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THE INSERTIONS OF THE FLEXORES POLLICIS
LONGUS ET DIGITORUM PROFUNDUS

BY J. L. WILKINSON
Department of Anatomy, Manchester University

The progressive development of the faculties of manual palpation and prehension
was a most significant factor in human evolution. The volar aspect of the digits of
the hand is therefore of considerable interest, yet there are features of its topo-
graphic anatomy which have passed unnoticed.

Dissection of a hundred fingers and a hundred thumbs from adult human cadavers
has revealed fundamental differences, probably of morphological significance,
between the distal insertions of the flexor pollicis longus and flexor digitorum
profundus tendons. These have been compared and correlated with relevant findings
in forty human little toes and a wide series of animal dissections. The synovial flexor
sheaths of fourteen adult human fingers and thumbs have been injected and ninety
terminal phalanges have been examined.

DIFFERENCES BETWEEN THE INSERTIONS OF THE TWO TENDONS
In man each flexor digitorum profundus tendon is, to quote Albinus (1749) '.. in
a manner split longitudinally and appears as if formed of two conjoined together'.
Each tendon possesses a distinct longitudinal ventral median furrow and a shallower
dorsal one. The volar groove can usually be distinguished opposite the metacarpo-
phalangeal joint. Though only narrow here, it becomes much more evident distal
to the bifurcation of the flexor digitorum sublimis, and is deepest opposite the
middle phalanx, where it sometimes almost divides the tendon into two halves.

This mid-line division was noted by Winslow (1733), Boyer (1815), Bichat (1819),
Cloquet (1822), Meckel (1825) and Poirier & Charpy (1901), but is not described in
standard English anatomical works.
The superficial tendon fibres of a flexor digitorum profundus tendon, when traced

distally from the level of the bifurcation of the corresponding sublimis tendon,
gradually diverge from this mid-line furrow towards the tendon margins. Opposite
the terminal interphalangeal joint the volar fibres diverge more acutely to insertions
on each side of the ventral surface of the base of the distal phalanx, so exposing the
deeper fibres which are attached more distally and centrally on the volar aspect of
the shaft of this bone (P1. 1, fig. 1).

In the thumb the flexor pollicis longus tendon also possesses a ventral groove
from which fibres diverge. The superficial fibres of this tendon at the level of the
terminal joint pass distally to insertions on the shaft of the terminal phalanx. The
deepest fibres form two discrete lateral tendonfasciculi which diverge to be inserted
on each side of the volar surface of the base of this bone (P1. 1, fig. 2). Sometimes,
one of these fasciculi receives an accession of a few fibres from the margin of the
tendon (P1. 1, fig. 3). Transverse 100,t sections of a flexor pollicis longus tendon
emphasize the discrete nature and predominantly deep origin of the lateral fasciculi
(P1. 1, fig. 4).



The flexor pollicis longus tendon of Macacus rhesus shows similar lateral fasciculi
but these are ill-defined or absent in several other primates examined and are
lacking in the lower animals which have been dissected.
A ligamentous band extends on each side between the lateral aspects of the base

of the phalanx and the proximally projecting tips of the tuberositas unguicularis
and protects the vessels and nerves which pass dorsally from the pulp to the nail bed.
A few of the laterally inserted fibres of the long flexor tendon both in the finger and
the thumb are continued into this ligament (PI. 1, figs. 1-3). Some of the centrally
inserted fibres in the thumb, and to a lesser extent in the fingers, are sometimes
relayed from the shaft to the base of the tuberositas unguicularis (P1. 1, fig. 3).

Briefly stated, when traced distally from the level of the terminal joint, the most
superficial tendon fibres in the finger pass to lateral insertions, and in the thumb they
go to more central and distal insertions. The deep tendon fibres in the finger have
central distal insertions, and in the thumb they possess lateral basal insertions.

THE TERMINAL PHALANGES

There are differences between the bony roughenings for tendon insertions in the
thumb and the fingers; these roughenings are coloured black in PI. 1, figs. 5 and 7.

In the thumb the main central insertion and the two lateral fasciculi are sometimes
associated with separate bony tuberosities (PI. 1, fig. 5a), but more commonly the
latter are united by two slender ridges (PI. 1, fig. 5b), often undermined by a small
vesseL Radiographs of twenty-five living subjects showed that during flexion of the
terminal phalanx, the mid-line volar sesamoid (present in 72 %) comes into apposi-
tion with the base of the phalanx, in the concavity of this U-shaped insertion
(P1. 1, fig. 6).

In the terminal phalanges of fingers the roughening for flexor tendon attachment
is limited proximally by a transverse bony ridge (PI. 1, fig. 7).
The insertions of these flexor tendons is primarily diaphysial, extending more than

half way from the articular margin to the base of the tuberositas unguicularis. In
the adult, and also in the 84 months' foetus, the flexor tendons of the terminal
phalanges reach much more distally than the corresponding extensor tendons, as is
well demonstrated by sagittal sections (Wilkinson, 1951).

THE DIGITAL SYNOVIAL FLEXOR SHEATHS

Papers on the digital synovial sheaths by Fourcroy (1785), Chemin (1896), Whittaker
(1907), Lucien (1910) and Retterer (1896, 1918a) and the anatomical atlases of
Spalteholz (1901), Toldt (1944), Grant (1947) and Sobotta (1948) fail to record
certain differences which exist between the distal termination of the polliceal flexor
sheath and that in other digits. Poirier (1901) reported that the visceral layer of the
sheath is reflected from the tendon distally in a 'preputial' manner, forming a
simple annular cul-de-sac ', a view commonly held.
There are technical difficulties in filling the cavities of these sheaths. These may

be overcome in the following manner. A digit is amputated at the metacarpo-
phalangeal joint and the synovial sheath opened. The digit is then flexed so that the
cut end of the flexor tendon extrudes from the sheath. The tendon is divided flush
with the amputated stump, so that when the digit is again extended, the tendon
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retreats into its canal, and a small pocket is formed in the proximal portion of the
sheath. A glass cannula is inserted into this pocket and sealed in position with
gelatine. The digit is then placed within a large test-tube, which has been half-filled
with warm gelatine. More gelatine is added until the digit and the lower half of the
cannula are immersed. When the gelatine sets it forms a perfect seal between the
synovial sheath and the cannula and also maintains the latter in position. A small
quantity of 10 % colloidal silver iodide is dropped into the cannula, after which the
test-tube with its contents is centrifuged at 900 r.p.m. for 15 min. The colloidal
particles having now been forced to the distal tip of the synovial sheath, super-
natant fluid in the cannula is replaced with silver iodide and the centrifuging
continued for half an hour. This process is repeated until fluoroscopic screening
indicates that the sheath is filled. Though a somewhat elaborate procedure, this is
the only method, of many tried, which portrays the details of the distal portion of
the cavity of the synovial sheath.

The synovial sheath of the flexor pollicis longus
The terminal part of the lumen of this sheath has a small cul-de-sac on either side

which possesses a slight dorsal inclination (P1. 2, fig. 8). Dissection of the injected
sheath indicates that these lateral diverticula lie on the volar surface of the lateral
fasciculi of the flexor pollicis tendon. They are demarcated by fusion of the visceral
and parietal synovial layers along the sulci which separate the central and lateral
parts of the tendon at its insertion. When the median furrow in the ventral surface
of the tendon is well marked, the parietal layer is carried into it prematurely, and by
blending with the visceral layer creates a central cleft in the distal tip of the sheath.

The synovial sheath of the flexor digitorum profundus
The distal portion of the cavity of this sheath is more rounded than in the thumb

(P1. 2, fig. 9). There is no mid-line cleft in the tip of the sheath, nor are lateral
diverticula present in its terminal extremity. Where the visceral synovial membrane
is reflected from the tendons of the flexor digitorum sublimis as the latter pass to
their insertions, two small diverticula are seen, comparable in shape and dorsal
inclination to those noted in the thumb.
Thus a careful examination of the synovial sheaths in the thumb and the fingers

emphasizes the discrete nature of the lateral tendon fasciculi of the flexor pollicis
longus.

A SUGGESTED EXPLANATION OF THESE DIFFERENCES

Why are there such striking differences in the mode of insertion of these two long
flexor tendons? To answer this question attention is directed to the lateral tendon
fasciculi of the flexor pollicis longus. These probably represent rudiments of a flexor
perforatus tendon. The evidence for this view will be discussed under four headings:
(1) the morphology of the terminal phalanx; (2) flexor tendons in the toes; (3) digital
flexor tendons in lower animals; (4) polliceal 'perforatus' tendons in man.

(1) The morphology of the terminal phalanx
The pollex possesses three bones distal to the carpus; all other manual digits have

four. The problem implicit in this statement underlies a controversy two thousand
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years old. It is unnecessary to recount every opinion expressed about the nature of
the first metacarpal bone as these have been well summarized by Welcker (1884),
Krause (1896), Wakeley (1924) and Jones (1949).
The first metacarpal has been held to represent a phalanx, but there is now fairly

general agreement that this is not so. It is of historical interest to note that Galen
(A.D. 131-200) and Vesalius (1555) maintained that the four ulnar metacarpal bones
articulate proximally by synarthroses and distally by diarthroses, whereas the first
' metacarpal' possesses both proximal and distal diarthroses and is thus to be con-
sidered a phalanx. The foundation for this theory, therefore, rests on what is now
patently a fallacy. The basal position of the epiphysis does not always distinguish
the first from other metacarpals in animals or even in man. Moreover, the relative
mobility of the first metacarpal bone does not affect its homology with the first
metatarsal, though the two bones are equally mobile in the anthropoid ape.
The general process of phalangeal reduction has been studied in foetal cetacea by

Kukenthal (1888), who stressed that the sequence of reduction comprises a fusion of
terminal with subterminal phalanges. It is therefore interesting to recall Grafen-
berg's assertion (1905), that the diaphysial ossification of human terminal phalanges
takes place from two centres which soon fuse, thus recapitulating an ancient phylo-
genetic reduction. Grafenberg also showed that the terminal phalanx of the thumb
is longer than the other terminal phalanges at all stages of development.

There are many records of human tri-phalangeal thumbs (Windle, 1891; Salzer,
1897; Pfitzner, 1898; Joachimsthal, 1898, 1900; Rieder, 1900; Jur&i6, 1906;
Geelvink, 1913; Kristjansen, 1926; Lapidus & Guidotti, 1943). In these cases the
terminal phalanx is usually shortened, and an accessory element (middle phalanx)
is present between this and the basal phalanx. This suggests that the terminal
polliceal phalanx represents two fused phalanges, an inference, however, which is
open to some criticism, for even the palaeozoic stegocephali had only two polliceal
phalanges (Windle, 1891).

It has been shown that the lateral fasciculi of the flexor pollicis longus are inserted
into the base of the terminal phalanx. It would be very interesting to know whether
these tendon bundles are attached to the small middle phalanx in the abnormal
three-membered thumb of man. The accounts of tri-phalangeal thumbs deal only
with external and radiological appearances and no account of a dissection of this
abnormality has been discovered.
Having studied the process of marginal phalangeal reduction by bony fusion

between the middle and terminal phalanges of the little toe, Pfitzner (1900) con-
cluded that the ungual phalanx of the thumb is similarly a compound structure
derived from two phalanges. Jones (1949) stated 'I know no fact derived from
any study of normal or abnormal anatomy or from paleontology that contradicts
this finding'.

(2) Flexor tendons in the toes

The arrangement of the tendon fibres of the flexor digitorum longus at its distal
insertion in the second, third and fourth toes closely resembles that seen in its
manual counterpart, the flexor digitorum profundus. In the case of the marginal
digits, however, there are certain differences.
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The great toe
The importance of the human great toe in bipedal locomotion is reflected in the

commonest pedal digital formula. The size of the flexor hallucis longus tendon in
man necessitates extensive distal attachments, and these appear to have undergone
some modification. The uniformity of tendon fibre arrangement found in the inser-
tion of the corresponding polliceal flexor tendon is lacking in the hallux, and com-
parable discrete lateral tendon fasciculi are rarely distinguishable. The changes of
structure in this toe in response to alteration of function will be dealt with in
a further communication.

The little toe
Skeletal changes in this toe have been shown by Pfitzner (1890, 1896) and others

to shed light on the nature of the osseous structure of the thumb. This writer
recorded (1896) fusion of the middle and terminal phalanges in 37 % of 838 little
toes, and stated (1890) that in toes with two phalanges the perforatus tendon was
always rudimentary or absent. In the present series of forty little toes fusion of the
middle and terminal phalanges is present in 25 %, and in half of the latter the
reduction of the middle phalanx co-exists with a reduction of its associated short
flexor tendon as a separate entity. In each of four of these toes the perforans tendon
was found to provide a fasciculus, histologically proved to be of a tendinous nature,
to a fused middle phalanx (P1. 2, fig. 10). In one toe with phalangeal fusion the
perforans and perforatus tendons unite immediately prior to their insertions
(P1. 2, fig. 11). In only one toe with three phalanges is there an extensive fusion of
tendons, the perforans tendon providing two fasciculi to a separate middle phalanx
(PI. 2, fig. 12).

If the inter-related normal perforans and perforatus tendons of the little toe are
compared with the insertion of the flexor pollicis longus (PI. 2, fig. 13), a marked
resemblance is noted, the perforatus in the little toe corresponding to the lateral
tendon fasciculi in the thumb.

Since the base of the terminal polliceal phalanx probably contains elements of
a fused middle phalanx, these observations on little toes suggest that the polliceal
lateral fasciculi represent rudiments offlexor perforatus tendons.

(3) Digital flexor tendons in lower animals
In Amphibia and Reptilia, short muscles of palmar origin provide digital tendons

which are often perforated by the flexor tendon of the terminal phalanx. In digits
with more than three phalanges, more than one pair of perforatus tendons are
sometimes present. No* example has been found of true polliceal perforatus
tendons.

In Mammalia below the order Primates it is necessary to distinguish between the
flexor tendons in the digits and their proximal muscular connexions. From one to
three different muscles may be attached to a digital perforatus tendon. The muscular
attachments of these tendons in twelve animals are shown diagrammatically in
Table 1.

(i) The flexor digitorum sublimis. This muscle may arise from the ulnar-sided
epicondyle of the humerus (e.g. Felis domestic, Mephitis), or it may take origin



80 J. L. Wilkinson
from the musculo-tendinous stratum which provides flexor tendons to the terminal
phalanges (e.g. Canisfamiliaris and the marsupials).

(ii) The palmaris longus. The most superficial flexor muscle of the antebrachium
is, to a variable degree, divided into discrete digital tendons in the manus. The
distinctness of these tendons strongly suggests an important function in digital
flexion and they are sometimes misnamed accordingly. Thus in Canisfamiliaris the
large muscle referred to as the 'flexor digitorum sublimis' by Bradley (1912) is in
fact the palmaris longus, and the small deep muscles ('palmaris accessorius'-
Sisson, 1910) which join its tendons are strictly comparable to the flexor digitorum
sublimis in marsupials. Thus Huxley (1871) and Windle & Parsons (1897) were
incorrect in assuming that the palmaris longus is absent in this animal.

Table 1. Muscles inserted into digital perforatus tendons

Name 1 2 3 4 5 Name 12345

Macropus Mephitis
bicolor mephitis

Mt. rufogriseus Nasua nasua
fruticus

Metachirus Oryctolagus
opossum. cuniculus T

Erinaceus Cavia

europaeusporcellus
FelisThyronomys

domestic:: Sp.

Canis e Metes metesfamiliarisfresmes

KEY. Palmaris longus

Flexor digitorum sublimis

Flexor brevis digitorum manus

(iii) Flexor brevis digitorum manus. A short muscle, usually of palmar origin, is
sometimes inserted into digital perforatus tendons. In Felis domestic this muscle
arises from the lower portion of the palmaris longus tendon. As Haines (1950) also
noted, the perforatus tendons of the fourth digit of this animal receives contributions
from three sources (See Table 1).

The tendon ring
Integration of these various contractile elements is brought about by their

attachment to a fibrous or fibrocartilaginous ring which encircles each profundus
tendon at the level of the metacarpo-phalangeal joint. The digital perforatus
tendons extend distally from this ring, and palmar tendons of diverse muscular
origin are attached to it proximally. Though Windle & Parsons (1897) referred to
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the widespread presence of tendon rings in insectivores, rodents and carnivores,
accounts of such rings are often lacking in the descriptions of these orders by other
writers. In Canis familiaris the tendon rings are particularly well developed and
constitute the fibrocartilaginous tunnel described by Douglas (1763) and Retterer
(1918b). Parsons (1898) noted the occasional presence of this ring in man.
Palmar tendons of a flexor perforatus complex are often not in line with the digit

they supply. Tendon rings ensure apposition and alignment of digital perforatus and
perforans tendons and also protect them at the level of the metacarpo-phalangeal
joint. These rings are not present in the marsupials examined, in which only a single
superficial flexor tendon passes to each digit.

Table 2. Polliceal 'sublimis' tendons
Muscle supplying

Author Animal the tendons Digital insertion
Humphry (1869) Manis Flexor dig. sublimis 1st phalanx
Humphry (1872) Uromastix spinipes Flexor dig. sublimis 1st phalanx
Mivart (1881) Felis domestic Flexor dig. sublimis Ulnar side of pollex
Dobson (1882) Erinaceus algirus Palmaris longus ?

E. jerdoni Flexor dig. sublimis ?
Shepherd (1883) Ursus americanus Flexor dig. sublimis 2nd phalanx
Bardeleben (1894) Hyrax brucei Flexor brevis superficialis ?

Paradoxurus Flexor dig. sublimis 2nd phalanx
Windle & Parsons Procyon lotor Flexor dig. sublimis
(1897) Nasua Flexor dig. sublimis

Ursus americanus Flexor dig. sublimis
Felis catus Flexor dig. sublimis

Frazer (1907) F. domestic Flexor dig. sublimis Ulnar side of pollex
Howell (1932) Dipodomys Flexor dig. sublimis ?

Polliceal 'perforatus' tendons
There are many descriptions of 'sublimis' tendons in the pollex of lower animals

(see Table 2). Superficial flexor tendons and an associated ring are well developed in
the pollex of Mephitis mephitis (P1. 2, figs. 14, 15), but in this case, as in the minimus
of Mephitis and Erinaceus europaeus, and the index of Meles metes, only the palmaris
longus, through easily defined thickenings in the palmar aponeurosis, supplies the
contractile element to the tendon ring. In the pollex of Mephitis the perforatus
tendons are inserted into the palmar ligament of the distal joint, the tendon on the
ulnar side being slightly larger than that on the radial aspect.
A single, very weakly developed polliceal 'perforatus' tendon is sometimes found

to be blended with the ulnar part of the fibrous flexor sheath in Felis domestic.
A tendon ring, present in the other digits of this animal, has apparently fused with
the fibrous flexor sheath in the pollex, and a slip from palmaris longus passes to this
sheath.
Thus perforatus tendons, confined to a digital extent, and attached proximally

only to the palmaris longus through a tendon ring, are sometimes present in the
digits of quadrupeds, and are occasionally found in the pollex. This probably
explains the observation of Parsons (1898) on the mammalian flexor digitorum
sublimis-' After that to the pollex, the minimus tendon is the one most frequently
wanting, but on several occasions when this has happened, I have found, on splitting
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up the theca, the perforated loop of the tendon surrounding the flexor perforans,
and having its usual insertion, although there was no tendon in the hand and fore-
arm to this digit.'

Particular developments of the pre-axial digit took place amongst the early
primates, but specialized locomotion by brachiation stayed this advance amongst
the larger members of this order.

Three chimpanzees (Anthropithecus troglodytes) have been examined. The flexor
pollicis longus tendon is rudimentary in all, taking origin either from the flexor
retinaculum or from the flexor profundus tendon to the index. In one specimen,
dissected shortly after death, two accessory polliceal tendons were found blending
with the metacarpo-phalangeal joint capsule proximally and proceeding to distal
insertions deep to, and on either side of, the functionless long flexor tendon (P1. 3,
fig. 16). The tendon on the radial side is relatively poorly developed and is partly
fused with the fibrous flexor sheath; that on the ulnar side is quite discrete and lies
within the sheath. Immediately prior to their distal insertion fibres decussate
between these two tendons, dorsal to the flexor pollicis longus. In the other two
specimens only the ulnar-sided accessory tendon can be clearly distinguished, but
their state of preservation is not as good as that of the first animal. No other record
has been found of these rudiments.

In these primates the abductor et flexor pollicis brevis and the adductor pollicis
obliquus send small extra-vaginal tendons to the ungual phalanx, not to be confused
with the intra-vaginal tendons described here. An extension from the abductor was
reported by Hepburn (1892) and Fick (1925), from the flexor pollicis brevis by Vrolik
(1841) and Humphry (1867), and from the adductor by Gratiolet & Alix (1866) and
Sutton (1883).

Accessory intra-vaginal tendons, inserted deep to, and on either side of, the
vestigial long flexor tendon were found in the thumbs of a gorilla (Gorilla gorilla) and
an orang (Simia satyrus). In the former the adductor pollicis has gained a partial
attachment to the ulnar-sided tendon. In the orang the flexor pollicis longus tendon
is embedded proximally in the flexor pollicis brevis muscle, and the adductor pollicis
and flexor pollicis brevis are attached to the accessory intra-vaginal tendons.
An intra-vaginal extension to the terminal phalanx in the orang was stated to

come from the adductor by Broca (1869), from the inner head of the flexor pollicis
brevis by Langer (1879) and Bischoff (1880), from the outer head of the latter
muscle by Fick (1895) and from the adductor obliquus by Primrose (1900). These
distal prolongations have often been regarded as representing the flexor pollicis
longus tendon, e.g. by Langer (1879), but Straus (1942) has shown that the slip
which Langer described can co-exist with other rudiments of the long flexor tendon.

Those tendons which are accessory to the flexor pollicis longus and lie within the
fibrous flexor sheath in these primates are probably remnants of polliceal perforatus
tendons. These accessory tendons do not pass into the antebrachium, but a similarly
restricted proximal extent is commonly found in the perforatus tendons of quad-
rupeds and it is also a characteristic of homologous human rudiments, to be described
below. The ulnar-sided perforatus tendon in the thumb is the largest and most
discrete in the human foetus, in quadrupeds and in the anthropoid apes examined.
The latter are not truly 'perforatus' tendons in that they do not extend on to the
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volar aspect of the long flexor tendon. This feature is, however, a characteristic of
the polliceal perforatus tendons of Mephitis, and also of the human foetus; more-
over the flexor perforatus tendons of the little toe occasionally fail to extend on to
the ventral surface of the long flexor tendon.
The position of insertion of these accessory intra-vaginal tendons and their distal

relationship to the flexor pollicis longus is paralleled in man by the lateral tendon
fasciculi.

(4) The polliceal 'perforatus' tendons in man

A. The human foetus
Frazer (1907) described the existence of a band of cells in the 3 months' foetus

arising from the flexor digitorum sublimis above the wrist which came into contact
with the ulnar side of the flexor pollicis tendon below the wrist, inclined on to the
dorsal aspect of this tendon in the thumb and was attached to both sides of the
terminal phalanx adjacent to the insertion of the long flexor tendon. He maintained
that it could not be traced microscopically in the last few months of foetal life, but
stated that ' ... after birth the band can sometimes be distinguished in my opinion
by naked eye'. Grafenberg (1905) suggested that '... . in early ontogenesis... it is
not impossible that from the superficial common finger flexor, elements are radiating
in the direction of the tendon to the first digit'. The only other reports of a human
superficial polliceal flexor concern the flexor accessorius ad pollicem of Ganzer (e.g.
Furst, 1900); but this connexion between the superficial and deep flexor layers is the
remnant of the condylo-radial head of the primitive deep flexor (Windle, 1889), and
is not directly relevant to the problem.

In this investigation, serial sections of the manus and lower forearm of four
foetuses (c.R. lengths: 35, 57, 70 and 80 mm.) have been examined. Definitive
tendons are not present in the 35 mm. foetus. In all the other specimens there is an
accessory tendon on the ulnar side of the flexor pollicis tendon. It is particularly
marked in the 80 mm. foetus (P1. 3, fig. 17). This arrangement differs from the
account given by Frazer in three ways:

(1) The small tendon fuses with the palmar portion of the capsule of the distal
joint and one cannot distinguish between the constituent cells of this tendon and
the joint capsule distal to this attachment.

(2) The accessory tendon does not exist proximal to the head of the first meta-
carpal bone.

(3) At this level a weakly developed ring of cells extends from the ulnar-sided
tendon and encircles the flexor pollicis longus tendon.

B. The human adult
In an examination of forty-two adult thumbs, remnants of a flexor perforatus

were found in twelve, i.e. bilaterally in six cadavers. This gives the rather surprising
proportion of 28-6 % of the total.

PI. 3, fig. 18, is a photograph of the right hand of one of these specimens. There is
no difficulty in identifying the perforatus tendons, not any danger of confusing them
with the general fascia in this region. They are intra-vaginal, and are discrete and
glistening except at their most proximal and distal extremities. Proximally they fuse
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with the parietal synovial membrane on either side of the long tendon opposite the
metacarpo-phalangeal joint: sometimes they are also loosely attached to the flexor
pollicis longus tendon. They unite more distally, deep to the latter, and are inserted
as a single slender tendon into the ulnar part of the volar aspect of the palmar liga-
ment of the distal joint.

These rudimentary perforatus tendons cannot be traced proximal to the head of
the first metacarpal bone and they have no connexion with the flexor digitorum
sublimis. This restricted extent is in harmony with observations on the human
foetus and on lower mammals.

It is possible that Frazer chanced upon a very transient stage in the development
of these perforatus tendons, not present in the foetal specimens investigated here.
It is interesting to note that he described these tendons as having distal insertions
which we now recognize as identical in position with the accessory polliceal tendons
in apes and with the lateral fasciculi of the flexor pollicis longus tendon in the human
adult.

SUMMARY AND CONCLUSIONS

1. Lateral fasciculi arise from the deep surface of the flexor pollicis longus tendon
and are inserted into the. volar surface of the base of the terminal phalanx on each
side of the main portion of the long flexor tendon. The discrete nature of the
fasciculi is demonstrated by histological section of the tendon, and by a study of
their osseous, vascular and synovial relationships.

2. There are strong reasons for believing that the terminal phalanx of the pollex
represents a fusion of two phalanges.

3. Reduction of the middle phalanx in little toes showing phalangeal fusion is
associated with reduction of the associated flexor perforatus tendon. Under these
conditions the flexor perforans tendon commonly provides a tendon or tendons to
the base of the conjoined phalanx.

4. Digital perforatus tendons in quadrupeds are often attached to a mobile
tendon ring at the level of the metacarpo-phalangeal joint. The tendons which are
inserted proximally into this ring come from diverse sources. Sometimes, parti-
cularly in marginal digits, the perforatus tendons have no attachment to the flexor
digitorum sublimis, the palmaris longus providing the only contractile element to
their associated tendon ring. Polliceal perforatus tendons of this nature are
occasionally present and extend distally to the terminal joint capsule. The tendon
on the ulnar side is commonly larger than that on the radial side.

5. In human foetuses of 3 to 31 months a polliceal perforatus tendon lies on the
ulnar side of the flexor pollicis longus tendon. It extends from the level of the
metacarpo-phalangeal joint, where there are traces of a tendon ring, to the capsule
of the distal joint. This structure has also been identified in 28-6 % of adult
specimens.

6. Vestigial polliceal perforatus tendons are present in some anthropoid apes.
They extend from the level of the head of the first metacarpal bone; the ulnar-sided
tendon is the larger, more discrete, and more constant than that on the radial side.
They decussate with one another dorsal to the flexor pollicis tendon and are inserted
into the terminal phalanx in positions occupied in man by lateral tendon fasciculi.
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The function of tendon rings clarifies the unusual disposition of human polliceal

perforatus rudiments. In the absence of any direct evidence of a palmar tendon
from the flexor digitorum sublimis to the pollex, it is suggested that the palmaris
longus was probably attached to the tendon ring of this digit in man's forerunners:
this is the arrangement of similarly isolated perforatus tendons in quadrupeds.
A strong ligamentous band from the palmar aponeurosis in man to the level of the
polliceal metacarpo-phalangeal joint would necessarily become attenuated by the
development of an independent mobility of this digit. Thus the digital portions of
the perforatus tendons would become truly isolated, functionless and eventually
vestigial. The proximal parts of the perforatus tendons in the human thumb have
undergone this regression. The flexor pollicis longus having utilized the insertions
of these tendons to extend its own lower attachments, the distal portions of the
polliceal perforatus tendons have become incorporated into the structure of the long
flexor tendon as lateral fasciculi.
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EXPLANATION OF PLATES

PLATE 1
Fig. 1. The distal insertions of a flexor digitorum profundus tendon. x 1-6.
Fig. 2. The distal insertions of a flexor pollicis longus tendon. f, lateral fasciculi. x 1-3.
Fig. 3. The distal insertions of a flexor pollicis longus tendon. f, lateral fasciculi. x 1-7.
Fig. 4. Transverse 100,u sections of the distal 1-5 cm. of a flexor pollicis longus tendon. f, lateral

fasciculi. Approximate levels of sections: (a) head of subterminal phalanx; (b) terminal
articulation; (c) base of distal phalanx. Haematoxylin and eosin. x 5-6.

Fig. 5. Terminal polliceal phalanges. The roughening associated with the insertion of the long
flexor tendon has been marked with indian ink in (a) and (b). The bristles in (b) and the arrows
in (c) indicate the positions of vascular foramina. x 1-1.

Fig. 6. Lateral radiograph of a thumb, flexed at the terminal joint. x 1-1.
Fig. 7. Terminal phalanges of fingers. The roughening for the insertion of the flexor digitorum

profundus has been marked with indian ink in (b). Note the proximally projecting tips of the
tuberositas unguicularis. In (a) there is also a spike (s) which represents the proximal attach-
ment of the ligament which extends between the base of the phalanx and the tuberositas
unguicularis. x 1-2.

PLATE 2
Fig. 8. Radiographs of the distal portion of the lumen of the injected synovial sheath of a flexor

pollicis longus tendon. d, lateral diverticula of sheath; m, mid-line cleft. x 1-3.
Fig. 9. Radiographs of the injected synovial sheath of the flexor tendons of an index finger.

d, small diverticula where the flexor digitorum sublimis tendons leave the sheath.
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Fig. 10. A right little toe with fused phalanges. A groove (g) marks the site of fusion of the middle

and terminal phalanges. The long flexor tendon provides a fasciculus (f) to the base of the
conjoined phalanx. x 1*3.

Fig. 11. Distal fusion of flexor tendons in a little toe: phalangeal fusion. pu, perforatus tendons.
pa, perforans tendon. x 1*2.

Fig. 12. Right little toe. The long flexor tendon supplies two fasciculi (f) to the. middle phalanx.
No phalangeal fusion.

Fig. 13. A comparison between the insertion of a flexor pollicis longus tendon (a, x 1-5) and the
flexor tendons of a little toe (b, x 2). Note the similarity in disposition of the lateral tendon
fasciculi (f) in the thumb and the perforatus tendons (pu) in the toe.

Fig. 14. A magnified view of the volar aspect of the left pollex and index of Mephitis mephitis.
The deep flexor tendons have been cut and retracted distally. Ppu, polliceal perforatus
tendons; Ipu, perforatus tendons of the index; C, volar surface of the distal joint capsule.
PI, palmaris longus tendons; Fds, flexor digitorum sublimis tendon; Pr, long flexor tendons
of the terminal phalanges. x 5-4.

Fig. 15. Diagrams of the tendon rings in the index and pollex of Mephitis. Abbreviations as in
fig. 14.

PLATE 3

Fig. 16. A dissection of the right pollex and thenar eminence of Anthropithecus trogolodytes.
FpI, flexor pollicis longus tendon. Acc, large ulnar and small radial-sided accessory tendons
to the terminal phalanx. Eaf, distal extension of the abductor et flexor pollicis brevis.
Ro, distal extension of the adductor obliquus. x 0-8.

Fig. 17. Transverse 1O/s sections of the right flexor pollicis longus tendon of an 80 mm. human
foetus. Acc, ulnar-sided accessory tendon. R, ring of cells. P, proximal phalanx. M, first
metacarpal. x 46.

Fig. 18. A rudimentary perforatus tendon (Pu) in the right pollex of an adult male cadaver.
Sy, parietal layer of the synovial flexor sheath.
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