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INTRODUCTION

The purpose of the present study is an attempt to determine of the anatomical
standard condition of the extensor muscles of the forearm in Formosan monkey.

W. L. STRAUS (1941) and many other investigators have examined the musculature
of the forearm of Primates, but many of these studies involved only a smail number
of cases so that some of their conclusions may possibly be associated with errors due to
the effect of individual differences or variations. Thus, in order to avoid such difficulties
it seems to be necessary to examine a comparatively large number of animjﬂs of a single
species and statistically analyze the findings. "

Based upon such a concept, studies of a large number of cases of Formosan
monkey (Macaca cyclopis) had been made in this department under the supervision of
Professor J, SATOH and are presently being continued in an attempt to determine the
normal condition of the various organ systems of the species. The present study was
done as part of that project.

This paper will examine the origin and insertion of the extensor muscle group of
the forearm as well as their nerve supply and relation to surrounding muscles. The
findings will be discussed in comparison with the findings for Primates and man
reported by other investigators. .

In an earlier work in this laboratory by A, HADANO (1955) a statistical study was
made of the findings from the examination of 100 limbs of Formosan monkey, but the
results are still unpublished. His records, however, are all maintained in this department

so that some of his findings including his observations on variations will be included here.
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MATERIAL AND METHOD

The material in the present study consisted of both arms of 15 animals (male
7, female8) selected at random from the collection of adult Formosan monkey,
the so-called J, SATOH’s specimens that are preserved in this department. These
animals had been fixed by 10 per cent formalin solution injected into the femoral artery
and stored in the solution of the same concentration. The examinations were made in
as much detail as possible using a dissecting knife and tweezers, and observations
were carried out carefully. The inspection of the nerves and minute portions was

always done using magnifying lenses with an illumination attachment.

FINDINGS AND DISCUSSION

The muscles of the forearm can be classified into the extensor and flexor muscle
groups, which are enclosed within the antebrachial fascia. The extensor muscle group
of the forearm includes the following 11 muscles, which can grossly be separated into
the superficial and deep layers by their location. These muscles are all supplied by
muscular branches from the radial nerve.

A: Superficial layer group
1) M. brachioradialis
2) M. extensor carpi radialis longus
3) M. extensor carpi radialis brevis
4) M. extensor digitorum communis
5) Mm. extensores digitorum quarti and quinti proprii
6) M. extensor carpi ulnaris

B: Deep layer group

7) M. supinator

8) M. extensor pollicis longus

9) M. extensor digiti secundi proprius
10) M. extensor digiti tertii proprius
11) M. abductor pollicis longus

Fascia antebrachii

The antebrachial fascia, which arises as a continuation of the brachial fascia,
encloses both the extensor and flexor muscles of the forearm. In the elbow region, it

not only is a sheath, but also plays a role in the origin of the superficial layer of muscles



1976 On the Extenspr Muscles of the Forearm in Formosan Monkey (Macaca cyclopis) 31

of the forearm. Further, it also serves as the insertion of the M. biceps brachii
because the tendon of the M. biceps brachii, after changing to aponeurosis, radiates
into the antebrachial fascia at the level of the cubital fossa. In the area of the upper
posterior surface and distal medial surface of the ulna which are not covered by muscle,
the antebrachial fascia is particularly well developed and attaches directly to that bone.

The antebrachial fascia is much more firmly adhered to the M. brachioradialis
and the M. flexor carpi ulnaris than to any other muscle in the superficial muscular
layer of the forearm, and these muscles serve as a boundary to separate the fascia into
the dorsal and palmar divisions. The dorsal portion of the antebrachial fascia is far
more well developed than the palmar division, and the intermuscular septum, which
is continuation from this fascia, extends between the Mm. extensores digitorum
quarti and quinti proprii and the M. extensor carpi ulnaris for attachment to the
ulna. The latter palmar portion of the antebrachial fascia consists of comparatively
loose aponeurosis and does not form any intermuscular septum.

The distal part of the antebrachial fascia becomes strengthened by transverse fibers
near the wrist and forms the palmar carpal ligament and the dorsal carpal ligament
(the extensor retinaculum), and the latter is formed a number of separate compartments

for tendons from the extensor muscles of the forearm on the back of the wrist.

1. M. brachioradialis (figures 1-3)

This muscle is the best developed among the extensor muscle group of the forearm.
It is located on the radial surface of the forearm and functionally belongs to a flexor
rather than a extensor.

The origin of this muscle is from the lateral brachial intermuscular septum that
extends between the M. triceps brachii and the M. brachialis, and from the lateral
edge of the distal part of the humerus.

The -portion arising from the intermuscular septum can be classified as follows
according to the state of origin:

(i) The intermuscular septum 1is adhered to neither the M. triceps brachii nor

the M. brachialis so that the origin of the M. brachioradialis is clearly from

the intermuscular septum (14/30);

(ii) The intermuscular septum is adhered to the M. triceps brachii so that this

muscle appears to arise from the M. triceps brachii (9/30);

(iii) The intermuscular septum is adhered to the M. brachialis so that this

muscle appears to have origin from the M. brachialis (4/30) ;

(iv) The M. brachioradialis arises entirely by tendon so that it appears to have

tendinous origin rather than from the intermuscular septum (3/30). In one of

the limbs with such a condition of origin, the level of the origin was the middle

of the humerus, and in the other two limbs that involved both sides of one case,
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the origin was from the proximal third of the humerus.

It was difficult to determine at what level this muscle arose in the arm in types
(i1) and (iii). Therefore, examination was made of the level at which the intermuscular
septum changes to muscle. It was found that this transition occurs predominantly at
about the middle of the humerus (24/30), with the remaining few cases equally distributed
between those with origin at a level higher than the middle (3/30) and those with origin
at a lower level (3/30).

Furthermofe, the brachial fascia, which overlies the M. brachialis in the area
slightly below the middle of the upper arm, is seen radiating into the anterior edge
of the M. brachioradialis. In view of this, the brachial fascia should also be considered
to contribute to the origin of the M. brachioradialis.

Next, the portion of this muscle that arises from the lateral edge of the lower
part of the humerus has muscular origin from the distal third to distal fourth of the
humerus. Moreover, the origin becomes slightly wider toward the lower part, and
its radial side is adjacent, but not adhered, to the M. extensor carpi radialis longus.

There is a narrow space formed between the portion arising from the intermuscular
septum and that part having muscular origin from the humerus. The dorsal antebrachial
cutaneous branch of the radial nerve (the superficial branch of the radial nerve in
Gorilla- PREUSCHOFT, etc.) passes through this space and runs between the M. triceps
brachii and the M. brachioradialis to emerge to the subcutaneous region of the radial
surface of the distal part of the upper arm.

The M. brachioradialis, after having arisen as described above, forms a muscular
belly, which bulges in arc-like fashion toward the radial side, and runs downward
to insert into the lower part of the radius. During its course downward it lies over,
proximally, the insertion of the M. pronator teres and, distally, the origin of the M.
flexor digitorum profu'ndus as well as being in contact with the M. flexor carpi radialis
on the palmar surface, while it overlies the Mm. extensores carpi radialis longus
and brevis on the dorsal side as it descends along the M. extensor digitorum communis.

The insertion takes place by tendon into the styloid process of the radius and the
area slightly above. However, this muscle remains muscular wuntil just before its
insertion and the insertion involves an area which is comparatively long in length so that
in about half of the cases, the superficial aspect was still muscle fiber even though
the deep aspect had begun to attach by tendon.

A variation related to this muscle was noted in three limbs in which muscle
fibers of the M. brachialis radiated into and strengthened the brachial fascia, which
in turn radiated into the anterior edge of the M. brachioradialis. In one of these
limbs, the fascia that is strengthened by the M. brachialis was found to first fuse
with a fascia, which received tendon fibers from the insertions of the M. pectoralis
major and the M. deltoideus, and then radiate into the anterior edge of the M.

brachioradialis.
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The M. brachioradialis is frequently absent in Mammals (STRAUS, CARLSSON,
etc.), but is generally never absent in Primates with the exception of some kinds of
Prosimia in which this muscle is reported to be absent (Ptilocercus - CLARK ; some
Tupaia — CARLSSON).

The humeral origin of this muscle in Primates is generally from the lateral edge
of the lower part of the humerus, and the findings in my cases of Formosan monkey
were not in exception to this.

LOTH states that the more proximal the humeral origin the more primitive is
the condition and that the level of the origin tends to be shifted downward depending
upon the phylogenic stage. Although the literature contains descriptions of some cases
among Primates in which the origin may be as high as the surgical neck of the humerus
or the M. deltoideus (STRAUS, MURIE and MIVART, FICK, SULLIVAN and OSGOOD,
HEPBURN, SONNTAG, etc.), the origin in many cases of Primates is usually half - way up
the humerus. The level of origin in man is more distal than in other Primates, and is
usually said to be lower than the middle of the humerus. In a study of human fetuses,
however, the upper limit of the origin was found to be higher than the middle of the
humerus in some cases (IWAMI, 4%). Moreover, there seems to be racial differences in
the level of the origin, Negroes having origin from a higher level which is a more
primitive state in comparison with Europeans or Japanese (CHUDZINSKI, LOTH, INOUE).

This muscle, at its origin, is frequently reported to be adhered to such adjacent
muscles as the M. brachialis (Lemur — STRAUS ; Gibbon - HEPBURN ; Chimpanzee -
BEDDARD, MILLER, SONNTAG, etc. ; Gorilla - PIRA, etc.), the M. triceps brachii
(Chimpanzee - BEDDARD), the M. deltoideus (Gorilla -~ PIRA), the M. supinator
(Chimpanzee — BEDDARD), or the M. extensor carpi radialis longus (Hapale - BEATTIE).
No adhesion, however, was found between the muscular portion of this muscle and
any other muscle in my cases of Formosan monkey except in the area of the intermuscular
septum. )

The insertion of this muscle in Primates, similar to that in my cases of Formosan
monkey, is reportedly to be usually upon or a little above the styloid process of the
radius, but there are observations showing the insertion to be higher such as at the
middle of the radius (Perodicticus — STRAUS ; Gibbon - BARNARD, BISCHOFF, STRAUS) or
at a point well above the styloid process of the radius (Orang - FICK ; Gibbon -
HEPBURN) so that, in general, the insertion of this muscle upon the radius in Gibbon
is higher than in other Primates. Some authors (PREUSCHOFT, PIRA, SULLIVAN and
0SGOOD, LANGER, FICK, BISCHOFF, etc.) describe the insertion to be the antebrachial
fascia in addition to upon the radius in Anthropoid apes with the exception of Chimpanzee,
but such attachment to the fascia was not seen in Formosan monkey, and neither
was there penetration of this muscle at its origin by the superficial branch of the radial
nerve such as frequently noted in Gorilla (PREUSCHOFT, etc.) or as rarely seen in man
(WOOD).
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2. M. extensor carpi radialis longus (figures 1-3)

This muscle, located between the M. brachioradialis and the M. extensor carpi
radialis brevis, arises muscularly from the lateral edge of the humerus, between the
lower fourth of the humerus to the lateral epicondyle. The origin is unrelated to the
intermuscular septum, and there is no adhesion with the M. brachioradialis on its
lateral side or with the M. extensor carpi radialis brevis on its medial side. This muscle
is located subcutaneously near its origin, but is covered by the M. brachioradialis at
just below the elbow joint. This muscle changes to tendon usually at about the middle
of the forearm, at least before the M. extensor carpi radialis brevis changes to tendon.
The tendon of this muscle descends, accompanied by the tendon of the M. extensor
carpi radialis brevis, to about the lower fifth of the forearm where it passes beneath
the M. abductor pollicis longus. After passing through the second compartment of the
dorsal carpal ligament together with the tendon of the M. extensor carpi radialis brevis,
it immediately runs beneath the tendon of the M. extensor pollicis longus to its insertion

upon the radial side of the dorsal surface of the base of the second metacarpal bone.

The origin of this muscle in both Primates and man is just distal to that of the
M. brachioradialis, and is from the lateral epicondyle and the area immediately above
upon the humerus. The insertion is the dorsal surface of the base of the second metacarpal
bone. The condition in Formosan monkey was not in exception to this, but many
investigators describe the origin in Anthropoid apes to be similar to that in man with
origin from the lateral intermuscular septum as well as from the humerus (Anthropoid
apes — HEPBURN ; Gorilla - PREUSCHOFT ; Chimpanzee - SONNTAG ; Orang - SULLIVAN and
OSGOOD, SONNTAG). Other investigators, however, make no mention of origin from
the intermuscular septum even in these same species (Gorilla - PIRA, RAVEN, SOMMER ;
Chimpanzee - BEDDARD, MILLER ; Orang — BEDDARD, etc.). Among Primates other than
Anthropoid apes, mention of origin from the intermuscular septum is seen in some
kinds of Catarrhina (Rhinopithecus and Cynopithecus ~ PATTERSON), but otherwise no
description of such a condition can be found on casual review of literature. Therefore,
at least the additional origin from the intermuscular septum, as a rule, seems to be
a pattern found in Anthropoid apes and man. Furthermore, variations reported include
case with origin by two heads in man (MORI) and case with separation of the muscular
belly near the origin into two parts -among Gorilla (PIRA), but neither were such
abnormalities of the origin nor any association with the intermuscular septum seen in
my cases of Formosan monkey.

The insertion of this muscle in Primates and man is usually said to be the base
of the Secqnd metacarpal bone, but the following variations have been reported :

(i) Insertion into the greater and lesser multangular bones (Chimpanzee -

MICHAELIS) ;
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(ii) Insertion into only the first metacarpal bone (Marmoset — BEATTIE) ;
(iii) Insertion into only the third metacarpal bone (Orang - MICHAELIS) ;

(iv) Separation at the level of the muscular belly into two parts which insert,
respectively, into the second metacarpal bone and the shaft of the radius (Gorilla
- PIRA) ;

(v) Separation of the tendon of insertion into two parts which attach, respectively,
upon the second and third metacarpal bones (Orang - PRIMROSE as cited by
MICHAELIS ; Chinese ~ WAGENSEIL) ;

(vi) Separation of the tendon of insrteion into two parts that attach to the first
and second metacarpal bones (Colobus - POLAK as cited by STRAUS ; Gibbon -
STRAUS in 50%, HEPBURN ; man - LEDOUBLE, WOOD, etc.).

3. M. extensor carpi radialis brevis (figures 1-3)

This muscle is about the same size as the foregoing muscle and arises from the
lateral epicondyle of the humerus, adjacent to the origin of the M. extensor carpi radialis
longus. The superficial aspect of this muscle at the origin is muscular, but the ulnar
side is tendinous and firmly adhered to the radial surface of the origin of the M.
extensor digitorum communis. Examination of the area and extent of this adhered portion
showed that it most frequently extends for about 4 to 5 cm from the origin (22/30).
This muscle is located in contact with the M. extensor carpi radialis longus on its radial
side, and with the M. extensor digitorum communis on its ulnar side, while beneath it
is the M. supinator. This muscle descends on top of the M. supinator to slightly below
the middle of the forearm where transition to tendon occurs, and it then passes beneath
the M. abductor pollicis longus accompanied by the tendon of the M. extensor carpi
radialis longus. After passing through the second compartment of the dorsal carpal
ligament, it runs beneath the tendon of the M. extensor pollicis longus to its insertion
upon the radial side of the dorsal surface of the base of the third metacarpal bone.

A variation had been found in one case by HADANO in which a small accessory
muscle bundle arose at about the middle of the forearm from the ulnar side of this
muscle, and ran obliquely across the front of the intrinsic belly of this muscle to the
radial side where it attached to the ulnar side of the tendon of the M. extensor carpi
radialis longus in the area of the forearm.

This muscle has been reported to be smaller than the M. extensor carpi radialis
longus in some cases of Lemur and Gorilla (MURIE and MIVART, PIRA), but these are
said to be exceptional cases, with this muscle in Primates usually being more powerful
than the M. extensor carpi radialis longus (SULLIVAN and OSGOOD, PREUSCHOFT,

STRAUS, etc.). Apparently these two muscles, however, were of about equal size in

my cases of Formosan monkey.
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This muscle in Primates generally arises from the lateral epicondyle of the humerus
adjacent to the origin of the M. extensor carpi radialis longus, and inserts into the
base of the third metacarpal bone. What is more, additional origin has been reported to
occur from the intermuscular septum and the articular capsule in Gorilla (PREUSCHOFT,
RAVEN, etc.), from the articular capsule in Orang (HHEPBURN, STRAUS, etc.) and from
the external lateral ligament in Chimpanzee (HEPBURN, SONNTAG, etc.).

The insertion of this muscle is said to usually be the base of the third metacarpal
bone, but the following variations have been reported :

(1) Insertion into only the first metacarpal bone (Orang- MICHAELIS) ;

(ii) Insertion into only the second metacarpal bone (Marmoset - BEATTIE;

Gibbon — STRAUS ; Gorilla - PREUSCHOFT) ;

(iii) Insertion into the second and third metacarpal bones (Cebus ~ STRAUS;

Gorilla - PREUSCHOFT, RAVEN ; Orang ~ BEDDARD ; man - WOOD, WAGENSEIL,etc.)

(iv) Insertion into the third and fourth metacarpal bones (man - FROHSE and

FRANKEL) ; '

(v) Insertion into the Mm. interossei (Orang ~ FICK).

A small accessory tendon is more frequently reported "to be sent off from the tendon
of insertion of the M. extensor carpi radialis brevis to the inserting tendon of the M.
extensor carpi radialis longus (the foregoing type iii), but the small extra muscle bundle
that had been found in one case of Formosan monkey presumably represents the occurrance
of this condition at a higher level upon the forearm, that is, at the level of the belly of

the muscle.

Next, a review was made of the relationship between this muscle and the M.
extensor carpi radialis longus in Primates and man. Among Prosimia, these two
muscles may form a single muscle in some cases of Tupaia (CARLSSON) and Ptilocercus
(CLARK), while other investigators have reported fusion of the muscular belly, interco-
mmunication of the muscle fibers or fusion of the tendon (Papio — STRAUS; Gorilla -
PREUSCHOFT ; man — IWAMI, KO, INOUE, SANO, WOOD, etc.). HOWELL and STRAUS
say that they form a single muscle in some Mammals, and state that the separation
into two muscles represents a progressive feature. Furthermore, STRAUS reported that
these two muscles in Primates present a conservative state, and that they are essentially
clearly separate muscles.

In man, splitting of the tendon of insertion of both of these two muscles has been
frequently reported (WOOD, INOUE, SANO, KO, etc.). Moreover, as cited by STRAUS,
WOOD observed that the M. extensor carpi radialis intermedius which situated between
these two muscles in considable frequency and M. extensor carpi radialis accessorius
which arised from the humerus for insertion to the base of first metacarpal bone or the

proximal phalanx of the first digit in rare cases, and STRAUS considered these to be

variations of the progressive types in which these two muscles tend to be more.

differentiated and have extentions of their insertions.
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4. M. extensor digitorum communis (figures 1-3)

This muscle, which is firmly fused with the Mm. extensores digitorum quarti
and quinti proprii on its ulnar side, arises mainly tendinously from the lateral epicondyle
of the humerus, and is also partially adhered to the M. extensor carpi radialis brevis
on its radial side. Moreover, the antebrachial fascia is intimately adhered to this muscle,
and some of the muscle fibers take origin from it.

The muscle belly is inseparable in the proximal region, but may be separated,
at about the middle of the forearm, into three parts, the radial and ulnar muscular
portions that are situated in the superficial layer and the central muscular portion that
is located in the deep layer. The belly of the muscular portions in the superficial layer
usually undergo transition to tendon in the lower three fourths of the forearm. The portion
on the radial side becomes the tendon that runs to the second finger, while the muscle
belly on the ulnar side becomes the tendon to the fifth finger.  The central muscle
belly in the deep layer changes to tendon before the former two, at about the middle
of the forearm, and separates, before it reaches the wrist, into two tendons that run
to the third and fourth fingers, respectively. In rare cases, this central muscle bundle

was separable into two small muscular portions (2/30).

Fig. 4. Types of the branches from the main tendon of M. ext. dig. communis

Type A) ®) ©) D) ®) ")

A A A, 1AM, I

IITNV ITNV IODNVYV IDNV IDNV IITNV.

Hadano 10 cases 14 cases 3 cases 43 cases 7 cases 1 case
(781limbs)  (12.8%) (17.9%) (3.8%) (55.1%) (9.0%) (1.3%)
Nagashima 16 cases 12 cases 2 cases
(30 limbs) (53.3%) (40.0%) (6.7%)

These tendons run through the third compartment of the dorsal carpal ligament,
and become flattened and increase in width as they descend along the dorsal surface of
the metacarpal bones. They overlie the tendons from the Mm. extensores digitorum
secundi, tertii and quarti proprii. Furthermore, branches (which is subdivision tendon
from main tendon) are exchanged between adjacent tendons during their course, and
even in areas where such branches are not found, these tendons are connected to each
other by a thin fibrous membrane, which seems to correspond to the interdigital membrane
mentioned by LANGER and FICK.
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Fig. 5. Structural components of the dorsal digital expansion in third digit (left hand).

Intrinsic tendon of m. ext. dig.
communis for the third digit

Insertion tendon of A |
M. ext. car. rad. brevis —--ceeoo__ i

R Metacarpal bone

Ty [ Tendon of m. ext dig. I
interossei manus [[ ~--------- o [ proprius

M.

A Branch from the tendon
for fouth digit

M. contrahentes digit. manus -~---

M. interossei manus J[ ------ ¢ . .
___________ M. interossei manus [

M. lumbricalis manus [ -----

Attachment of tendon fibers of

m. ext. dig. communis to middle

phalanx

Distal phalanx

In a study of 100 limbs that had been made in this department by HADANO (1955,
unpublished report), the structure of the terminal tendons on the back of 78 hands were
examined statistically and classified into six types (Figure 4). The results of the present
study, however, could be classified into only three of the types in the classification of
HADANO. That is, if the terminal tendons of this muscle were to be called the first,
second, third and fourth tendon, respectively, the most frequently found pattern was
that in which the third and fourth teundons sent off branches to the second and third
tendons, respectively (16/30, type D of HADANO). The type in which an additional

branch other than the above is sent off from the first tendon to the second tendon was
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seen comparatively frequently too (12/30, type E of HADANO). The most common pattern
noted in the present study was the same as that found most frequently by HADANO.
On the formation of the terminal tendons in the region of the metacarpal bones, therefore,
type D can be considered to be the most common condition in Formosan monkey.
Although type E was noted at a comparatively high frequency in my cases, it had not
been very frequent in the study of HADANO, but the reason for this may perhaps be
ascribed to a difference in viewpoint due to the fact that the branch sent off from the
first tendon to the second tendon is generally weaker and thiner than the other branches.

Each of these tendons, at the metacarpophalangeal joint, becomes the intrinsic
tendon of the corresponding finger for the four ulnar digits and continues downward.
At above the proximal phalanx, they are joined by the corresponding tendons from the Mm.
extensores digitorum secundi, tertii, quarti and quinti proprii, the Mm. lumbricales
manus and the Mm. interossei manus to form the aponeurotic dorsal digital expansion of
each corresponding finger. Examination of the course of the intrinsic tendons of the M.
extensor digitorum commiunis showed that, at the lower part of the proximal phalanx,
they each separate into three parts, a central portion and two parts on each side of
this. The central part inserted into the base of the middle phalanx, while the two on
each side ran to the base of the distal phalanx, upon which they inserted after having

become united (Figure 5).

This muscle in Primates is generally closely related with the M. extensor digitorum
minimi (or quarti and quinti) proprius, and they usually have a common origin.
There are some reports which describe them to appear to be a single muscle in their
form (Nyctycebus, Loris, Perodicticus — MGRIE and MIVART ; Orang - BARNARD, etc.).
There was a close relationship between these two muscles in my cases of Formosan
monkey, and these two muscles were firmly fused to each other at their origin.

The origin of this muscle from the bone in Primates generally involves only
the lateral epicondyle of the humerus, but additional origin has been reported to occur
from the radius (Perodicticus, Gorilla -~ STRAUS), the ulna (Gibbon - STRAUS; Orang-
SULLIVAN and OSGOOD), and from the radius and ulna (Orang - STRAUS, SONNTAG;
Chimpanzee - STRAUS, MACDOWELL ; Gorilla - STRAUS). In Gibbon, double origin from
the humerus and the ulna is usually said to be the normal condition (STRAUS, 67%).
Only Formosan monkey has been shown to have the origin to be limited to the lateral
epicondyle of the humerus, with no case having origin from any other site.

This muscle in Primates varies considerably among genera or species as well as
between individual cases even among the same species in the number of divisions that
the muscular portion is separated into, the pattern that is shown by the structure of the
main tendon and their branches on the back of the hand, and in the distribution of
the tendons to each finger.

The separation of the muscular portion and the interrelationship between the main

tendon and their branches are illustrated diagrammatically in Figure 6 based upon the
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reports of earlier investigators. This muscle in Formosan monkey is separated into three
muscular divisions, and the terminal tendon from the second (central) muscular portion is

subdivided into two parts, which insert into the third and fourth tingers, respectively.

Fig. 6. Diagrams of the relationship between M. ext. dig. communis
and M. ext. dig. (quarti and) quinti proprius in Primates.
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Note: A) Nycticebus tardi. (Mivart), B) Lemur catta (Murie), C) Tupaia minor (Clark):
Galago crassi. (Murie): Callimico geordii (Hill), D) Galago crassi. (Murie) : Cynocephalus babuin
(Michaglis), E) Pan paniscus (Miller), F) Cheiromys mada. (Murie), G) Ptilocercus lowii
(Clark), H) Simia satyrus (Sonntag), 1) Troglodytes niger (Michaélis), ) Tupaia minor (Clark),
K) Macaca cyclopis (Nagashima), L) Gorilla gorilla (Preuschoft): man (Inoue 99%, Mori 90%,
Wagenseil 47%), M) Troglodytes niger (Wilder), N) Simia morio (Beddard), O) man (Wagenseil
32%, Sano), P) Troglodytes calvus (Beddard)



44 S.NAGASHIMA Vol.20

In Gorilla and man, there is also generally separation into three muscular portions, but
it is said that the third muscular portion (on the ulnar side) gives off the terminal
tendons to the fourth and fifth fingers, while the tendons to the second and third
fingers are given off independently (PREUSCHOFT, INOUE, MORI). Furthermore, as a
variation in man, it has been seen some cases of high divisions having five or six muscle
bellies (Chinese-WAGENSEIL ; Negro-LOTH). Other cases have been reported in which
there is sparation into four muscular portions that respectively send off the tendons to
the corresponding fingers (Chimpanzee, Orang - BEDDARD; Ainu - SANO) or separation
into two muscular portions, of which that on the radial side gives off the tendons to the
second, third and fourth fingers, while the one on the ulnar side sends off the tendon
to the fifth finger (Chimpanzee - MICHAELIS). Some reports mention marked individual
differences even among the same species (Tupaia - CLARK). Thus, the great variability
in the condition does not permit any rules to be identified that describe the changes
by the phylogenic stage in the strict sense, but it seems, in general, that there is more
separation of the muscle belly in higher monkey and apes (including man) than in lower
monkey as well as a tendency for more simplification of the pattern of distribution of the
main tendons and their branches upon the back of the hand.

The muscle belly that forms the tendon to the second finger is said to show a
tendency to separate at a higher level than the others in man and Catarrhina monkey
(WAGENSEIL, WOOD, STRAUS, PATTERSON, etc.), but there was no case among
Formosan monkey in which separation of the muscle belly to the second finger occurred
at a particularly high level.

Next, the pattern of ultimate distribution of tendons from this muscle and from the
M. extensor digiti (quarti or) quinti proprius, which usually has a common origin with
this muscle, is shown in Table 1 as based upon reports by earlier invéstigators. Among
Prosimia, the tendon of insertion to the second finger may be absent in some instances
such as in Perodicticus, but they are generally found to be distributed to the second to
fifth fingers. Among Platyrrhina monkey, the findings are similar to that in Prosiria
with the expception of Marmoset in which BEATTIE noted the separation into five tendons
that inserted, respectively, into the first to fifth fingers. Even in Catarrhina monkey,
they are distributed to the four ulnar digits, and their distribution is stable and similar
to that in Prosimia and Platyrrhina. However, HOWELL and STRAUS in their report
“The Anatomy of the Rhesus Monkey” (1971) mentioned that they are distributed
to the four radial digits, but this is felt to be a mistake of the “radial” for the
“ulnar” because a report by STRAUS (1941), which quoted the same data, describes
the distribution as being to the second to fifth fingers. Moreover, the distribution
in Anthropoid apes and man as a rule is also to the second to fifth fingers as in other
Primates. The tendon of insertion to the fifth finger is small or reduced in Gorilla and
Gibbon as in man, and although it is frequently absent in Chimpanzee, it is never
absent in Orang, which has been shown to present findings similar to that in lower

monkey. Furthermore, review of the literature for the frequency of absence of the tendon to
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Table 1. Distribution of tendons from the M. ext. dig. communis (A) and
from the M. ext. dig. (quarti and) quinti proprius (B) for the digits.

45

author material (A) ®
1) PROSIMIAE
Clark (1924) Tupaia minor 2 3 45 4 5
Carlsson (1922) Tupaia javanica 2 3 45 4 5
Straus (1941) Tupaia 2 3 45 4 5
Clark (1926) i’tilocercus lowii 2 3 4 5 4 5
Murie & Mivart(1872) Lemur catta 2 3 45 4 5
Cuvier “(by Murie) Lemur varius 2 3 456 4 5
Straus (1941) Lemur variegatus 2 3 45 4 5
Beddard (1891) Hapalemur griseus 2 3 45 4 5
Murie & Mivart (1872) Cheiromys madagas. 2 3 45 4 5
Owen (1866) 2z 2 3 45 4 5
Zuckerkandl (1900) z 2 3 45 4 5
Murie & Mivart (1872) Loris gracilis 2345 5

” C») Nycticebus tardigradus 2 3 45 5
Mivart & Murie (1865) 2z 2 3 45 5
Straus (1941) Perodicticus potto 345 ()]
Forster (by Straus) 2 3 4 5 —
Van Campen (by Murie) 2 3 4 5 -
Murie & Mivart (1872) Galago crassicaudatus 2 3 4 5 4 5

4 Cz) Galago allenii 2 3 45 4 5
Woollard (1925) Tarsius spectrum 2 3 4 5 4 5
Straus (1941) Tarsius saltator 2 3 4 5 4 5
Burmeister (by Murie) Tarsius spectrum 2 3 4 5 4 5
2) PLATYRRHINAE
Straus (1941) Cebus malitiosus 2 345 4 5
Hill (1959) Callimico geordii 2 3 4 5 4 5
Beattie (1927) Hapale jacchus 2 3 4 5 4 5
Straus (1941) Oedipomidas geoffroyi 2 3 4 5 4 5
3) CATARRHINAE
Straus (1941) Macaca mulatta 2 3 45 4 5
Jacobi (1966) 2 2 3 4 5 4 5
Kimura (1970) Macaca irus 2 3 4 5 4 5
Nagashima (1976) Macaca cyclopis 2 3 4 5 4 5
Patterson (1942) Cynopithecus niger 2 3 45 4 5
Straus (1941) Papio cynocephalus 2 3 45 4 5
Champneys (1872) Cynocephalus anubis — 4 5
Michaélis (1903) Cynocephalus babuin 2 3 4 4 5
Patterson (1942) Rhinopithecus roxe. 2 3 4 5 4 5
4) HOMINOIDEA (Anthropoid apes)

a) Gibbon
Bischoff (1870) Hylobates leuciscus -, 5
Hepburn (1892) Hylobates spec. 2 3 40 5
Straus (1941) Hylobates lar 2 3 4 5
2 (2) Hvlobates moloho 2 3 4 () 5
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b) Orang

Barnard (1875)
Langer (1879)
Chapman (1880)
Hepburn (1892)
Beddard (1893)
Fick (1895)
Michaélis (1903)
Sonntag (1924)
Sullivan (1927)
Straus (1941)
Duvernoy (by Pira)
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the fifth finger in man is shown

Table 2. Frequency of the absence of tendon in Table 2, and there seems to

for fifth digit in man. be a difference by race.

Although the tendon that
Japanese i runs to the first finger from
Koganei (1903) 32/301 (10.6%) . le i I
Tnoue (1934) 5/100 ¢ 5.0%) this muscle is usually not present
Iwami 1951 5/50  (10.0%) in Primates as well as in man,
Hayashi (1952) 6/300 ( 2.0%) rare cases with a tendon running
Nishi (1953)  48/751 ( 6.4%) to the first finger have been
Ko (1958) 24/200 (12.0%)
d 00D A
Mori (1964 (409 found among man (W , W
Ainu GENSEIL) and Marmoset (BEAT
Sano 1931)  0/10  ( 0.0%) TIE).
Chinese In Primates the insertion
Wagenseil ~ (1936)  36/131 (27.5%) of the intrinsic tendons from
Negro .
this muscle t i i
Loth 1912) 418 ( 3.4%) usc? o each finger is
usually said to be upon the

middle and distal phalanges.
However, HOWELL and STRAUS have reported that the osseous insertion in Macaca
mulatta is markedly different from man and shows “no marked continuation to the
terminal phalanx” , but the findings in Formosan monkey (Macaca cyclopis) were
fundamentally the same as in man (GRAY’S Anatomy) with insertion upon the
terminal phalanx as well as upon the middle phalanx. These findings are consistent
with the description by JACOBI (Macaca mulatta) and KIMURA (Macaca irus).

In the metacarpal region, the main tendons of this muscle in Formosan monkey
are not only interunited by the branches but also by a fibrous membrane. The tendons
on the back of the hand in Lemur (MURIE and MIVART), Perodicticus, Oedipomidas,
Papio and occasionally in Gibbon (STRAUS) are directly connected with each other to
form a “wide tendon” or a “common aponeurosis” . Such a condition is said to be
found only to a limited extent in Anthropoid apes and man, and it simply remains in
the form of the jancturae tendinum (STRAUS). Furthermore, the interunion between
the tendons in Anthropoid apes has been described as being by the interdigital membrane
by LANGER, FICK, MICHAELIS, etc., and it is said to be more developed so as to
reduce the independent nature of the each tendon of this muscle in lower monkey. The

findings in Formosan monkey were similar to this.

5. Mm. extensores digitorum quarti and quinti proprii ({figures 1-3)

These two muscles, which are in the superticial layer on the dorsal side of the
forearm, are firmly fused with each other and arise as a single muscle from the radial

epicondyle of the humerus. Adjacent to these two muscles is the M. extensor digitorum
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communis on their radial side and the M. extensor carpi ulnaris on their ulnar side.
These muscles are separated from the M. extensor carpi ulnaris by an intermuscular
septum, which is a continuation from the antebrachial fascia, but they are firmly fused
tendinously with the M. extensor digitorum communis on their radial side at their origin.

In the upper quarter of the forearm, these two muscles are firmly fused with each
other and appear to be a single muscle. The portion, which gives off the tendon to the
fifth finger (the M. extensor digiti quinti proprius), is in the superficial layer of the
muscle as a whole, and it forms a slender, fusiform muscle belly that undergoes transition
to tendon usually at about the upper third of the forearm (24/30). The portion that
gives off the tendon to the fourth finger (the M. extensor digiti quarti proprius) is
located in the deeper layer than the former, reaches the maximum width at about the
upper third of the forearm, and changes to tendon about three quarters down the forearm
(22/30). In Formosan monkey, the tendon from the M. extensor digiti quinti commences
earlier than that from the M. extensor digiti quarti, and is overlayed by the buldging
part of muscle belly of the M. extensor digiti quarti situated in the deeper layer as it
descends to about the middle of the forearm where it emerges to the superficial layer
(Figure 1).

The tendons from these two muscles descend parallel to each other and pass through
the fourth compartment of the dorsal carpal ligament to the upper region of the back of
the hand where they become separated.” One of them, the tendon from the M. extensor
digiti quarti proprius, descends beneath the tendon to the fifth digit from the M.
extensor digitorum communis, while the other, the tendon from the M. extensor digiti
quinti proprius, descends along the ulnar side of the tendon from the M. extensor digitorum
communis. At above the proximal phalanx of the fourth and fifth fingers, these tendons
join, respectively, with the ulnar part of the corresponding tendons from the M. extensor
digitorum communis so as to contribute to the formation of the aponeurotic dorsal digital

expanson. The fibers of these tendons extend further to the base of the terminal phalanx.

The muscles in Primates and man that correspond to the Mm. extensores digitorum
quarti and quinti proprii of Formosan monkey may take either of the following forms.
One in which the Mm. extensores digitorum quarti and quinti proprii are present with
tusion between them at their origin and with tendons being sent off to the fourth and fifth
fingers, or the other where only the M. extensor digiti quinti proprius (the M. extensor
digiti minimi) is present, and just the tendon to the fifth finger is sent off with no
tendon being sent off to the fourth finger. The former, as a rule, is the condition
noted in Prosimia, Platyrrhina, Catarrhina monkey and Orang, while the latter is that
found in Anthropoid apes other than Orang (such as in Gibbon, Chimpanzee, Gorilla)
and in man.

The muscles that correspond to these muscles may sometimes take a form, such as
described in the preceding section, in which they appear to be united into a single
muscle with the M. extensor digitorum communis (Nycticebus ~ MIVART and MURIE,
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etc.), and in rare instances they may ‘be absent (Chimpanzee - MICHAELIS, BEDDARD;
man - INOUE in 1%).

Although the Mm. extensores digitorum quarti and quinti proprii have been reported
to be clearly separated in Oedipomidas among Platyrrhina (STRAUS), these two muscles
are fused in most Primates, and further arise by a common origin with the M. extensor
digitorum communis directly from the radial epicondyle of the humerus. However, in man
and Gorilla, it is rather rare for these two muscles (more usually the M. extensor digiti
quinti proprius) to have direct osseous origin, and they arise more frequently from a
component of the M. extensor digitorum communis or the intermuscular septum (or septa) in
this area, or from both (STRAUS, PREUSCHOFT, PIRA,RAVEN, HEPBURN, HOLLINSHEAD,
etc.). Such a condition of origin has been also reported rarely in Prosimia (Perodicticus,
Tarsius - STRAUS) and Anthropoid apes except Gorilla (such as in Gibbon - HEPBURN;
Orang — SONNTAG ; Chimpanzee — STRAUS,MILLER). However, the descriptions by many
investigators that these muscles arise from the M. extensor digitorum communis or from
its component presumably simply means that the close relationship between these muscles
and the M. extensor digitorum communis and their fusion at their origin makes such a
description possible at casual inspection rather than to mean that one part of the M.
extensor digitorum communis separates to become the M. extensor digiti quinti (and quarti)
proprius. Furthermore, some cases among Primates have been reported to have a second
head of origin that arises from the ulna in addition to origin from the radial epicondyle
(Cebus, Gibbon and man - cited by STRAUS) or origin from only the ulna (Gibbon,
Orang - STRAUS; Chimpanzee - MACDOWELL), but the origin in Formosan monkey
occurred only from the radial epicondyle, adhered to the M. extensor digitorum communis.

The distribution of the tendons from these muscles to the fingers in ﬁrimates was
described in the preceding section (Table 1). Although the tendon of insertion to the
fourth finger may be occasionally absent, tendons run as a rule to the fourth and fifth
fingers in Prosimia, Platyrrhina, Catarrhina and Orang. Contrarily, in Anthropoid
apes other than Orang and in man, the tendon of insertion to the fourth finger is absent,
and only the tendon to the fifth finger is present as a rule so that the form of having the
Mm. extensores digitorum quarti and quinti proprii is not taken. Nevertheless, the
presence of the tendon of insertion to the fourth finger, which is the rule in lower
monkey, can be found in a few cases even in Chimpanzee(STRAUS), Gorilla (PREUSCHOFT,
MACALISTER) and man (INOUE in 3%, ADACHI in 1.5%, GRUBER in 6%, WOOD
in 10.8%, etc.).

There is no agreement on the source of these muscles. Some claim them as having
differentiated from the M. extensor carpi ulnaris (STRAUS), from the deep extensor layer
(LECHE,SOMMER, BROOKS, EISLER, GRAFENBERG), or from the M. extensor digitorum
communis (RIBBING, HOWELL, INOUE), as cited from the reports by STRAUS
and PIRA. The findings in Formosan monkey showed these muscles to be located in the
superficial layer and always firmly fused to the M. extensor digitorum communis, but

completely separated from the M. extensor carpi ulnaris by the interposed intermuscular
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septum so that even though this had not been a phylogenic study it seems reasonable to

consider them to have been derived from the M. extensor digitorum communis.

6. M. extensor carpi ulnaris (figures 1-3)

This muscle, which is located the most ulnar among the extensors of the forearm,
arises from the radial epicondyle of the humerus. It has no common origin with any of
the other extensor muscles of the forearm nor any ulnar origin.

The intermuscular septum is interposed between this muscle and the Mm. extensores
digitorum quarti and quinti porprii, while the antebrachial fascia attaches to the ulna on
its ulnar side so that only this muscle is completely separate and independent of the other
muscles. As this muscle runs downward, its radial side is adjacent to the Mm. extensores
digitorum quarti and quinti proprii, while the upper part of its ulnar side (in the area
of the elbow) is adjacent to the M. anconeus lateralis, but it soon comes into contact
with and runs along the M. flexor digitorum profundus.

At about the distal third of the forearm is seen the commencement of the tendon to
which the muscle fibers of this muscle attach in bipenniform fashion. There is soon
complete change to tendon that passes through the fifth compartment of the dorsal carpal
ligament to the back of the hand, from where it runs covered by the M. abductor digiti
quinti to its insertion upon the ulnar edge of the base of the fifth metacarpal bone, but
there may be some cases in which the tendon of insertion extends further to the ulnar
side of the palmar surface (5/30).

This muscle in both Primates and man shows little variation and it is comparatively
stable. The origin as a rule is usually from the lateral epicondyle of the humerus and the
dorsal aspect of the ulna except in Catarrhina monkey. The presence of the ulnar origin
and its extent differs somewhat by the suborder. That is, the origin is as a rule from
both the lateral epicondyle and the ulna in Prosimia and Platyrrhina monkey, but the area
of the ulnar origin is frequently limited to the proximal region or the olecranon (STRAUS,
CLARK, WOOLLARD, HILL, BEATTIE, etc.). Occasional exceptional cases have been
reported in which there was origin from an extensive area on the ulna (Perodicticus —
STRAUS ; Chiromys-ZUCKERKANDL) or the absence of the ulnar origin (Ptilocercus-CLARK ;
Oecdipomidas — STRAUS). In contrast to this, although there may be exceptional caseé
with additional origin from the olecranon (Rhinopithecus -~ PATTERSON), this muscle
in Catarrhina monkey as a rule arises from only the lateral epicondyle of the humerus and
there is no origin from the ulna (HOWELL and STRAUS, STRAUS, JACOBI, KIMURA,
CHAMPNEYS, etc.). My cases of Formosan monkey were not in disagreement with this.
In Anthropoid apes and man, the origin is from the lateral epicondyle and the ulna as
in Prosimia and Platyrrhina, but the ulnar origin usually involves a wider area and extends
from the middle to distal part of the ulna (STRAUS, SULLIVAN and OSGOOD, BEDDARD,
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PREUSCHOFT, PIRA, etc.).

The tendon of this muscle attaches to the base of the fifth metacarpal bone in all
Primates and is very stable. Only few abnormalities have been reported, including a
case with an accessory tendon to the pisiform bone (Lemur zanthomystax - MURIE and
MIVART) and a case with extension of the tendon of insertion to the proximal phalanx
of the fifth finger (Chimpanzee - MACALISTER). In man, however, cases with extension
of the tendon of insertion to the phalanges (WOOD, LEDOUBLE, etc.) or cases with
an accessory tendon given off to the fifth finger (IWAMI, INOUE, etc.) have been noted
at a considerable frequency.

Furthermore, STRAUS has mentioned that there are differences by the genus in the
condition of insertion upon the base of the fifth metacarpal bone, and he described the
insertion as taking place into the dorsal surface in his cases of Macaca mulatta. The
insertion in my study of Formosan monkey was not the dorsal surface but the ulnar edge

with some cases having extension to as far as the palmar surface.

7. M. supinator (figures 7-9)

* This muscle consists of two layers, a slender, flat superficial layer and a fan -
shaped, thick deep layer. It extends from the extensor surface to the flexor surface
of the forearm. On the extensor surface, it is covered by the M. extensor digitorum
communis and its distal edge lies adjacent to the M. abductor pollicis longus. On the
radial surface, it is covered by the M. extensor carpi radialis brevis and its distal edge
is adjacent to the attachment of the M. pronator teres. On the other hand, on ‘the
flexor surface, it is covered by the M. pronator teres and lies adjacent to the origin of
the M. flexor digitorum profundus.

The origin of this muscle is from the lateral epicondyle of the humerus, the articular
capsule of the elbow and the supinator crest of the ulna. The surface of the upper half
of this muscle is covered by aponeurosis, which undergoes transition to muscle fiber
about haly-way down the muscle. The muscle bundle that arises muscularly from the
supinator crest of the ulna forms the deep layer, which runs obliquely at a sharp angle
(almost at right angles) toward the radial side where it inserts upon the dorsal and radial
surfaces of the radius in the area no lower than the upper fourth of the forearm.

The remaining muscle bundle arises tendinously from the lateral epicondyle of
the humerus and the articular capsule of the elbow. Although one part may contribute to
the formation of the deep layer, this muscle bundle mainly forms the superficial layer of
this muscle and runs downward generally parallel with the radius.

The deep branch from the radial nerve, which enters into this muscle from the
radial side, passes through the space between these muscle bundles of the deep and
superficial layers to emerge upon the dorsal side of the forearm.

The insertion of this muscle involves the dorsal, radial and palmar sides of the
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radius, but most frequently extends to the middle part of the radius (26/30). Incidentally,
the ratio between the length of the radius and the length of the area of insertion of the

M. supinator, that is, Length of the attachment of the M. supinator
! x 100
Length of the radius

was 46.3 on the average.

In Mammals below the Primates, according to PARSONS, the muscle that corres -
ponds to this muscle generally consists of a single layer which arises from the humerus,
and transitional stages on the appearrance of the deep layer are observed in Lemur which
it is very small, and quite distinct from the superficial one, while in the monkeys and
apes it is larger, and becomes more and more closely united with the superficial layer.
Although this muscle in Primates is said to be comparatively stable (FIOWELL and
STRAUS), it usually consists of two layers in Catarrhina monkey and higher Primates.

This muscle in Primates, with the exception of some cases of Anthropoid apes,
always has origin from the humerus, but the question of whether there is additional
origin from the ulna and the matter of transmigration are of considerable interest. That
is, the origin is from only the lateral epicondyle of the humerus with no origin from the
ulna in Prosimia and Platyrrhina except in a few exceptional cases. In contrast to this,
there is as a rule origin from both the humerus and the ulna as well as the formation of
two layers in Catarrhina, Anthropoid apes and man. That is, there is seen the formation
of two layers in association with origin from two sites. However, even in Prosimia and
Platyrrhina monkey, there occasionally are exceptional cases that have origin from the ulna
in addition to that from the humerus (Tupaia - CLARK ; Perodicticus, Cebus — STRAUS;
Callimico — HILL), but even in such cases the muscle, according to CLARK, was not
divisible into two laminae, and HILL has also described it as being a single stratum so
that there does not seem to be the formation of two layers. In these cases, the part
with origin from the ulna seems to have been a bridge formation to the band that arises
from the humerus. Therefore, the findings noted by CLARK and HILL may represent the
transitional type to the pattern seen in Catarrhina monkey and higher Primates and in
man in which there is origin from two sites and the formation of two layers. Furthermore,
Anthropoid apes (particularly Chimpanzee) are said to have a wide area of origin- from
the ulna (MILLER, STRAUS) and some cases of Orang (BARNARD, STRAUS) and Gorilla
(STRAUS) among Anthropoid apes have been noted to have lost the humeral origin and
have origin from only the ulna. In view of these findings, it seems that transmigration
or change of the site of origin of this muscle occurs in association with phylogenic advance,
in which the primitive pattern of origin from only the humerus changes to one in which
there is accessory origin from the ulna, and this ulnar origin, which initially develops as
an accessory origin, gradually becomes more powerful and extensive until uitimately
the humeral origin is lost and only the ulnar origin remains.

The insertion of this muscle varies little, and the attachment is entirely to the
radius in Primates. The condition is similar in Formosan monkey, but the ratio between

the length of the radius and the length of the area of insertion upon the radius was 46.3.
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The paucity of literature prevented a comparison with other Primates, but the comparison
with man clearly showed that the insertion extended far more distally in Formosan
monkey (Japanese-INOUE 30.5, MORI & 36.2 ¢ 35.2, IWAMI 39.3; Ainu-SANO 43;
Europian —~ CHUDZINSKI 43 ; Negro- CHUDZINSKI 44). PIRA has regarded cases having
extension of the insertion to the distal region of the radius as being the primitive form.
Although some cases among Mammals have insertion upon the entire length of the
radius, most reports by earlier investigators describe the insertion in Primates to be
upon the middle or upper third of the radius.

If an assumption were to be permitted based upon these results, it seems that, in
association with evolution, the origin of this muscle shifts to a lower location while the
insertion moves upward so that this muscle tends to become more localized.

In general, the deep branch of the radial nerve (or the posterior interosseous
nerve) passes beneath this muscle when it consists of only one layer (CLARK, CARLSSON,
ZUCKERKANDL,PARSONS,etc.),whereas this nerve passes through between the superficial
and deep layers when there is the formation of these two layers, and the findings in my

cases of Formosan monkey were in agreement with this.

8. M. extensor pollicis longus (figures 7-9)

This slender muscle, which lies covered by the M. extensor carpi ulnaris, is
located on top of the M. abductor pollicis longus. The origin is by muscle from the
radial side of the dorsal surface of the ulna between the level of the distal tip of
the supinator crest to the upper third of the forearm. This origin extends almost to the
level of origin of the M. extensor digiti secundi proprius, but there is no fusion or
adhesion with this latter muscle.

This muscle changes to a slender tendon at about the middle of the forearm that
passes through the third compartment of the dorsal carpal ligament together with the
tendons of the Mm. extensores digitorum secundi and tertii proprii. It then immediately
crosses over the tendons of the Mm. extensores carpi radialis brevis and longus to the
radial side from where it descends to emerge subcutaneously on the radial side of the
tendon of the M. extensor digitorum communis. Furthermore, this tendon is bound by
connective tissue to the articular capsule of the first metacarpophalangeal joint. The
tendon continues downward along the dorsal surface of the phalanges of the first finger to
its insertion upon the dorsal surface of the base of the distal phalanx.

The cases with variations noted by HADANO included a case in which the belly of
this muscle separated into two parts that descended parallel to each other, and one of
them attached to the base of the distal phalanx of the first finger while the other inserted
upon the base of the first metacarpal bone, and another two cases in which the tendon
soon after passing through the dorsal carpal ligament gave off an accessory tendon which

ran to the middle part of the second metacarpal bone.
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Of the extensor muscles in the deep layer of the forearm, the muscle that arises
from the upper part of the ulna and runs to at least the thumb (the muscle corresponding
to the M. extensor pollicis longus in Formosan monkey) and the muscle that arises from
the distal part of the ulna and runs to one or more of the other fingers (that which
corresponds to the Mm. extensores digitorum secundi and tertii proprii in Formosan
monkey) have collectively been called the M. extensor digitorum profundus by STRAUS and
many other investigators (HILL,BARNARD, CLARK, etc.).

The M. extensor pollicis longus, which corresponds to that part of the M.
extensor digitorum profundus Having origin from the upper region, is stable in its state
of origin in Primates, but it often is found to have accessory origin from the interosseous
membrane in addition to its usual origin from the ulna. In general, its origin is from
the ulna in Prosimia, Platyrrhina and Catarrhina, while it is as a rule from the ulna
and the interosseous membrane in Anthropoid apes and man.

Next, the insertion of this muscle in Primates and man is stable, and it attaches
to the base of the distal phalanx of the first finger, but there may be some cases with
insertion upon the proximal phalanx as well as upon the distal phalanx in Anthropoid apes
(STRAUS, RAVEN, SUTTON, etc.). Furthermore, there are frequently reports that describe
the separation of the tendon of insertion into two parts with an accessory tendon runhing
to the second finger as observed in Formosan monkey (Tarsius — WOOLLARD, STRAUS;
Gorilla - PREUSCHOFT, HEPBURN ; man - KANEFF, INOUE, etc.).

9. M. extensor digiti secundi proprius (figures 7-9)

This muscle, located in the same layer as the M. extensor pollicis longus, arises
muscularly from an area that extends from immediately below the M. extensor pollicis
longus to the level adjacent to the M. extensor digiti tertii proprius on the radial side of
the dorsal surface of the ulna. This origin is linear in form and involves the area between
about the middle part to the lower three fifths of the forearm. Although there is
no adhesion or fusion with the M. extensor pollicis longus located above, there always is
muscular adhesion with the M. extensor digiti tertii proprius below. Moreover, the
adhesion or fusion between these two muscles is extensive with involvement of practically
the entire length of the muscular belly in a comparatively large number of cases (10/30).
In particular, exchange of muscle fibers was found in three cases, and these two muscles
appeared to be a single muscle and were indivisible until transition to tendon occurred.

This slender, fusiform muscle runs downward along the radial side of the ulna and
transition to a slender tendon occurs immediately before it reaches the wrist. This tendon
passes through the third compartment of the dorsal carpal ligament together with the
tendons from the M. extensor pollicis longus and the M. extensor digiti tertii pr..oprius.
On the back of the hand, this tendon runs beneath the tendon of the M. éxtensor

digitorum communis to the upper part of the proximal phalanx where it contributes to the
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formation of the dorsal digital expansion by joining with the ulnar side of the tendon of
the M. extensor digitorum communis that runs to the second finger. The tendon fibers
continue down to the distal phalanx.

A variation was noted in one case in which the tendon of insertion during its
course separated into two parts, with attachment to the aponeurosis of the fifth finger as

well as to the second finger.

10. M. extensor digiti tertii proprius (figures 7-9)

This is a small, fusiform muscle located in the same layer as the M. extensor
pollicis longus and the M. extensor digiti secundi proprius. This muscle arises muscularly
from the radial aspect of the dorsal surface of the ulna, and is adhered muscularly to the
M. extensor digiti secundi proprius as previously mentioned. The origin is linear in form
and extends over the lower three fifths to the lower fifth of the forearm. The muscle
belly descends along the radial side of the ulna to a short distance above the wrist where
it changes to tendon. This tendon passes through the third compartment of the dorsal
carpal ligament together with the tendons of the M. extensor pollicis longus and the M.
extensor digiti secundi proprius. On the back of the hand, it lies covered by the tendon
of the M. extensor digitorum communis. At the upper part of the proximal phalanx, it
participates in the formation of the dorsal digital expansion by joining with the ulnar side
of the tendon that runs to the third finger from the M. extensor digitorum communis,
and the tendon fibers of this muscle extend further to the base of the terminal phalanx
(Figure 5). A variation noted by HADANO in one case consisted of an accegsory tendon
that was sent off to the fourth finger soon after this tendon passed through the dorsal

carpal ligament.

The Mm. extensores digitorum secundi and tertii proprii which correspond to the
distal portion of the M. extensor digitorum profundus are usually adhered or fused to each
other in Primates, and their osseous origin is stable and limited to the distal part of the
ulna. The only exception that has been found is the presence of accessory origin from
the radius in Tarsius (MURIE and MIVART). In contrast to this, the insertion of these
muscles is reported to be extremely variable, and STRAUS has developed a classification into
eight types according to the relationship with the fingers upon which the insertion takes
place. Reports by earlier investigators suggest that the'most common pattern in Primates
is insertion upon the second and third fingers, but the insertion in lower monkeys is
frequently more extensive and involves the second to fifth fingers or the second to fourth
fingers so that the range of fingers upon which the insertion takes place seems to become
reduced with evolution. The M. extensor digiti tertii proprius in many cases of Chimpanzee
(SONNTAG, BEDDARD, STRAUS in 687, etc.) as well as in Gorilla (PREUSCHOFT,PIRA,
HEPBURN, STRAUS in 100%, etc.) and man has undergone involution and only the M.
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extensor digiti secundi proprius (M. extensor indicis proprius), which sends off the
tendon of insertion to the second finger, is usually present. According to STRAUS,
however, insertion upon the second, third and fourth fingers in Gibbon (92%) and
upon the second and third fingers in Orang (66%) is the normal condition.

In man, as just mentioned, this muscle usually gives off the tendon only to the
second digit, but cases with additional insertion to the third digit have been occassionally
observed by some investigators (STRAUS 10%, INOUE 6%, etc.), and in some of such
cases it was not mere fasciculus of the M. extensor indicis proprius but an independent
muscle which arose from the lower part of the ulna (so-called the M. extensor medii proprius).

The condition in which the M. extensor digiti secundi proprius sends off an accessory
tendon to the fifth finger, noted as an abnormality in Formosan monkey, has been
described in Nycticebus (MURIE and MIVART) while the pattern in which an accessory
tendon is sent off to the fourth finger from the M. extensor digiti tertii proprius has been
mentioned in Callithriz (STRAUS).

11. M. abductor pollicis longus (figures 7-9)

This robust muscle, located in the deepest layer among the extensor muscles of the
forearm, arises muscularly from the radius, ulna and interosseous membrane. The
radial origin is from the dorsal surface between the upper third to lower fourth of this
bone. The upper level of the origin is at a line connecting the supinator crest of the ulna
and the middle of the radius, and is adjacent to the insertion of the M. supinator, but
there is no adhesion with this muscle. The ulnar origin of this muscle extends from directly
below the supinator crest of the ulna to the lower fourth of the forearm on the radial side
of the origin of the M. extensor pollicis longus and Mm. extensores digitorum secundi and
tertii proprii, but there is no adhesion with any of these muscles. Moreover, the ulnar
side of this muscle is initially covered by the M. extensor pollicis longus and the Mm.
extensores digitorum secundi and tertii proprii, while its radial part lies covered by the
M. extensor digitorum communis, but it runs obliquely to converge radiolateralward
toward the distal third of the forearm where it emerges to the subcutaneous region from
between the M. brachioradialis and the M. extensor digitorum communis. It then crosses
over the tendons of the Mm. extensores carpi radialis longus and brevis to the lateral
margin of the lower tip of the radius where it passes through the first compartment of the
dorsal carpal ligament. '

The belly of this muscle is already divisible into the radial and ulnar portions at the
lower forearm, and they both undergo change to tendon immediately before they reach
the dorsal carpal ligament. Just before they insert, the radial portion enters to beneath
the ulnar portion, and tendon fibers are frequently exchanged between these two portions
(20/30). That is, the insertion of the tendon from the radial portion can be classified

into two patterns, one in which the insertion takes place only into the radial sesamoid
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(22/30), and the other in which the insertion is largely upon the radial sesamoid, but
also partly upon the base of the first metacarpal bone by tendon fibers sent off to the
superficially located ulnar portion (6/30). The insertion of the other tendon from the
ulnar portion showed two patterns that are seen at equal frequency. That is, the insertion
takes place either into only the radial side of the dorsal surface of the base of the first
metacarpal bone (14/30) or mostly into the metacarpal bone, but also partly upon the
radial sesamoid by tendon fibers sent oft to the deeper radial portion (14/30). In addition,
there was a rare case in which these tendons from this muscle were completely fused so
that they were indivisible to as far as the insertion (1/30). An abnormal case was noted
in which the distal part of the muscle belly that was smaller than usual did not separate
until nearly reaching the insertion, which was partly the tip of the radius, but was
mostly upon the navicular bone (case number 31, right side, Figure 11).

Incidentally, the M. extensor pollicis brevis was not present in Formosan monkey.

The origin of the M. abductor pollicis longus is
stable in Primates and in man. It generally arises from
the ulna, interosseous membrane and radius, although

Fig. 1t1. A variation of . . .
g 1 there are minute differences among species on the

M. abductor pollicis longus X
range of their original portions. In Prosimia and
Platyrrhina, however, the ulnar origin is comparatively
frequently absent (Lemuroidea — MURIE and MIVART;
Hapalemur — BEDDARD ; Lemur — STRAUS; Tarsius -
WOOLLARD), and the radial origin may be absent in
rare instances (Callimico - HILL). In contrast to this,

in Catarrhina and higher Primates and in man, there

simply is mention that the radial origin may be absent
in very rare cases (Gibbon - STRAUS).

The insertion of this muscle has been Cclassified
into five types by STRAUS according to the combination
of the relationship to the first metacarpal bone, radial
sesamoid bone, greater multangular bone, etc. The
insertion of this muscle in Primates is very variable,

and most reports differ in their description of the

insertion for the same genus and even for the same
species. In general, there is no separation of the
tendon in Prosimia and Platyrrhina with most cases
having insertion into only the base of the first
metacarpal bone, while this muscle in Catarrhina is -
(No.31, %, R) usually divisible into the ulnar and radial portions
that attach to the base of the first metacarpal bone and

the radial sesamoid bone, but there also are reports
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of insertion into the first metacarpal bone and the trapezium (Cynopithecus -
PATTERSON). In many Anthropoid apes, there is insertion onte the first metacarpal
bone and the greater multangular bone, but additional attachment to other nearby
structures is frequently seen as in man. According to STRAUS, the insertion is particularly
variable in Gibbon in comparison with the other three great apes. The condition
in man has been classified into three types by BABA and into five types by KIMURA
based upon the relation to the first metacarpal bone, trapezium, M. abductor pollicis
brevis, articular capsule, etc., but this muscle usually separates into two or three
tendons, and while the main tendon runs to the base of the first metacarpal bone,
accessory tendons are sent off to either or to both the M. abductor pollicis brevis
and trapezium.

In the Macaca group, there is separation of the tendon of insertion into two parts
that insert, respectively, onto the first metacarpal bone and the radial sesamoid bone,
but in my cases of Formosan monkey the tendons ran directly to their insertion in only a
few cases, and there was exchange of tendon fibers between these tendons just before
they inserted in most cases. Mention of such a condition, however, is not seen in the
descriptions by earlier investigators. Furthermore, this separation into these two portions
has been reported by some investigators to occur in the lower forearm at the level of the
muscle belly(Macaca mulatta - HOWELL and STRAUS),while others report that the common
tendon becomes separated at the radiocarpal joint (Macaca irus - KIMURA). The findings
in Formosan monkey are consistent with that in Macaca mulatta. A rare abnormality was
noted in Formosan monkey in which the insertion was the navicular bone and the tip of
the radius, but such a condition has not yet been reported in other Primates or man.

Finally, a muscle which corresponds to the M. extensor pollicis brevis of man and
which appears to have differentiated from the M. abductor pollicis longus has been found
in Anthropoid apes, particularly in Gorilla and Chimpanzee (PIRA, PREUSCHOFT,
RAVEN, SONNTAG, HEPBURN,etc.), but such a muscle is not found as a rule in such
lower monkey as Prosimia, Platyrrhina or Catarrhina, and the condition in Formosan

monkey is no exception.

12. Nerve supply (figure 12)

The muscular branches to the extensor muscle group of the forearm are all from the
radial nerve.

The radial nerve, which arises from the brachial plexus, runs to the posterolateral
side of the humerus, and passes between the medial and lateral heads of the M. triceps
‘brachii to about the proximal third of the upper arm where the dorsal antebrachial
cutaneous branch is soon given off. This latter branch passes down between the M.
triceps brachii and M. brachioradialis to emerge into the subcutaneous region on the

radial surface of the distal part of the upper arm and supplies the dorsal surface of the
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Fig. 12. Nerve supply

forearm.

The main trunk of the radial nerve continues downward between the M. brachioradialis
and the humerus to the radial side of the elbow joint where it divides into the deep
branch which gives off many muscular branches and the superficial branch that has no
muscular distribution. Just before this separation occurs, the muscular branch to the M.

extensor carpi radialis longus is given off. The muscular branch to this muscle usually is
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given off as an independent branch (19/30, Figure 13-a and b), but it occasionally
arises from a common branch that also innervates the M. extensor carpi radialis brevis
(9/30, c, d and e), and in one case this muscle received both an independent branch
from the main trunk of the radial nerve and a nerve branch from the branch that also
innervates the M. extensor carpi_radialis brevis (1/30, f ). In a rare case, this muscle
was supplied by a nerve which arose from a common branch that also sent off nerves to the
M. brachioradialis and the M. extensor carpi radialis brevis (1/30, g ).

The muscular branch that supplies the M. brachioradialis is usually given off near
the bifurcation into the superficial and deep branches, and it arises as a single branch
in most cases (28/30), but in rare cases this muscle may receive two branches (1/30, b)
or the branch may arise from a common branch that also sends off the nerves to the

Mm. extensores carpi radialis longus and brevis (1/30, g ).

Fig. 13. Types of the nerve supply to the M. ext. car. rad. longus (L),
M. ext. car. rad. brevis (B) and M. brachioradialis (Br).

R: main trunk of radial nerve, D; deep branch, S: superficial branch
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The musclular branch to the M. extensor carpi radialis brevis generally is given off
as an independent branch from the deep branch of the radial nerve in the vicinity of the
bifurcation into the deep and superficial branches (19/30, a and b ), but the type in
which a branch arose from the common branch that also supplied the M. extensor carpi
radialis longus at the level of the main trunk of the radial nerve was seen comparatively
frequently too (7/30, c¢). What is more, in addition to a branch from the common
trunk this muscle may receive one or two branches from the deep branch (2/30, d and
e ), and some rare casts may show the condition described above (f and g).

As mentioned earlier, the radial nerve separates into the deep branch and the
slightly smaller superficial branch. The superficial branch descends beneath the M.
brachioradialis to slightly above the wrist where it emerges subcutaneously at the radial
side of the forearm and supplies the dorsal aspects of the hand and the first to fourth

fingers.
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On the other hand, the deep branch, after giving off the branch to the M.
extensor carpi radialis brevis as described above, enters into the M. supinator from its
radial side and passes between the superficial and deep layers of this muscle to emerge to
the dorsal side of the forearm. This nerve gives off two muscular branches to the M.
supinator just before it enters into this muscle, and during its course between the two
layers of the M. supinator, many muscular branches are given off almost simultaneously
that supply the M. extensor carpi ulnaris, Mm. extensores digitorum quarti and quinti
proprii, M. extensor digitorum communis, M. extensor pollicis longus and the M.
abductor pollicis longus. The muscular branches to latter two muscles frequently arose by
a common stem (16/30, Figure 12).

The small remaining main trunk of the deep branch (the posterior interosseous
nerve) gives off additional branches from farther distaly to the M. extensor pollicis longus
and the M. abductor pollicis longus as it descends, and then it also sends off muscular
branches to the M. extensor digiti secundi proprius and the M. extensor digiti tertii
proprius. Furthermore, it continuous down to terminate in branches to the dorsum of the

wrist joint.

SUMMARY

Inspection was made of 30 limbs of 15 Formosan monkey (male 7, female 8) to
determine the origin and insertion of the extensor muscles of the forearm as well as their
nerve supply and relationship with surrounding muscles. The extensor muscle group of
the forearm consists of 11 muscles, and an attempt was made to ascertain the normal
condition of these muscles. In addition, a comparison was also made with the tindings

reported for other Primates and man.

1. M. brachioradialis

This muscle, which is the largest of the extensor muscle group of the forearm,
arises from the lateral brachial intermuscular septum and the lateral margin of the distal
part of the humerus. It descends along the radial side of the forearm to its insertion by
tendon into the area near the styloid process of the radius. Although the dorsal
antebrachial cutaneous branch of the radial nerve passes through the narrow space
that is formed between the two parts of origin of this muscle, the superficial branch

of the radial nerve never penetrates this muscle.

2. M. extensor carpi radialis longus

The origin of this muscle is distal to that of the foregoing muscle and occurs by
muscle from the lateral margin of the lower part of the humerus to the lateral epicondyle.
It undergoes transition to tendon at about the middle of the forearm. This tendon runs
to the lower forearm where it passes beneath the M. abductor pollicis longus.  After

passing through the second compartment of the dorsal carpal ligament, it runs beneath
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the tendon from the M. extensor pollicis longus to the other side and inserts onto the

radial side of the dorsal surface of the base of the second metacarpal bone.

3. M. extensor carpi radialis brevis

This muscle arises from the lateral epicondyle of the humerus, adjacent to the M.
extensor carpi radialis longus and partially adhered to the M. extensor digitorum communis,
which is located on its ulnar side. This muscle undergoes transition to tendon at a
slightly lower level than the M. extensor carpi radialis longus, along the ulnar side of
which this tendon descends until it reaches the back of the hand where insertion takes

place onto the radial side of the dorsal surface of the base of the third metacarpal bone.

4. M. extensor digitorum communis

This muscle arises mainly tendinously from the lateral epicondyle of the humerus.
At the middle of the forearm, the muscle belly is already divisible into three parts, the
radial, the central and the ulnar portions. The radial and ulnar portions form the
superficial layer, and they both change to tendon about three quarters down the forearm.
The tendon of the former runs to the second finger, while that of the latter runs to the
fifth finger. The central muscular portion forms the deep layer, which changes to tendon
at about the middle of the forearm. This tendon subdivides into two parts that run to
the third and fourth fingers, respectively. These tendons pass through the third
compartment of the dorsal carpal ligament to the back of the hand where they
contribute to the formation of the main part of the dorsal digital expansions of the four
ulnar digits. These intrinsic tendons from the M. extensor digitorum communis
continue down to the base of the middle and distal phalanges.

The structural pattern of the terminal tendons from this muscle in the metacarpal
resgion can be classified into three types, and the most common is the type in which the
first and second tendons become the intrinsic tendons to the second and third fingers,
respectively, without giving off any branches. Moreover, in area where the branches

are not found, the main tendons are connected to each other by a thin fibrose membrane.

5. Mm. extensores digitorum quarti and quinti proprii

These two muscles arise as a single muscle from the radial epicondyle of the
humerus, and they are firmly fused to the M. extensor digitorum communis, which is
located on their radial side. The tendons from these muscles in Formosan monkey run to
the fourth and fifth fingers which is the same condition as that which is seen as a rule
in lower monkey. On the ulnar side of the proximal phalanx, they participate in the
formatigfﬁ of the dorsal digital expansions of the respective fingers by joining with the
corresponding tendons from the M. extensor digitorum communis. These tendon fibers
continue down to the base of the distal phalanx. The findings for these muscles in
Formosan monkey seem to indicate that they are derived from the M. extensor digitorum

communis.,
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6. M. extensor carpi ulnaris

This muscle, located on the most ulnar side among the extensors of the forearm,
arises from the lateral epicondyle of the humerus, and changes to tendon in the lower
forearm. The tendon passes through the fifth compartment of the dorsal carpal ligament
to its insertion upon the ulnar margin of the base of the fifth metacarpal bone. This is a

stable muscle.

7. M. supinator

This muscle consists of two layers, the superficial and the deep, that extend
over the extensor and flexor surfaces of the forearm. The deep layer arises from the
supinator crest of the ulna, and inserts into the dorsal and radial surface of the upper
part of the radius. The superficial layer arises from the lateral epicondyle of the humerus
and the articular capsule of the elbow, and inserts into the dorsal, radial and volar
surfaces of the middle part of the radius. The ratio between the length of the radius and
the length of the area of insertion upon the radius was 46.3.

The deep branch of the radial nerve, which enters into this muscle from the radial
side, passes through between the superficial and deep layers to emerge to the dorsal

side of the forearm.

8. M. extensor pollicis longus

This muscle arises muscularly from the dorsal surface of the upper part of the ulna,
and changes to tendon at about the middle of the forearm. This tendon passes through
the third compartment of the dorsal carpal ligament to its insertion upon the dorsal

surface of the base of the distal phalanx of the first finger.

9. M. extensor digiti secundi proprius

This muscle arises muscularly from the dorsal surface of the lower part of the ulna,
and is usually firmly adhered to the M. extensor digiti tertii proprius. It changes to tendon
just before reaching the wrist. This tendon passes through the third compartment of the
dorsal carpal ligament to above the proximal phalanx of the second finger where it
participates in the formation of the dorsal digital expansions by joining with the
corresponding tendon from the M. extensor digitorum communis. The tendon
fibers continue down to the distal phalanx. In one case, the tendon was noted to be
subdivided into two parts and attached to the aponeurosis of the fifth finger as well as

to the second finger.

10. M. extensor digiti tertii proprius

The origin of this muscle by muscle from the dorsal surface of the lower part of the
ulna is continuous with that of the foregoing muscle. After undergoing transition to tendon

immediately above the wrist, it passes through the third compartment of the dorsal carpal
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ligament, and participates in the formation of the dorsal digital expansions by joining
with the tendon that runs to the third finger from the M. extensor digitorum communis.

The tendon fibers continue down to the distal phalanx.

11. M. abductor pollicis longus

This muscle is located in the deepest layer among the extensors of the forearm, and
arises muscularly from the radius, ulna and the interosseous membrane. The muscle
belly converges radiolateralward and emerges into the superficial layer in the lower forearm.
After crossing over the tendons of the Mm. extensores carpi radialis longus and brevis,
it immediately undergoes transition to tendon, which passes through the first compartment
of the dorsal carpal ligament. At the site of this transition to tendon, there is separation
into the radial and ulnar portions. The tendon of the radial portion inserts mostly into
only the radial sesamoid bone, but the tendon of the ulnar portion may insert either into
only the metacarpal bone or into the metacarpal bone and the radial sesamoid bone.
There was a case in which the terminal tendons were found to insert into the tip of the

radius and the navicular bone.

12. Nerve supply

The extensor muscle group of the forearm is innervated by branches from the
radial nerve. The radial nerve runs to the posterolateral side of the humerus where the
dorsal antebrachial cutaneous branch is given off to the dorsal surface of the forearm. As
the main trunk of the radial nerve continues down, further muscular branches are sent
off to the M. extensor carpi radialis longus and the M. brachioradialis. Then, at about
the elbow joint, it separates into the superficial branch that supplies the dorsal aspects
of the hand and fingers, and the deep branch that gives off many muscular branches to

the M. extensor carpi radialis brevis, M. supinator, M. extensor carpi ulnaris, etc.
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