, where they break up
into capillaries. The blood is finally collected by the inter-
lobular and sublobular veins and emptied into the hepatic
vein, which carries it from the liver to the inferior vena cava.

Function of the Liver.—The function of the liver may
be classed under four different heads. First, it changes the
composition of the blood, as it passes through it, by secreting
from and adding to it, cestain chemicals or products neces-
sary for its nutrition. Second, it secretes the bile, which is
collected and stored in the gall bladder. Third, it forms
glycogen. Fourth, it assists in the formation of urea.

The ducts, which lead from the liver, begin in the inter-
stices of the lobules in the form of a very tine plexus; these
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finally empty into a larger system of ducts, or channels,
which are known as the interlobular ducts. These interlobu-
lar ducts are about one two-thousandths of an inch in diame-
ter. The interlobular ducts finally unite to form the cystic
duct. This duct then empties into the hepatic duct, and the
duct formed by their union is known as the ductus communis
choledochus, which empties the bile into the duodenum, the
upper part of the small intestine.

The Gall Bladder.

The gall bladder is situated on the under surface of the
liver, is a pyriform sac, and is the reservoir for the bile. The
gall bladder is made up of three coats—a mucous, a muscu-
lar and fibrous, and a serous coat, which is only over the
anterior surface and the fundus of the organ. This serous
coat is derived from the peritoneum. The gall bladder may
be divided into three parts—a neck, body and fundus. The
neck and body of the organ are directed upward and to the
left, while the fundus, or largest part of the gall bladder, is
pointing downward and to the right. The capacity of this
pear-shaped organ is about one ounce, although in excep-
tional cases it will hold from nine to fourteen drams. The
duct leading from the neck of the gall bladder is known as
the cystic duct. This duct, together with the hepatic duct,
form the ductus communis choledochus, which empties the
bile into the duodenum, the upper part of the small intestine.

The Spleen.

Lying obliquely in the left hypcohondriac region, and in
intimate relation with the diaphragm, which separates it
from the ninth, tenth and eleventh ribs, is the spleen. This
viscus is in direct relation with the cardiac end of the stom-
ach and with the supra-renal capsules lying above the
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kidneys. It is of a bluish red color, soft in texture, very
vascular and of an oblong or flattened shape. The spleen,
unlike other glands in the body, has no excretory duct.

In the child the spleen is also in relation with the left
lobe of the liver, but in the adult state the left lobe of the
liver occupies the epigastric region and does not come in con-
tact with it. The organ is covered with a fibrous coat which,
with the serous investment of the peritoneum, renders the
surface of the spleen smooth to the touch. Its inner surface
is slightly concave, and, besides being in relation with the
great end of the stomach and the tail of the pancreas, it pre-
sents a fissure, or hilis lienis, for the entrance and exit of the
vessels and nerves of the spleen. The upper border of the
spleen is larger than the lower, and is rounded, while the in-
ferior border is smaller and somewhat flattened, as it lies in
relation with the kidneys and supra-renal capsules. The ex-
ternal surface is convex and, with the external border, lies in
relation with the peritoneum, the abdominal parites and the
descending colon.

Vessels.—The artery supplying the spleen is the splenic
and is derived from the ceelic axis, a branch of the abdominal
aorta. This artery is of very large size, considering the
weight of the spleen, which varies somewhat in different
individuals, its weight being from six to eight ounces. It
measures five inches in length, is about one and one-balf
inches in thickness and three inches in breadth. The
branches of the splenic artery are distributed to distinct sec-
tions of the organ and anastomose with each other very spar-
ingly. The blood is returned from the spleen by the splenic
vein, which begins in the meshes of the spleen and returns
the blood from the organ toward the hilis, where it is emp-
tied into the splenic vein. This vein returns the blood into
the portal vein, thus, with the mesenterics, serving to form
the portal system.
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The Pancreas.

Lying along the posterior border of the stomach can be
seen a long, flattened organ, glandular in structure and about
seven inches in length. This organ is known as the pancreas
and secretes the pancreatic juice, which is emptied into the
small intestines by the pancreatic duct, which opens into the
upper part of the duodenum. The pancreas is classed as a
tubulo-racemose gland,and resembles the salivary glands,ex-
cept in one condition: the connective tissue is not so closely
arranged, and the alveoli, instead of being sacular, is more
tubular in shape. This organ weighs from three to four
ounces and is supplied by the branches of the superior mesen-
teric and by the pancreatic duodenal branches of the hepatic
artery. This gland consists of a body and a greater and
lesser extremity. The head of the pancreas is in direct rela-
tion with the hepatic flexure of the duodenum, the tail or
lesser extremity being in relation with the spleen. It lies
just over the first lumbar vertebra and above the aorta, in-
ferior vena cava, and the origin of the superior mesenteric
artery; this artery, together with the superior mesenteric
vein, lying in a groove between the head of the organ and
the duodenum, separates it from that part of the intestines.

The pancreatic duct begins in the lobules of the gland,
and finally forms the beginning of the main dnct, about the
middle of the organ; the duct is then continued along the
course of the pancreas, lying more to the anterior than the
posterior part of the organ, until it enters the duodenum,
close to the ductus communis choledochus, from the liver.
The pancreas is of a slightly reddish-yellow color and is
rough on its surface. (See cut of Pancreas, page 65).

Supra-Renal Capsules.
These organs are situated just above, and lie in immediate
relation with the kidneys, forming a kind of cap. The right
supra-renal capsule is triangular, while the left is semi-lunar
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in shape. The apex of both of the capsules points inwards
toward the vertebral column (back-bone). They are classed
as ductless glands, but their structure differs from that of the
spleen and thyroid body. These capsules are much larger in
the foetal state, and gradually diminish in adult life. They
are supposed to have some function relative to the formation
of embryonic tissues. The right supra-renal capsule is
closely attached to the under surface.of the liver, while the
left is in relation with the tail of the pancreas. The upper
border of both the capsules touches the under surface of the
diaphragm.

Blood Vessels.—The blood vessels which supply these
capsules are derived from the abdominal aorta, and are the
right and left supra-renal arteries. These arteries branch
out quite extensively just before entering the substance of the
gland. The blood is returned from the organs by means of
the supra-renal veins, which, on the right side, empty the
blood direct into the inferior vena cava, but on the left the
blood is returned into the renal vein. The color of the organs
is slightly yellow.

The Kidneys.

The kidney is a compouund tubular gland, situated in the
pusterior part of the abdominal cavity in the lumbar region,
lving one on each side of the vertebral column, just above
the ileum. They are very nearly surrounded with fat, which,
together with the blood vessels entering them. and the peri-
toneum — which covers them anteriorly —hold them in posi-
tion. The upper part of the kidney corresponds to the lower
border of the eleventh rib. and extends nearly to the iliac
crest.  The right kidney. on account of the right lobe of the
liver. is much lower than the left, both kidneyvs being covered
in front by the colon. peritoneum aund the abdominal parites,
while posteriorly they are in reiaticn with the diaphragm

and the quadratus lumoorum muscle.  Each kidney is supplied
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with a capsule, or fatty cushion (above described), which
is in coutact with the lower border of the diaphragm. To the
naked eye the kidney presents two portions for examination,
a medullary and a cortical. The medullary portion of the
kidneys contains the pyramids, which are surrounded at the
base by the cortical substance; the apex of these pyramids
points to the pelvis of the kidney, which is the beginning of
the ureter.

Anteriorly the upper surface of the right kidney is in
relation to the duodenum and
the ascending colon, while the
left, anteriorly, is in relation
with the descending colon, tail
of the pancreas, the lower bor-
der of the spleen and the car-
diac end of the stomach. The
kidneys vary somewhat in the
male and female subject; in the
adult male they are four inches
in length, two and one-half
inches in breadth and a little
over an inch in thickuess, and
weigh from four to six ounces,

SECTION OF HUMAN KIDNEY while in the female the kidneys

A, renal artery: B, renal vein: C,
ureter. seldom weigh over five and one-
half ounces —their weight usually being from three and one-
half to five ounces. Each kidney presents for examination
several surfaces and borders, there being an anterior surface
and a posterior surface, an internal and an external border, a
.superior and an inferior extremity. The upper extremity of
the kidneys is the largest.

The internal border presents a deep concavity, which al-
lows for the entrance of the renal artery and nerves, and also
for the beginning of the ureter and the commencement of the
renal vein.
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Blood Vessels.—The arteries which supply the kidneys
are the two renal. The blood is returned from the organ by
means of the renal veins. The nerves which supply the kid-
ney are very numerous and form in that organ the renal plexus
of nerves.

Function.—The function of the kidneys is to separate
certain particles from the blood and secrete the urine. It ac-
complishes this by means of the uriniferous tubules, which
begin in the pyramids of the kidney and gradually convey
the urine to the larger ducts, and finally into the pelvis of
the kidney and into the upper extremity of the ureter.

Ureter.

This tube, which allows the passage of the urine from the
kidneys to the bladder, is from sixteen to eighteen inches long,
is composed of three coats and is about the size of a goose
quill. It begins in the pelvis of the kidney and extends to
the base of the bladder, into which it opens by a constricted
orifice. It enters the external coat of the bladder and is con-
tinued along between the muscular and mucous coats for
nearly an inch before it finally empties, or opens, iuto the
cavity of the viscus. The coats of the ureter are, the fibrous
(which is continuous with the tibrous covering of the kidney),
a middle or muscular coat and an internal or mucous coat.

Relations.— The left ureter passes obliquely downwards
and inwards across the posterior part of the abdominal wall,
beneath the sigmoid flexure and over the iliac arteries, enters
the posterior false ligament in the male close to vas deferens,
and enters the bladder about one-half inch back of the pros-
tate gland and immediately opposite its fellow on the right.

The right ureter takes the same course, only it lies be-
bind the ilium. In the female the ureter on the right side
lies alongside of the inferior vena cava. Both ureters run
alongside of the neck of the uterus and the upper part of the
vagina.
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The Bladder.

The bladder is the receptacle for the urine. It varies
considerably in the male and female subject, and in both at
different ages. In the child it is almost an abdominal organ,
being located above the pelvic brim, in the bypogastric
space, while in the adult subject it is found below the pelvic
brim in the cavity of the pelvis, but when distended it may
rise a little above the pubic arch.

In the female the bladder is broader and larger than in
the male, and its capacity is proportionately increased. It
lies between the ossa pubes and the symphysis pubis anterior
and the uterus posterior. In man it lies between the pubis an-
terior and the rectum posterior. The bladder consists of four
<coats —mucous, submucous, muscular and serous—and has
three openings into it, namely: the right and left ureters and
the uretha beginning at the neck of the organ.

Ligaments.—The ligaments which hold the bladder in
position are, the true and false ligaments, the false ligaments
being derived from the peritoneum. The true ligaments are
seven in number, namely: the two lateral, two umbilical, two
posterior and the urachus.

Blood Vessels.—The arteries supplying the bladder are
derived from the superior and the inferior vesical; also the
middle vesical. ‘I'hese arteries supply this viscus with blood,
the superior sending numerous branches over the fundus and
body of the organ, while the middle and inferior supply the
base and the neck. The veins return the blood from the
bladder to the iliac veins, where it is finally emptied into the
inferior vena cava.

The Uterus, Ovaries, and Fallopian Tubes.

Besides the viscera already described as contained in the
abdominal cavity, we have, in the female, the uterus or womb,
together with its appendages—the fallopian tubes and ova-



94 THE ART AND SCIENCE OF EMBALMING.

ries. The womb is situated in the cavity of the pelvis, just
between the bladder and the rectum, and is held in position
by several ligaments, six of which are derived from folds of
the peritoneum. These are: the anterior, two cresentric folds
which lie between the back of the bladder and the neck of
the uterus. The posterior ligament, or recto uterine, is placed
between the sides of the uterus and the rectum, dipping down
between these two structures, forming what is known as
Douglas cul-de-sac. The broad ligaments, or lateral liga-
ments, are stretched from the sides of the uterus to the lat-
eral edges of the pelvis. Between the folds of the lateral
ligaments run the round ligaments and fallopian tubes.

The Round Ligament.—The round ligament, which be-
gins at the sides of the uterus, takes a course a little upwards
and through the internal abdominal ring, and is finally dis-
tributed to the tissue of the mons venerus.

Fallopian Tubes.—The fallopian tubes, or oviducts, are
about four inches in length and spring from the sides of the
uterus, with which they communicate by a small opeuing —
‘‘ostium internum”; their course is between the folds of the
broad ligament to the sides of the pelvis, where the ligament
becomes fimbriated, one of these processes being connected
to the ovary. The fallopian tube has three coats —a mucous,
a muscular and a serous coat. The ovum, which fecundates
the spermatazoa, passes through this tube into the cavity of
the womb.

Structure of the Womb.— The uterus is about two and
one-half inches long, one and one-half inches wide and one
inch thick. Its weight varies, in the non-pregnant state, from
eight to ten drams to an ounce and a half, while after gesta-
tion, or immediately after delivery, it weighs nearly twenty-
four ounces. Of all the viscera in the body which are
described as pear-shaped, the uterus is the best likeness,
consisting of a body, a neck and a fundus. The upper part,
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or fundus, of the uterus is its largest part, while the neck,
which points into the vagine, is the smallest. The body of
the organ surrounds with the fundus the largest part of the
cavity of the organ.

The Ovaries.— The ovaries are ovoid bodies, two in num-
ber, placed one on each side of the uterus, being suspended
from the broad ligaments by an attachment to its anterior
surface. They are placed below the round ligaments, but are
connected to the uterus by the ovarian ligaments. One of the
fimbriated portions of the fallopian tubes is connected to the
ovaries. These organs are about one and one-half inches in
length, one-third of an inch in thickness, and three-quarters
of an inch wide. The ovaries are composed of a fibrous
stroma and connective tissue.

The Peritoneum.

On account of the high mortality in cases of peritonitis,
and the rapid putrefaction which sets in after death, the
embalmer should have a clear conception of this serous
membrane, which is in contact with most of the viscera in the
abdominal cavity. It is a serous membrane which forms a
closed sac, except in the female subject, where the sac has an
opening for the passage of the round ligament. The perito-
neum may be divided into a greater and a lesser sac.

The Greater 8ac begins at the anterior surface of the
liver, covering that viscus in front, then being reflected onto
the stomach and covering that organ above and on its poste-
rior aspect; from thence it is reflected downward to the ileum,
forming the anterior layer of the great omentum, the mesen-
tery and the posterior surface of the meso colon. It sends
off different layers between the rectum and the uterus, in the
female; also between the uterus and the bladder. It is then
reflected towards the antero-lateral abdominal wall to the
diaphragm, its starting point.
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The Lesser 8ac begins at the diaphragm, posterior to
the greater sac, and covers the posterior surface of the liver.
The back part of the stomach also sends a reflection to the
under surface of the organ, thus forming the great omentum.
It is then reflected over the transverse colon, completing the
mesa colon with the coverings of the ascending and descend-
ing colons. It then takes a course upward along the poste-
rior abdominal wall, sending reflections to the duodenum and
pancreas, and tinally becoming attached to the diaphragm,
the point from whence it started. The two sacs communicate
by an opening where they curve around the hepatic vessels;
this opening, or foramina, is known as the Foramen Winslow.

The omenta formed by the peritoneum are three in num-
ber, namely: the gastro-hepatic or lesser omentum, the
gastro-splenic omentum, and the great omentum or gastro-
colic omentum. A mesentery is a double layer of the perito-
neum, such as is seen investing certain portions of the large
and small intestines, except the duodenum. The blood ves-
sels which supply the intestines pass between the folds of the
mesentery. The peritoneum gives off many ligaments, for
description of which see Liver, Uterus, Bladder, etc.

With this description of the peritoneum we have de-
scribed the organs of the abdominal cavity. We will now
proceed to investigate the contents of the thoracic cavity,
which is situated just above the abdominal, the diaphragm
forming the muscular wall or partition between the two
cavities.

The Diaphragm.

The diaphragm is the musculo-fibrous membrane which
separates the thoracic cavity from that of the abdominal. Its
center is tendonous, being surrounded by a muscular expan-
sion which is attached to the under surface of the ensiform
cartilage, or end of breast bone, and to the cartilages of the
six inferior ribs on each side. It is attached posteriorly to
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the twelfth dorsal vertebra, and by a fibrous expansion to the
adjacent surfaces of the first, second and third lumbar verte-
bra. Itisa very tough fibrous structure, considerable force
being required to pass a trocar or embalming needle through
it. An examination reveals three openings of large size, while
there are several smaller ones; these openings are, beginning
posteriorly at the back: the aortic, through which passes the
aorta, the largest artery in the body. A little to the left and
anterior to the aortic, we ha:ve the cesophageal, which allows
the cesophagus or gullet to enter the abdominal cavity in
conjunction with the right and left pneumogastric nerves.
The aortic opening not only transmits the aorta, but al-
lows the left lymphatic or thoracic duct to ascend through it
to the root of the neck, where it empties into the subclavian
vein at the junction of the internal jugular. The azygos vein
also passes through the aortic opening. The remaining large
opening in the diaphragm is the opening for the inferior vena
cava, which is situated more to the right and in front of the
vertebral column. There are several small openings in the
crus for the passage of the splanchnic nerves and the sympa-
thetic nerve trunks; also for the azygos minor vein. These
openings, while they allow the passage of the vessels and
nerves enumerated above, are not directly continuous with
both the cavities. The tibres of the diaphragm are so inti-
mately connected around these structures as to prevent the
passage of serous material and fluids from one cavity to the
other. This is a very important thing, since it prevents the
contaminated fluids in hydrothorax (dropsy of the thorax), or
in pleuritic effusions or. the escape of serous material from
the pericardium, from entering the abdominal cavity and set-
ting up fatal perotonitis in the living state. Thus, while it
performs such an important function during life, it serves the
same purpose after death, there being many disadvantages in
rupturing the diaphragm in cavity embalming. In all the
7—B
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works on embalming that I have consulted, I bave found that
all of them advise rupturing the diaphragm from below in
order to embalm the cavities of the thorax. I have never
been in favor of this procedure, as a great deal of the fluid
intended for the upper cavities escapes back into the abdom-
inal, thus preventing the desired result in surrounding the
lungs, heart, etc., with the preservative solution. It might
be of little importance if the operator only intends to make
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the bottom of the pleura and pericardium, the fluid injected
into these parts will escape from the openings made by the
trocar, just the same as water would escape from a bottle if
a hole was made in the bottom. Then again, we must con-
sider the fact that after the embalmer has completed his work
the body is placed on an incline of nearly 45 degrees, thus
favoring the escape of the fluid injected upward into the
thoracic cavity. If arterial embalming is performed, and you
are assured of a thorough circulation through the arteries and
veins, then it does not make much material difference, since
the fluid will enter the pulmonary artery and the bronchial,
and will thoroughly embalm the lungs and pleura, as it will
the heart and its coveriug, the pericardium, by the blood ves-
sels which supply them.

Boundaries, Divisions and Contents of the Abdom-
inal Cavity.

The abdominal cavity is bounded above by the dia-
phragm, the dividing membrane between the abdominal and
thoracic cavities. It is bounded below by the floor of the
pelvis. It is bounded in front by the aponeuroses of the
transversalis muscle and the under surface of the rectus ab-
dominalis, which muscles are, next to the peritoneum, the
nearest covering to the cavity in front. It is bounded behind,
or posteriorly, by the vertebra (back-bone) and the deep layer
of muscles known as the fifth layer. If we connect the pelvic
cavity to that of the abdominal, the floor of the cavity would
be formed by the tissue planes of the perineum, while the
lower part and sides would be protected by the innominate
bones of the pelvis and the sacro-sciatica ligaments. It is
best for us, as embalmers, to consider the abdominal cavity
as only one cavity; thus the pelvic and abdominal are divided
into the following divisions, which are formed by drawing a
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line from the lower border of the ninth rib around the body
in a circular manner, drawing auother parallel to this, be-
ginning at the highest border of the pelvic bones (ossa innom-
inata). These lines will divide the cavity into three parts —
a superior, a middle and an inferior. Now draw a line from
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colon), the right supra-renal capsule and the upper border of
the right kidney.

The Epigastric Region, or the middle space of the su-
perior division, contains a part of the pancreas, a portion of
the liver, and the middle and pyloric ends of the stomach;
also a portion of the transverse colon of the large intes-
tines.

The Left Hypochondriac Region contains the lower
part of the cardiac end of the stomach, the left supra-renal
capsule and the upper border of the left kidney, the spleen
and the splenic flexure of the colon.

The Left Lumbar Region contains the lower part of
the left kidney, a portion of the small intestine, the descend-
ing colon, and part of the omentum.

The Umbilical Region contains a part of the duodenum,
part of the transverse colon, the great omentum and mesen-
tery, and some convolutions of the ileum and jejunum.

The Right Lumbar Region contains the lower part of
the right kidney, some convolutions of the small intestines,
and the ascending colon.

The Right Iliac Inguinal Region contains the cacum,
the appendix vermiformis, and a part of the uretef, the
iliac arteries and veins rising in this space and proceeding
towards the thigh, where the external iliac artery forms the
femoral. .

The Hypogastric Region contains the rectum, a part
of the small intestines, the bladder in children. In the adult
subject the bladder is sitnated more deeply in the cavity of
the pelvis and does not occupy this region unless distended.
The uterus, in the female during gestation, will also be found
in this space.

The Left Iliac Inguinal Region contains a part of the
ureter and the sigmoid flexure of the colon or large intestine,
and the vessels described in the right iliac space.
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The Thoracic Cavity.

This cavity occupies all that space between the diaphram
below, and the root of the neck above. It contains the lungs,
with their coverings, the pleura, the heart and its covering, the peri-
cardium. Besides these important organs, there is also con-
tained in the mediastinal spaces (spaces between the lungs
and extending from the sternum in front to the back-bone
posteriorly): the phrenic nerves and accompanying vessels,
the arch of the vena azygos major and some lymphatic
glands; the arch of the aorta and thoracic aorta; the cesoph-
agus or gullet and the pneumogastric nerves, and the azygos
veins; the thoracic duct and the mediastinal glands will be
found in these mediastinal spaces. To the beginner it would
appear that, since the thoracic cavity contains all of these
different structures, there would be very little room left in
the cavity for the injection of the embalming fluid, but, since
the heart and lungs are the largest organs in the thorax, the
fact that the lungs collapse somewhat after death, will allow
plenty of space between the pleura for the injection.

The Lungs.

The lungs are placed one on each side of the thoracic
cavity, the heart and the mediastinial spaces dividing them
into a right and left. Their color varies during life; in the
child they are of a pinkish color, but as age advances they
gradually assume a slate color, which, as senility approaches,
turns to a dark or black color. In all these different stages

‘nuent mottling of the surface of the lungs takes place.
jottling is caused by deposits of carbonaceous material,
t of the action of the air and carbonic acid in the
ach lung extends from the first rib above to the dia-
elow, and is so situated as to present for examina-
rfaces, two borders, an apex and a base.
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The Apex of the lungs extends, during a deep inspira-
tion, above the first rib, into the root of the neck. It is con-

LUNGS AND BRONCHI.

5, thyroid cartilage: 10, larynx; 7, 11, 12, 13, main bronchus;
16, 19, 21, right bronchus: 15, 16, 17, 21, 19, left broachus.

ical in shape, as are the lungs, taken as a whole. The base
is concave, on account of the convexity of the diaphragm -
above.

The Exernal Surface of the lungs is convex and is
smooth, conforming to the side of the chest, being much
deeper behind than in front.

The Inner Surface.—On account of the heart and great
vessels, also the bronchi, the inner surface of the lungs is
concave, presenting a deep fissure corresponding to the root
of the lungs; this fissure is known as the ‘‘hilum pulmonis.”

The Anterior Border is much thinner than the poste-
rior, and extends across the front of the chest, slightly over-
lapping the pericardium and great vessels.
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The Posterior Border of the lungs, on account of the
shape of the diaphragm, which is higher in front than behind,
extends much deeper and fills all the space between the ver-
tebra (dorsal) or back-bone and the ribs on either side.

Each lung is divided by a fissure into two lobes, but the
right lung is again divided by a smaller fissure into a triangu-
lar lobe. Thus, properly speaking, the right lung has three
lobes, and the left has but two. On account of the liver
pressing upward on the diaphragm,the right lung is about an
inch shorter than the left, but while the left is longer, it is
smaller in capacity; this is on account of the heart being
placed more to the left side. The lungs are capable of hold-
ing about 230 cubic inches of air during a forced inspiration.
Their weight varies somewhat in the male and female, the
male lungs weighing, together, about forty-two ounces, the
left being two ounces less than the right, while in the female
subject their weight is approximately estimated at thirty-
nine ounces.

Structure.— Each lung is composed of soft, spongy tis-
sue, which is covered externally by a layer of areolar tissue,
the parenchyma of the lungs being made up principally of
the lobules and air cells. Coursing over these air cells are
the capillary branches of the pulmonary artery, while to the
lung tissue direct we have the capillary branches of the bron-
chial. As the blood in the pulmonary arteries exchanges its
carbonic acid for oxygen, it returns the blood from the lungs,
through the four pulmonary veins, to the left auricle of the
heart. The capillaries from the bronchial arteries empty
their blood into the azygos veins, and finally into the supe-
rior vena cava.

The Pleura.

Closely investing each lung, as far as its root, is a serous
membrane known as the pleura. It is made up of two princi-
pal layers, one of which is reflected over the inner surface of
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Right ventricle of the heart. Aa. Pericardium.
Pulmonary artery. Bb. Pericardium.

Ascending aorta. Cc. Transverse aorta.

Right auricle.

Remains of ductus arteriosis.

Superior vena cava.

Left innominate vein.

Left common carotid artery.

Left subclavian vein.

Right innominate vein.

Right internal jugular vein.

Right subclavian vein.

Innominate artery.

Left subclavian artery crossed by left vagus nerve.
Right subclavian artery crossed by right vagus nerve.
Right common carotid artery.

Trachea (wind-pipe).

Thyroid body.

Brachial plexus of nerves.

Upper divided portion of left internal jugular vein.
Clavicles cut across and displaced downward.

. The first ribs.

Fifth ribs cut across.
Right and left mammz.
Lower end of sternum (breast-bone).
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the chest wall known as the parietal layer of the pleura,
or the pleura costalis. The other layer is reflected over the
external surfaces of the lungs, forming a complete invest-
ment, the two layers forming a closed sac, which does not
communicate with its fellow of the opposite side at any
point —the only place where the two surfaces of the lungs
come in contact with each other being in front and just be-
neath the middle piece of the sternum. During life the costal
layer and the pulmonic layer are so closely attached that
there is but very little space between them, but after death,
when the lungs become somewhat collapsed, considerable
space may exist between these two layers. The space be-
tween the layers of the pleura is known as the cavity of the
pleura.

During life the pleura secretes a thin serous fluid, which
prevents any friction between the lungs and the inner sur-
face of the chest walls, but when it becomes inflamed or
diseased the serous fluid becomes thickened and is increased
in quantity. This fluid sometimes increases so much in ad-
vanced stages of pleuritis and dropsy of the pleura as to
push the heart to the extreme left of the thorax, or to the ex-
treme right, if the disease affected the left pleura.

Blood Supply.—The blood supply of the pleura is ob-
tained from the intercostal, the internal mamary, pericardic,
musculo phrenic and thymic arteries. The blood is returned
from the pleura by veins bearing the same names as the ar-
teries.

The Heart.

The heart is the central organ of circulation. It is placed
between the lungs, is conical in shape, and occupies the space
known as the middle mediastinal cavity. Laennec has com-
pared the size of the heart to the fist of the subject, but
this comparison is too indefinite to afford any satisfactory
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estimate, and we will be obliged to seek other and more exact
observations in this respect. The most accurate writer in
recent times upon the subject of the dimensions of the heart,
Mr. Peacock, says its circumference is about 9.209 inches in
the male subject, while in the female it is slightly less. Its

Fio. 2
Fro. L

Plate No. 1 {llustrates the true relation
of the adult male heart to the bony walls
of the thorax: a, first rib: b, second rib;
c, third rib: d. fourth rib.

Figures number 1,2, 3, 4 and 5 mark the
intercostal spaces.

The vertical line denotes the median

Plate No. 2 illustrates the relation of
the Heart to the Lungs, Liver, Stomach,
etc., and shows the part of the Heart un-
covered by the pulmonary structures.
The position of all the organs is pre-
sggted in their true relations to each
other.

line. The right angle trlangle extending
over a portion of the surface of the heart
denotes the superficial region of the
heart. The viscusat this point lies closest
to the thoracic wall in front.

The X on the fourth rib shows the situ-
ation of the nipple.

The relations of the ventricles, auric-
les apex base, aorta, etc., are sufticient-
1y delineated. .

The black dots indicate points selected
for the many operations in cavity em-
b:llmlng. removing blood from the heart,
etc.

position varies after death, according to the disease the per-
son died with, and the general condition of the abdominal
and chest cavities.

Position.— Anterior View.— The heart of the human
subject is a pear-shaped muscular organ situated in the thor-
acic cavity between the lungs, in what is technically known
as the middle mediastinal space, with its base about in the
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median line and its apex in the fifth inter-costal space mid-
way between the median line and a perpendicular line
dropped through the left nipple, the apex resting upon the
diaphragm. The base of the heart is beld in position by the
great vessels and their attachments in the posterior wall of
the thorax, while the apex is free and capable of a certain
degree of motion. The whole organ is enveloped in a fibrous
sac called the pericardium. This sac is lined by a serous mem-
brane which is attached to the great vessels at the base of
the heart. The pericardial sac will hold about two drachms
of fluid. This permits of the heart movements without any
friction. It may be said that the base of the heart will cor-
respond to a line drawn around the upper border of the third
rib.

Posterior View.—The description of the heart, together
with the illustrations which appear above, will suffice to give
the reader an intelligent idea of the position of the heart from
the anterior aspect. Cuts numbers one and two give the re-
lation of the heart to the thoracic walls and the abdominal
and thoracic viscera. This is viewed from the front of the
body, and as the heart presents several points of interest
from the posterior view, I bave illustrated this position with
the cut showing the heart in the dead subject as viewed from
the back. The position of the vessels, auricles and ventricles
varies to such an extent that in the examination of eleven
bodies no two presented exactly the same position. In one
instance the top of the arch was in front of the upper portion
of the body of the third dorsal vertebra, in seven cases it was
in front of its lower portion, and in three it was in front of
the fourth dorsal vertebra. The lower boundry of the left
ventricle varied in position from the level of the lower edge
of the body of the eighth, to that of the upper third of the
tenth dorsal vertebra. In five cases the upper boundary of
the left auricle was on a level with the fifth dorsal vertebra.
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The upper border of the left auricle was situated in front of
the upper part of the seventh dorsal vertebra, or just above
it, and its lower border in front of the body of the eighth
dorsal vertebra. '

During life, when the back of the heart and great vessels
are brought into view, the lower boundary of the left ventricle:

EXPLANATION OF THE CUT.
Right Common Carotid Artery.

1.

2 Right Subcalvian Artery.

3. Innominate Artery.

4. Formation of Superior Vena Cava by Innominate Veins.
5. Left Subclavian Artery. 9. Right Auricle.

6. Left Common Carotid. 10. Left Ventricle.

7. Arch of the Aorta. 11. Inferior VenaCava.
8. Left Auricle. 12. Abdominal Aorta.

resting upon the floor of the pericardium will conceal the
under surface of the heart. When the floor of the pericard-
ium is removed, the under surface of the heart is visible from
behind. The under surface inclines from behind downwards
and upwards, and it presents posteriorly the lower border of
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the left ventricle from base to apex; anteriorly, the lower
surface of the right ventricle; and intermediately, the poster-
ior longitudinal furrow of the heart.

Side View.—1It is plainly evident that in the recumbent
position the heart must change its position, which it does,
more so after death than in
life. The pericardial sac and
the central tendon of the dia-
phragm give a great deal of
support to the heart, and if it
were not for these attach-
ments to the sternum and the
diaphragm by means of these
ligaments, the heart would
fall upon the cesophagus and
the great vessels thus inter-
fering with the passage of
food down the oesophagus
and the circulation of blood
through the aorta when a per-
son would be in the recum-
bent position.

After death, on account
of the relaxed condition of the
lungs and the gradual weak-
ening of the ligaments, the
heart will fall backward upon
the bodies of the dorsal ver-

SIDE VIEW OF HEART tebra, thus causing consider-
able change in the position of the organ. If we look at the
heart from the side, several points of interest will present-
themselves. The relations of the vessels to the heart and
ribs and the relation of the organ itself to the bony walls of
the thorax may be easily ascertained by an examination of
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the accompanying cut which shows the heart as we would
view it from the left side of the body. This engraving being
fourth on the position of the heart in the normal condition,
the remainder of the article and the cuts to follow will show
the changes in the position of the heart caused by death and
disease. The normal and pathological changes in the ar-
arteries will then be taken up and all of those cases where
the embalmer experiences some difficulty in the injecting of
the arteries will be explained and illustrated.

It is seldom required of the embalmer that he puncture
the heart from the side, but in order that he may be fa-
miliar with the exact position of the organ when inserting
a trocar for the purpose of tapping the heart for the re-
moval of blood, it is well that he know the position of the
auricles and ventricles from the side. It will be seen from
the engraving that the left auricle and ventricle occupy
fully as great a proportionate amount of space at the left
side of the heart, as the right auricle and ventricle do at the
front and right sides of the heart. This should always be
borne in mind during the operation of injecting the left ven-
tricle. It can be reached with the same length of trocar, but
the position being to the left and backward, resting in the
dead subject on the bodies of the dorsal vertebra and the
great aorta, the trocar should be directed downward and in-
ward toward the center of the thoracic cavity.

The left ventricle of the heart occupies by much the
largest share of the left side of the organ, and its double con-
vex cone-shaped outline is completely exposed to view from
its base to its apex when the left side of the heart is exam-
ined laterally. The transverse furrow which divides the left
auricle from the left ventricle, follows a direction from above
downward and somewhat backward, the left auricle, as will
be seen in the engarving, rests on the descending aorta and
the cesophagus, thus the auricle, transverse groove and the
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mitral valve rest in front of the body of the eighth dorsal
vertebra posteriorly, while in front the left auricle is placed
between the third and fourth intercostal spaces.

The upper border of the left ventricle is nearly as high
as the right auricle. The position of the ventricle, which is
downward and to the left, corresponds to the direction of the
ribs; thus the left ventricle and the transverse furrow are
covered throughout by the fourth, fifth and sixth ribs.

The position of the heart on the right side is much easier
to understand than the position of the auricle and ventricle
on the left. If one will examine the right side of the chest
in the same position as the examination shown of the left
side, the right auricle and ventricle will be different in posi-
tion than the corresponding parts on the left side.

‘When we examine the heart from the right side, the right
auricle, the right ventricle, the vena cavas and the pulmonary
artery are plainly visible; while.on the left the left auricle,
left ventricle and the pulmonary veins are seen. The relative
position of the lower boundary of the heart, the upper and
the position of the base is somewhat different from that of
the left. The upper boundary of the right ventricle ison a
level with the seventh dorsal vertebra, while its lower
boundary encroaches on the body of the tenth dorsal vertebra;
the right ventricle occupies the anterior portion of the medi-
astinal space, which is situated between the sternum in front
and the back bone posteriorly. The right auricle, including
its appendix, occupies the posterior part of the space, thus
when the operator desires to enter the right auricle of the
heart from the right side the trocar should be inserted be-
tween the third and fourth intercostal spaces about one and
a half inches from the sternum. The trocar should be directed
downward and inward to the posterior part of this space,
when it will enter the right auricle of the heart. But as this
operation in the hands of an unskillful person endangers the
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arterial circulation through rupture of the aorta at its arch
or the vena cavas, I do not recommend it as a safe procedure
in the practice of modern embalming, where it is desirous to
secure a complete circulation through the vascular system.

Cavities.—The heart contains four cavities: the right
and left auricles and the right and left ventricles.

The Right Auricle.—The right auricle receives the
blood from all parts of the system, from the superior and in-
ferior vena cava, and empties it into the right ventricle.
The auricle presents a principal cavity, or sinus, with a little
appendix attached which is called, from its resemblance to a
dog’s ear, the auricular appendix. In the right auricle of the
heart there are two openings for the ascending and descend-
ing vena cava, and a small opening for the coronary vein,
which returns the blood from the substance of the heart
itself, and another large opening placed between the auricle
and ventricle, known as the auriculo-ventricular opening,
through which the blood passes from the auricle to the ven-
tricle. The walls of the right auricle are very thin as com-
pared with the walls of the ventricle. They will measure
about one-twelfth of an inch. They are composed of muscu-
lar fibres which are composed of two layers. These muscular
fibres are involuntary in their action, and as the auricles are
merely the reservoir to receive the blood from the system,
the muscular fibres are very much less than that found in the
ventricles. There are no valves at the opening of the infe-
rior vena cava, or the superior vena cava, into the right
auricle of the heart. The eustachian valve, which is quite
prominent in the foetal state, almost entirely disappears in
adult life. There is a valvular fold in the coronary vein.

The Left Auricle.—The left auricle does not differ very
materially in its anatomy from that of the right. It receives
the blood which is returned from the lungs by the four pul-
monary veins. Itis a little smaller than the right and its
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walls are thicker. It has flve openings, four of which are for
the pulmonary veins, and the other the auriculo ventricular
opening, for the passage of the blood from the auricle into
the left ventricle. The pulmonary veins have no valves. In
adult life the right auricle and the right ventricle are entirely
separated from each other by a thin muscular septum. Before
birth they communicate by means of a large opening, the
foramen ovale. (See foetal circulation).

The Right Ventricle.—The right ventricle receives the
blood from the right auricle. The walls are much thicker
than the walls of the auricle, and,according to some author-
ities, its capacity is greater. The right ventricle forces the
impure blood to the lungs and back to the left side of the
heart.

Left Ventricle —The left ventricle receives the pure
blood from the left auricle. It is the thickest and most mus-
cular part of the heart, being from two to three times as
thick as the walls of the right ventricle, and several times
thicker than the walls of the auricles. The average thick-
ness of the walls of the right ventricle is about one-fourth of
an inch, and the average thickness of the walls of the left
ventricle is a little over one-half of an inch. Both ventricles
are triangular or conoidal in shape, the right being broader
and shorter than the left. The inner surface of both ventri-
cles is marked by peculiar ridges and muscular fibres which
are called the columna carnea and the chorda tendinz.
These latter are attached to the free edges of the auriculo-
ventricular valves.

Capacity of the Cavities.—It is stated by many author-
ities that the capacity of each cavity of the heart is about
two ounces, but in an experiment performed by injecting the
heart with warm solutions of wax the estimate was made by
calculating the amount of liquid displaced by the moulds of the
different cavities. In this experiment care was taken to make

8—B



114 THE ART AND SCIENCE OF EMBALMING.

the injections before cadaveric rigidity bad set in or after it
bhad passed away. The comparative results obtained by the
experiment are as follows: First, it was decided that more
wax was forced into the cavities of the heart than it could
possibly contain during life. The capacity of the right
auricle was from one-tenth to one-third greater than that of
the left. The capacity of the right ventricle was from one-
tenth to one-third greater than that of the left ventricle.
The capacity of the ventricles was greater than that of the
auricles. The absolute amount of each ventricle under dis-
tension with heated wax solutions is four and one-half ounces.
This, of course, is much greater than the average capacity of
these cavities during life, which is about two ounces.

Weight.—The average weight of the human heart is esti-
mated at nine ounces and seven drachms. In some deaths
from acute diseases this weight may be increased, but in
death from cbronic diseases it will usually weigh less. In
cases of hypertrophy, or in chronic enlargement of the heart,
it may weigh several pounds. In the female subject the
beart weighs a little less than in the male, the mean weight
being about eight and one-half ounces.

Blood Supply.—The arteries which supply the heart
with blood for its nutrition are derived from the aorta. They
are the first branches given off from this vessel and are
known as the right and left coronary arteries. These arte-
ries carry the blood to the structure of the heart. It is re-
turned from the heart by means of the coronary veins, which
empty it into the right auricle.

Valves.— The valves of the heart are the auriculo
ventricular, between the auricles and ventricles, the pulmonary
and the aortic. The pulmonary is situated at the orifice of
the pulmonary artery in the right ventricle, and the aortic
valve is placed at the orgin of the aorta in the left ventricle.
There are no valves in any of the vessels entering either the
right or left auricles of the heart.
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Auriculo Ventricular Valves.— The auriculo ventricu-
lar valves prevent the regurgitation of blood from the ventri-
cles to the auricles. As the ventricle fills up with blood
coming from the right and left auricles, the valves are ap-
proximated, and when the ventricle is completely distended
with blood the valve is entirely closed. When a contraction
occurs the blood is thrown into either the pulmonary arteries
or the aorta.

Aortic and Pulmonic Valves.—The action of the semi-
lunar valves is nearly the same in both the aorta and the
pulmonary arteries. In the intervals of the ventricular con-
tractions they are closed and prevent the regurgitation of
blood into the ventricles. The systole, however, overcomes
the resistance of the aortic and pulmonary valves and forces
the contents of the ventricles into the arteries. The cups of
the valves point in the direction the blood is to low. Thus
as the blood flows from the left ventricle into the aorta there
can be no expansion of the valve and the valves are nearly
approximated to the wall of the vessel, but just as soon as
the contraction ceases and the heart begins to expand, the
blood falling back against these cups dilates the valve and
it instantly closes.

Action of the Valves of the Heart When Fluid is In-
troduced into the Arterial S8ystem.—Although it is the
general impression among embalmers that the fluid injected
into the brachial artery goes to the heart first, thus preserv-
ing that organ, it is a mistake, as these valves act after death
just the same as they do in life, and exactly similar to the
action of the valves in the veins of the extremities. It is im-
possible to force fluid through the valves of the heart, just
the same as it is impossible to extract blood from a vein
when there is a valve intervening between the opening and
the heart, for just as soon as the aspirator is put into action
the valve closes against the passage of the blood and it will
not flow.
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In the experiments that I have performed in the demon-
strating rooms of the college these facts were very clearly illus-
trated. A subject was placed upon the table and the tho-
racic cavity was laid open; the pericardium was divided, so
as to exhibit the action of the heart while the fluid was
injected into the brachial artery. The first effects of the syr-
inge was to force the fluid into the aorta, which soon became
filled, and the fluid was then seen taking a course over the
general or systemic circulation. As it was impossible to tell
in this first experiment whether any of the fluid escaped into

EXPERIMENT ON LUNG CIRCULATION AND ON THE ACTION OF THE VALVES IN THE MEART.

the left ventricle, we adopted another form of experiment
and investigation. This time the heart and lungs were re-
moved from the cavity of the chest entirely: the heart and
lungs were exposed by being divested of their coverings, and
the openings in the vessel secured. The aorta was divided in
the center of the arch between the innominate and the left
carotid. A tube was introduced into the aorta at this point
and held in position by a ligature, which prevented any leak-
age. The tirst few strokes of the syringe caused the vessel
to swell nearly three times its normal size, but the injection
was kept up until it was next to impossible to inject any
more tluid. While the aorta swelled to this extreme degree
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without rupturing, there could be noticed no appreciable
change in the walls of the left ventricle. The injecting appa-
ratus was released and pushed on down into the cavity of the
ventricle through the valves of the aorta. The injecting ap-
paratus was again tied securely and the second injection
begun. This injection caused the ventricle to swell, which,
however, did not begin to approximate the swelling or exten-
sion shown in the aorta, but in time the same effects followed
as in the first injection. The pressure in the ventricles be-
came so great that it was impossible to inject any more fluid.
In this injection the aorta was tied to the injecting apparatus
just at its origin from the ventricle. While the ventricle was
still distended, and in order to make sure that no fluid had
reached the auricle, I made an incision with the scalpel
through its superior border, and, on laying it open, it con-
tained nothing but a small amount of blood and serum. The
action of the mitral valve in the auriculo-ventricular orifice
was very clearly demonstrated, the experiment proving be-
yond doubt that the valves of the heart are impervious to the
fluids injected into the aorta. The third experiment was to
test their action when injected through the veins. The infe-
rior vena cava having beeun securely tied, the injection was
begun in the superior vena cava, the tube having been se-
curely tied and held in position by a ligature placed around
the vessel and the injecting tube. This experiment was just
as any one would expect; the fluid at first entered the right
auricle from the superior vena cava, then it passed through
the tricuspid valve in the auriculo-ventricular orifice, and en-
tered the right ventricle, taking the course of the lesser or
pulmonic circulation the fluid entered the pulmonary artery
and was carried to the lungs, where it soon made its appear-
ance in the pulmonary veins. After a few more strokes of
the injecting apparatus, the fluid began to escape from the
openings of the veins into the left auricle and could be seen
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through the openings made in the superior border of the left
auricle in the experiment made by injecting the aorta.
Through the kindness of Mr. W. W. Harris, of Sioux City,
Iowa, I have the pleasure of reproducing the cut showing the
experiments on the valves of the heart, which he performed
in order to demonstrate the incorrectness of Mrs. F. H. Wil-
son’s article on discoloration and leakage, and will serve the
purpose of illustrating these very important experiments.

Flint, in performing an experiment on the action of the
aortic and pulmonary valves, tied a piece of tubing into the
pulmonary artery and also into the aorta, and by means of
the Y connection he introduced fluid into both the arteries
at the same time. 7The aortic semi-lunar valves opposed the
passage of the liquid so effectually that it ruptured before
the valves gave way, but the semi-lunar valves of the pul-
monary arteries showed a considerable degree of insufficiency
at this high pressure, and fluid escaped into the right ven-
tricle.

Change in Position of the Heart Caused by Diseases
of the Thoracic Viscera, Etc.—If a person dies of pneumonia
and bronchitis, the lungs will be found large and filled with
gas, the chest walls being much expanded; the diaphragm is
pressed downward, and the heart, which is filled with blood
in both the right auricle and right ventricle, is lowered much
below its normal position during the living state; thus the
guides generally given for tapping the right auricle of the
heart are not always correct. The general rule is, that after
death the lungs become smaller and contracted in appearance.
In this class of cases the heart, instead of being lowered, is
raised and the right auricle can readily be reached by a trocar
puncture between the second and third ribs. If the abdom-
inal cavity is flaccid, there being no gas present, the stomach
and intestines being empty, the heart will be found much
lower, on account of the descent of the diaphragm: the apex
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of the heart resting on this structure is considerably lowered
in position; in an extreme case a trocar would have to be
interted between the fifth and sixth ribs in order to reach the
right auricle of the heart. But should the abdominal cavity
be distended with gas, the stomach and intestines being full,
the heart would be found higher up in the thoracic cavity.
The illness which the
person .died of has a
great bearing on the po-
sition of this organ, for
if the person dies of some
long, wasting disease,
the heart will not only be
diminished in size, but
will be found more deeply
situated in the cavity of
the chest. As a rule, as
soon as death takes
place, the left ventricle
of the heart contracts
very firmly and is thus
left empty, but the right
auricleand ventricle soon
become distended with

Change in position of the heart in pleuritic .
etiusion left lung. venous blood, and it re-

mains in that condition until removed either by drainage
tube and aspirator, or by tbe needle introduced directly into
the right auricle or right ventricle of tbe heart.

The heart is the most freely movable organ in the human
body, and is so altered and changed in its position in so many
diseases and conditions, that I have decided to cousider the
pathological changes in this organ first, before commencing
the description of the arteries and veins. The accompanying
cut will give the reader a conception of the extreme changes
from the normal position of the heart.
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Diseases of the heart itself will alter its position slightly,
but not to the extent found in cases of pleurisy, emphysema,
lung troubles, etc. In an autopsy held recently the heart re-
moved from a young man about 21 years of age weighed
nearly four pounds, thus being nearly four times its natural
size. In this instance the heart, which was examined in sec-
tion, was affected with hypertrophy (simple enlargement of
tbe heart). All of the valves and structures of the organ
were in good condition, excepting the unusual enlargement.
Each ventricle would hold approximately six to seven ounces
I have preserved this heart and consider it one of the most
valuable specimens of this nature I have seen for some time.
The heart was displaced slightly to the left side of the body;
the left lung was below normal in size, while the right lung
was slightly enlarged in order to compensate for the dimin-
ished amount of breathing space taken up by the change in
position of the heart pressing on the left lung. The blood
vessels independent of the heart in this subject were in good
condition.

Even in certain diseases of the organs of the lower cav-
ity, the presence of gas, etc., may alter the position of the
heart considerably. Enlarged liver or the presence of an
abcess in the left lobe of this viscus will cause the heart to
be displaced upward and toward the left. Gas in the abdom-
inal cavity will cause the heart to be forced upward so that
the auricle will be on a line drawn between the second and
third ribs. In pleuritic effusions, where the serum secreted
by the pleural sacs is extensive, the heart may be displaced
completely from one to the other side of the thoracic cavity,
while collapse of the lung or abcess in the structure will
. cause considerable change in position of the heart, accord-
ing to the side of the cavity the disease is located. If
nn the left side, the heart, in collapse of the left lung, will

11] downward and backward to that side, while the same

Ll
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condition occuring in the right lung would displace the organ
in the same axis toward the right side of the cavity.

In cases of emphysema, which disease causes an increase
in the size of the lungs, the heart will be forced downward
upon the diaphragm, and the apex may be found, in extreme
cases of this disease, nearly three inches below the ending of
the sternum (breast bone). Such a change in position as
this would make considerable difference should the embalmer
desire to remove blood by some of the old methods of tap-
ping the heart with a trocar either from below the diaphragm
or between the third and fourth intercostal space. I am not
in favor of removing blood from this organ by the methods
commounly in use, as every one of them endangers the circula-
tion, and in the hands of an unskillful person the trocar is
sent through the aorta or vena cavas, which would prevent a
successful arterial injection. At the present time I am not
using either the trocar or the flexible silk tubes for the re-
moval of blood, as neither of them give satisfaction.

In emphysema, even after death, the distended condition
of the lungs remains, and will maintain the displacement of
the heart downward against the action of the gases of putre-
faction in the lower cavity which have a tendency to raise
the structure and would thus tend to counteract this change
in position of the organ. The pulmonary artery in this dis-
ease is generally filled with blood and the pulmonary vessels
occluded with the fluid, the right side of tbe heart, both the
auricle and the ventricle, will be filled with dark colored
blood, and in injecting a subject dead of this disease it is next
to impossible to obtain a complete circulation of the fluid, as
all of the pulmonary vessels are more or less filled with
coagulated blood.

The Pericardium.

The pericardium, the covering of the heart, consists of two
layers of tissue—an inside, serous, and an outside, fibrous.
This covering of the heart extends two inches above the base
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of the heart, and surrounds the great vessels leading to and
from the organ. It extends to the wpper border of the dia-
phragm, where it becomes intimately connected to its central
tendon, but being situated more to the left than to the right
side. On account of the frequent cases of dropsy of this mem-
braneous sac, and consequent effusions of serous fluid in peri-
carditis, etc., the embalmer is obliged to aspirate and remove
the accumulations before proceeding with the arterial injec-
tion. This may be accomplished by introducing the trocar
between the fifth and sixth ribs, on the left side, near the
lower border of the sac, and attaching the aspirator.

Blood Vessels.—The blood vessels which supply the
pericardium are derived from the descending, thoracic, aorta,
and the internal mammary and its branches.

This description of the lungs and their coverings, the
heart and its covering, together with a description of the
contents of the mediastinal spaces, previously referred to,
completes the visceral and regional anatomy of the three
main cavities of the body, namely: the cerebro-spinal, the
-abdominal, and the thoracic. The histology of the arteries
and veins bhaving been described under ‘‘Anatomical Ele-
ments’” (pages 63, 64, 65), we will next proceed with a descrip-
tion of the blood circulation and the arterial system, begin-
ning at the aorta, the largest artery, and ending at the
-capillaries, the smallest branches of the arterial system.




CHAPTER V,

Hurnan Blood.

Blood is the most complex of all the animal fluids. In
man and the vertebrate animals it is an opaque fluid, which
varies in color from a bright red to a dull red color, accord-
ingly as it is taken from an artery or a vein.

The opacity of the blood is due to the refraction of the
rays of light by the elements of which it is composed. The
color in the blood is the result of the haamoglobin found in
the red blood corpuscles; this coloring matter is slightly
-altered by the increase or decrease of oxygen. While the
blood is heavily charged with oxygen, as in the arteries, the
blood is of a bright scarlet, but as it approaches the capil-
laries the color is slightly altered, and when it reaches the
veins the color is changed to that of a deep purple.

The Amount of blood in the human body is estimated to
be about one-eighth of the whole body weight, or from eigh-
teen to twenty pounds in an individual weighing from 140 to
150 pounds avordupois.

Different physiologists have given various methods for
-estimating the amount of blood in a human body. Dr. Car-
penter, the great physiologist, makes the statement that the
-average human body of an adult man will contain from twelve
to fifteen pounds of blood. Bischoff gives the quantity of
‘blood as one-thirteenth of the body weight. There is a dif-
ference in the quantity in the newly born and in the adult.
Welcker gives the quantity as one-nineteenth in the child.
According to Halliburton, the average is one-twelfth to one-
fourteenth of the total body weight. Welcker’'s method of
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estimating how much blood is in an individual is as follows=
A small quantity of blood is removed from the animal by
opening a vein. This blood is defibrinated, measured and di-
luted to known extent to serve as standards of comparison.
The animal is then bled to death by severing the arteries and
veins of the neck. Thus all of the blood that will possibly
drain from tbe animal is taken from these parts. This blood
is also defibrinated. The vessels of the animal are next
washed out with water or saline solutions. These washings
are added to the blood in the receptacle. Lastly the whole
animal is very finely minced with water or saline solutions.
The extract is filtered and added to the diluted blood previ-
ously obtained, and the whole is measured. The color of all
this blood taken from the animal is then compared with the
standard solutions made from the few drachms of blood which
were first removed, until one is discovered which has the
same tint as the mixture. The amount of blood in the corre-
sponding standard solution being known, the total quantity
in the animal body can in that way be easily calculated.

The Composition of human blood is a very important
study for the embalmer, since it enables him to determine, in
certain cases, the exact condition of this fluid and whether it
can be removed, but before taking up the pathological con-
ditions of the blood, it will be well to consider the blood in
its normal aspect.

Human blood is composed of red and white corpuscles,
and plasma, or liquor sanguinis.

The relation of plasma and serum to the clot can be seen
at a glance by following the scheme below.

! . \ Serum
| Plasma | piprin

BLoobn |

i ‘ Red’ \ Clot or
. Corpuscles- White A
| Blood Tablets | Crassamentum
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It is estimated that in every one hundred parts by weight of
blood there will be sixty to sixty-five parts of plasma and
thirty-five to forty parts of corpuscles.

The Specific Gravity of the blood is from (1050.) to
(1075.), but in certain cases this specific gravity may be in-
creased or diminished.

The Liquor 8anguinis is a transparent, colorless fluid,
which is the medium in which the blood corpuscles are sus-
pended. The plasma comprises nearly 60 per cent. of the

BLOOD CORPUSCLES.

1, Eliptic discs of amphibia. 2, Human red corpuscles. 3, White or lymph ’
corpuscles. 4, Roleaux of red discs.

entire amount of the blood, the corpuscles—red and white—
only amounting to 40 per cent. of the quantity.

The Red Blood Corpuscles measure about one-thirty-
five-hundredths of an inch in diameter.

The White Corpuscles are much larger and measure
one-two-thousandth of an inch.

Having now considered the composition of the blood in
life, we will see what changes take place after death. Blood in
life, owes its fluidity to the presence of sodium salts contained
in it, but as soon as death takes place, the effect of this salt
is not produced since the blood begins to coagulate almost
immediately; it does this in nearly every case, the cases
where the blood does not coagulate after death being those
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of asphyxia, narcotic poisoning, septicemia or blood poisou-
ing, and also poisoning from prussic acid. The coagulation-
which takes place after death in most bodies, should not be
confounded with that taking place during life; for during life,
when an artery or vessel is severed, the coagulum formed is
very hard, but after death, the blood, instead of becoming
hard, becomes of a fluid consistence, the coagulation being
very mild. This weak coagulation of the blood after death,
is first due to the action of the fibrin contained in it, but as
soon as this has been acted upon and putrefaction begins, the
blood become of a fluid consistence, the corpuscles begin to
break up and become granular, finally being dissolved en-
tirely. This process of decomposition generally takes place
in the capillaries and veins, since the blood has a tendency
to leave the arteries and escape into the veins soon after
death takes place. This point, together with those already
stated, concerning the different cases where the blood remains
fluid, should receive especial attention by the embalmer, as
the removal of blood is a very essential thinyg in the operation
of a successful embalmment. In ¢ nsumptive cases, on
account of the fibrin being consumed by the disease, the
blood, after death, remains thin, there being but little if any
coagulation.

Phenomena in the Blood and Circulatory System
after Death.—As previously stated, the blood after death
leaves the arteries and escapes into the veins, capillaries and
tissues of the body.  Althouch many have given reasons for
this phenomenon, [ cannot agree with most of them. Certain
it is that the heart which was the power to force the blood
during life exerts no power whatever in setting up a post
mortem circulation such as the gradual passage of the blood
from the arteries into the veinsafter death  This post mortem
circulation is more prominent in some sujects than in others.
It is especially noticeable in all wao die of yellow fever.

- |
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After the blood passes to the capillaries and veins, it accu-
mulates and discolors the most dependent parts of the body,
such as the back of the neck, the back of the arms, legs, and
the tissues of the posterior part of the trunk. The ancients
observed the phenomenon of blood being found only in the
venous system and capillaries after death. This gave rise to
the belief among them that the arteries were.all air conduct-
ing tubes. In order to explain the subject of how the blood
leaves the arteries and escapes into the veins after death, I
desire to quote an experiment by Flint, who says: ‘‘If the
artery and vein of a limb be exposed in a living animal, and all
the other vessels be tied, compression of the artery does not
immediately arrest the current in the vein, but the blood will
continue to flow until the artery is entirely empty. The
artery, when relieved of the distending force of the heart,
reacts on its contents by virtue of its contractile coat and
completely empties itself of blood.” An action similar to
this takes place after death throughout the entire arterial
system. When a person dies respiration ceases and the heart
stops beating, thus there is nothing to force the blood into
these vessels. The muscular coat of the arteries is supplied
with motor and sensory nerves and these are capable of
causing contraction for several hours after death. Thus the
arteries react on their contents and gradually force all the
blood into and through the capillaries to the veins, which are
capacious, distensible and but slightly contractile, having a
capacity of nearly three times as much as the entire arterial
system. The contraction in the arteries begins immediately
after death, or just as soon as breathing and circulation
ceases, and it scems that as soon as the blood has passed to
the venous system the rigor mortis begins to manifest itself
in the muscles and tissues of the face and neck, and thus all
of the voluntary, as well as the involuntary, muscle fibres
contract. After the blood is once in the venous system it

f
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animals hunted to death no coagulation occurs, and it was
stated by Hunter, a century ago, that no coagulation occurred
in those killed by lightning or electric shocks or by blows
upon the epigastrium. However, his statement is far from
being true, and Gulliver has made observations which prove
in all of these numerous cases that the blood may coagulate.
However, the coagulationfis very imperfect. All blood must
coagulate before putrefaction commences; but putrefaction
must not be confounded with some of the diseased conditions
described under the head of anaemia. In addition to the
strong solution of neutral salts mentioned above which tend
to retard the coagulation of blood, the same effect can be
produced by many vegetable substances, particularly those of
the narcotic and sedatative class, such as opium, belladonna,
aconite, hyoscyamus and digitalis. Nitre also has a good
effect in preventing the coagulation of the blood. Gulliver
by means of this drug kept a horse’s blood fluid for fifty-seven
weeks. This is certainly remarkable. Polli observed a case
where coagulation of the blood did not take place until sixty-
five days after it had been removed from the body, and no
putrefaction occurred in the blood until thirty days had
passed after the time of its removal. In death due from cold
or freezing the blood remains fluid, and in addition to the
other post mortem appearances the surface of the body is
marked by stains and spots of a cherry red color. These
spots closely resemble the stains met with in cases of poison-
ing by carbon monoxide. In death from sunstroke the red
corpuscles in the blood are sometimes entirely destroyed. In
death from lightning the blood has been described as dark
and fluid, but in the course of a few hours after the stroke it
may coagulate as in other bodies. In those who have been
burned to death by scalding, or otherwise, the blood fre-
quently presents a bright red color similar to that found in
asphyxiated bodies. In cases of starvation the heart is
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generally reduced in size, and may contain a small amount of
blood in all of its chambers. There seems to be little alter-
ation in the blood itself except the diminished amount. In
cases of poisoning from sulphuric acid the blood has been
observed to be dark and tarry. Blood in the living state is
alkaline in reaction, but in death from sulphuric acid poison-
ing it may be acid. In death from poisoning by opium and
morphine the blood is geunerally dark and in a fluid condition,
but cases are also found with the blood coagulated. In
poisoning from belladonna and atropine the blood is generally
of a dark color and in a fluid condition. In death from
poisoning by phosphorus the blood is commonly dark, and
although in a fluid condition it is of a sirupy consistence.
In phosphorus poisoning the corpuscles are said to undergo
complete disintegration. In poisoning with antimony, Mr.
Richardson observed the heart to be greatly distended, both
sides filled with blood, the lungs dark and filled with blood.
This blood is loosely coagulated and generally in a fluid con-
dition. In poisoning by arsenic the blood in the dead body
is usually fluid. In death by poisoning from hydrocyanic acid
the blood will be found dark and fluid, or if the poisioning
has been slow, and of long duration, the blood will be
black and coagulated. The blood in all cases of poisoning
by coal gas has a deepened tinge of color; it is of a dark scar-
let and remains so a long time after death. There seems to
be a difference of opinion among authorities on the condition
of the blood in death by strangulation, smothering, etc.
Woodman and Tidy hold that it is of a dark color and of a
fluid consistency, while others claim that the blood retains
its scarlet appearance and resists slow combustion and
putrefaction.
Circulation of Blood.

For convenience of study the circulatory system is di-

vided into the heart and vessels. The vessels are also divided
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into three kinds: the arteries, which carry the blood from the
heart to the system; the capillaries, which distribute the
blood more or less abundantly in the different parts of the
system, and the veins, which return the blood from the gen-
eral system to the right auricle of the heart.

Although the term ‘‘artery” is derived from the Greek,
from a word which meant to contain air, Galen, one of the
earliest writers of medicine, is quoted as refuting this state-
ment. But, while he said that the arteries and veins contain
blood in the living state and that the arteries are only empty
after death, it remained for the practice and experience of
several centuries to clear up the mystery. About the year
1615, Dr. Harvey was appointed Lumlian Professor at Bar-
tholomew Hospital in London, Eng. One year later, during
the latter months of 1616, Dr. Harvey conducted a series of
experiments which resulted in the discovery of the circulation
of blood. He proved this before a class of medical men by
injecting into the vascular system a colored fluid which much
resembled the color of blood. The year 1616, then, becomes
illustrious because of the fact that the discovery of the circu-
lation of the blood was ushered into existence at that time.
It was not until the year 1619 that he felt it his duty to make
his discovery public. This caused so much comment that
nine years later he published his first monographs on the cir-
culation of the blood which makes him famous at the present
day. Experiments conducted on the circulation, since Har-
vey's time, have divided the circulation into five different
and separate divisions, namely: the pulmonary, the systemic,
the portal, the faetal and capillary.

The Pulmonary Circulation.—The pulmonary circula-
tion is that which exists between the right and left sides of
the heart. It begins at the right ventricle; the pulmonary
artery receives from the right ventricle the venous blood
which has been emptied into it from the auricle, which has
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received it from all parts of the system. It conveys the
blood, by means of a right and left branch, to both lungs; these
right and left branches dividing and subdividing until they
cover the tissues of the lungs with one vast net-work of capil-
laries. At this point the blood gives off its deleterious sub-
stances in exchange for oxygen from the air; becoming
purified, it is taken up by the capillaries and poured into the
veins, which gradually converge until they form four large
venous trunks, two coming from each lung. These veins
empty the pure blood into the left auricle of the heart. This
completes the pulmonary circulation. It will be seen that the
pulmonary artery carries impure blood, and that the four
pulmonary veins carry pure blood, there being only one
other instance in the body where the veins carry arterial, and
the artery, venous blood. This exception takes place during
gestation, or while the child is in utero. The cord which
connects the factus to the maternal structures is composed of
two arteries and a single vein with mucoid tissue to protect
them, there being no nervous fibres in the cord. The umbil-
ical arteries return the blood (impure) from the foetus, and the
umbilical vein conveys the pure blood from the placenta to
the child in utero.

The Systemic Circulation.—The systemic circulation
begins at the left ventricle of the heart, receiving the blood
from the left auricle, it is forced into the aorta by the con-
traction of the ventricle, and sent, by means of the aorta and
its branches, to all parts of the body. The vessels finally
become so small in size that they measure, on an average,
one-thirty-five-hundredth of an inch in diameter. The veins
begin at this point and collect the blood which has been sent
to the capillaries by the heart and arteries, and return it
to the right auricle of the heart. The circulation of the blood
from the left side of the heart, through the arteries and capil-
laries of the general system, thence through the veins to the
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right side of the heart, constitutes the greater or systemic
circulation.

The Portal Circulation.—This circulation is that which
exists between the chylopoietic viscera, namely: the intes-
tines, the stomach, the spleen and the liver. It is made up
of the superior and inferior mesenteric veins, the splenic and
the gastric veins. The gastric veins return the blood from
the capillaries of the gastro-epiploic and vasa breva arteries,
and returns the blood into the splenic, as does also the infe-
rior mesenteric vein, which returns the blood from the rec-
tum, sigmoid flexure and the descending colon. The suberior
mesenteric and the splenic vein unite near the posterior sur-
face of the pancreas to form the portal vein. This vein
ascends to the transverse fissure of the liver, where it pene-
trates that viscus and divides again into capillaries, which
empty into the hepatic veins. The return of the ven-
ous blood from the chylopoietic viscera (stomach, spleen,
pancreas and intestines) to the under surface of the liver,
thence into the gland, and finally into the hepatic vein, which
empties into the inferior vema cava, completes the portal
circulation.

The Foetal Circulation.— The feetal circulation is that
circulation which exists between the vascular system of the
mother and the child in utero. The placenta, or afterbirth,
serving as the medium of purification during the latter
months of gestation. In the early period of gestation the
communication between the child and the mother is main-
tained through the medium of the spongioles of the chorion
and the membrana decidua. until the third month: after this
period the sole connection seems to be through the placenta.
This placental circulation is a very interesting study, being
almost analagous to that circulation which takes place in
the lungs and which is known as the pulmonary circulation.

The impure blood from the child in utero is returned to
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the placenta by means of the umbilical arteries. Here it
gives off its waste and receives oxygen in return from the
mother’s blood, which is circulating very freely in the ma-
ternal side of the placenta. The pure areated blood is now
returned to the child by means of the umbilical vein. The
circulation in the child is very different from that which we
bave in adult life or immediately after the child is born.
The blood, returning from the placenta after having received
oxygen and given off carbonic acid gas, is carried by the um-
bilical vein through the abdominal parites to the under sur-
face of the liver; here a portion of it passes through the
ductus venosis into the ascending vena cava, while the re-
mainder flows through the liver and passes into the inferior
vena cava by means of the hepatic vein. The blood is now
emptied into the right auricle by means of the inferior vena
cava. It is now carried from the right auricle, to the
eustachian valve, through the foramen ovale, into the left
auricle; thence into the left ventricle, and so into the aorta to
all parts of the system. The venous blood from the upper
extremities and the head empty the impure blood into the su-
perior vena cava, which empties the blood into the right au-
ricle; thus the blood, after it reaches that point, is partly
impure. A portion of the blood escapes into the right ven-
tricle and into the pulmonary artery, but, owing to the col-
lapsed condition of the lungs, only a small portion of the
blood reaches the pulmonary capillaries. The greater part
of the mass of blood sent through the pulmonary artery
passes through the ‘‘ductus arteriosis,” which connects the
polmonary artery to that of the aorta. This duct is situated
a little below the origin of the carotid and subclavian arte-
ries. The mixed blood passes down the aorta to supply the
lower extremities, but a portion of it is directed, by the hy-
pogastric arteries, to the umbilical, and thence to the pla-
centa to be again oxygenated. At birth the ductus venosis
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closes, as does also the foramen ovale, the opening between
the right and left auricles, and the ductus arteriosis, the
opening between the pulmonary artery and the aorta. The
_circulation then gives place to that of the adult.

Capillary Circulation.

The Capillaries (from capillus, a hair) are the smallest of
the blood-carrying vessels in the body. They mark the end-
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corpuscles are seen passing through the capillary branches.
ing of the artery and the beginning of the vein. All capil-
laries in the body form a network which is so complete that
it is impossible to prick the skin with a needle without rup-
turing some of them. A peculiar thing about the capillaries is
that they maintain nearly the same diameter throughout their
course, their usual size being about one-three-thousandth of
an inch. The smallest capillaries are those of the brain and
the mucous membrane of the intestines. The largest are
hose of the skin and the marrow of bone. Some of the
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capillaries of the skin and in the marrow of bone will meas-
ure as much as one-twelve-hundredth of an inch. The form
of the capillary net varies in the different tissues of the body.
The meshes are generally rounded and elongated. The ac-
companying drawings are from microscopic examinations of
capillary vessels in the muscles; in the tissues surrounding
the air cells of the lungs, and from the web of the frog’s foot.

It is questionable whether some of the fluids now on the
market ever pass through the capillaries during an injection.
The blood corpuscles are larger than the capillaries them-

Capillary circulation in muscle tissue. Ar{ggﬁpg&tl:ifnnﬁ%;lag)rlll}ﬁglge.s of

selves, and in order to pass through these small vessels they
must double upon themselves and pass through in a single
column. Thus fluids containing a great deal of sediment will
permit only of the fluid portion passing through the capil-
laries, the sediment remaining on the arterial side and con-
gesting those tissues. It makes little différence, however, in
the injection of fluid through the arterial system, whether it
passes through the capillaries or not; so the fluid and the pre-
serving chemicals are carried to the capillaries is all that is
necessary, as the capillaries reach every part of the human
anatomy. The veins merely return the blood back to the
heart. The walls of the capillaries are much thinner than the



138 THE ART AND SCIENCE OF EMBALMING.

walls of the arteries or veins. Tﬁey are composed of a trans-
parent membrane which is continuous with the endothelial
layer of the arterial and venous sytems. In very plethoric
individuals where there is a large amount of fat it is difficult
to obtain a free capillary circulation of fluid, as the micro-
scopic examination of these tissues does not reveal the pres-
ence of any large amount of capillary blood vessels. Thus in
the injection of such a subject the fluid is not carried into the
fatty tissues at all, and for that reason a hasty decomposi-
tion of the subject is the result, unless the fluid contains
gaseous elements which will permeate the fatty tissue during
its power of diffusion through the body.

The Removal of Blood.

The removal of the blood from the body greatly aids the
absorption of the embalming fluid into the tissues. It does
this by, first, relieving the veins of the body of a fluid which
has a complex chemical compositiou, which has a tendency to
prevent osmotic action; second, by relieving the veins of the
blood they contain, the fluid injected into the arteries pene-
trates more readily through the capillaries and into the veins;
third, when the blood is removed from the body the weight
of the subject is consequently diminished from one-tenth to
one-tifteenth, a vacuum is created in the vascular system,
allowing an increase of the amount of embalming fluid injected
corresponding to the amount of blood removed: fourth, the
removal of blood from the body prevents those discolorations
from appearing which are caused by the decomposition of
that fluid, or which might occur through congestion of the
veins of the face and neck. or from the putrefaction of the
blood, giving rise to those forms of discoloration commonly
known as ‘*post mortem staining™ and ‘‘post mortem discol-
oration.”

A great many ways have been devised for the removal of
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the blood, but while some have claimed almost innumerable
ways of removing it, they can be reduced to two methods:

1st. Tapping the right auricle or right ventricle of the
heart with a hollow needle or small trocar, and removing the
blood by means of an aspirator.

2nd. By opening the veins at some part of their course
and introducing a flexible catheter or tube which is of suffi-
cient length to enter the right auricle of the heart.

Removing Blood from the Heart.—In order to remove
the blood from the body without opening the veins, the em-
balmer should tap the right auricle or the right ventricle of
the heart. The instruments required for this operation are
very simple, being a hollow needle or trocar, to which has
been attached an aspirator or other instrument capable of
causing a vacuum. The needle should be introduced between
the third and fourth intercostal space, on the right side, close
to the breast-bone (sternum), and should be directed down-
ward and inward toward the center of the thorax, when it
will enter the right auricle of the heart. By using the aspir-
ator the blood from both the inferior and superior extremi-
ties of the body may be removed. On account of the loose
anatomical attachment of the heart and its covering (the
pericardium), gases arising from below the diaphragm may
elevate its position so that the puncture between the ribs
would not enter the right side, but, in order to be certain
that the trocar has penetrated the substance of the heart, the
embalmer should move the trocar up and down while it is in
position and see if there is any weight to the end of it; a little
delicacy of touch will enable the operator to determine when
he has penetrated through the walls of the heart. Should
the trocar penetrate the right ventricle, instead of the right
auricle, it would make little difference, since the natural
course of the blood is from the auricle into the ventricle,
through the auriculo-ventricular opening. Some embalmers
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have objected to this method of removing the blood, offering
as a point of argument, that it caused an opening in the heart
and thus ruptured the circulation. This is correct. It does
cause an opening in the right side, but —since the fluid in-
jected into the arteries goes first to the aorta, which arises
from the left ventricle, and thence all over the arterial sys-
tem, thence through the smallest capillaries, and finally back
to the right side.of the heart through the inferior and superior
vena cavae—it does not cause a leakage until the whole sys-
tem has been saturated with the preservative solution.

Removing Blood from the Veins.—The instruments
required for the removal of blood from the veins consist of
two or three flexible silk tubes of assorted sizes, so that the
one best adapted to the caliber of the vein may be used. A
good aspirator should be at hand, which should be attached
to the end of the catheter, and after the latter has been in-
troduced upwards into the vein, or until it reaches the right
auricle of the heart, suction should be made, so as to start
the flow of blood into the tubing and into the receptacle pro-
vided to receive it.

The vein chosen for the operation should correspond to
the artery which is to receive the injection of the preservative
fluid. If the operator decides to inject the brachial artery,
he should choose the left, as the left basilic vein offers the
best advantages; but if he decides to inject the femoral, I
find that the catheter can be introduced as well through the
left as through the right. I prefer the left. on account of its
anatomical relations, the left femoral not being overlapped
so much by the iliac arteries. The right may be used with
equally good result, but I bave found that it was more diffi-
cult to introduce the tubing into the right than it was the
left.

The tubing required for drainage from the femoral vein
is much longer than that used for drainage from the basilic,
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or jugular veins. This is on account of the greater length of
the femoral, iliacs and inferior vena cava over the basilic,
axillary, subclavian, innominate, and superior vena cava. A
cathetersixteen toeighteen inchesin length being long enough
for drainage from the basilic, while for drainage from the
femoral vein, the tubing should be from twenty-four to thirty
inches in length.

Having selected the vein to use, and chosen the size

OPERATOR REMOVING BLOOD FROM THE BODY; FLEXIBLE SILK TUBE INSERTED INTO THE
LEFT BASILIC VEIN AND ENTERING THE RIGHT AURICLE OF THE HEART.

tubing that is best adapted to the caliber of the vessel, the
operator should open the vein in the long axis of the vessel,
making an incision through the upper wall about one-half
inch in length; the catheter should be oiled or covered witha
small amount of vaseline—this will permit of its easy intro-
duction into the vessel. After you have introduced the tubing
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to the right auricle of the heart, it should be carefully tied
in position and the aspirator attached. In a great many cases
it will be found that as soon as you enter the auricle the bloog
will begin to flow. One case that came under my observa-
tion—thatof a woman whodied of strychnia poisoning—assoon
as I introduced the catheter through the axillary vein the
blood began to escape from the end of the catheter, nearly
two quarts escaping from the vessel: this was aided somewhat
by an injection of fluid into the brachial at the same time.

If the blood does not flow in sufficient quantity after
opening the vein, the aspirator should be attached to the
tubing, and the blood removed by means of this instrument.
If the blood does not flow as it should after attaching the
aspirator, the embalmer should introduce some fluid through
the tubing, so that if blood clots be present they may be
broken up. A better solution to introduce into the veins for
dissolving the clots, is composed of sulphate of sodium and ‘
water, using about twelve per cent. of sulphate of soda; this
has a tendency to dissolve out the fibrin in the blood. If this |
is not at hand, a ten per cent. solution of chloride of sodium
(common salt) will answer the purpose, as it has a tendancy
to act on the fibrin and break Up any clots that might form
in the veins. It is claimed that magnesium sulphate, twenty-
five or twenty-six per cent., completely prevents any coagu-
lation of the blood. By injecting the arteries, the blood will
flow from the opening in the veins. Ip this process the in-
jection should be continued until the fluid returns in a clear
condition.

The directions for ]ocating, raising and injecting the
brachial. femoral. and carotid arteries, will serve to explain
the methods of locating angd removing blood from the veins
accompanying them, the embalmer bearing in mind the rela-
tions of the vein to the artery and

surrouning structures.
(See Anatomy of Arterjes and Veins),
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PLATE 8.

The arch of the aorta.

The descending aorta, giving off the intercostal branches.

The abdominal aorta.

First pair of ribs.

Xyphoid cartilage.

Right and left kidneys.

Innominate artery.

Left common carotid.

Left subclavian artery.

Right common iliac artery at its point of bifurcation.

Left common iliac artery, covered by the meso rectum.

Inferior vena cava.

Sigmoid flexure of the large intestines.

The rectum.

Urinary bladder.

Right iliac fossa.

Ureter (tube leading from kidneys to the bladder).

Left common iliac vein, joining right common iliac vein to
form the inferior vena cava, the largest vein in the body.

Fifth lumbar vertebra.

External iliac artery, right side.

The symphysis publs.

Incision over the course of femoral artery.

Dorsal intercostal arteries.

Ceeliac axis.

Superior mesenteric artery,

Renal arteries.

Inferior mesenteric artery.

Vas deferens bending over epigastric artery and the os pubis
after passing through the internal abdominal ring.






CHAPTER VI

The Atrteries of the Human Body.

The Aorta.

The aorta, the largest artery in the body, arises from the
left ventricle and takes a course upward and to the right
until it reaches a point corresponding to the upper border of
the second costal cartilage, where it becomes arched and
curved transversely across the chest, inclining a little back-
ward toward the vertebral column. It then describesa course
downward on the left side of the vertebral column and pene-
trates the diaphragm and enters the abdominal cavity, to
terminate, opposite the fourth lumbar vertebra, into the two
common iliac arteries. For convenience of description this
vessel is divided into the ascending aorta, that part which
extends from the third costal cartilage to the upper border of
the second costal cartilage; the transverse aorta, or that part
which extends transversely across the chest from the upper
border of the second right costal cartilage to the lower bor-
der of the fourth dorsal vertebra; the thoracic aorta, or that
portion of the vessel which extends from the lower border of
the fourth dorsal vertebra to the aortic opening in the dia-
phragm; the abdominal aorta, or that portion which extends
from the opening in the diaphragm to the fourth lumbar ver-
tebra.

The Ascending Aorta is about two inches in length,
and at its beginning in the left ventricle is supplied with
a valve (see discription of heart) which prevents the
regurgitation of blood. The only branches given off of this
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part of the vessel are the two coronaries—right and left—
which supply the heart. The transverse portion of the artery, or
arch of the aorta, gives off three large branches, which are
distributed to the head and upper extremities; they are the
innominate, the left common carotid, and the left subclavian.

The Descending Aorta, or, more properly speaking, the
thoracic and abdominal aorta, gives off many branches of
large size, which supply the organs and tissues of the thorax
and abdominal cavities. The branches of this vessel given
off in the cavity of the thorax are:

the bronchial, posterior mediastinal,
the intercostal, and
the pericardiac, cesophageal.

The bronchial arteries are distributed to the lungs,where
they supply both the right and left lung with pure blood. It
should be remembered that the pulmonary artery does not
supply the lungs with blood for their nutrition, as they carry
impure or venous blood.

The intercostal arteries—eleven in number —arise from
the posterior part of the thoracic aorta, and supply the mus-
cular tissue of the intercostal spaces on both the right and
left sides. On account of the position of the aorta, the right
intercostal arteries are the Jonger. The superior intercostal
space is supplied by the intercostal branch of the subclavian;
the second intercostal space is supplied by the superior and
the aortic intercostals.

The pericardiac branches are distributed to the peri-
. cardium covering the heart. The four or five cesophageal
arteries supply the cesophagus or gullet and anastomose
ery freely with the arteries from the root of the neck, the
erior thyroid, etc. The posterior mediastinal are distrib-
the contents of the posterior mediastinal space.

6 Abdominal Aorta, on account of the number of
eés which spring from it, becomes gradually lessened in
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size until at its termination it is not as large by one-third as
it was at its commencement at the left ventricle. The
branches given off to the viscera of the abdominal cavity are
the following:

Coelic axis, from which arise three branches of large size,
{ known as the gastric, hepatic and splenic;

phrenic, superior mesenteric, spermatic, supra-renal,

renal, inferior mesenteric, lumbar, sacra-media.

In the female subject we have given off, in the place of
the spermatic, the ovarian artery, which is distributed to the
surface of the ovary. '

The ceelic axis is a short artery, but is of very large size
and springs direct from the anterior part of the aorta, in
front of the diaphragm.

The Gastric Artery is the smallest branch given off
from the ceelic axis. It is distributed to the great or cardiac
end of the stomach; it also supplies the lower end of the
cesophagus and has a very free anastomosis with the splenic
artery.

The Hepatic Artery is not quite as small in size as the
gastric, being intermediate between the gastric and the
splenic. It is distributed to the upper part of the stomach,
the duodenum, and to the under surface of the liver, supply-
ing the right and left lobes of that organ.

The Splenic Artery, the largest of the three branches of
the ceelic axis, is distributed to the spleen and is remarkable
for the length and curves in it. Some of its branches are dis-
tributed to the great end of the stomach and the pancreas.

The Phrenic Artery is usually the first branch given off
from the abdominal aorta. It supplies the diaphragm and,
together with its fellow of the opposite side, anastomoses on
the under surface of this membrane; they send branches to
the supra-renal capsules, the liver, the inferior vena cava,
and a part of the cesophagus.

10—B
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The Superior Mesentery Artery is one of the largest
arteries given off from the front of the aorta. It arises just
below the ccelic axis and is distributed to the intestines. It
supplies the whole of the small intestines,with the exception
of a small portion of the duodenum; it also supplies the
caecum, the ascending and the transverse colons. The supe-
rior mesenteric vein accompanies this artery nearly the whole
length of its course.

The Inferior Mesenteric Artery is smaller than the
superior, and is distributed to the remaining part of the large
intestines, its branches supplying the descending colon, the
sigmoid flexure and the rectum. It arises about two inches
above the division of the right and left common iliacs and
from the left side of the aorta.

The Renal Arteries —two in number —arise from the
right and left sides of the aorta, a little below the superior
mesenteric. On account of the position of the aorta on the
left side of the vertebral column, the right renal is the long-
est and passes beneath the inferior vena cava. The renal
arteries, just before reaching the kidneys, divide into four or
five branches, which surround the ureter and the renal veins.
One of these branches is usually sent to the supra-renal cap-
sules.

The Supra-renal Arteries which arise from the aorta,
near the superior mesenteric, are small in size as compared
to the vessels in the foetal state. In the child these arteries
are nearly as large as the renal. They pass on the under
surface of the diaphragm to the under surface of the supra-
renal capsules, supplying the glands and having a very free
anastomosis with the other glands terminating in the supra-
renal capsules.

The Spermatic Arteries, one on each side of the aorta,
arise a little below the renal and are distributed to the sub-
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PLATE 9.

Innominate artery at point of bifurcation into common
carotid and subclavian arteries.

Subclavian artery crossed by vagus nerve.

Common carotid artery, vagus nerve to outer side and de-
scendens noni nerve crossing it.

External carotid artery.

Internal carotid artery,

Lingual artery.

Facial artery.

Temporal maxillary artery.

Occipital artery.

Internal jugular vein, branch of cervical plexus crossing it.

Spinal accessory nerve.

Cervical plexus of nerves.

Vagus nerve.

Hypoglossal nerve. .

Branches of brachial plexus.

Subclavian artery.

Posterior scapular artery.

Traunsversalis humeri artery.

Transversalis coli artery.

Posterior scapular and external jugular veiuns. Jugular vein
divided near its union. Both veins empty into subclavian
vein by common trunk.

Posterior head of omo-hyoid muscle.

Part of subclavian vein above collar-bone (clavicle).

Scalenus muscle separating subclavian artery from vein.

Clavicle (collar-bone).

Trapezius muscle.

Sternal origin of sterno-mastoid muscle.

Clavicular origin of sterno-mastoid muscle, divided.

Scalenus posticus muscle.

Splenius muscle.

Mastoid insertion of sterno-mastoid muscle.

Internal maxillary artery.

Stenson’s duct.

Genio-hyoid muscle.

Mylo-hyoid muscle.

Superior thyroid artery.

Anterior head of omo-hyoid muscle.

Sterno-hyoid muscle, cut.

Sternoid-thyroid muscle, cut.






THE ARTERIES OF THE HUMAN BODY. 147

stance of the testes, the epididymus, the vas deferens, and
the tissue in the immediate vicinity of those parts.

The Lumbar Arteries, eight in number, four on each
side of the aorta, are distributed to the muscles of the lumbar
region, the spinal column and the substance of the spinal
cord.

The Sacra Media is a small artery given off just above
the bifurcation of the aorta. It is distributed to the sacrum
and the coccyx, some of its branches supplying the substance
of the vertebra at that and the posterior surface of the rec-
tum. It anastomoses with the small branches of the hemor-
rhoidal arteries.

The Ovarian Arteries, in the female, are analogous to
the spermatic arteries in the male. They are distributed to
the ovary, round ligament, broad ligament and the uterus.
Those branches entering the uterus anastomose with the
uterine artery.

Arteries of the Head and Neck.

The arch of the aorta gives off five branches: two of
small size — the right and left coronary,—and three of large
size —the innominate, the left common carotid, and the left
subclavian. The coronary arteries are the arteries which
supply the heart with nutrition. They are given off just
above the opening of the aorta into the left ventricle. The
first large artery given off from the arch of the aorta is the
innominate.

The Innominate Artery.—This artery arises from the
aorta just opposite the fourth dorsal vertebra, a little to the
right and in front of the left common carotid artery. It is
the largest branch given off from the aorta, and extends from
the point of origin to the right sterno-clavicular junction,
where it divides into the right common carotid and the right
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subclavian arteries. It varies from one to two inches in
length. :

Of all the arteries in the human body, the innominate
artery is the best artery for the purpose of injecting the sub-
ject. In the first place, with our new method of operating on
the innominate and carotid arteries by a transverse incision,
such as is shown in the accompanying cuts, no incision what-
ever can be seen in the skin of the neck after the operation is
finished. The innominate artery is always an artery of large
size, is seldom, if ever, out of its true position, and it has
alongside of it the ending of the jugular vein and the begin-
nihg of the innominate vein. Where we ordinarily take up
the common carotid artery, it must be remembered that the
arterial nozzle opens into the innominate artery, and the in-
jection is thus made from this artery. In a great many bodies
after death the blood remains in the arteries as well as the
veins, and if any injection is made through the innominate
artery and blood should happen to be in the arterial system,
the force of the injection is downward toward the iliacs and
the arteries supplying the lower extremities. Thus this blood
which is in the arterial system, ‘‘and in all cases you will find
blood in the aorta and its posterior branches,” it can be seen that
this blood is forced to the feet, thus no discoloration can
occur in the face and neck if the innominate artery is the
artery selected for the injection. In no other artery have we
this advantage. If we inject the brachial or femoral there
would be a tendency to drive this blood into the face and
neck, and thus discoloration would be the result.

Method of Locating, Raising and Injecting the In-
nominate Artery.— The operator, in order to be able to take
up and inject the innominate artery, must be familiar with
the anatomical landmarks in the vicinity of the sterno-
clavicular junction (junction of collar bone to breast bone).
The artery is situated in the thoracic cavity at its origin, but
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it rises out of the cavity a little to the right of the center of
the first piece of the sternum, and at about a half-inch above
the junction of the collar bone to the breast bone it bifurcates
into the common carotid artery and the subclavian artery.
The incision should begin at the center of the breast bone
and should be directed along the superior border of the collar
bone to about the junction of the inner and middle third of
that bone.

Jugular vein and carotid artery—artery held by the blunt hook, vein to the right.

This incision will be about three inches in length. Be-
fore making the incision, however, it will be well to loosen
the skin and subcutaneous tissues covering the right side of
the neck and that over the pectoral muscles of the chest.
After the skin has been loosened it may be drawn up and put
on the stretch, and while in this position the incision should
be made from the top of the breast bone outward along the
top of the collar bone for the space of three inches.
Then the sterno-mastoid muscle will come prominently into
view. This may be cut off, or if you have an assistant he
may place an aneurism needle around it and pull it to one
side, when the fascia covering the innominate artery and jug-
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ular veins will come into view. Divide the sheath covering
the arteries and expose the vessels. The innominate artery
lies to the inside and the internal jugular vein and subclavian
to the outside. This point also offers the best advantages
for the removal of blood without the use of a flexible silk
tube or tapping the heart with a trocar. Tapping the heart
with a trocar is a dangerous procedure even in the hands of
an experienced anatomist. The introduction of tubes into

Line of incision, after operation.

the femoral and basillic veins does not give satisfaction,
is a frequent source of embarrassment, and in many cases the
operator has actually thrown them down with disgust. The
basillic vein is often of small size and even if it is of large
size the drainage tube may in its introduction impinge against
the internal anterior thoracic nerve, or on account of the
rigidity of the muscles and the peculiar anatomical relation
of the axillary vein, the operator in many cases is unable to
pass the tube into the right auricle of the heart.

The internal jugular vein on the right side offers the best
possible advantage for removing blood from the human body.
This may be done while the operator is injecting the innomi-
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nate artery, by means of a Barnes rubber drainage tube. The
blood may be removed from the right auricle of the heart
first. Second, it may be thrust downward into the right ventri-
cle of the heart, and all of the blood that is in the right ven-
tricle of the heart may be removed. Third, the tube is then
slightly withdrawn into the auricle, then by inclining it a
little forward and inward, it may be pushed down into the in-
ferior vena cava and all the blood in the inferior vena cava
and its tributaries, such as the femorals, hepatic, renals,
iliacs, etc., may be removed with the aspirator. This drain-
age tube is a blunt tube with large openings and blood will
not clot in it. By this method all the blood that it is possible
to remove from the body can be removed in about ten minutes,
while by the old methods a half hour to an hour was some-
times spent in the operation of removing the blood.

The Common Carotid Arteries.— These arteries, one
on each side of the neck, have a very different origin. The
right common carotid artery arises from the innominate just
at the posterior part of the sterno-clavicular junction, while
the left, which is the longest of the two, springs direct from
the highest part of the arch of the aorta, a part of it being
contained in the thoracic cavity, while no part of the right
common carotid is found in the chest cavity. As soon as the
common carotid arteries enter the neck at the sterno-clavicular
junction, they take almost the same course. At the point
corresponding to the sternum or breast bone, the arteries lie
very close together, being separated only by the trachea, or
wind-pipe, and the tissues in that vicinity, but as they ascend
towards the angle of the jaw they become more widely sep-
arated by the larynx, pharynx and thyroid body. Each of
the common carotid arteries are inclosed in a sheath derived
from the deep cervical fascia. In this sheath, alongside the
artery, we have the internal jugular vein and the pneumo-
gastric nerve. The vein is placed to the outer side of the
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artery, while the nerve is placed in the center, a little poste-
rior or back of each. The artery, at the lower part of its
course, is very deeply situated, but as it approaches the
upper border of the thyroid cartilage, where it divides into
the internal and external carotid arteries, it becomes very
superficial and is easy to take up and inject.

How to Locate and Inject the Common Carotid.—
This artery is the artery most employed by the medical col-
leges of the United States in injecting the bodies for dissec-
tion. It presents several advantages over the other arteries,
and, were it not for the fact that the mark of incision always
shows when it is taken up, it would be used in the private
practice of the embalmer as much as the brachial or femoral
is now. It is larger than these arteries and is very easy of
access; it is also nearer to the aorta, and a more direct pres-
sure can be applied through this artery than any other, unless
it be the aorta itself.

Linear Guide.—Draw a line from a point midway
between the lobe of the ear and the ramus of the jaw (inferior
maxillary bone) to the prominence of the sterno-clavicular
junction (junction of collar bone to breast bone), the line will
correspond to the course taken by the carotid artery.

Anatomical Guide.—The artery lies along the inner bor-
der of the sterno-mastoid muscle, which muscle forms the
prominent cord-like appearance when the neck is turned to one
side, the trachea and the throat forming the inner boundary.
At the upper part of its course, near its termination, it is very
superficial and is only covered over by the plafysma, the skin,
the deep fascia,and theinner border of the mastoid muscle. The
operator should begin his incision between the trachea and the
inner border of the muscle, in the groove or hollow formed by
these two structures, carefully dissecting away the skin,
superficial fascia, and continuing the incision on down upon
the sheath of the vessel which is formed by the deep fascia.
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The sheath should be taken up by the forceps and gently dis-
sected away from the surrounding tissue, and the whole
raised up into the wound by placing the handle of the scalpel
beneath the sheath. The sheath should then be divided, and
the position of the vessels and nerves ascertained. Some-
times, on account of unskillful manipulation, the sheath is so
twisted that the vein will occupy the position of the artery,
but, as the reader has already been informed how to tell the
difference between the arteries and veins, this will cause no
embarrassment. The vein should be separated from the ar-
tery and should be opened, and if any blood exists in it, it
should be allowed to drain off, after which a flexible silk tube
should be introduced into the vein and pushed into the right
auricle of the heart, and as much blood as possible should be
removed from this part. The artery should then be taken up
and an incision made in it corresponding to the long axis of
the vessel. This incision should only extend through one
side of the walls of the vessel. The arterial tube should be
introduced into this opening in the artery and securely held
in place by tying it in the vessel. The arterial tube can be
held still more firmly by applying a piece of tape to the tub-
ing and around the arm. With the arterial nozzle pointing
toward the heart, the injection should now begin. The injec-
tion should begin slowly at first, and at no time should undue
haste be used, as it would endanger the capillary circulation
and might possibly cause a rupture of the vessels. I have
injected the arterial system by turning the point of the arte-
rial tube towards the head. An experiment which I con-
ducted with such an injection proved that the anastomosis of
the vessels of the brain are even more complete than is gen-
erally supposed. A single injection with the ordinary con-
tinuous flow syringe,which usually carries about an ounce and
a half with each injection, caused the fluid to enter the arte-
ries of the head, to complete the circle of Willis, and make
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its appearance in the common carotid artery of the opposite
side, and the vertebral branches of the subclavian, in the
transverse processes of the spinal column.

How to Raise the Common Carotid by Transverse In-
cision.—The common carotid artery may be taken up and
injected by making an incision transversely across the neck,
beginning at the center of the top of the breast-bone, and
continue the incision just along the collar-bone, dividing the
sterno-mastoid muscle at its insertion at the sternum and
collar-bone (clavicle). The incision sheuld end at a point
corresponding to the junction of the inner and middle thirds
of that bone. The sterno-mastoid and the tissues of the neck
will have a tendency to draw up in their sheaths, thus mak-
ing the operation very easy. Care should be taken, in this
operation, not to rupture the subclavian artery or its accom-
panying vein. This operation is recommended by some, on
account of the incision being hidden after the neck is dressed.
(See innominate artery.)

Internal Carotid Artery.—The internal carotid artery
begins just opposite the upper border of the thyroid cartilage,
where the common carotid artery bifurcates into the internal
and external carotid. From this point of origin it takes a
course directly upward along the inner border of the sterno
mastoid muscle, and enters the cavity of the skull through
the carotid foramen, in the inferior surface of the petrous
portion of the temporal bone. At this point it becomes
curved upon itself, and describes a curve in the bone, shaped
much like the italic letter ¢/, After passing through the
carotid canal, the artery passes through the cavernous por-
tion of the bone, and finally enters the cavity of the skull.

It is divided into several different parts in its way to the
under surface of the brain. That part of the artery which is
situated in the neck is known as the cervical portion; that
portion of the artery which is placed within the petrous
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Anterio-Posterior Median section of the head and neck showing Internal Carotid
and branches, Internal Jugular Veins, Sinuses, etc.



PLATE 10.

Aorta. a, Second rib.
Subclavian artery. b, Subclavian vein.
(upper) Internal carotid artery.
(lower) Internal jugular vein.
-4. Internal carotid.
Facial vein,
Internal carotid passing through carotid canal in temporal
bone.
E-e. Tempero-maxillary vein.
F. Vertebral artery.
g. Spinal vein.
1 & 2. Longitudinal sinus and tributaries.
X Lateral sinus.
4. Carotid.
5-6. Superior thyroid artery.
7-8.  Origin facial branch external carotid.
9. Facial artery.
10.  Vein to internal jugluar,
11-12. Internal jugular vein.
13-14. Ascending pharyngeal artery.
15-16. Middle meningeal artery.
17-18. Internal maxillary.
Anterior brauch of middle meningeal artery.
Inferior dental.
Termination of inferior dental.
Tympanic artery.
Vein,
Anterior branches internal maxillary artery.
Anterior venous tributary to internal jugular vein.
Infra orbital artery.
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portion of the temporal bone is known as the petrous portion;
the portion of the artery which occupies the cavernous por.
tion of the bone is known as the cavernous portion, while
that part of the artery which aids in the formation of the
circle of Willis, and supplies the brain and its membranes, is
known as the cerebral.

In the course of the artery several branches are given off.
All of these are derived from the petrous, cavernous, and
cerebral portions of the vessel, the cervical portion giving
off no branches. The deep tympanic is derived from the
petrous portion of the artery. The ophthalmic artery, which
gives off eleven small branches to supply the eye and its ap-
pendages, and the arteria receptaculi, and the anterior men-
ingeal arteries, are derived from the cavernous portion of the
vessel. Those branches which play so important a part in
the formation of the circle of Willis are derived from the
cerebral portion of the artery; they are: the cerebral, the an-
terior choroid, and the posterior communicating.

The External Carotid Artery is that branch of the com-
mon carotid artery which supplies the tissues of the face and
anterior part of the neck. It arises, or branches off from the
common carotid artery at the upper border of the thyroid
cartilage, and ascends toward the head, passing between the
condyle of the lower jaw and the lobe of the ear. Just about
this part of the course of the artery, it divides into its term-
inal branches —the temporal, and the internal maxillary.
The external carotid artery becomes very superficial just op-
posite the upper border of the ear, where it emerges from the
parotid gland. The beating of this artery, or pulse, can be
felt very easily at this point. The internal maxillary branch
of this vessel gives off fourteen branches, which give to the
tissues and the inferior maxillary bone a very large blood
supply. The temporal branch is smaller than the internal
maxillary branch. It is distributed to the temple and tissues
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in the vicinity of the ear. The main branches of this vessel
are: the transverse facial, the anterior temporal, the orbital,
and the posterior temporal. The two temporal branches of
the carotid supply the scalp and forehead; also, the tissues
of the ear and the muscles in the upper margin of the face.
They anastomose very freely with the one of the opposite
side; also, with the posterior occipital branch. The carotid
arteries, on account of the number of branches given off, form
nearly the whole blood supply to the head and neck, the ver-
tebral and the basilar branches being the remaining ones to
complete the circulation of these parts.

The Circle of Willis.—The circle of Willis is that circle
of arteries which is placed at the base and under surface
of the brain. It is formed by the two internal carotid arter-
ies and the basilar, the branches of these vessels uniting to
form the circle. The two anterior choroid branches of the in-
ternal carotid are joined together by the anterior communi-
cating artery, which completes the front or anterior part of
the circle. The back or posterior part of the circle is formed
by the two posterior cerebral branches of the basilar artery,
which is joined to the branches of the internal carotid artery
by the posterior communicating artery, which thus completes
the circle. For experiment on the anastomosis of this circle,
see Common Carotid Artery.

The Subclavian Arteries —two in number — arise, one
on each side of the arch of the aorta. The right subclavian
is a branch of the innominate artery, but the left is a direct
branch from the arch of the aorta and is somewhat longer
than the right. It will thus be seen that, since these vessels
have a different point of origin, their relations will be differ-
ent, at least in the first part of their course: the second and
third parts of the subclavian artery are nearly alike, the dif-
ference being so slight that it would be out of place to de-
scribe them separately in a work of this kind.
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PLATE 11

Internal carotid.

Vertebral arteries.

Occipital sinus.

Lateral sinus.

Lateral sinus divided.

Frontal branches internal carotid.
Posterior communicating artery.
Anterior cerebral (choroid) arteries.
Anterior communicating artery.
Formation of basilar by vertebral arteries.
Basilar artery.

Posterior cerebral artery.

Anterior cerebellar branch of basilar.
Branch of basilar.
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The left subclavian artery, on account of its origin, takes
a more vertical course than the right, and ends just at the
inner border of the scalenis anticus muscle. As the artery
ascends toward the axilla it is crossed by the internal jugu-
lar veins, also the vertebral veins, which are much smaller
than the jugular. On the right side, the subclavian artery
arises just back of the sterno-clavicular junction (breast-bone
to collar-bone), and can be taken up at this place by making
an incision just above the bone and then taking up the artery
by means of a hook and forceps. The artery, at its ending
at the scalenis anticus muscle, emerges into the axillary
artery, which is slightly smaller than the subclavian. The
vertebral is a branch of the subclavian. It forms, with its
fellow of the opposite side, the basilar artery, which supplies
the brain.

The Axillary Artery.

The axillary artery, which begins at the lower border of
the first rib, describes a gentle curve downward towards the
inner side of the arm, until it reaches the lower border of the
insertion of the latissimus dorsi muscle, where it becomes the
brachial artery. Beginning just at the lower border of the
bicipital groove of the humerus (arm bone) the brachial
artery extends on to the center of the elbow. As the axillary
artery emerges from the under surface of the costocoracoid
ligament, the axillary vein lies to the inner side, but, as it
approaches the humerus (arm bone), the vein changes its re-
lations and is found lying in front, and a little above the
artery. The branches of the axillary artery are very numer-
ous, being seven in all. They are as follows:

superior thoracic, ~ thoracica acromialis,
inferior thoracic, thoracica axillaris.
anterior circumflex, subscapular,

posterior circumflex.
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These branches are nearly all of large size and are dis-
tributed to the tissues of the axilla and the muscles covering
the front and back part of the thorax. Some of the branches
are distributed to the serratus magnus muscle at the sides of
the chest.

The Brachial Artery.

This vessel, on account of its location and the ease with
which it may be taken up and injected, is the artery most fre-

Operator Raising Brachial Artery in its Middle Third.

quently used by the embalmer. It is placed at the upper and
inner side of the arm and extends from the lower border of
the bicipital groove of the humerus to the center of the el-
bow, where it divides into the radial and ulnar arteries. As
it approaches the elbow joint it is placed more anteriorly and
in front of the arm, while at the beginning, and a little below,
it lies more to the inner and posterier part of the arm. This
artery is the direct continuation of the axillary artery, which
ends just at the end of the teres major muscle. At this point
the artery is placed just between the coraco brachialis muscle
and the biceps muscle above and the triceps muscle below






FIG. 1. FIG. 2.
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PLATE 12,

FIG. I.

Fascia covering the biceps muscle.
Basilic vein.
Brachial artery with vena comites.
Cephalic vein.
A communicating vein joining the vena comites.
Median basilic vein.
Lymphatic gland.
Radial artery.
Radial artery at the wrist, where it may be taken up and

injected.
Ulpar artery and ulnar nerve.
Palmaris brevis muscle.

FIG. 2.

Biceps muscle.
Basilic vein.
Brachial artery, lying to inner side of basilic vein.
Median nerve. d, Ulnar nerve.
Brachialis anticus muscle.
Origin of radial artery.
Supinator radii longus muscle.
Aponeurosis of the tendon of the biceps muscle.
Pronator teres muscle.
Flexor carpi ulnaris muscle.
Flexor carpi radialis muscle.
Palmaris longus muscle.
Radial artery, with radial nerve to outer side.
Flexor sublimus digitorum muscle.
Flexor pollicis longus.
Median nerve.
Lower end of radial artery.
Lower end of ulnar artery.
Extensor metacarpi pollicis.
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and anteriorly, but, as the artery approaches the lower third
of its course, it is slightly overlapped by the fascia of the
biceps, and rests upon the brachialis anticus muscle. The
brachial gives off five branches, which are distributed to the

humerus, or arm bone, and the muscles of the upper arm.
These branches are:

muscular, superior profunda,
the nutrient, inferior profunda,
anastomotica magna.

The superior profunda and the anastomsing branches are the
ones principally concerned in the collateral circulation of the
arm, when the artery is divided and a ligature placed around
it. It is by these branches inosculating with the branches of
the recurrent ulnar and articular branches of the radial that
the fluid injected into the artery reaches the lower part of
the arm when the arterial nozzle is turned towards the heart,
and the vessel ligated.

Linear Guide.—The linear guide for taking up the bra-
chial artery is formed by a line drawn from the anterior and
middle third of the axillary space, or arm-pit, to the center
of the elbow. This guide applies to the arm when the palm
of the hand is turned up or placed in a supinated condition,
but if the hand is not so placed, the linear guide would be
somewhat changed and should correspond to a line drawn
from the center of the arm-pit to the inner condyle of the
humerous (prominence on the inner side of the elbow joint).
This latter guide applies to taking the artery up in its middle
and upper thirds.

The Anatomical Guides.— The brachial artery is very
superficial in the greater part of its course, being covered
over by the skin superficial and deep fascia, while at the
lower part the bicipital fascia covers over it, and near its
middle third it is crossed by the median nerve. The artery,
together with the accompanying veins (venz comites), will
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be found lying in the groove formed by the biceps and coraco
brachialis muscles above and the triceps muscle below. The
basilic vein lies to the innerside; then comes the artery,while
to the upper and outer side we have the nerve. The two
small veins which accompany the artery are generally con-
nected together by small branches. The vessels and nerves
found in this groove, and which prove of so much trouble to
the beginner on account of the difficulty of separating the
veins and nerves from the artery, are the median basilic vein.
the ulnar, internal cutaneous and median nerves, the basilic
vein and vena comites. In order to diagnose these structures
from one another the reader is referred to the chapter on the
Histology of the Arteries and Veins (Anatomical Elements),
pages 63, 64, 65.

Anomalies of the Brachial Artery and Peculiarities
as Regards Its Course.—More often in the dark races. and
sometimes in white persons, the brachial artery, instead of
following its usual course, will be found taking a direct
course straight down the arm to the inner side of the humerus
(internal condyle), from which it regains its usual position
and divides into the radial and ulnar arteries about one-half
inch below the center of the elbow joint. Another anomaly.
which is sometimes met with, is where the artery divides into
two — just at the point of its origin—and is continued down
the arm as two arteries. which are about half the size of the
single artery: these subsequently unite just above the elbow,
to form a single trunk. which gives off the radial and ulnar
in their usual places. In other cases. the artery divides high
up in the arm and forms two arteries. which may continue on
down to the palmar arches as single vessels: this division of
the artery high up in the arm. forming two small branches. is
the most frequent anomaly of this vessel. but. according to
the writings of those who have made a great many dissections
on these parts. the exact percentage variess R Quain says
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PLATE 13.

Axillary vein cut and tied.

Axillary artery. b, Brachial artery in the upper part of its
course, having (h) the median nerve lying to its outer
side; b, the artery in the lower part of its course, with
the median nerve to its inner side.

Clavicle (collar-bone), and (c) subclavius muscle beneath.

Axillary plexus of nerves.

Humeral part of pectoralis major muscle.

Biceps muscle.

Coraco brachialis muscle.

Thoracic end of pectoralis minor muscle.

Thoracic end of pectoralis major musclc.

Coracoid attachment of the pectoralis minor muscle.

Lymphatic glands. ‘

Serratus magnus muscle.

Latissimus dorsi muscle.

Teres major muscle.

Long head of triceps muscle.

Inuner condyle of humerus.
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that this anomaly takes place in one case in every five and
one-ninth persons, while from the statistics of Gruber and
Sheppard, who have made double the dissections of Quain
(one thousand seven hundred arms), this division or anomaly
occurs in one case out of every eleven and six-tenths cases.
This variation in the course of the brachial artery should be
remembered by the operator, for, should the vessel not be
found in its usual position, he could locate the remaining ves-
sels, which are somewhat smaller and are placed more to the
sides and deeper in the tissues of the arm, or should continue
the incision upward to the ending of the axillary.

How to Locate, Raise and Inject the Brachial Ar-
tery.—In order to inject the brachial artery, the arm should
be placed at a right angle to the body, with the palm of the
hand turned upward. This has the effect of bringing the ar-
tery to a more superficial position, and of placing it in a
straight course, corresponding to the linear guide previously
given. The operator, after noting the linear guide and feel-
ing for the groove between the muscles, should begin his
incision at about the junction of the lower and middle thirds
of the artery, or about three inches above the elbow. The
first incision should be made in the line of the vessel and
divide the skin and superficial fascia; these should be care-
fully dissected aside, and then the deep fascia, which forms
a partial sheath for the vessels and nerves in this re-
gion, should be divided by catching it up with the for-
ceps and cutting through it with the scalpel. As soon
as you have cut through the deep fascia of the arm the
vessels will be exposed and can be seen in their true position.
The basilic vein is placed to the inner side, then the brachial
artery, and on the outer or external part you have the nerve.
The artery is of a creamish-white color, while the veins are
slightly bluish and contain more or less dark, fluid blood.
By rubbing the hands over the course of the veins of the fore-

11—B
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arm, from below upward, the blood will make its appearance
in the veins and will be noticed by the operator. The nerves
are white tense cords, which can be separated by dividing
them with the sharp hook (tenaculum) or the scalpel.

After you have separated the artery from the veins and
nerves, it should be lifted partly out of the wound and an in-
cision about one-half inch in length should be made through
the walls, being careful not to cut through both sides of the
artery. The arterial nozzle or tube should then be introduced,
pointing toward the heart, and then tied in position, after
which a ligature should be placed around the lower end of
the vessel. The tubing should now be connected to the arte-
rial nozzle and the injection begun, the operator using his own
judgment as to the amount of the fluid required, but in no case
should the injection be performed hurriedly, as it tends to
rupture the capillaries and cause discoloration of the face.
A great many embalmers have a preference for either the
right or left brachial artery, but in reality one is just as good
as the other. The left brachial artery has the most support-
ers, because the left basilic vein, which lies alongside of it,
presents the best advantages for the removal of blood, and
on this account it is more generally used.

The Radial and Ulnar Arteries.

The Radial Artery is given off from the brachial artery
just below the bend of the elbow, and takes a course along
the radial side of the fore-arm to the wrist, where it changes
its course, and, after curving around the back part of the
thumb, penetrates between the heads of the dorsal interos-
seus muscle, enters the deep tissues of the palm of the hand
and crosses to the ulnar side, to form the deep palmar arch.
This artery is quite superficial just above the wrist joint,where
it is very easy to take up and inject. On account of its
small size, it cannot be used to any good advantage, except









PLATE 14.

Subclavian vein after having received the axillary, cephalic
and vena comites of brachial. '

Subclavian artery.

Brachial plexus of nerves.

Anterior scalenus muscle.

Subclavius muscle.

First rib.

Clavicular attachment of deltoid muscle.

Humeral insertion of great pectoral muscle.

Fascia covering pectoralis minor muscle.

Thoracic portion of pectoralis major muscle.

Coracoid process of scapula and coracoid attachment of
pectoralis minor muscle.

Coraco brachialis muscle.

Biceps muscle.

Tendon of the latissimus dorsi muscle.

Teres major muacle.

Brachial fascia.

Scapular and sternal ends of collar-bone (clavicle).

Cephalic vein coursing between the deltoid and pectoral
muscles, to enter the axillary vein in the cellular tissue
beneath E—subclavius muscle.
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in an adult subject, but in those cases where the subject to
be embalmed is a female, and where the sleeves are tight,
and in order that no exposure take place, or cutting of
sleeves, this artery answers the purpose very well; but, even
in this case, the posterior tibial is larger and is much better
to use than the radial. The radial artery, in the lower part
of its course, where it is usvally taken up, is placed between
the tendouns of the supinator longus and flexor carpi radialis
muscles. An incision through the skin and fascia between
these two muscles, will expose the radial artery and its ac-
companying veins.
The branches given off by the radial artery are eleven in

number:
[ recurrent radial, and the muscular to the fore-arm;
! superficialis vola, anterior and posterior carpalis;
: dorsales policis and metacarpales, to the wrist;

princeps policis, radialis indicis, interosseous, and
| perforantes, to the palm of the hand.

the

The Ulnar Artery is a trifle larger than the radial, and
takes almost a similar course down the arm, on the ulnar side,
to the wrist, where it crosses the annular ligaments and forms



104 THE ART AND SCIENCE OF EMBALMING.

the muperficial palmar arch by uniting with the superficialis
voliv of the radial artery. This artery is seldom used by the
embualmer, on account of its small size and the difficulty of
locating it, because of its depth, being placed deeper than
the radial. It has accompanying it, the vena comites and, in
the lower two-thirds of its course, the ulnar nerve. The
branches glven off by the ulnar are:

| auterior recurrent, interosseus,
the , posterior recurrent, anterior and
muscular, digitales, posterior carpalis.

How to Inject the Radial Artery.—The operator should
place the arm in a position almost similar to that for inject-
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PLATE 15.

FIG. I.
Radial artery.
Median nerve and branches.
Ulnar artery forming F—superficial palmer arch.
Ulnar nerve.
Pisoform bone covered by tendon.
Abductor minimi digiti.
Tendon of flexor carpi radialis muscle.
Opponens pollicis muscle.
Flexor brevis muscle.
Flexor brevis pollicis muscle.
Abductor pollicis muscle.
OOOO Lumbracales muscles.
PPPP. Tendons of flexor sublimus digitorum muscle.
Tendon of flexor longus pollicis muscle.
Tendon of extensor meticarpi pollicis.
Tendons of extensor sublimus digitorum muscle.
Tendon of flexor carpi ulnaris muscle.
Union of digital arteries.
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FIG. 2.

Tendons of extensor digitorum communis.

Annular ligament,

End of radial nerve.

Dorsal branch of ulnar nerve.

Radial artery.

Tendon of extensor carpi radialis brevior.

Tendon of extensor carpi radialis longior.

Tendon of third extensor of thumb.

Tendon of second extensor of thumb.

Tendon of extensor minimi digiti joining aponeurosis of ex-
tensor communis.
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FIG 3.

Radial artery.

Tendons of extensor muscles of thumb.

Tendons of exteunsor carpi radialis.

Annular ligament.

Deep palmar arch, formed by radial artery giving off ““e”
branch to join deep palmar branch of ulnar artery.

Pisoform bone.

Ulnar artery.

Uluar nerve and branches.

Abductor minimi digiti muscle.

Flexor brevis minimi digiti muscle.

Tendons of flexor sublimus digitorum profundus and lum-
bracales muscles.

Tendon of flexor policis longus.

Carpal end of metacarpal bone.
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inches above the thumb in the center of the groove caused by
the tension of the supinator longus and the flexor carpi
radialis muscles, and should be deep enough to cut through
the skin the first time; then the fascia will appear, which
may be dissected aside, and the artery will be brought into
view.

Carefully dissect away the surrounding cellular tissue
and the fascia, and by means of a hook lift the artery and
vein out of the wound and place the handle of the scalpel, or
other instrument, beneath it. Next, dissect the vein away
from the artery, and then make an incision in the vessel sim-
ilar to that described for the brachial artery. On account of
the small size of the artery as compared with the brachial, it
is necessary to have a much smaller injecting tube, and for
this purpose the embalmer should have assorted sizes of these
tubes, so that he can secure the exact size that he desires.
After you have injected sufficient fluid, tie the vessel at both
the distal and proximal ends, remove all superfluous fluids by
means of absorbent cotton, then bring the sides of the wound
together, using the stitch commonly known as the ‘‘base ball
stitch.” This stitch brings the tissues close together and
closes the wound very neatly, after which a small piece of
court plaster will hide all marks of the incision.

Arteries of the Lower Extremities.

The arteries of the lower extremities are larger in pro-
portion to the arteries of the upper; thus it will be found
that the femoral artery in the thigh, which corresponds to
the brachial in the arm, is much larger than the latter vessel,
and is a good artery toinject. Having considered the arteries
of the head and neck and upper extremities—also the aorta
and its branches as far as the common iliac arteries—1I will
now describe those vessels and the remaining arteries which
supply the viscera and lower parts of the abdomen, also the
femoral and its branches.
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The Common Iliac Arteries.—As soon as the abdominal
aorta descends on the left side of the fourth lumbar verte-
bra, it divides into the right and left common iliac arteries.
These arteries are about two and one-half inches in length;
the right, on account of the aorta being placed on the left
side of the spinal column, is a little longer than the left.
The common iliac arteries take a course downward and out-
ward towards the center of Poupart’s ligament, but just as
the artery crosses the sacro-iliac symphysis it divides into the
external and internal iliac arteries. It is said by some anat-
omists that in old persons the common iliacs are more curved
in their course, and that the diameter of the vessel is in-
creased.

The relations of the two vessels is somewhat different.
The right common iliac in its course toward the thigh is in
relation posteriorly with the common iliac veins, while ex
ternal to it we have the psoas magnus muscle; in front it is
touched by the peritoneum and is crossed, just opposite the
sacro-iliac symphysis, by the ureter, the tube leading from the
kidney to the bladder and which serves to convey the urine
from the pelvis of the kidney to the bladder. The left com-
mon iliac is in relation with the peritoneum in front, is
crossed by the rectum and superior hemorrhoidal artery and
at the bifurcation by the ureter, while externally it is in rela-
tion with the psoas magnus muscle and posteriorly with the
left common iliac vein. In the female subject the bifurcation
at the aorta is much more acute than in the male subject.

The Internal Iliac Artery.—This artery, which branches
from the common iliacs just opposite the sacro-iliac symphy-
sis, is the artery which supplies the viscera and muscles of the
deep parts of the pelvis. It is a short, thick vessel, varying
in length from one to one and one-half inches, and in
some cases two inches, dividing into an anterior and a poste-
rior branch. The vessel rests upon the head of the pyri-
formis muscle, and is in relation in front with the ureter,
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while the iliac vein will be found just posterior or back of the
artery, which in the whole of its course rests on the sacral
plexus of nerves. The branches given off from the internal
iliac are eleven in number. Those from the anterior branch
are: middle hemorrhoidal, ischiatic,

the{ middle vessicle, internal pudic,

umbilical, uterine, } in the female.

vaginal,
Those given off from the posterior trunk are:
ilio-lumbar, gluteal,
obturator, lateral sacral.

The middle hemorrhoidal artery supplies the rectum,
base of the bladder, prostate glands and vesicula seminales.
It finally anastomoses with the superior and external hemor-
rhoidal vessels.

The middle vesical artery is distributed to the back and
lower part of the body of the bladder, the prostate gland and
the vesicula seminales, and the tissues in the vicinity of the
neck of the bladder. Sometimes this artery is given off as a
branch of the umbilical.

The umbilical artery is the commencement of the fibrous
cord through which the umbilical artery of the foetus is con-
verted after birth. The superior vesical artery is a branch
of the umbical artery in the adult; it supplies the upper and
anterior walls of the bladder.

The ischiatic artery and the internal pudic artery are the
two terminal branches of the internal iliac artery. The re-
maining vessels worthy of mention are those which supply
the uterus, or womb, and the vaginal, which is distributed to
the vagina.

The uterine artery is one of the most tortuous arteries in
the body of the female. It is placed between the folds of the
broad ligament, then enters the substance of the womb, sup-
plying that organ with blood. The vaginal artery is distrib-
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uted to the mucous tissues of the vaginal canal. It is not as
large as the uterine. In the pregnant state the uterine artery
increases in length on account of the increase in size of the
uterus; at the same time the calliber of the vessel is slightly
increased.

The External Iliac Artery.—This artery is the direct
continuation of the common iliac. It passes out of the abdo-
men along the inner side of the psoas muscle, until it reaches
the under surface of the center of Poupart’s ligament, or
femoral arch, where it becomes the femoral artery. The ex-
ternal iliac vein accompanies the artery which is in relation,
in front, with the peritoneum and a thin layer of fascia; this
fascia forms a partial sheath for the artery and vein. The
artery gives off several small branches and two large
branches —

f epigastric,
) circumflex ilii.

The epigastric branch takes a course upwards along the
under surface of the rectus muscle, a few small branches
being distributed to the substance of that muscle, after which
it is continued on up to the under surface of the ensiform car-
tilage (end of breast-bone), where it anastomoses with the
branches of the internal mammary.

The circumflex ilii is given off just opposite the epigastric,
or close to it, on the external side of the external iliac; it
takes a course upwards and backwards along Poupart's liga-
ment, until it reaches the crest of the ilium (hip-bone), where
it is distributed, by means of numerous branches, to the in-
ternal and external oblique and transversalis muscles.

The Femoral Artery.—The femoral artery is, probably,
next to the brachial artery, the one most used by the under-
taking profession. It is larger than the brachial, and easy
to raise and inject. The femoral artery is the direct continu-
ation of the external iliac artery, which artery takes a direct

the
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PLATE 16.

Aorta at its point of bifurcation.

Anterior superior iliac crest (prominence of hip-bone).

Symphysis pubis.

Poupart’s ligament; immediately above are seen the circum-
flex ilii and epigastric arteries, with the vas deferens
and spermatic vessels.

Right and left iliac muscles, external cutaneous nerve,

Inferior vena cava.

The common iliac arteries giving off the internal iliacs.

Right and left common iliac veins.

Right and left external iliac arteries crossed by the circum-
flex iliac veins.

Right and left external iliac veins.

The urinary bladder partially covered by peritoneum.

Rectum.

Superijor profunda branch of femoral artery.

The femoral vein. o. Internal saphenous vein.

Anterior crural nerve.

Sartorious muscle divided.

The pectinaeus muscle.

Adductor longus muscle.

Gracillus muscle.

Tendinons sheath in the adductor magnus muscle, through
which the femoral artery and vein pass, commonly
called Hunter’s canal.

The femoral artery. This vessel is covered by the sartori-
ous muscle in the space between the letter and Hunter’s
canal.
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course from the sacro-iliac symphysis to the middle or center
of Poupart’s ligament. Just as soon as it passes beneath
Poupart’s ligament it becomes the femoral artery. It takes
a course from the center of the ligament, downwards and in-
wards, to Hunter’'s canal, where it pierces the muscular part
of the thigh, and becomes the popliteal artery, just back of
the knee joint in the popliteal space.

In the course of the artery, several large branches are
given off. These branches supply the upper and anterior
part of the thigh with blood. The branches given off from
the artery, from above downward, are as follows:

superficial epigastric, profunda,
superficial circumflex iliac, external circumflex,
superficial external pudic, internal circumflex,
deep external pudic, three perforating,
muscular, anastomotica magna.

The most important thing concerning these arteries, to
the embalmer, is the collateral circulation or anastomosis of
the vessels. By a knowledge-of the anastomosing branches
he is able to tell just how the fluid reaches the lower arteries
and vessels of the leg, when the injection is made into the
femoral artery in scarpas triangle, the nozzle turned towards
the heart. All embalmers, who have performed injections
into the arterial system, have noticed that, after a successful
arterial injection, the fluid would leak out of the lower di-
vided end of the vessel, although no fluid was injected that
way; this is caused by the collateral circulation, or the inos-
culation of one artery with the branches of another.

In the femoral artery, if the injection is performed on the
common femoral just beneath Poupart’s ligament, then the
anastomosis will take place through the branches of the
gluteal and circumflex iliac arteries above, anastomosing with
the external circumflex branch of the profunda below. When
the artery is taken up in its superficial course, or at the lower
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third of the triangle in the thigh, then the anastomosis takes
place through the profunda artery, which enlarges and sends
off branches which inosculate with the superior articular
branches of the popliteal artery back of the knee joint. Thus,
the branches of the profunda, which accompany the sciatic
nerve, and the superior articular branches of the popliteal,
and sometimes the branches of the anterior and posterior
tibial artery, form the principal channels of collateral circu-
lation after the femoral is ligated.

Linear Guide for Locating The Femoral Artery.—
In order to locate the femoral artery, the embalmer should be-
come familiar with the surface markings; these are formed by
first drawing a line from crest of the ilium (prominence of
the hip bone) to the spine of the pubes, or the front part of
the pelvis at the lower central part of the abdominal cavity:
the line drawn from the spine of the pubes to the crest of the
ilium will correspond to the course of Poupart’s ligament.
The second line should intersect the first line at the center,
and should be drawn from the center of Poupart's ligament
to the inner side of the knee joint; the foot should be turned
outward. The line drawn from the center of Poupart’s liga-
ment to the inner condyle of the knee joint will correspond to
the course taken by the artery. If the incision is made on
this line in the upper third of the thigh, the operator will
have little trouble in locating the vessel.

Anatomical Guide.—The anatomical guide for the fem-
oral artery is formed by scarpas triangle. This triangle
is situated in the upper and anterior aspect of the thigh. It
is formed by muscles and ligaments, being bounded extern-
ally by the sartorious muscle, which extends from the crest
of the ilium in front to the internal condyle of the knee joint,
being inserted into the tibia. The internal boundary is
formed by the adductor longus muscle—the muscle which
adducts the thigh —while the upper boundary is formed by
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Poupart’s ligament. The femoral vessels and nerves describes
a course right through the center of the triangle, the base of
which is formed by Poupart’s ligament. The floor of the tri-
angle is formed by the adductor longus, adductor brevis,
iliacus, psoas and pectineus muscles; the course of the fem-
oral artery then being over these muscles and through the
center from base to apex.

Method of Raising and Injecting the Femoral Artery.
The operator, in order to raise and inject the femoral ar-
tery, should begin his incision at a point corresponding to the

middle third of the artery, or at the lower border of scarpas
triangle. At this place the artery is very superficial, and at
the same time you are below the profunda branches which
play so important a part in the collateral circulation; thus it
is the best place for injecting it. The first incision should be
deep enough to divide the skin and the fatty tissues beneath;
this will bring you down upon the superficial fascia, which is
very close to the sheath of the vessel. The next incision
should be made with care and in the long axis of the vessel,
carefully dissecting away the superficial fascia and the deep
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PLATE 17.

Muscular part of external oblique, (a) its aponeurosis.
The umbilicus (navel).

Anterior superior iliac spine (prominence of hip-bone).
The spine of the pubis.

The cremasteric fascia.

Muscular part of internal oblique.

The linea alba (median line).

Iliac portion of fascia lata.

Femoral vein receiving internal or long saphenous branch.
The femoral artery.

Anterijor crural nerve.

Sartorious muscle.

Sheath of femoral vessels.

Internal saphenous vein.

Pubic part of fascia lata.
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being in the middle third of its course, this mistake would
not occur, unless the embalmer continues his incision deep
into the muscular parts of the thigh. However, it would
make little difference whether you injected the main trunk or
the deep femoral, since there is but very little difference in
their size. :

Relations of the Artery to Surrounding Tissues.—The
superficial femoral artery has covering it, in front: the skin,
fascia, internal cutaneous and internal saphenous nerve; it is
also partly overlappled by the inner border of the sartorious
muscle. Behind, it is in relation with: the femoral vein, the
profunda artery and vein, and the muscles known as the ad-
ductor longus and adductor magnus; also the pectineus mus-
cle. To the outer side of the artery we have: the vastus
internus muscle, the femoral vein lying a little posterior,
along with the saphenous nerve. On the inner side we have
the adductor magnus, the adductor longus, and the sartor-
ious. It will be seen that these relations correspond to the
superficial femoral in the lower part of its course, but, as the
artery approaches Poupart’s ligament, the vein will be found
on the inner side, and the nerves to the outer side.

Popliteal Artery.

The popliteal artery is the direct continuation of the
femoral. It begins at the opening in the adductor magnus
muscle, and continues directly through the center of the pop-
liteal space to the lower border of the popliteus muscle,where
it divides into the anterior and posterior tibial arteries. This
artery is seldom used by the embalmer, as it is situated just
back of the knee joint and is placed in such a position as to
render the taking up of it a very hard task, as the subject
would bave to be turned, more or less, to the side. It has
many branches, which are principally distributed to the tis-
sues around and entering into the formation of the joint.
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FIG. 1. FiG. 2.



PLATE 18,

FIG. 1.
Tendon of the gracilis muscle.
Fascia lata.
Tendon of semi-membranosis muscle.
Tendon of the semi-tendinosis muscle.
EE. The two heads of the gastrocnemius muscle.
Popliteal artery.
Popliteal vein.
Middle branch of sciatic nerve.
Peroneal (outer) branch of sciatic nerve.
Posterior tibial nerve.
External or short saphenous vein.
M. Fascia covering the gastrocnemius muscle.
Posterior saphenous nerve, showing its relation to the vein.
Posterior tibial artery, after emerging from beneath the
soleus muscle, showing relation to the vein, and the
location where it may be taken up and injected.
Soleus muscle joining the tendo-achilles.
Tendon of the flexor longus communis digitorum muscle.
Tendon of the flexor longus pollicis muscle.
Tendon of peroneus longus muscle.
Peroneus brevis muscle.
U. Internal annular ligament binding down the tendons, arte-
ries, veins and nerves.
VV. Tendo-achilles (largest tendon in the body).
W. Tendon of tibialis posticus muscle.
X Vena comites of the posterior tibial artery.
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FiG. 2.
A,C,D,E, F, G, Hand I indicate the same parts as in Fig. 1.
B. Inner condyle of the femur.
K.. The plantaris muscle lying upon the popliteal artery.
L. Popliteus muscle.
MMM. Tibia.
NN. Fibula.
00. Posteriortibial artery.
P. Peroneal artery.
X. The astragalus.
Q R, S, T, U, Vand W-indicate the same parts as in Fig. 1.
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ior part of the leg, piercing the large oval aperture above
the interosseous membrane. It is continued on down on the
anterior surface of the interosseous membrane and finally, at
its lower part, lies on the bone. Tt crosses the anterior liga-
ment of the ankle to the bend of the joint, where it becomes
the dorsalis pedis artery; this artery is continued on down
between the great toe and the next one to it, being superticial
in this part of the course. I have taken up this artery,which
is quite small, and injected it successfully. On account of
its depth in the upper part of its course, and on account of
its small size in the superficial part of its course, it is seldom
used for injecting the body.

The Posterior Tibial Artery.

The posterior tibial artery is much larger than the ante-
rior, and may be used in embalming —especially in the
case of ladies, where it would not be advisable to take up
the brachial, femoral or carotid arteries. It begins at the
lower border of the popliteus muscle, just back of and a little
below the center of the knee joint. It takes a course obliquely
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downward along the tibial side of the leg to the groove be-
tween the inner ankle and the heel, where it divides into the
internal and external plantar arteries. The best place to
raise the artery for the purpose of injecting would be at its
most superficial part, which is its lower third. At this point
the artery is only covered by the integument and the fascia
beneath. The branches given off by the posterior tibial are:

peroneal, internal calcanean.
the { nutrient, communicating,
.\ muscular, At its bifurcation

it divides into the internal and external plantar.

The Internal Plantar Artery, much smaller than the
external, is distributed along the inner part and sole of the
foot, extending as far forward as the great toe, where it com-
municates with one of the digital branches. The external
plantar, the larger of the two plantar arteries, takes a course
obliquely across the sole of the foot to the base of the fifth
metatarsal bone, where it becomes curved upon itself and
passes over towards the under surface of the great toe. In
this part of its course, from the base of the fifth metatarsal
bone to the under surface of the great toe, it gives off several
branches which supply the tissues in this vicinity of the foot,
but just between the first and second metatarsal bones the
artery anastomoses with the communicating branch of the
dorsalis pedis artery, completing the plantar arch. v

Method of Locating, Raising and Injecting the
Posterior Tibial Artery.

Should the embalmer decide upon injecting the posterior
tibial artery, he would be guided in its location by certain
anatomical and linear guides, which will enable him to take
up the artery in its proper place.

Linear Guide.—The embalmer, in order to locate this
artery by surface marking, should draw a line from a point
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PLATE 19.

FIG. I.
Tibialis anticus muscle.
Internal or long saphenous vein.
Tendon of tibialis posticus muscle.
Tibia and prominence of inner malleolus (aikle).
Tendon of flexor longus digitorum muscle.
The gastrocnemius muscle.
The soleus muscle.

The tendon of plantaris muscle; the tendons of F, G, H form

the tendo achilles.
The vena comites of posterior tibial artery.
The posterior tibial artery.
The posterior tibial nerve.

FIG. 2.

Tibialis anticus muscle.
Extensor longus digitorium muscle: bbbb, its tendons.
The extensor longus pollicis muscle.
The tibia.
The fibula.
Tendon of pereoneus longus muscle; peroneus tertius.
Fascia.
Extensor brevis digitorum muscle; kk. its tendons.
Anterior tibial artery.
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corresponding to an inch below the center of the popliteal
space, to the center of the hollow groove formed on the inner
side of the ankle by the prominence of the tibia and the con-
vexity of the heel.

The Anatomical Guide.—This is formed by the tendo
achilles, and the flexor longus digitorum muscle. The vessel
will be found along the outer margin of the flexor longus digi-
torum muscle. The incision should be made along the inner
border of the tendo achilles, carefully dividing the skin, in-
tegument and fascia, until the vessel is exposed. This artery
has accompanying it the two ven® comites and the nerve,
which is a little external to it. .

I prefer making a circular incision, beginning about an
inch above the inner ankle, and then curving the incision to
the groove between the inner ankle and the convexity of the
heel. This will be directly over the course of the vessel.
After the sheath of fascia has been dissected aside, the
handle of the scalpel should be passed beneath the vessel and
the artery raised into the wound. Make an incision in the long
axis of the vessel and insert the arterial nozzle, which should
then be held in position by a strong ligature. As soon as the
arterial nozzle bas been securely placed in position, the in-
jection may begin, continuing it until the body is thoroughly
saturated with the preservative.

Method of Telling When the Body Has Received a
Thorough Injection of the Preservative Solution.

This may be told in several ways, one of which is to
notice the veins and see whether they are becoming promi-
nent on the surface, which is an indication that the fluid is
being poured into them through the capillaries and that the
circulation is complete. Another way is to make an incision
along the under surface of the great toe and see if any fluid
escapes. If fluid escapes, it is an indication that the body

12—B
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has been saturated with the preservative. These two signs
are the most certain, and when either one is present itisa
sure indication that the injection of the fluid has been com-
plete. If the circulation is complete, then withdraw the
injecting apparatus and proceed to close the wound in the
same manner as given for suturing up the incision over the
brachial or femoral arteries, for which see pages 171, 172.

This will conclude the anatomy of the arteries, so far as
is necessary for the embalmer, but before taking up the veins
of the system it would be well to call your attention to the
large number of branches given off by certain arteries, like
the internal iliac and the internal maxillary branch of the
external carotid. On account of these branches of the arte-
ries and the anastomosis, or communication between one
arterial branch and another, the whole body receives a com-
plete blood supply. These branches divide and subdivide
until they are of microscopic size, when they are termed
capillaries. These are the smallest arterial vessels and are
so evenly distributed over the body and the tissues thereof
that it is next to impossible to stick a pin into the body with-
out rupturing some of them. The capillaries are smaller thau
the blood corpuscles themselves, being a little less than one-
thirty-five-hundredth of an inch in diameter. In life the
blood corpuscles are capable of making themselves smaller,
so as to pass through the capillaries into the veins, but after
death the blood generally becomes fluid and the corpuscles
soon become granular and take on putrefactive changes which
allow all of the blood in the arteries to pass through the
capillaries and into the veins.
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PLATE 20.

PIG. |I.
The calcaneum.
The plantar fascia, and flexor brevis digitorum muscle.
The abductor minimi digiti muscle.
The abductor pollicis muscle.
The flexor accessorious muscle.
The tendons of the flexor longus digitorum muscle.
Tendons of the flexor pollicis longus muscle.
The flexor pollicis brevis muscle.
The external plantar nerve.
The external plantar artery.
The internal plantar nerve and artery.

ROREeAEDOW S

FiG. 2.
The heel covered by integument.
The plantar fascia and flexor brevis digitorum muscle, cut.
The abductor minimi digiti muscle.
The abductor pollicis muscle.
The flexor accessorious muscle, cut.
Tendons of the flexor longus digitorum muscle.
The tendon of the flexor pollicis.
The head of the first metatarsal bone.
Tendon of tibialis posticus.
External plantar nerve.
The arch of the external plantar artery.
MMMM. Interosseous muscles.
N. The external plantar nerve and artery, divided.
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CHAPTER VII.

Veins of the Human Body.

The veins of the body return the dark or impure blood to
the right auricle of the heart after it has been circulated by
the arteries and capillaries to the tissues of the body. There
are two exceptions, however, where the veins carry pure or
arterial blood instead of impure or venous. The pulmonary
veins, which return the blood from the lungs to the left auri-
cle of the heart, carry pure blood, as does also the umbilical
veins in the umbilical cord—the cord which extends from the
umbilicus or navel of the unborn child to the under surface of
the placenta in the mother’s uterus. The coats of the veins
are much thinner than those of the arteries, and when emptied
of the blood they assume a flattened or collapsed appear-
ance. The blood remains in the veins for several days after
death, and in many instances it may be found after several
weeks; but this is rare, as the blood has a tendency to gravi-
tate towards the parts of least resistance, or to the posterior
part of the body, causing the discoloration commonly known
as post mortem discoloration. The veins begin by minute
radicles in the capillaraies and gradually get larger in their
diameter as they approach the heart, the combined diameter
of the venous system being much larger than that of the

arterial.
Divisions.
The veins of the body admit of three main divisions, ac-
cording to their location and structure. Thus, those veins
which are placed just beneath the skin are called superficial
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veins, while those that accompany the ateries and course
through the muscular tissue of the body are known as ‘‘deep
veins.” The veins on the inner surface of the skull, spinal
column and other parts, or which have their channels exca-
vated in the structure of the bone or organ, are called sinuses.

The Superflcial Veins return the blood from the super-
ficial parts of the body, being found coursing between the
layers of the superficial fascia and the cellular tissue beneath
the skin. They follow this course until they arrive at some
convenient part of the structure, when they pierce the deep
fascia and terminate by emptying their contents into the
deep veins. The superficial veins are never employed in the
removal of blood from the dead body, the deeper veins hav-
ing the preference on account of their location alongside the
deep artery, and also on account of their larger size.

The Deep Veins are placed in the deep tissues of the
body and in many instances will be found accompanying
the arteries. Thus, the tibial, femoral, radial and ulnar
arteries have the veins enclosed in the same sheath with the
artery, but in the neck the carotid is only accompanied by a
single vein —the internal jugular—as is also the subclavian
and axillary arteries, which have but a single vein in relation
to them. In those cases where the veins accompany the ar-
teries, as the brachial, radial, tibial, etc., they are termed
vena comites (accompanying veins), and usually have a very
free communication between them by means of small trans-
verse branches which extend from one vein to the other. It
is said that the veins not only have a larger average diameter
than the arteries, but the anastomosis is much freer than that
existing between the branches of the arteries.

The Sinuses differ from the veins in the muscular struc-
ture of the body, in as much as they are placed within the
substauce of the organ through which they course, having
deep grooves to protect them in the cavity of the skull, while
in the tissue of the uterus they have special openings in the
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muscular tissue of that organ. The spinal veins communicate
or anastomose very freely with each other. They are also
very numerous, forming what is known as plexuses (a large
collection of veins in one particular part of the body).

The veins, like the arteries, have three coats, and, if we
consider the submucous coat as a complete coat, they may be
said to have four (see Anatomical Elements —‘ Veins” page
56). This is different in the sinuses, which only have a single
coat—the serous coat—which corresponds to that of the
veins in the muscular tissues. In the cavity of the skull, the
dura mater forms the outside covering of the sinuses. The
veins are found to contain less elastic tissue than the arteries,
but they differ from the arteries in as much as they contain
valves. It will be remembered that the only arteries which
contain valves are the pulmonary and the aorta, while all the
veins of the extremities, and especially the deep veius, are
well supplied. These valves are formed of fibrous membrane
strengthened by a double layer of epithelium. They, for the
most part, consist of two segments or flaps, the concavity of
which faces the cardiac end of the vessel; thus, while blood
will flow freely through them towards the heart it is pre-
vented from regurgitating by the action of the valves, the
pressure of the blood backward being sufficient to close the
valves. Some of these valves consist of three flaps, while
others counsist of a single flap arranged in a spiral direction
and which only acts as an impediment to the backward flow
of the blood. The cup shaped or semi-lunar valves can be
seen by pressing on some of the superficial veins of the fore-
arm, when they become prominent and form a knotted ap-
pearance along its course.

Veins of the Head and Neck.

The most important veins of the head that the embalmer
is required to be familiar with are the jugulars. But, before
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taking up such important veins as the jugulars, I will describe
the veins that enter into their formation. This will include
the veins of the exterior of the skull, and, second, the veins
of the interior of the cranium. The veins returning the blood
from the external tissues of the skull are: the facial, internal
maxillary, frontal, supra-orbital, and angular from the front
of the face, while the temporal, tempero-maxillary, posterior
auricular, and occipital return the blood from the sides and
posterior part of the face.

The Facial Vein is the contmuatlon of the frontal,
which begins on the anterior part of the skull in a venous
plexus formed by communicating branches from the temporal.
It takes a course down the middle of the forehead to the root
of the nose. It pases down along the side of the nose under
the name of angular vein, but as soon as it passes beneath
the zygomatic muscles of the face it becomes the facial vein.
From the point where it passes beneath the muscles it takes
a course similar to that of the facial artery, crossing the
body of the maxillary bone in the same groove that the artery
occupies. It then passesbeneaththe lower jaw toenter the sub-
maxillary glands, and after penetrating them, from which it
receives some branches, it passes on downward until it emp-
ties into the internal jugular vein. Thus it will be seen that
one of the most prominent veins of the face is drained by the
internal jugular, while the external jugular receives the veins
from the sides and posterior parts of the face.

The Internal Maxillary Vein arises, by a number of
branches, from the pterygoid and zygomatic fossa: these
branches are very numerous and commuuicate so freely as to
form a plexus. It passes behind the neck of the lower jaw,
where it joins the temporal vein and becomes the tempero-
maxillary vein.

The Supra-Orbital Vein begins on the frontal portion
of the occipito-frontalis muscle. Its course is downward and
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towards the inner angle of the orbit, where it communicates
with the frontal vein and forms the angular. In its course
_over the muscle it receives numerous branches from the veins
of the forehead, and communicates by a small branch with
the anterior temporal.

The Angular Veins are formed by the frontal and the
supra-orbital near the inner angle of the orbit. They receive
the small branches from the ala of the nose, and from the
upper eyelid. This vein has a very free anastomosis with the
ophthalmic vein and with the foramen cacum, by means of
this vein.

The Temporal Vein begins on the vertex and side of
the skull by a large number of branches which communicate
with the frontal and supra-orbital in front and with the pos
terior auricular and occipital behind; from these branches it
is re-inforced by a branch of large size which drains the blood
from the temporal muscle and the tissue in the immediate
vicinity of the temporal fosse. These veins unite to form
the main trunk of the temporal vein just above the zygoma.
From this origin the vein takes a course downward through
the substance of the parotid gland, lies just between the ex-
ternal auditory canal (opening of the ear) and the condyle of
the lower jaw. It unites with the internal maxillary vein
and forms the tempero-maxillary vein.

Tempero-Maxillary Vein (formation of the external
juglar). The tempero-maxilary vein is formed by the tempo-
ral and the internal maxillary veins. It passes through the
substance of the parotid gland in front of the ear, continues
downward to its lower border, when it becomes the external
jugular vein. It receives several branches from small veins
of the face and sides of the skull. The transverse facial, the
anterior auricular, the masseteric and parotid veins all empty
into the tempero-maxillary.

The Posterior Auricular Vein commences just above
and behind the ear on the sides of the skull in the form of a
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plexus which communicates with the temporal and occipital
veins. Its course is downwards along the back part of the
ear, where it joins the tempero-maxillary vein, forming with
this vein the external jugular. In the course of the vessel
along the back part of the ear it receives several small
branches from the lobe of the ear. The stylo-mastoid vein
enters it near its termination.

The Occipital Vein begins at the posterior part of the
skull by a plexus formed much the same as the remaining
plexuses on the sides and anterior part of the face. It gen-
erally follows the course of the occipital artery, and in many
cases continues as two veins which, after receiving the mas-
toid vein, empties into the internal jugular vein, and in some
instances into the external jugular. This vein is situated
very deeply in the muscles of the back part of the skull and
upper back part of the neck, and as it communicates with the
mastoid vein it has, or forms, a very important anastomosis
with the internal sinus on the inside of the skull. This anas-
tomosis or communication can be very clearly demonstrated
by using the needle process.

Sinuses or Veins on the Interior of the Skull.

The sinuses of the skull are analogous to the veins.
They bave two coats—the internal, which is the continua-
tion of the internal coat of the jugulars, and the external,
which is formed by the dura mater or covering of the brain.
Thus it will be seen that these sinuses are very thin and the
penetration of fluids through them is readily accomplished.
They bave no valves and are formed principally by the veins
of the brain. The cerebral veins, which form the sin-
uses, are very thin, their coats being less than half as
thick as the coats of the veins in the muscular tissue.
They are also noted for the absence of valves. The principal
cerebral veins are the superficial cerebral veins, the superior

" rerebral veins, the median cerebral veins, the inferior cere-
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bral veins, the deep cerebral, the cerebellar veins, and the
venee corporis striati and choroid vein. The superficial cere-
bral veins ramify on the surface of the brain, and they return
the blood from the surface of the brain to the sinuses; the
superior cerebral veinsreturn the blood from the convolutions
of the superior surface of each hemisphere and communicate
directly with the superior longitudinal sinus, while the
median cerebral veins return the blood from the middle sur-
face of the hemisphere and empty into the superior cerebral
veins, or directly into the inferior longitudinal sinus. The
inferior cerebral veins, as their name implies, return the
blood from the outer and inferior surface of the cerebral hem-
isphere; some of the branches forming the vein return the
blood fram the anterior lobes of the brain. They terminate
in the cavernous sinus. Other large veins —such as the mid-
dle cerebral, the great anastomotic vein of Trolard — termi-
nate in the cavernous sinus, while four or five smaller veins
from the base of the brain empty into the superior petrosal
and lateral sinuses. The deep cerebral or ventricular veins
are formed by the venz corporis striatus and the choroid
vein. They are usually two in number, but before their term-
ination in the straight sinus they unite to form a single vein.
The remaining veins of the brain are the cerebellar veins,
which begin on the under surface of the cerebellum and then
branch out to form three separate veins which empty into the
straight sinus, the inferior branch terminating in the lateral
sinus, while the lateral branch returns the blood directly
into the superior petrosal sinus.

Besides the sinuses of the brain, we have those of the
dura mater proper,which are: the superior longitudinal, in-
ferior longitudinal, straight sinus, lateral sinus, and occipital
sinus.

The Superior Longitudinal Sinus begins in the foramen
caecum, which corresponds to the root of the nose in the
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PLATE 22.

Subclavian artery.

Sterno-mastoid muscle.

Common carotid artery near its bifurcation into internal
and external carotid arteries.

External carotid artery giving off the lingual, facial, tem-
poral and occipital branches.

Internal carotid artery.

Tempero maxillary branch of external carotid artery.

Temporal artery and vein.

External jugular vein.

Brachial plexus of nerves; their relation to A —subclavian
artery.

Posterior head of omo-hyoid muscle.

Transversalis coli artery.

Posterior scapular artery.

Scalenus anticus muscle.

Lymphatic glands.

Superficial branches of cervical plexus of nerves.

Occipital artery and nerves.

Portia dura (motor branch of seventh pair of nerves).

Stenson’s duct.

Facial vein,

Facial artery.

Submaxillary gland.

Digastric muscle.

Lymphatic body.

Hyoid bone.

Thyroid cartilage.

Superior thyroid artery.

Anterior jugular vein.

Anterior head of omo-hyoid muscle.

Sterno-hyoid muscle.

Breast-bone (sternum)

Clavicle (collar-bone).

Trapezius muscle.

Splenius capitus and coli muscle.

Occipital origin of occipito-frontalis muscle.

Temporal muscle.

Frontal insertion occipito-frontalis muscle.

Orbicularis palbebrarum muscle.

Zygomaticus major muscle.

Buccinator muscle.

Depressor anguli oris muscle.
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the internal jugular vein, the sinus, instead of having the one
inner coat corresponding to the mucous coat of the vein and
the fibrous covering of the dura mater, receives the third coat
as soon as it leaves the jugular foramen. Thus, it will be
seen, on account of the extreme thinness of the sinuses of the
brain, and on account of their large size, the fluid injected
into the cerebro-spinal cavity will readily pass into the lat-
eral sinus and thean into the jugular vein, its direct continua-
tion.

The Occipital 8inus is the smallest of the cranial sinuses.
It communicates with the spinal veins and also with the
small veins around the foramen magnum in the occipital bone.
It terminates by emptying its blood into the torcular hero-
phili.

The Jugular Veins.

Having considered the veins of the external tissues of the
head and studied the formation of the external jugular vein,
also the cranial sinuses and the formation of the intermal
jugular, I will describe the veins of the neck, which are:

the { anterior jugular, internal jugular,
posterior jugular, external jugular.

The Anterior and Posterior Jugulars, as their names
imply, are situated at the front and back part of the neck,
respectively. As the embalmer has nothing to do with them
in any of the various methods of removing blood, I will pass
to the description of the external jugular.

The External Jugular Vein receives the greater part
of the blood from the sides of the face and the posterior parts
of the cranium. It begins in the substance of the parotid
gland, being formed by the tempero-maxillary and the poste-
rior auricular veins. From this origin the vein passes down-
ward, through the substance of the gland, across the sterno-
mastoid muscle and over the platysma myoides, being placed
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just between the superficial fascia and the muscles, the in-
tegument and fascia forming its only external covering. Its
course is indicated by a line drawn from the angle of the jaw
to the center of the clavicle. It may be opened in any part
of its course, but as it is considerably dilated between the
valves, it is best to perform the operation between them.
The first valve is placed about an inch above the collar-bone,
while the second is placed just at its termination in the sub-
clavian, in front of the scalenus anticus muscle. These
valves in the external jugular form no impediment to an in-
jection upwards; fluid will pass through them whether intro-
duced above or below the valves.

The external jugular vein receives several tributaries of
large size, among them being the posterior external jugular,
the transverse cervical veins, and the supra scapular. It
communicates with the internal by a small branch given off
in the parotid gland, and in the lower part of its course it
receives a branch from the anterior jugular. The external
jugular vein at one time was very much used by the embalm-
ers for the removal of blood from the face, but of late years
the veins of the arm and thigh, and the mtemal jugular are
used in preference. \‘

The Internal Jugular Vein is formed by the confluence
of the lateral sinus and the inferior petrosal sinus, at the
lower border of the jugular foramen. At this part of its
origin it forms a considerable dilitation, called the sinus or
gulph. . In its course towards the innominate vein, it receives
many branches from the anterior parts of the face and the
sides of the cranium; thus it drains not only the interior of
the cranium, but the tissues of the face and front of the neck,
the drainage being from the superficial parts of the face,
while in the neck it receives the deeper veins from the mus-
cular tissues of the neck. Its courseis indicated by the same
guide as given for the carotid artery. The vein first lies to
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the outer side of the internal carotid, then to the outer side
of the common carotid, being enclosed in the same sheath
with the carotid arteries. The pneumogastric nerve lies
to the center and back of the artery and vein. The glosso-
pharyngeal and hypoglossal nerves are also situated in front
of the sheath. There is a slight difference in the anatomy of
the two veins—on the left side, toward the root of the neck,
the vein lies over the artery, while on the right side the vein,
as it nears its termination, is placed about a half inch from
the artery, and crosses the subclavian artery. The veins vary
somewhat in size, but the left is generally the smaller of the
two. On account of its larger size, and also on account of it
draining the superficial parts of the face, the internal jugular
vein is more generally used than the external in removing
blood and discolorations from the front part of the face and
sides of the neck. This vein is provided with a single pair of
valves, generally placed near its termination in the innomi-
nate vein, but, like those of the external jugular, they form
no impediment to an upward injection, or the regurgitation of
blood from gaseous pressure in the thoracic or abdominal
cavities, where it would act, by indirect pressure, on the
diaphragm and vessels contained in the chest cavity. (See
article on ‘ Discoloration.”) In order to take up the internal
jugular vein, the incision should be made just above the junc-
tion of the breast-bone with the collar-bone, the line of incis-
ion being along the anterior border of the sterno-mastoid
muscle, and between this muscle and the throat. The incision
will have to extend about an inch downward,when the sheath
containing the carotid artery, jugular vein and nerves, will
be exposed. Separate the artery from the vein, and then
open the vein by an incision, which will permit the blood to
escape from the face and tributary veins, but, in order to re-
move the blood from the remaining veins of the body, from
this point, a tube or catheter should be introduced downward,
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through the internal jugular and innominate vein, through
the superior vena cava, to the right auricle of the heart,
when, by attaching an aspirator to the tubing, the fluid blood
from all parts of the body may be successfully removed.

The tributaries to the internal jugular are six in number:
the facial, occipital, lingual, pharyngeal, and the supe-
rior and middle thyroid veins. It will be seen that these
tributaries are from those parts of the face most frequently
presenting discolorations, and when the internal jugular is
opened the best results will be obtained, since the fluid will
be removed and hence the discoloration.

Veins of the Arm and Upper Extremities.

The veins of the arm are very numerous and are divided
into two classes—those of the superficial structures of the
arm and those of the deep. The first are known as the super-
ficial veins, while the veins that may accompany the arteries
are known as the deep veins or vena comites (accompanying
veins). Both the superficial and the deep veins are supplied
with valves, the deep containing more than the superficial.
There are ten superficial veins which, for the most part of
their course, are regular and have received special names,
while others are so irregular that it is impossible to give
them any exact description. Those that are classified as su-
perficial veins are the anterior ulnar, the posterior ulnar, com-
mon ulnar, radial, basilic, median basilic, median cephalic,
cephalic, and the median.

The Anterior Ulnar Vein begins by a collection of
capillaries on the anterior and ulnar side of the hand and
wrist. It takes a course directly upward along the anterior
surface of the ulnar side of the fore-arm to the bend of the
elbow. Just below the bend of the elbow it unites with the
posterior ulnar vein to form the common ulnar vein. Some-
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times this vein empties into the median basilic vein instead
of the common ulnar.

The Posterior Ulnar Vein arises by numerous branches
on the posterior surface of the hand and wrist. Its course is
directly upward toward the bend of the elbow on the poste-
rior surface of the fore-arm. Just below the bend of the
elbow it unites with the anterior ulnar to form the common
ulnar, or joins with the median basilic to form the basilic.

Common Ulnar Vein.—This vein is sometimes absent,
but when present it is formed by the anterior and posterior
ulnar veins. It is a very short vein and its course is upward
and outward, joining with the median basilic to form the
basilic vein.

The Radial Vein begins beneath the integument on the
dorsal surface of the wrist, taking a course toward the bend
of the elbow, where it unites with the median cephalic to form
the cephalic vein. The radial vein has several communicat-
ing branches with the deeper veins of the fore-arm, forming
a very complete anastomosis.

The Basilic Vein.—This vein, especially the left, is
one of the veins most frequently selected by the embalmer
for the removal of blood from the body; this is on account of
its superficial course, and also because it lies alongside the
brachial artery, the vessel most used for arterial embalming.
It is a vein of considerable size formed by the median basilic
and common ulnar vein, when the latter vein is present, and
when absent the anterior and posterior both unite with the
median basilic to form the basilic. Its course is indicated by
that of the brachial artery, taking a course upward along the
inner and posterior aspect of the biceps muscle in the same
fibrous sheath with the artery and nerves. It terminates by
emptying into the axillary vein near the point of entrance of
the two accompanying veins of the brachial. On account of
the large size of the basilic vein, the embalmer will have lit-



192 THE ART AND SCIENCE OF EMBALMING.

tle trouble in separating the vein from the vena comites,
which are much smaller in size.

Median Basilic Vein.—This vein is a short vessel of
large size, which communicates with the median and the
basilic, forming the basilic by uniting with the common ulnar.
Its course is obliquely upward and inward.

Median Cephalic Vein.—The median cephalic vein is
also a short vessel which passes obliquely upward and out-
ward towards the ouler side of the biceps muscle, passing
between the groove formed by the tendon of the biceps and
the supinator longus muscle. It joins the radial vein just
above the bend of the elbow and forms the cephalic vein.

Cephalic Vein.—This vessel is of considerable size and
its location is even more superficial than the basilic, but on
account of its increased curvature it is seldom used for the
removal of blood, although I have employed it, with some
degree of success. Its course is along and in the grooves
formed first by the biceps and triceps muscles on the outer
side, then it follows the groove formed by the pectoralis
major and the deltoid muscle, at the upper part of which it
pierces the costo-coracoid ligament and empties its blood
into the axillary vein just beneath the clavicle. The vein
sometimes communicates with the external jugular or the
subclavian vein by a small branch which crosses in front of
the clavicle.

The Mediam Vein commences on the anterior surface
of the fore-arm near the wrist and ascends toward the bend
of the elbow, where it divides into the median basilic vein
and the median cephalic. It communicates with the anterior
ulnar and radial veins by several short trunks.

The Deep Veins of the Upper Extremities.

The deep veins of the arm follow the course of the
arteries, and are generally two in number, one on each side of
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the artery, forming the vena comites, or accompaning veins
of the artery. The deep veins communicate very freely with
each other, by short branches passing from one to the other.
The digital veins accompany the digital branches of the pal-
mar arch, beginning at the ends of the fingers and extending
along the sides to the deeper tissues of the palm of the hand,
when they take the course of the superficial palmar arch,
forming the venz comites of that arterial trunk. From the
palm of the hand the deep veins ascend toward the elbow,
first entering the deep tissues of the wrist, where they follow
the course of the radial and ulnar arteries. They communi-
cate very freely with each other and, also with the interos-
seus and superficial veins of the arm. The vena comites
finally terminate by emptying into the vena comites of the
brachial artery, forming the brachial veins. These veins,
like those of the radial and ulnar, run alongside of the artery.
They are placed oune on each side of the artery and are closely
connected by several small branches. The brachial veins
unite with the basilic to form the axillary vein.

The Axillary Vein commences at the lower margin of
the axilla, receiving its origin from the basilic and accom-
panying veins of the brachial. From this point of origin it
describes a course similar to that taken by the axillary ar-
tery, and as it approaches its termination beneath the clav-
icle at the lower border of the first rib it receives many small
branches, and some of large size, which increase the caliber
of the axillary vein considerably. Near its termination it
receives the cephalic vein. Both the axillary and the cephalic
veins are provided with valves, those of the cephalic being
found near its termination in the axillary. The axillary vein
lies to the thoracic side of the axillary artery, and a little in
front of the vessel; it is also held in position by the fascia of
the parts which protects it and prevents it from collapsing
after death.

13—B
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The Subclavian Vein is a large vein about three inches
in length which extends from the lower border of the first rib
to the inner border of the sterno-clavicular junction, where it
unites with the internal jugular vein to form the innominate
vein. The subclavian vein liesin front of the subclavianartery,
being separated by the muscular fibres of the scalenis anticus
and the phrenic nerve. The subclavian vein is usually sup-
plied with valves, which are placed nearly opposite the term-
ination of the external jugular and about an inch from the
ending of the vein in the innominate.

The Venge Innominatee.— These large venous trunks
are placed one on each side of the root of the neck, being
formed by the junction of the subclavian with the internal
jugular. The right innominate is much the shortest of the
two vessels, being a little less than an inch in length, while
the left is more than double that length, being from two to
three inches long. Therelations between the two vessels are
consequently very different, the right taking almost a verti-
cal course downward in front of the innominate artery and
joins the left innominate vein to form the superior vena cava.
The left innominate vein is much larger than the right and
describes a gentle curve across the upper and anterior part
of the chest, joining the right innominate just below the
lower border of the first rib with the right end of the first
piece of the sternum, where it forms the superior vena cava.
The left innominate is placed in front of the artery, and also
crosses the large branches from the arch of the aorta on that
side. The innominate veins are destitute of valves, which
makes the operation of passing a drainage tube through them
a very easy task. It will be seen from the description of the
innominate veins that on account of the curvature existing in
the left it is more desirable for the introduction of a drainage
tube from the left basilic than the right, which begins almost
at a right angle from the subclavian.
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The Superior Vena Cava is the largest vein placed
above the heart. It is from two to three inches in length
and extends from a point corresponding to the lower border
of the first rib where it joins the sternum on the right side,
to its termination in the right auricle of the heart, corre-
sponding to the upper border of the third rib at its point of
junction with the middle piece of the sternum or breast-bone.
Its course is nearly vertical, with the exception of a slight
curve near its entrance into the pericardial sac. The convex-
ity of this curve is placed to the right side. There are no
valves in the superior vena cava.

Veins of the Lower Extremities—The Inferior Vena
Cava and Its Tributaries.

The veins in the lower extremity, like those in the upper,
are divided into the superficial and the deep. They are pro-
vided with valves, which are more numerous than in the
veins of the upper extremities, the deep veins of the leg con-
taining more than the superficial. The superficial veins are
placed just beneath the integument and superficial fascia,
and converge to form two large veins known as the internal
and external saphenous. The deep veins follow the course
of the arteries and form the vena comites of the anterior and
posterior tibial and peroneal arteries.

The Internal or Long Saphenous Vein begins by a
branch from the inner side of the venous arch formed on the
back or dorsum of the foot. This arch is superficial, being
placed just over the metatarsal bones beneath the integu-
ment. It receives several digital branches from the toes,
and other branches from the upper part of the foot, thus
forming a venous plexus, which gives origin, on the inner
side,’to the internal or long saphenous vein and, on the outer
side, to the external or short saphenous vein. '
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The Internal Saphenous Vein describes a course up-
ward and in front of the inner malleolis (ankle bone), then
back of the tibia along the inner side of the leg to the popliteal
space. Passing along the inner side of this space, it ascends
along the inner side of the thigh to a point about an inch below
Poupart’s ligament, where it terminates in the femoral vein.
The internal saphenous vein communicates by short branches
with°the deep veins of the thigh and leg; it also receives
tributaries from the superficial veins of these parts, and near
the saphenous opening in the fascia lata it receives the super-
ficial epigastric, superficial circumflex iliac, and external
pudic veins. It has from four to six valves, which are more
frequent in the upper part of its course than in the lower. It
empties into the femoral vein about an inch below Poupart's
ligament.

The External Saphenous Vein begins by a branch from
the outer side of the arch formed on the dorsum of the foot
and takes a course along the outer side of the foot to the ex-
ternal malleolis (external ankle bone), passing behind that
bone to the outer side of the tendo achilles, which it crosses,
then makes a course along the outer and posterior aspect of
the leg to the lower border of the popliteal space, where it
unites with the popliteal vein. In its course it receives sev-
eral large tributaries from the superficial and deep veins,and
at its termination, in the popliteal, gives off a communicating
branch to the internal saphenous vein. The external saphen-
ous vein is supplied with from three to nine valves, placed at
varying points along its course.

The Deep Veins of the Lower Extremities.

The deep veins of the lower extremities, as before
stated, follow the course of the arteries, forming the vena
comites of those vessels. The external and internal plantar
veins unite to form the posterior tibial, which receives the



VEINS OF THE HUMAN BODY. 197

venae comites of the peroneal artery. The vena comites of
the anterior tibial artery commences by a continuation of the
accompanying veins of the dorsalis pedis artery, following
the course of the dorsalis pedis over the annular ligament at
the front of the ankle, then penetrates the deep tissues be-
tween the tibia and fibula to the upper part of the leg, where
they pierce the interosseus membrane and terminate by open-
ing into the popliteal vein.

The Popliteal Vein commences at the lower border of
the popliteal space. It is formed by the junction of the venae
comites of the anterior tibial and the posterior tibial veins.
Its course is similar to that of the popliteal artery. Itis at
first placed to the inner side of the artery, then becomes su-
perficial to that vessel and, towards the upper part of its
course, it lies more to the external side. On account of the
large number of tributaries, and also on account of their large
size, the popliteal vein is a vein of very large caliber. It as-
cends upward to the opening in the adductor magnus muscle,
where it forms the femoral vein. It is supplied with from
three to four valves.

The Femoral Vein is used by the embalmer for the re-
moval of blood from the body nearly as often as the
basilic vein in the arm. Many seem to favor the femoral,
on account of its large size, preferring the right to the
left. (See ‘‘Removal of Blood.”) The femoral vein is the
direct continuation of the popliteal. Commencing at the
opening of the adductor magnus, it follows the course of the
femoral artery, being placed first to the external side of the
vessel, then, as it approaches the middle third of its course,
it passes behind or posterior to the artery, but about an inch
below Poupart’s ligament it is placed to the inner side of the
artery. It receives the internal saphenous vein near Pou-
part’s ligament and in different parts of its course it receives
several branches of large size from the muscular tissues of
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the thigh. It is provided with four or five valves placed at
different parts of its course.

The External Iliac Veins are the direct continuation of
the femoral. They begin just below Poupart’s ligament and
take a course upward and inward along the external iliac
artery, terminating just opposite the sacro-iliac symphysis in
the common iliac vein by joining the internal iliac. The re-
lations of the right and left external iliac veins are very dif-
ferent; the right is first placed to the inner side of the external
iliac artery, but as it nears its termination it passes behind
or posterior to the vein, while the left external iliac vein is
placed only along the inner side of the artery, joining the in-
ternal iliac vein at the sacro-iliac synchondrosis to form the
common iliac vein. The external iliac vein has from oune to
two valves placed near its termination in the common iliac
veins.

The Internal Iliac Vein follows the course of the artery
of the same name. It receives numerous branches from the
external tissues of the pelvis, and also from the organs mak-
ing up the genitalia, the vaginal plexus, the uterine veins,
hemorrhoidal, and in the male the vesico-prostatic veins
empty into the internal iliac. These veins, together with
those from the muscular tissues of the pelvis, are provided
with numerous valves, but the internal iliac vein is devoid of
valves. It terminates by uniting with the external iliac vein
to form the common iliac.

The Common Iliac Veins commence just opposite the
sacro-iliac junction, being formed by the internal and external
iliac veins. From this origin they pass upward and inward
to a point corresponding to the intervertebral cartilage,
placed between the fourth and fifth lumbar vertebra, where
they terminate by forming the largest vein in the human
body — the inferior ven:
and left common iliac
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should be remembered by the embalmer during the operation
of passing a flexible tube into the vein for the removal of
blood. The right comnon iliac vein at first passes to the in-
ner side of the artery and then behind and finally to the out-
side of the common iliac artery. It is nearly verticle and
appears to be the direct continuation of the inferior vena
cava. On account of the position of the inferior vena cava
on the right side of the vertebral column, the right common
iliac vein is the shortest.

The left common iliac vein is placed at the inner side of
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