George B.Bridgman ® The Human Machine (DT
About The Human Machine of George B.Bridgman

wor % R
F—-T— 8D AR L BN

e

Nz EF—7 & LTROELHRL L9 &322
221X Hi O Heidi Lenssen DR IZBR728 ) TH 5o

CoZURIZH o T, Heidi Lenssen (H, L) D&% 53 George B.Bridgman b ZEAiR D AIZEEE L T
W5,

Z 2T, Z® George B.Bridgman 7'V v ¥~ ® [ A DOHEiE | (The Human Machine) %410 .
B Heidi Lenssen ® Art and Anatomy & ILiXT 22X ) . A AROREL RIT 5124720 &
HEv D [bo] 3h, BHOBEMT AITMI»2HRK L, ZMRICE o TAROEBLO 2 1A
VBELZOP AT 2ENTEL bR,

S|

RIZE 5 TAMRICOWTERFHEFOPICEE 2

Q)

FUHIC

ZoBERHI, MERHEERO—ETH D . NMEEFORFETHNM L2 DTH S, WD
TERHERL D [Heidi Lenssen @ Art and Anatomy [C2W T (2R CHDTH Y, Yo/ — b
D THiAHE L Heidi Lenssen @ Art and Anatomy % @ BHIZB X L2056, FEHDOFEARIZEBITF
B MNEDIFESH & Z DREEIT T H5EZERTEHRLODTH S,

BE[CDW\T
CoFEIL, FROEHEOSTENS, HR, HROMEY) OEH»HIEDOILE TORTIZH LG -
A - AR DR EZOMHE L IZL VRSN TW5,

[BEEOEE] [CDVT
FHEICLD L, BEHOSEOE-FORMIIH L LEDLNL, T [HRAOH S IZHKD
HH] THHIRELRLDTHALELTWVDE, ZOMELHAOEXI2H 5,
COMAOEEIZE ) AMEDPEIS SN TV LD, BRICBWTIRIFFHRE 2> TWb,
WA E, B8 L. MEZEI2 L, 2L T, ROWNREEILEEE, 2 2IZELEOREIIN
H5b,

— 139 —



George B.Bridgman @ The Human Machine (22T

ZOFEANC X ) MRICHE SN /A E2 BR T 2 F00EE 2 b, Ld> T, FHEEIANEE
B HEEEZHFOLOTHLEEZTnDE, ZNE, MEEEZZ TV A EHEEHN LTV 5
WeaEEDEIITRLONERL TS,

EHIC, FEHE, BEHOSEORTIIBWT, #E % 7256 38 L HROREEIC OV TR,
INAHMETLHICEID, AMEEHEICREEZDL5TDOTH S LTV E,

AN EEICDONT

FETIE, BROPTEYLZELHREDOO LT COMELEL., B, F. o, b (5.
. B BHE. W, B a8 KRR B W ROESI25 ) TP 2SN Twah,
ZOHT, FHEOBERLTWALEIAHZ LKL TWDL ERDN LA, Fi. FoOFCmRED
L (p24~p55) IZOWTHLEIT %,

ABICDONT

(p24~p25) Tid, FIBIZ 25O ELFEICLVE, HA. ML, FHEOBB S,
(p26~p27) TlI, EH2 SO EMHFILIZL D E. HR, &, FHEOHAPEN TV,
512, (p28~p29) Tld, FIMIICH > THMOD 2HE L RBOMEL ., ZofMIzONT
fpEian, £72, (p30~p3l) Tld, ZOHEEFDOEH 2 THATH B EIAFREIFIZD
WTHBH S, E512, (p32~p33) Tid, AIOBHAICOWTHLIHBEIN TV S,

B (£ [CDWT

(p34~p35) Tl AN HHE. MW, B)&, IURICOVWTHE CETHH SN, =8, =
Y. L OBRoSERUL & L TRA SN TW A,

(p36~p37) Ti&, %26 EHEROE. HA., B1&, YUESRKE CFTICI D FHH SN, =5
BASRHG E L TSN, ZORBHIZBN S N TWARWAS, Z N8 3 B % 8% R &
ELTHALTW A,

(p38~p39) Tix, #MUlE LSO, F. FHA. &, YHEICOWTIE LFEIC L o TR S
. HAOFEGRIER R B O & S Al ) 12 & > THEHETH S LIBERHN TV A,

(pd0~pdl) Tik, WHIEA S OF. HW. HiE. IOV TR E LI L > THRFHS 1,
N2BEFRRE Ch ) Z oMM E . AFEICE  FPRREN TV 5,

(pd2~p43) Tid. WEFIKOHING & B OREHHEEICOWTHERENT WD, ZOHT—Ef5E
HOKLHIHH %05, TOMOFFIZOVTHEVIZZRWEEbN S,

(pdd~p45) Tix. ERilCH 2 "HHR . “HHOBIERICOWVTHERS I, ZO/ES K
IRENTWVD,

(p46~pd7) Tix, Lo =Tk & U O & BRSNS 512, 2ok

— 140 —



RIS SRR ENTWA,

(p48) Tl BiDOAK L ZDMF LI L > THMEN D, £ T W & EiE ok
BRDSIER SN TV A,

(p49) TlE. BEOWMETE A & Z DHMZIK D I o BT B 5 <0 5 i o [l s B 12D TR L
Twb,

(p50~p51) &, M & BB OIIELH DK TH %,

(p52) T, WM EZ MU 2 H2 L, BHFEE & L T2 0EH) & HRORETER %
L TWh,

(p53~pb4) . EE 25 DN OB OEERX & 2 DEFHA R SN TV5D,

(p55) Tld. HOFIH S DEFHEEICOVWTRE LEIZL > TREESM TV,

FED
W75 3 2R D =50 — 12 b i 7z VA5, oS TlE, Ak - ZEX, kicid,
AT - B - AV - AETER, 2 SO ) 6 R7-MEFH > TENEND /D E .
A, Mg, SMEIC OV TE LRIZZ DOREESHO THDRRH & TR TWIRETHFH S
TWwh, ZHUE, AP Heidi Lenssen ® ART and ANATOMY X V) & Z Dz - SV - B 7%
EIZOWTOFHPMR SNz b DL Lo TV D,
ZNEWET /IO TIR~AUE, DUTomiEy & 725,
IR DOBEE & G D),
I D BT B 8
[l P57 & o197k o B AR
Wio> ZBEf . =B, BB OBRR,
Jois & i g oD 1 5y |
N BAET & FEPU OB Lok Z0E & R EThH S,
INBIE, FEHEO [BHEOSTE] ILH5HAOHELRFEMOLEER LIZHY), 2512, Tt
B 72ATCERBIZE ) AMEDJFERDSE D & ) LA L BARORER T Y 7.0 TV B A5k 5
NTwa, Lab, ZOMMEBRPAMOEDOETOETICHIN TV LHPEEDFTIEL
LTZEDXLHITHERENT WS,
% Z |2 George B.Bridgman @ Jii3# The Human Machine ® H 83 AMEOFE & EKIGH 2SS 5
LEDbLNS,

— 141 —



George B.Bridgman @ The Human Machine (22T

=2

SEER O RIE<PAR tkaE> R
HARMNERERH Y B—5 S R
A REBlER BN RS LEHIZ
ESEPNN T IR LR
Ry MEAT T A

SEAMT AR R T

HelFE S KA HI%

AT K VRS
W ST Bl AR

Heidi Lenssen ® ART and ANATOMY |[ZDWT %52 &

EP
BRSO SC [p24 ~p5b5]

AT = HRE
eI B
ik FHE R
o ORGE
R
PEE  IERE
HH 5

R

F Il

Bl

Rl

I

wEEk

fF7ett

AT HIIVE 2 —F

i MEIENELRRS REEK
Heidi Lenssen ® ART and ANATOMY (22T A [T R 3455075

GE) BXoHEE [ ] MCBFTERRLTH S,

— 142 —

FIAOER A LT R AR B 517



INTRODUCTION

It appEars to be a fixed law that the contraction of a muscle shall
be towards its centre, therefore, the subject for mechanism on each
occasion is so to modify the figure, and adjust the position of the
muscle as to produce the motion required agreeably with this law.
This can only be done by giving to different muscles a diversity of
configuration suited to their several offices and to their situation with
respect to the work which they have to perform. On which account
we find them under a multiplicity of forms and altitudes; sometimes
with double, sometimes with treble tendons; sometimes with none,
sometimes with one tendon to several muscles; at other times with
one muscle to several tendons. The shape of the organ is susceptible
of an incalculable variety, while the original property of the muscle.
The law and line of its contraction remains the same and is simple.
Herein the muscular system may be said to bear a perfect resemblance
to our works of art. An artist does not alter the native quality of his
materials or their laws of action. He takes these as he finds them.
His skill and ingenuity are employed in turning them such as they
are, to his account by giving to the parts of his machine a form and
relation in which these unalterable properties may operate to the
production of the effects intended.

Palley’s Theology.

[03]
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FOREARM...FRONT VIEW

BONES: I

1. The upper arm bone the humer-
us, is the longest bone of the upper
limb. It is composed of a shaft and
two extremities.

2. At the lower end of the humerus
there are two projections. The inner
projection (the inner condyle) is quite
prominent and always in evidence and
is used as a point of measurement.

3. The forearm is composed of two
bones, the radius and the uina. The
ulna hinges at the elbow, it articu-
lates with the bone above by a beak
like process and descends toward the
little finger side of the hand, where it
is seen as a knob like eminence at the
Wrist.

4. The radius carries the thumb
side of the wrist and hand at its lower
extremity. At the upper end, the head
is hollowed out to play freely on the
radial head of the humerus,

MUSCLES: 1I

1. The pronator teres. From its
origin on the internal condyle of the
humerus is directed downward and
outward and inserted into the outside
of the radius about half way down
the shaft. In contraction it turns the
forearm and thumb side of the hand
inward causing pronation.

2. There are four flexor muscles
that arise from the internal condyle
of the humerus, their bodies are most-

ly fleshy terminating at their lower
half in long tendons.

3. The palmaris longus, also a flex-
or, shows a long slender tendon di-
rected toward the middle of the wrist.
It is inserted into the palmaris facia
ihatdstretches across the palm of the

and.

4. Flexor carpi ulnaris.

III

Muscles must lie above and below
the joint they move. Muscles that
bulge the forearm in front are flexors,
they terminate as wires or strings that
pull the wrist, hand and fingers to-
gether as they contract.

v

The inner condyle of the humerus
is a landmark when the forearm is seen
from the front and the bones are par-
allel. In this position, the muscles and
their tendons are directed downward
to the wrist and hand

The first, the pronator teres, passes
obliquely to the middle of the radius.
The second, the flexor carpi, radiates
toward the outer side of the hand.
The third, the palmaris longus, is
toward the middle and the fourth.
The flexor carpi ulnaris is toward the
inner border of the hand. The muscles
just named are situated on the front
and inner side of the forearm and all
arise from the inner condyle of the
humerus.

[25]
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FOREARM. ..

BONES: I

1. The humerus of the arm pre-
sents a shaft and two extremities.

2. Olecranon process of the ulna,
elbow.

3. The ulna, from the elbow to the
little finger side of wrist.

4. Radius, the thumb side of the
forearm at the wrist.

5. The styloid process of the radius.

MUSCLES: II

1. The supinator longus arises from
the outer border of the humerus to
about a third of the way up its shaft.
It then enlarges as it descends to its
greatest size at about the level of the
external condyle, below its fibres are
replaced by 2 long tendon that is in-
serted into the styloid process of the
radius.

2. On the humerus, just below the
supinator, arises the long extensor of
the wrist. This muscle descends by a
slendor tendon to the index finger and
is named the extensor carpi radialis
longior.

3. Anconeus, a small triangular
muscle attached to the external con-
dyle of the humerus and inserted into
the ulna just below the elbow.

4. There are four extensors includ-
ing the long extensor of the wrist just
mentioned. Three of these arise from
the external condyle of the humerus,
descend as muscles about half way
down and end as tendons that extend
the wrist, the hand and the fingers.

[ 27

BACK VIEW

The fourth arises from the shaft of
the humerus just above the external
condyle.

5. Extensors of the thumb.

III

The muscles of the forearm are
placed just below the elbow, moving
the hand, the wrist and fingers by
long slim tendons that are securely
strapped down as they pass under or
over the wrist. It is a fixed law that
a muscle contracts toward its center.
Its quickness and precision of move-
ment depends upon its length and
bulk. If the muscles of the forearm
had been placed lower down, the
beauty of the arm would have been
destroyed.

v

The muscles that lie on the outer
side and back of the forearm are
known as the supinator and the exten-
sor group. They emerge from between
the biceps and the triceps at about a
third of the distance up the arm as a
fleshy mass. These wedge shaped mus-
cles are placed on a higher level than
the pronator or flexor group, as they
arise some distance above the outer
condyle of the humerus. The extensor
group take their origin from the con-
dyle below. The extensor tendons are
on the back of the arm and always
point to the outer condyle of the
humerus. The extensor muscles are
the direct antagonists of the pronators
and flexors in front. The chief action
of the supinator longus is that of a
flexor but acts as in supination as well,

]
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1. .RADIUS 2. .ULNA

The radius is on the thumb side of the hand at the wrist. It
operates in a wheel-like motion. This bone is twisted obliquely and
moves circularly around round the head of the ulna. The radius
circles around the little finger side of the hand in both supination
and pronation, making the head of the ulna at the wrist the axis
around which the radius follows the rim of a supposed wheel.

[ 28]
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The variety, quickness and precision of which the arm and
hand are capable is even at times beyond conception. The head of
the radius turns on its own axis at the radical head, but does not
change its position next the ulna, due to a ring of ligament that keeps
it clccaﬁe to a hollowed out surface of the ulna. This is called the radial
not

FOREARM

The mechanical contrivance of the forearm

‘The forearm is the lower arm from the elbow to the wrist.
It is joined to the bone above at the elbow. For the movement of the
limb two motions are required. The swinging of the forearm back-
ward and forward and a rotary motion by which the hand can be
turned with the thumb outward or the thumb inward toward the
body. The forearm consists of two bones that lie along side each
other. Only one of these bones is joined to the upper part of the
arm at the elbow as a hinge joint. This allows a movement in one
plane, as it swings backward and forward, it carries along with it
the other bone and the whole forearm. When the palm of the hand
is turned upward, the other bone to which the hand is attached, rolls
upon the first. These two bones of the forearm are called the radius
and the ulna.

The joints are lubricated to make them slip easily one upon the
other. They are sealed by a capsule and held together by strong
braces to keep them in position. Strings and wires, that is, muscles
and their tendons are then inserted for the purpose of drawing the
bones in the direction in which the joints allow them to move. The
radius alone carries the hand. The thumb side of the hand when
turned out or in toward the body is in the same position as the two
bones of the forearm. Parallel when the thumb is turned out, cross-
ing one another when the thumb is turned in. The radius moves
wheel-like around the ulna. The forearm is pivoted or jointed at the
elbow which becomes its fulcrum. At the end of this lever is the
band. To flex the forearm the power is placed in the arm above and
attached to the forearm below. The muscular power is placed so
close to the hinge-like joint that it lacks in power, but has the advan-
tage of speed. Whatever is lost in strength is gained in quickened
action.

[29]
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PRONATOR SUPINATOR

The two muscular forces that rotate or turn the forearm by
crossing one bone over the other, are the supinator and the pronator.

1....The supinator extends from about a third way up the bone
of the upper arm to the wrist. It is a long muscle. The lower third
is tendinous. It rises above the outer condyle of the humerus. The
upper portion is the large fleshy mass that lies on the outer and
upper third of the forearm. In action it flexes as well as supinates.

2....The opposing muscle to the supinator is the short round
pronator teres, which passes obliquely downward across the forearm.
It arises from the inner condyle of the humerus to be inserted near
the middle of the outer border of the radius. These two muscles
pull the radius with a wheel-like motion over the ulna and back
again carrying the thumb side of the hand toward or away from
the body. The supinator is the force that turns the door-knob and
the screw-driver away from the body. It is the only flexor of the
forearm that can be seen on the surface of its entire length.
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FOREARM

The muscles of the forearm move the wrist, the hand and
fingers. They are muscular above and tendinous below. These ten-
dons are strapped down to pass over and under the wrist and fingers.
There is a great variety of formation and shape to the muscles of
the forearm. They must be adjusted to the position they occupy
and yet produce Ze motion required.

In the forearm there are muscles with tendons that are single
and again double as they pass to the wrist and hand. The muscles
of the forearm act separately or in groups with quickness and pre-
cision as the occasion requires.

1. The front and inner side of the forearm is composed of mus-
cles that arise from the internal condyle of the humerus by common
tendons and terminate below by tendons that are two-thirds: the
length of the muscle. These tendons separate to be inserted into the
wrist and fingers and are known as flexors.

2. The muscles of the back and outer side of the forearm asa
group arise from the external condyle and adjacent ridge of the
humerus. As a mass it is on a higher level than that of the inner side
of the forearm. As to these muscles in general: they pass down the
back of the forearm and divide into tendons as they approach the
wrist where they are held in place by a band called the annular
wrist ligament.

3. When the arm is bent to a right angle and the hand is
directed toward the shoulder, the flexor muscles are set in motion
by contraction. They swell to their muscular centers and their
tendons pull the hand downward. When the hand is bent at the
wrist in the direction toward the front of the forearm, it is flection.
The reverse is called extension.

4. The extension of the hand on the forearm showing the
muscles and the tendons lying on the outer side and back of the
forearm. They are held in place by the annular ligament,

The rounded forearm is made up of the fleshy bodies of muscle
that terminate mostly in long tendons that pass to and over the
wrist and hand. Some of these muscles move the hand on the fore-
arm or the different finger joints on each other. There are also deep

muscles of the forearm from which the tendons emerge but the
muscles are hidden.
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THE ARM...

BONES:

1. The coracoid process is a part
of the shoulder blade that extends be-
yond and above the rim of the cup
that holds the head of the arm bone,
the humerus.

2. The head of the humerus is
rounded and covered with cartilage,

it contacts with the glenoid cavity of
the shoulder blade.

3. The humerus is one of the long
bones of the body. It is composed of
a shaft and two large extremities; the
upper articulates at the shoulder and
the lower at the elbow.

4. The shaft of the humerus at the
elbow is flattened from front to back
ending in two projections; one on the
inner, the other on the outer side, and
are called the inner and outer con-
dyles. The inner side is the most prom-
inent.

II
MUSCLES:

1. The coraco-brachialis is a small
round muscle placed on the inner sur-

face of the arm lying next to the short
head of the biceps.

2. The biceps, so called, because it
is divided into two parts; the long and
the short. The long head ascends in
the bicipital groove of the humerus to

i just above the upper mar-
gin of the glenoid cavity of the shoul-
der blade. The short head has its at-

FRONT VIEW

tachment to the coracoid process. The

biceps descend as a tendon to the ra-
dius below the elbow.

3. The brachialis anticus muscle
lies beneath the biceps. It stretches
across the lower half of the humerus
to the ulna.

III

Both the biceps and brachialis mus-
cles are placed in front of the arm.
When they contract they bend the
elbow. Every muscle is provided with
an adversary, as an example: the
finger is not bent or straightened with-
out the contraction of two muscles
taking place. The biceps and brachi-
alis anticus are the direct antagonists
of the triceps. The brachialis anticus
muscle covers the lower half of the
humerus in front and is inserted into
the ulna just below the elbow. Its at-
tachment to the ulna is so short that it
is at a great disadvantage as to power,
but what is lost in strength is gained in
speed by its short leverage.

v

The mass of the shoulder decends
as a wedge on the outer surface of the
arm halfway down. The biceps is seen
as a flattened mass when not in con-
traction as it wedges downward to en-
ter the forearm below the elbow.
There are great changes in the form of
the arm above the elbow as a mass, the
biceps is lengthened in repose, but be-
comes short and globular during con-
traction.
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THE ARM...

BONES: I

1. The great tuberosity of the
humerus is situated on the outer side
of the bicipital groove. At its upper
extremity it is a prominent bony point
of the shoulder. Though covered by
the deltoid, it materially influences the
surface form.

2. The shaft of the humerus is
cylindrical.

3. The olecranon of the ulna forms
the point of the elbow.

MUSCLES: II

1. Longhead; 2. External portion;
3 Internal portion of the triceps; 4.
Common tendon of the triceps.

The triceps muscle has been so
named because it is composed of three
portions or heads, one of which is cen-
tral and two lateral. The long head
arises from the border of the shoulder
blade immediately below the glenoid
cavity and terminates in a broad flat
tendon, which is also the termination
of the internal and external portions.
The external head arises from the up-
per and outer part of the humerus.
The inner head is also on the humer-
us, but on the inner side. Both mus
cles are attached to the common ten-
don, which is inserted to the olecra-
non process of the ulna.

BACK VIEW

§. The anconius muscle, small and
triangular in shape is attached in the
external condyle of the humerus above,
and below to the ulna, a continuation
of the triceps.

I

Muscles act only by contraction.
When exertion ceases they relax. The
muscles, that are placed on the front
part of the arm, by their contraction
bend the elbow; to extend and straight-
en the limb. The triceps (the oppos:
ing muscle), is brought into play with
no less than that which bent it. The
elbow joint that these muscles move is
a hinge joint that moves in one plane
only either forward or backward.

v

The back of the arm is covered by
the large muscular form of the triceps,
which extends the entire length of the
humerus. This muscle is narrow
above, widening below to the furrow
of the outer head of the triceps. From
here the common tendon of the triceps
follows the humerus as a flattened
plane to the olecranon process of the
ulna. The common tendon of the tri-
ces receives the muscular fibres from
all three heads of the trices. The direc-
tion of this broad flat tendon is in line
with the humerus.
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THE ARM ... OUTER VIEW

BONES: I

1. Acromion process of the shoul-
der blade.

2. Head of the humerus.

3. Shaft of the humerus.

4. The external condyle.

MUSCLES: 1I

1. The triceps is a three headed
muscle. By contraction, it extends the
forearm.

2. The biceps is a two headed mus-
cle. By contraction, it depresses the
shoulder blade, flexes the forearm and
rotates the radius outward.

3. Brachialis anticus: (brachialis,
pertaining to arm; anticus, in front).
By contraction, it flexes the forearm.

4. Supinator longus.

5. Extensor carpi radialis longus;
extensor, (extender); carpi, (carpus,
the wrist) ; radialis, (radiates); longus,
(long), 1s responsible for the action
that extends the wrist.

I

Muscles with their tendons are the
instruments of motion as much as the
wires and strings that give the move-
ments to a puppet. In the upper arm,
the wires that raise or lower the fore
arm are placed in directions which
parallel the bones. All the muscles of
the body are in opposing pairs. When
a muscle pulls, the opposing one yields
with just sufficient resistance to bal-

ance the one that is pulling. The fore-
arm is the lever on which both the
biceps and the triceps flex and straight-
en out the arm at the elbow. The
muslces just mentioned parallel the
arm to swing the forearm backward
and forward.

Another contrivance is needed to
give rotary motion to the thumb side
of the hand. In order to do this, the
power is attached to the lower third
of the humerus above the outer con-
dyle and extends to near the end of
the radius at the wrist. It is this mus-
cle that aids in turning the door-knob
and the screwdriver.

v

In looking at the arm from the out-
er side it is seen that the deltoid des-
cends as a wedge sinking into an outer
groove of the arm. The mass of the
biceps and triceps lie on either side.
There is as well an outer wedge, the
supinator longus. These different
forms denote entirely different func
tions. Mechanism has always in view,
one of two purposes; either to move
a great weight slowly, or a lighter
weight with speed. The wedge at the
shoulder creates power. Lower down
on the arm, speed. This mechanism
allows the wrist and hand to move up
and down as well as circularly, with
a certain firmness and flexibility com-
pared to the comparatively slow mo-
tion of which the arm can be raised.
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THE ARM...INNER VIEW

BONES: 1

1. The bone of the upper arm is
called the humerus. It consists of a
long strong cylinder. As it is not flex-
ible, it can turn only on joints, one at
the shoulder to raise the arm and one
at the elbow to bend it. The upper
extremity seen from the inner side con-
sists of a round smooth ball that is
covered over by a layer of cartilage
and is known as the head of the humer-
us. It glides in the cup shaped cavity
of the shoulder blade, the glenoid
cavity.

2. The cylindrical shaft of the
humerus.

3. The inner condyle of the humer-
us is larger and more prominent than
the outer one. It is the origin of the
flexors of the forearm as well as a
muscle that pulls the thumb side of
the forearm toward the body, the pro-
nator teres.

MUSCLES: 1I

1. Coraco-brachialis: from coracoid
process to humerus, inner side half
way down. Its action: it draws for-
ward and rotates the humerus out-
ward.

2. Biceps: the long head from up-
per margin of the glenoid cavity, the
short head from coracoid process to
radius. Its action: it flexes the forearm
and rotates the radius outward.

3. Triceps: the middle or long
head; the external head; the internal

or short head. Its action: it extends
the forearm.

4. Brachialis anticus: from front of
the humerus and the lower half to the
ulna. Its action: it flexes the forearm.

5. Pronator radius teres: extends
from the internal condyle to the radius
on the outer side and halfway down.
Its action: it pronates the hand and
flexes the forearm.

6. Supinator longus: the external
condyloid ridge of the humerus to the
end of the radius. Its action is to
supinate the forearm.

III

The arm and forearm is pivoted or
jointed at the elbow. The elbow is
the fulerum. The power that moves
the lever is a muscular engine. When
the forearm is raised the power is
exerted by the biceps and brachialis
anticus, when this action takes place,
the triceps are inert.

v

The arm, seen from the inner side
presents the greatest width at the
fleshy region of the deltoid, two-thirds
of the way from above the elbow, then
diminishes as a hollow groove, bor-
dored by its common tendon. The in-
ner view of the arm, the side that lies
next the body, has a number of mus-
cles that point this way and that way,
as well as up and down, to pull and
draw the joint in the direction to
which it is attached. The crossing at
different angles braces the arm as well
as allows great freedom of movement.
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ARM AND FOREARM

The arm plays in a socket at the shoulder and swings on a hinge
at the elbow. The rounded head of the arm bone fits into the cupped
cavity of the shoulder blade, where a short, flexible ligament is
attached to the head of the ball and is inserted into the bottom of
the cup keeping the two parts firmly in their place. Around the
edges of both cup and ball a membrane is tied. This confines and
holds the bones together. The elbow is surrounded as well by a
strong and firm parchment-like membrane, which keeps the parts
from further action than they are allowed to go in the plane of their
motion. In all joints, the opposing bones are coated with cartilage,
which by pressure are oiled by the breaking down of the cartilage
itself and is called the lubricating system.

A mechanical contrivance is seen at its best in the forearm for
the perfect use of the limb where three movements are re-
quired, a backward and forward, as well as, a rotary motion.
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By comparing the mechanism at the shoulders with the same at
the elbow, it is seen that there are laws that control each separate
joint. The ball and socket at the shoulders and the tendons and mem-
branes have already been mentioned. The surrounding ligaments are
loose enough to allow 2 free motion of flexion and extention. The
round ligament, that is inserted into the head of the humerus and
into the cup of the shoulder blade, is also flexible and still taut
enough to keep the two parts firmly in their places.

The shape of the lower extremity of the humerus gives the key
to the elbow joint. It is flattened out from front to the back, and at
the sides there are projections. These projections, the inner and outer
condyles, have pully-like grooves around which the upper extremities
of the forearm articulate.

The ligaments which surround the elbow are stronger on the
sides than front and back, so that the joint cannot slip sideways or
go further than they ought to in their place of motion.

The two bones of the forearm are not on the same level either
above or below. From above, the ulna extends beyond the head of
the radius. Below, the radius extends beyond the head of the ulna
and is the only bone of the forearm that articulates with the hand.

The bone of the upper arm descends diagonally downward from
the shoulder to the elbow.

The thigh bone ascends diagonally upward from the pelvis to
the knee.

[43]
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In the human body, there is a framework of bone. This frame-
work is called the skelton. Muscles move this skelton. Both muscles
and bones have to be named the same as the component parts of
any machine is given a name that is expressive of that particular
part. The muscle that is placed in front of the arm has two heads,
and is therefore called the biceps. On the back is a three headed
muscle called the triceps. The coraco brachialis is named from its
origin on a beak-like process of the shoulder blade.

1. The biceps bends the elbow and flexes the forearm. In so
doing, it becomes thicker and shorter and is a good example as to
what happens to every muscular engine when set in motion. The
fulcrum or base, from which it exerts its power, is the shoulder
blade, where its two heads are attached. Its tendon below ends in
the forearm on the radius and the forearm is the lever on which
it acts.

2. The triceps muscle is situated on the back of the arm. It
extends the entire length of the humerus and is divided into three
parts. Its outer head occupies the outer and upper surface of the
humerus. The inner head occupies the inner and lower portion of
the bone. The long head reaches diagonally in and up to the shoulder
blade. Following the bone of the upper arm, is a flattened space,
which marks its common tendon. This muscle with its tendon
straightens out the flexed arm and is the antagonist to the biceps.

3. The coraco brachialis.

[44]
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TRICEPS BICEPS

1. The triceps straighten out the flexed arm.

2. The biceps bends the elbow and flexes the forearm on the
arm.

A finger is not bent or straightened without the contraction of
two muscles taking place. A muscle acts only by contraction. In the
same way a finger is bent, the forearm is bent. The muscles on the
front part of the arm by their contraction, bend the elbow, those
on the back extend and straighten the arm. The lever of the forearm
is pivoted or jointed at the elbow which acts as its fulcrum. To
straighten the arm, the heavy three-headed triceps play against its
antagonist, the two-headed biceps. When the exertion of either of
these two muscles cease, they relax to their former state.

The arm consists of a strong cylinder of bone which turns on
the joint at the shoulder to raise the arm, and another joint at the
elbow to bend it. These joints are made to slip on one another and
are pulled as they contract or relax, thus changing the surface forms
while undergoing action or relaxation.

[46]
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ARM...INNER VIEW
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MECHANISM OF THE ARM

Engines of the human body not only bend the body levers by
muscular force, but serve as well as brakes, that allow a slow reac-
tion. This is a gentle relaxation of the opposing muscles. For instance,
the biceps and the brachialis anticus muscles are placed in front of
the upper arm and by their contraction, they bend the elbow. If
power ceased altogether, it would let the forearm drop down. The
same mechanism of slow motion pertains in all the limbs and in every
movement of the body.

1. Biceps. 2. Brachialis anticus. 3. Coraco brachialis.

[ 48]
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The biceps and the brachialis anticus muscles covers the whole
front of the upper arm. The bone beneath is named the humerus, it
is pivoted or jointed at the elbow to the forearm. The elbow is its
fulcrum. The power that draws these two portions of the arm
toward each other is the brachialis and the biceps. The brachialis is
a broad muscle lying under the biceps. It arises from the lower half
of the humerus near the insertion of the deltoid. Its fibres terminate
on a thick tendon and is inserted into the coranoid process of the
ulna. Covering the brachialis in front, is the two-headed biceps. Its
two upper attachments on the shoulder blade are called the long
and short heads. The short head is attached to the coracoid process.
The long head is attached by a tendon from the upper margin of the
glenoid cavity. Both heads unite about half way down the arm and
terminate above the elbow as a flattened tendon. Both the biceps
and brachialis anticus bend the elbow and flex the forearm on the
arm.

In the upger arm it is easily seen that there is an exact relation
between the elbow joint and the muscles which move it. The mus-
cular tendons are placed in such a direction, that by their contraction
or relaxation, they raise the forearm as well as help in its rotary
motion.

[49]
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. OUTER VIEW

ARM AND FOREARM ..
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SIDE VIEW
THE MECHANISM OF THE ELBOW

1. The ulna swings on the pulley of the humerus. The articu-
lation is known as a hinge joint.

2. Shows the mechanical device used in straightening the fore-
arm, on the arm, at the elbow. The common tendon of the triceps
grasps the olecranon of the ulna, which in turn clasps round the
spool-like trochlea of the humerus.

3. When the forearm is flexed on the arm, the ulna hooks
round the pulley-like device of the humerus. The triceps on this
position is opposed by the biceps and brachialis anticus in front,
which becomes the power that raises the forearm upward. The tri-
ceps in reverse is inert and somewhat flattened out. This machine-
like contrivance resembles in many ways, a limited pully-like move-
ment.

[52]
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ELBOW ...BACK VIEW

1. The humerus at the elbow is flattened in front and back,
terminating in two condyles. Between these is placed the trochlea, a
rounded spool-like form that is clasped by the olecranon process of
the ulna.

2. This is a diagram of the spoollike form of the trochlea
with the embracing condyles at the sides. .

3. From the back, the olecranon process of the ulna is lodged
into the hollowed out portion of the back of the humerus, forming
the elbow point.

4. This shows the bony structure of the hinge joint at the
elbow.

5. As a mechanical device, used at the elbow, it is essentially
the property of the machine age.

[53]
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ELBOW

v A pulley is one of the six mechanical powers. It is used in the
construction of the hinge-like movement of the forearm.

1. The upper extremity of the elbow as seen from the front.
The inner surface of the coranoid process of the ulna is curved so
as to clasp the pulley-like trochlea of the humerus.

2. The lower extremity of the humerus is somewhat flat. Pro-
jecting from each side are the internal and external condyles. Be-
tween the two is the rounded groove that receives the lip of the ulna.

[ 54 ]
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ELBOW ...FRONT VIEW

3. Here the bones of the arm and forearm are connected. This
is a view from the front. The humerus above shows the two con
dyles with a notch that receives the coranoid process of the ulna,
when the arm is bent. The ulna at the elbow swings hinge-like on
the bone of the upper arm. It moves backward and forward in one
plane only. Just below the outer condyl€ of the humerus is a small
and rounded bursa called the radial head of the humerus. On the
surface of which rolls the head of the radius.

The large bone, which carries the forearm may be swinging
upon its hinge at the elbow, at the same time that the lesser bone
which carries the hand may be turning round it. Both these bones
of the forearm, the radius and ulna, have prominent ridges and
grooves, They are directed obliquely from a%ove, downward and
inward. The radius turns round the ulna in these grooves and on
the tubercles at the heads of both bones.

The lower extremity of the humerus gives a key to the move-
ments of the elbow joint. Above, the shaft of the humerous is com-
pletely covered by the muscles of the upper arm. Below, the inner
and outer condyles come to the surface near the elbow. The inner
condyle is more in evidence. The outer one is hidden by muscle,
when the arm is straightened out. When the arm is bent, it becomes
more prominent and easier to locate.

[55]
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