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The lower limb in its basic structure is similar to the

upper limb because both of them formerly (as in

animals) were used for locomotion. Each limb has a

girdle, hip girdle for lower limb or shoulder girdle for

upper limb, by which it is attached to the axial skeleton.

The girdle supports three main segments of the limb, a

proximal thigh or arm, a middle leg or forearm and a

distal foot or hand. The similarity between the two

limbs is not only outward, but to a great extent it is
also found in the bones, joints, muscles, vessels, nerves
and lymphatics.

However, with the evolution of erect or plantigrade
posture in man, the two limbs despite their basic
similarities have become specialized in different
directions to meet the new functional needs. The
emancipated upper limb is specialized for prehension
and free mobility whereas the lower limb is specialized
for support and locomotion. In general, the lower limbs
attain stability at the cost of some mobility, and the
upper limbs attain freedom of mobility at the cost of
some stability. Thus the lower limbs are bulkier and
stronger than the upper limbs (Fig. 1.1). A few of the
distinguishing features of the lower limbs are listed
below.

1 During early stages of development, the lower limb
buds rotate medially through 90 degrees, so that their
preaxial or tibial border faces medially and the
extensor surface forwards (Fig. 1.2). The upper limb
buds, on the other hand, rotate laterally through
90 degrees, so that their preaxial or radial border
faces laterally and the extensor surface backwards
(Fig. 1.1).

2 The antigravity muscles in the lower limb are much
better developed than in the upper limb because they
have to lift the whole body up during attaining the
erect posture and also in walking up the staircase.
These muscles are the gluteus maximus, extensor of

Introduction
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Fig. 1.1: Bulkier and stronger lower limbs

Extensor surface

hip; the quadriceps femoris, extensor of knee and the
gastrocnemius and soleus, plantar flexors of ankle at
the back of leg. They have an extensive origin and a
large, bulky, fleshy belly.

The distal end or insertion of the muscles of lower
limb moves only when feet are off the ground; this
is known as the action from above. But when feet
are supporting the body weight, the muscles act in
reverse from below, i.e. the proximal end or origin
moves towards the distal end or insertion. This is
typically seen while rising up from a sitting posture,
and in going upstairs. Maintenance of posture in
erect attitude, both at rest and in walking, running,
etc. also involves the reverse action when the
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Upper limb

Thumb (pollex)

Lower limb

Great toe (hallux) —
Fig. 1.2: Rotations of limb buds

antagonist muscles must balance against each other.
Reverse muscular actions are far less common in the
upper limb.

The postaxial bone or fibula of the leg does not take
part in the formation of knee joint. Patella or knee
cap is a large sesamoid bone developed in the tendon
of quadriceps femoris. It articulates with the lower
end of femur anteriorly, and takes part in the
formation of knee joint.

The foot in lower primates is a prehensile organ.
The apes and monkeys can very well grasp the
boughs with their feet. Their great toe can be
opposed over the lesser toes. In man, however, the
foot has changed from a grasping to a supporting
organ. In fact, foot has undergone maximum change
during evolution. The great toe comes in line with
the other toes, loses its power of opposition, and is
greatly enlarged to become the principal support of
the body (Fig. 1.1). The four lesser toes, with the
loss of prehensile function, have become vestigial
and reduced in size. The tarsal bones become large,
strong and wedge-shaped, which contribute to the
stable support on one hand, and form the elastic
arches of the foot on the other hand. The small and
insignificant heel of the grasping primate foot
becomes greatly enlarged and elongated to which
is attached the tendocalcaneus that can lift the heel
in walking. The bony alterations are associated with
numerous ligamentous and muscular modifications
which aim at the maintenance of the arches of foot.
Certain diseases, like varicose veins and Buerger’s
disease, occur specifically in the lower limb. The
developmental deformities of the foot like talipes
equinovarus are more common than those of the
hand.

T

~ PARTS OF THE LOWER LIMB

The parts of the lower limb are shown in Table 1.1.

Table 1.1: Parts of the lower limb

Parts Bones Joints

1. Gluteal region, ¢ Hip bone * Hip joint
covers the side
and back of
the pelvis

2. Thigh, from * Femur * Knee joint
hip to knee * Patella

3. Leg or crus, * Tibia « Tibiofibular joints
from knee to  * Fibula
ankle

4. Foot or pes, e Tarsus, made up * Ankle joint
from heel of 7 tarsal bones ¢ Subtalar and
to toes * Metatarsus, made transverse

up of 5 metatarsals tarsal (TT) joints
¢ 14 phalanges, two e« Tarsometatarsal
for great toe, and (TM) joints
three for each of e« Intermetatarsal
the four toes (IM) joints
» Metatarsopha-
langeal (MP)
joints
* Interphalangeal
(IP) joints

Related Terms

1 The hip bone is made up of three elements, ilium,
pubis and ischium, which are fused at the
acetabulum. Two hip bones form the hip girdle which
articulates posteriorly with the sacrum at the
sacroiliac joints. The bony pelvis includes the two hip
bones, a sacrum and a coccyx. Hip joint is an
articulation between the hip bone and femur.

2 The gluteal region, overlying the side and back of the
pelvis, includes the hip and the buttock which are
not sharply distinguished from each other. Hip or
coxa is the superolateral part of the gluteal region
presented in a side view, while the buttock or natis is
the inferomedial rounded bulge of the region
presented in a back view.

3 The junction of thigh and anterior abdominal wall is
indicated by the groove of groin or inguinal region.
The gluteal fold is the upper limit of the thigh
posteriorly.

4 Ham or poples is the lower part of the back of thigh
and the back of the knee.

5 Calf or sura is the soft, bulky posterior part of the
leg. The bony prominences, one on each side of the
ankle, are called the malleoli. These are formed by
the lower ends of tibia and fibula.
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Line of gravity

Fig. 1.3: The line of gravity

6 The foot or pes has an upper surface, called the dorsal The line of gravity passes through cervical and
surface, and a lower surface, called the sole or plantar lumbar vertebrae. In the lower limbs, it passes behind
surface. Sole is homologous with the palm of the the hip joint and in front of knee and ankle joirts
hand. (Fig. 1.3).
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Bones of Lower Limb
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INTRODUCTION

Various bones of the lower limb have been enumerated
in the previous chapter. The bones are described one
by one below. The description of each bone is given in
two parts. The first part introduces the main features
and the second part describes the muscular and
ligamentous attachments.

| HIP BONE

Hip/innominate bone is a large irregular bone. It is
made up of three parts. These are the ilium (Latin loin)
superiorly, the pubis (Latin genital area) anteroinferiorly,
and the ischium (Greek hip joint) posteroinferiorly. The
three parts are joined to each other at a cup-shaped
hollow, called the acetabulum (Latin vinegar cup). The
pubis and ischium are separated by a large oval opening
called the obturator foramen.

The acetabulum articulates with the head of the
femur to form the hip joint. The pubic parts of the two
hip bones meet anteriorly to form the pubic symphysis.
The two hip bones form the pelvic or hip girdle. The
bony pelvis is formed by the two hip bones along with
the sacrum and coccyx.

Side Determination

1 The acetabulum is directed laterally.

2 The flat, expanded ilium forms the upper part of the
bone, that lies above the acetabulum.

3 The obturator foramen lies below the acetabulum. It
is bounded anteriorly by the thin pubis, and
“posteriorly by the thick and strong ischium.

Anatomical Position

1 The pubic symphysis and anterior superior iliac
spine lie in the same coronal plane.

—Swami Vivekanand

2 The pelvic surface of the body of the pubis is
directed backwards and upwards.

3 The symphyseal surface of the body of the pubis lies
in the median plane.

ILIUM

The ilium or flank forms the upper expanded plate like
part of the hip bone. Its lower part forms the upper
two-fifths of the acetabulum. The ilium has the
following:

1 An upper end which is called the iliac crest.

2 A lower end which is smaller, and is fused with the
pubis and the ischium at the acetabulum. The ilium
forms the upper two-fifths of the acetabulum.

3 Three borders—anterior, posterior and medial.

4 Three surfaces—gluteal surface, iliac surface or iliac
fossa, and a sacropelvic surface.

lliac Crest

The iliac crest (Figs 2.1 to 2.3) is a broad convex ridge

forming the upper end of the ilium. It can be felt in the
living at the lower limit of the flank.

Curvatures: Vertically it is convex upwards, antero-
posteriorly, it is concave inwards in front and concave
outwards behind (Fig. 2.1).

The highest point of the iliac crest is situated a little behind
the midpoint of the crest. It lies at the level of the interval
between the spines of vertebrae L3 and L4.

Ends: The anterior end of the iliac crest is called the
anterior superior iliac spine (ASIS). This is a prominent
landmark that is easily felt in the living. The posterior
end of the crest is called the posterior superior iliac spine.
Its position on the surface of the body is marked by a
dimple 5 cm lateral of the second sacral spine (52)
(see Fig. 5.1).

mebooksfree.com



llium

Posterior gluteal line
Posterior superior iliac spine

Posterior border
Posterior inferior iliac spine
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lliac crest

Anterior gluteal line

Anterior superior iliac spine
Anterior border

Inferior gluteal line
Anterior inferior iliac spine

Acetabulum
Pubis

Pubic tubercle

Ischiopubic ramus

Fig. 2.1: Outer surface of right hip bone

Medial border

lliac fossa
lliac tuberosity
Auricular surface
Greater sciatic notch
il i Ischial spine
: N Lesser sciatic notch
Symphyseal L\ | f
surface N ..
R

Fig. 2.2: Inner surface of right hip bone

Morphological divisions: Morphologically, the iliac crest
is divided into a long ventral segment and a short dorsal
segment.

The ventral segment forms more than the anterior
two-thirds of the crest. It has an outer lip, an inner lip,
and an intermediate area. The tubercle of the iliac crest
is an elevation that lies on the outer lip about 5 cm
behind the anterior superior iliac spine (Fig. 2.3).

The dorsal segment forms less than the posterior one-
third of the crest. It has a lateral and a medial slope
separated by a ridge.

Anterior Border of llium

Anterior border starts at the anterior superior iliac spine
and runs downwards to the acetabulum. The upper part

Gluteus
maximus

Erector
spinae

Latissimus
dorsi

Quadratus
lumborum

7/ /
/4

Internal
oblique

External
oblique

Transversus
abdominis

Tubercle
of iliac
crest

Sartorius

Posterior

Lateral+ Medial

Anterior

Tensor
fasciae
latae

Fig. 2.3: Scheme to show the attachments on the right iliac
crest (as seen from above)

of the border presents a notch, while its lower part
shows an elevated area called the anterior inferior iliac
spine. The lower half of this spine is large, triangular
and rough.

Posterior Border of llium

Posterior border extends from the posterior superior
iliac spine to the upper end of the posterior border of

mebooksfree.com

Segﬁen 1 Lower Limb



Section 1 Lower Limb

LOWER LIMB

the ischium. A few centimetres below the posterior
superior iliac spine it presents another prominence
called the posterior inferior iliac spine. Still lower down
the posterior border is marked by a large deep notch
called the greater sciatic notch.

Medial Border

Medial border extends on the inner or pelvic surface of
the ilium from the iliac crest to the iliopubic eminence.
It separates the iliac fossa from the sacropelvic surface.
Its lower rounded part forms the iliac parts of the arcuate
line or inlet of pelvis.

Gluteal Surface

Gluteal surface is the outer surface of the ilium, which
is convex in front and concave behind, like the iliac crest.
It is divided into four areas by three gluteal lines
(Fig. 2.1). The posterior gluteal line, the shortest, begins
5 cm in front of the posterior superior iliac spine, and
runs downwards to end at upper part of greater sciatic
notch. The anterior gluteal line, the longest, begins about
4 cm behind the anterior superior iliac spine, runs
backwards and then downwards to end at the middle
of the upper border of the greater sciatic notch. The
inferior gluteal line, the most ill-defined, begins a little
above and behind the anterior inferior spine, runs
backwards and downwards to end near the apex of the
greater sciatic notch.

lliac Fossa

Tliac fossa is the large concave area on the inner surface
of the ilium, situated in front of its medial border. It
forms the lateral wall of the false pelvis (Fig. 2.2).

Sacropelvic Surface

Sacropelvic surface is the uneven area on the inner
surface of the ilium, situated behind its medial border.
It is subdivided into three parts; the iliac tuberosity,
the auricular surface and the pelvic surface. The iliac
tuberosity is the upper, large, roughened area, lying just
below the dorsal segment of the iliac crest. It is raised
in the middle and depressed both above and below.
The auricular surface is articular but pitted. It lies
anteroinferior to the iliac tuberosity. It articulates with
the sacrum to form the sacroiliac joint. The pelvic surface
is smooth and lies anteroinferior to the auricular
surface. It forms a part of the lateral wall of the true
pelvis. Along the upper border of the greater sciatic
notch, this surface is marked by the preauricular sulcus.
This sulcus is deeper in females than in males.

Atachments on the llium

1 The anterior superior iliac spine gives attachment to
the lateral end of the inguinal ligament. It also gives

origin to the sartorius muscle; the origin extends

onto the upper half of the notch below the spine

(Figs 2.3 and 2.4).

The outer lip of the iliac crest provides:

a. Attachment to the fascia lata in its whole extent.

b. Origin to the tensor fasciae latae in front of the
tubercle.

c. Insertion to the external obliqgue muscle in its
anterior two-thirds.

d. Origin to the latissimus dorsi just behind the
highest point of the crest. The tubercle of the
crest gives attachment to the iliotibial tract
(Figs 2.3 and 3.8).

The inner lip of the iliac crest provides:

a. Origin to the transversus abdominis in its anterior
two-thirds (Fig. 2.3).

b. Attachment to the fascia transversalis and to the
fascia iliaca in its anterior two-thirds, deep to the
attachment of the transversus abdominis.

c. Origin to the quadratus lumborum in its posterior
one-third (Fig. 2.3).

d. Attachment to the thoracolumbar fascia around the
attachment of the quadratus lumborum.

The intermediate area of the iliac crest gives origin to

the internal obligue muscle in its anterior two-thirds

(Figs 2.3 and 2.4).

The attachments on the dorsal segment of the iliac crest

are as follows.

a. The lateral slope gives origin to the gluteus
maximus (Fig. 2.3).

b. The medial slope gives origin to the erector spinae.

c. The interosseous and dorsal sacroiliac ligaments are
attached to the medial margin deep to the
attachment of the erector spinae (Fig. 2.5).

The upper half of the anterior inferior iliac spine gives

origin to the straight head of the rectus femoris. The

rough lower part of this spine gives attachment to

the iliofemoral ligament (Figs 2.4 and 2.14).

The posterior border of the ilium provides:

a. Attachment to upper fibres of the sacrotuberous
ligament above the greater sciatic notch.

b. Origin to few fibres of the piriformis from upper
margin of the greater sciatic notch.

The attachments on the gluteal surface are as follows.

a. The area behind the posterior gluteal line gives
origin to upper fibres of the gluteus maximus
(Fig. 2.4).

b. The gluteus medius arises from the area between
the anterior and posterior gluteal lines (Fig. 2.4).

c. The gluteus minimus arises from the area between
the anterior and inferior gluteal lines (Fig. 2.4).
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Fig. 2.4: Attachments on the outer surface of the right hip bone
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Fig. 2.5: Attachments of the inner surface of the right hip bone
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d. Below the inferior gluteal line, the reflected head of
the rectus femoris arises from the groove above the
acetabulum (Fig. 2.4).

e. The capsular ligament of the hip joint is attached
along the margin of acetabulum.

9 The iliac fossa gives origin to the iliacus from its
upper two-thirds (Fig. 2.5). The lower grooved part
of the fossa is covered by the iliac bursa.

10 The iliac tuberosity provides attachment to:

a. The interosseous sacroiliac ligament in its greater
part (Fig. 2.5).

b. The dorsal sacroiliac ligament posteriorxly.

c. The iliolumbar ligament superiorly.

11 The convex margin of the auricular surface gives
attachment to ventral sacroiliac ligament.
12 The attachments on the pelvic surface are as follows.

a. The preauricular sulcus provides attachment to
the lower fibres of the ventral sacroiliac ligament.

b. The part of the pelvic surface lateral to the
preauricular sulcus gives origin to a few fibres of
the piriformis.

c. The rest of the pelvic surface gives origin to the
upper half of the obturator internus (Fig. 2.5).

PUBIS

It forms the anteroinferior part of the hip bone and the
anterior one-fifth of the acetabulum, forms the anterior
boundary of the obturator foramen. It has:

a. A body anteriorly.

b. A superior ramus superolaterally.

c. An inferior ramus inferolaterally (Figs 2.1 and 2.2).

Body of Pubis

This is flattened from before backwards, and has:

1 A superior border called the pubic crest.

2 A pubic tubercle at the lateral end of the pubic crest.
3 Three surfaces, viz. anterior, posterior and medial.

The pubic tubercle is the lateral end of the pubic crest,
forming an important landmark (Fig. 2.5).

The anterior surface is directed downwards, forwards
and slightly laterally. It is rough superomedially and
smooth elsewhere.

The posterior or pelvic surface is smooth. It is directed
upwards and backwards. It forms the anterior wall of
the true pelvis, and is related to the urinary bladder.

The medial or symphyseal surface articulates with the
opposite pubis to form the pubic symphysis.

Superior Ramus

It extends from the body of the pubis to the acetabulum,
above the obturator foramen. It has three borders and
three surfaces.

The superior border is called the pectineal line or pecten
pubis. It is a sharp crest extending from just behind the
pubic tubercle to the posterior part of the iliopubic
eminence. With the pubic crest it forms the pubic part
of the arcuate line.

The anterior border is called the obturator crest. The
border is a rounded ridge, extending from the pubic
tubercle to the acetabular notch.

The inferior border is sharp and forms the upper
margin of the obturator foramen.

The pectineal surface is a triangular area between the
anterior and superior borders, extending from the pubic
tubercle to the iliopubic eminence.

The pelvic surface lies between the superior and
inferior borders. It is smooth and is continuous with
the pelvic surface of the body of the pubis.

The obturator surface lies between the anterior and
inferior borders. It presents the obturator groove.

Inferior Ramus

It extends from the body of the pubis to the ramus of
the ischium, medial to the obturator foramen. It unites
with the ramus of the ischium to form the conjoined
ischiopubic rami. For convenience of description, the
conjoined rami will be considered together at the end.
(refer to &).

Attachments and Relations of the Pubis

1 The pubic tubercle provides attachment to the medial
end of the inguinal ligament and to ascending loops of
the cremaster muscle. In males, the tubercle is crossed
by the spermatic cord.

2 The medial part of the pubic crest is crossed by the
medial head of the rectus abdominis. The lateral part
of the crest gives origin to the lateral head of the
rectus abdominis, and to the pyramidalis (Fig. 2.4).

3 The anterior surface of the body of the pubis
provides:

a. Attachment to the anterior pubic ligament medially.

b. Origin to the adductor longus in the angle between
the crest and the symphysis.

c. Origin to the gracilis, from the margin of
symphysis, and from the inferior ramus.

d. Origin to the adductor brevis lateral to the origin of
the gracilis (Fig. 2.4).

e. Origin to the obturator externus near the margin
of the obturator foramen (see Fig. 4.1).

4 The posterior surface of the body of the pubis provides:

a. Origin to the levator ani from its middle part
(Fig. 2.5).

b. Origin to the obturator internus laterally (Fig. 2.5).

c. Attachment to the puboprostatic ligaments medial
to the attachment of the levator ani.
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5 The pectineal line provides attachment to:

a. The conjoint tendon at the medial end.

b. The lacunar ligament at the medial end, in front
of the attachment of the conjoint tendon.

c. The pectineal ligament of Cooper along the whole
length of the line lateral to the attachment of the
lacunar ligament

d. The pectineus muscle which arises from the whole
length of the line (Figs 2.4 and 4.1).

e. The fascia covering the pectineus.

f. The psoas minor, which is inserted here when
present.

6 The upper part of the pectineal surface gives origin to
the pectineus (Fig. 2.4).

7 The pelvic surface is crossed by the ductus deferens
in males, and the round ligament of the uterus in
females (see Chapters 31 and 32).

8 The obturator groove transmits the obturator vessels
and nerve (see Fig. 4.4).

9 See attachments on conjoined ischiopubic rami with
ischium.

ISCHIUM

The ischium forms the posteroinferior part of the hip
bone, and the adjoining two-fifths of the acetabulum.
It forms the posterior boundary of the obturator
foramen. The ischium has a body and a ramus (Figs 2.1,
2.2 and 2.4).

Body of the Ischium

This is a thick and massive mass of bone that lies below
and behind the acetabulum. It has:
Two ends—upper and lower;
Three borders—anterior, posterior and lateral;
Three surfaces—femoral, dorsal and pelvic.

Two Ends

1 The upper end forms the posteroinferior two-fifths of
the acetabulum. The ischium, ilium and pubis fuse
with each other in the acetabulum.

2 The lower end forms the ischial tuberosity. It gives off
the ramus of the ischium which forms an acute angle
with the body.

Three Borders

1 The anterior border forms the posterior margin of the
obturator foramen.

2 The posterior border is continuous above with the
posterior border of the ilium. Below, it ends at the
upper end of the ischial tuberosity. It also forms part
of the lower border of the greater sciatic notch. Below
the notch the posterior margin shows a projection
called the ischial spine. Below the spine the posterior
border shows a concavity called the lesser sciatic notch.

BONES OF LOWER LIMB

3 The lateral border forms the lateral margin of the
ischial tuberosity, except at the upper end where it
is rounded.

Three Surfaces

1 The femoral surface lies between the anterior and
lateral borders.

2 The dorsal surface is continuous above with the gluteal
surface of the ilium. From above downwards it
presents a convex surface adjoining the acetabulum,
a wide shallow groove, and the upper part of the
ischial tuberosity.

The ischial tuberosity is divided by a transverse
ridge into an upper and a lower area. The upper area
is subdivided by an oblique ridge into a superolateral
area and an inferomedial area. The lower area is
subdivided by a longitudinal ridge into outer and
inner area (Fig. 2.6).

3 The pelvic surface is smooth and forms part of the
lateral wall of the true pelvis.

Ischial spine Acetabular margin

Lesser sciatic notch Semimembranosus

Semitendinosus and iong Oblique ridge

head of biceps femoris Transverse ridge

Subcutaneous area Longitudinal ridge

Superior |
Adductor magnus
(ischial head) Medial —l— Lateral
Inferior

Fig. 2.6: Posterior view of the right ischial tuberosity and its
attachments

Conjoined Ischiopubic Rami

The inferior ramus of the pubis unites with the ramus
of the ischium on the medial side of the obturator
foramen. The site of union may be marked by a
localized thickening. The conjoined rami have:

Two Bor

arer | Immer

1 The upper border forms part of the margin of the
obturator foramen.

2 The lower border forms the pubic arch along with the
corresponding border of the bone of the opposite side.

Two Surfaces: Inner :

1 The inner surface is convex and smooth. It is divided
into three areas, upper, middle and lower, by two
ridges.

2 The outer surface is rough for the attachment of
muscles.
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Attachments and Relations of the Ischium
1 The ischial spine provides:

a. Attachment to the sacrospinous ligament along its
margins.

b. Origin for the posterior fibres of the levator ani
from its pelvic surface. Its dorsal surface is crossed
by pudendal nerve the internal pudendal vessels
and by the nerve to the obturator internus (Figs 2.5
and 5.14).

2 The lesser sciatic notch is occupied by the tendon of
the obturator internus. There is a bursa deep to the
tendon. The notch is lined by hyaline cartilage. The
upper and lower margins of the notch give origin to
the superior and inferior gemelli respectively (Fig. 2.4).
Gemellus is derived from gemini, which means
‘twin’. Gemini is a sun sign.

3 The femoral surface of the ischium gives origin to:

a. The obturator externus along the margin of the
obturator foramen.

b. The quadratus femoris along the lateral border of
the upper part of the ischial tuberosity (Fig. 2.4).

4 The dorsal surface of the ischium has the following
relationships. The upper convex area is related to the
piriformis, the sciatic nerve, and the nerve to the
quadratus femoris.

5 The attachments on the ischial tuberosity are as
follows:

* The superolateral area gives origin to the
semimembranosus

¢ The inferomedial area to the semitendinosus and
the long head of the biceps femoris

* The outer lower area to the adductor magnus
(Figs 2.4 and 2.6).

* The inner lower area is covered with fibrofatty
tissue which supports body weight in the sitting
position.

* The sharp medial margin of the tuberosity gives
attachment to the sacrotuberous ligament.

* The lateral border of the ischial tuberosity
provides attachment to the ischiofemoral ligament,
just below the acetabulum.

6 The greater part of the pelvic surface of the ischium
gives origin to the obturator internus. The lower end
of this surface forms part of the lateral wall of the
ischioanal fossa (Fig. 2.5).

7 The attachments on the conjoined ischiopubic rami are
as follows:

a. The upper border gives attachment to the obturator
membrane.
b. The lower border provides attachment to the fascia
.lata, and to the membranous layer of superficial
fascia or Colles’ fascia of the perineum.

c. The muscles taking origin from the outer surface
are:
i. The obturator externus, near the obturator
margin of both rami.

ii. The adductor brevis, chiefly from the pubic
ramus.

iii. The gracilis, chiefly from the pubic ramus.

iv. The adductor magnus, chiefly from the ischial
ramus (Fig. 2.4).

d. The attachments on the inner surface are as
follows:
i. The perineal membrane is attached to the lower
ridge.

ii. The upper area gives origin to the obturator
internus.

iii. The middle area gives origin to the deep
transversus perinei, and is related to the dorsal
nerve of the penis, and to the internal
pudendal vessels.

iv. The lower area provides attachment to crus
penis, and gives origin to the ischiocavernosus
and to superficial transversus perinei (Fig. 2.5).

ACETABULUM

1

It is a deep cup-shaped hemispherical cavity on
the lateral aspect of the hip bone, about its centre
(Fig. 2.1).

It is directed laterally, downwards and forwards.
The margin of the acetabulum is deficient inferiorly,
this deficiency is called the acetabular notch. It is
bridged by the transverse ligament.

The nonarticular roughened floor is called the
acetabular fossa. It contains a mass of fat which islined
by synovial membrane.

A horseshoe-shaped articular surface or lunate
surface is seen on the anterior, superior, and posterior
parts of the acetabulum. It is lined with hyaline
cartilage, and articulates with the head of the femur
to form the hip joint. The fibrocartilaginous acetabular
labrum is attached to the margins of the acetabulum;
it deepens the acetabular cavity.

OBTURATOR FORAMEN

1

This is a large gap in the hip bone, situated
anteroinferior to acetabulum, between the pubis and
the ischium.

Itis large and oval in males, and small and triangular
in females (Fig. 2.2).

It is closed by the obturator membrane which is
attached to its margins, except at the obturator
groove where the obturator vessels and nerve pass
out of the pelvis.
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~ OSSIFICATION

The hip bone ossifies in cartilage from three primary
centres and five secondary centres. The primary
centres appear, one for the ilium during the second
month of intrauterine life; one for the ischium during
the fourth month; and one for the pubis during the
fifth month. At birth the hip bone is ossified except
for three cartilaginous parts. These are:

i. The iliac crest.
ii. A'Y-shaped cartilage separating the ilium, ischium
and pubis (Fig. 2.7).
iii. A strip along the inferior margin of the bone
including the ischial tuberosity.
The ischiopubic rami fuse with each other at 7 to
8 years of age.

The secondary centres appear at puberty, two for
the iliac crest, two for the Y-shaped cartilage of the
acetabulum and one for the ischial tuberosity.
Ossification in the acetabulum is complete at
16-17 years, and the rest of the bone is ossified by
20-25 years. The anterior superior iliac spine, pubic
tubercle and crest and the symphyseal surface may
have separate secondary centres of ossification.

CLINICAL ANATOMY

e Tliac crest is used for taking bone marrow biopsy
in cases of anemia or leukemia.

e Weaver’s bottom—persons sitting for a long
period of time may get inflammation of their
ischial tuberosity bursa.

BONES OF LOWER LIMB

The femur (Latin thigh) or thigh bone is the longest and
the strongest bone of the body. Like any other typical
bone it has two ends upper and lower, and a shaft
(Figs 2.8 and 2.9).

Side Determination

1 The upper end bears a rounded head whereas the
lower end is widely expanded to form two large
condyles.

2 The head is directed medially.

3 The cylindrical shaft is convex forwards.

Anatomical Position

1 The head is directed medially upwards and slightly
forwards.

2 The shaft is directed obliquely downwards and
medially so that the lower surfaces of two condyles
of femur lie in the same horizontal plane.

Features

Upper End

The upper end of the femur includes the head, the neck,
the greater trochanter (Greek runner) the lesser

trochanter, the intertrochanteric line, and the
intertrochanteric crest. These are described as follows.

Head
1 The head forms more than half a sphere, and is

directed medially, upwards and slightly forwards
(Fig. 2.9).

e Epiphyseal line

Secondary centre
Appearance—at puberty
Fusion—20th to 25th year

Primary centre (ischium) ——— '
Appearance—4th month of IUL .

Secondary centre
Appearance—at puberty
Fusion—20th to 25th year

Primary centre (ilium)
Appearance—2nd
month of IUL

Secondary centre
Appearance—at puberty
Fusion—20th to 25th year

Primary centre (pubis})
Appearance—5th month of IUL

Fig. 2.7: Ossification of the hip bone
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Head

Greater trochanter

Neck
Intertrochanteric

line Lesser trochanter

Calcar femorale

Anterior surface
(shaft)

Adductor tubercle
Lateral epicondyle
Medial epicondyle

Lateral condyle ]
7 Medial condyle

Articular surface for patella
Fig. 2.8: Right femur anterior aspect

2 It articulates with the acetabulum to form the hip
joint.

3 A roughened pit is situated just below and behind
the centre of the head. This pit is called the fovea
(Fig. 2.9).

Neck

1 It connects the head with the shaft and is about
3.7 cm long.
2 The neck has two borders and two surfaces.

The upper border, concave and horizontal, meets the
shaft at the greater trochanter. The lower border,
straight and oblique, meets the shaft near the lesser
trochanter.

The anterior surface is flat. It meets the shaft at the
intertrochanteric line. It is entirely intracapsular. The
articular cartilage of the head may extend to this
surface. The posterior surface is convex from above
downwards and concave from side to side. It meets
the shaft at the intertrochanteric crest. Only a little
more than its medial half is intracapsular.

Adductor tubercle

Medial epicondyle

Fovea Tip of greater

trochanter

Head
Neck Greater

trochanter

Lesser trochanter Quadrate

. tubercle
Intertrochanteric crest
Gluteal

Spiral line tuberosity

Linea aspera
with two lips

Medial
supracondylar
line

Lateral
supracondylar
line

Popliteal surface

Lateral epicondyle

Medial condyle - Lateral condyle

Intercondylar
fossa

Fig. 2.9: Right femur posterior aspect

The posterior surface is crossed by a horizontal
groove for the tendon of the obturator externus to
be inserted into the trochanteric fossa.

The neck makes an angle with the shaft. The Neck-
shaft angle is about 125° in adults. It is less in females
due to their wider pelvis. The angle facilitates
movements of the hip joint. It is strengthened by a
thickening of bone called the calcar femorale present
along its concavity (Figs 2.8 and 2.9).

Trochanter-shaft angle is about 8° in adults. It is an
important radiological parameter which provides the
idea of direction of medullary canal and its alignment
with the greater trochanter.

The angle of femoral torsion or angle of anteversion is
formed between the transverse axes of the upper and
lower ends of the femur. It is about 15 degrees.

Blood supply: The intracapsular part of the neck is
supplied by the retinacular arteries derived chiefly
from the trochanteric anastomosis. The vessels
produce longitudinal grooves and foramina directed
towards the head, mainly on the anterior and
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posterosuperior surfaces. The extracapsular part of
the neck is supplied by the ascending branch of the
medial circumflex femoral artery.

Greater Trochanier

1 Thisis large quadrangular prominence located at the
upper part of the junction of neck with the shaft. The
upper border of the trochanter lies at the level of the
centre of the head.

2 The greater trochanter has an upper border with an
apex, and three surfaces, anterior, medial and lateral.
The apex is the inturned posterior part of the posterior
border. The anterior surface is rough in its lateral part.
The medial surface presents a rough impression above,
and a deep trochanteric fossa below. The lateral surface
is crossed by an oblique ridge directed downwards
and forwards.

Lasser Trochonfer

It is a conical eminence directed medially and
backwards from the junction of the posteroinferior part
of the neck with the shaft.

Intertrochanteric line

It marks the junction of the anterior surface of the neck
with the shaft of the femur. It is a prominent roughened
ridge which begins above, at the anterosuperior angle
of the greater trochanter as a tubercle, and is continuous
below with the spiral line in front of the lesser
trochanter. The spiral line winds round the shaft below
the lesser trochanter to reach the posterior surface of
the shaft (Fig. 2.9).

Intertrochanteric crest

It marks the junction of the posterior surface of the neck
with the shaft of the femur. It is a smooth-rounded
ridge, which begins above at the posterosuperior angle
of the greater trochanter and ends at the lesser
trochanter. The rounded elevation, a little above its
middle, is called the quadrate tubercle.

Shaft

The shaft is more or less cylindrical. It is narrowest in
the middle, and is more expanded inferiorly than
superiorly. It is convex forwards and is directed
obliquely downwards and medially, because the upper
ends of two femora are separated by the width of the
pelvis, and their lower ends are close together.

In the middle one-third, the shaft has three borders,
medial, lateral and posterior and three surfaces,
anterior, medial and lateral.

The medial and lateral borders are rounded and
ill-defined, but the posterior border is in the form of
a broad roughened ridge, called the linea aspera
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(Latin rough line). The linea aspera has distinct medial
and lateral lips.

The medial and lateral surfaces are directed more
backwards than towards the sides.

In the upper one-third of the shaft, the two lips of the
linea aspera diverge to enclose an additional posterior
surface. Thus this part has:

Four borders—medial, lateral, spiral line and the
lateral lip of the gluteal tuberosity

Four surfaces—anterior, medial, lateral and
posterior. The gluteal tuberosity is a broad roughened
ridge on the lateral part of the posterior surface.

In the lower one-third of the shaft also, the two lips of
the linea aspera diverge as supracondylar lines to
enclose an additional, popliteal surface. Thus, this part
of the shaft has:

Four borders—medial, lateral, medial supracondylar
line and lateral supracondylar line.

Four surfaces—anterior, medial, lateral and
popliteal. The medial border and medial supracondylar
line meet inferiorly to obliterate the medial surface
(refer to &).

Lower End

The lower end of the femur is widely expanded to form
two large condyles, one medial and one lateral.
Anteriorly, the two condyles are united and are in line
with the front of the shaft. Posteriorly, they are
separated by a deep gap, termed the intercondylar fossa
or intercondylar notch, and project backwards much
beyond the plane of the popliteal surface (Fig. 2.9).

Articulor Surface

The two condyles are partially covered by a large
articular surface which is divisible into patellar and
tibial parts.

The patellar surface covers the anterior surfaces of both
condyles, and extends more on the lateral condyle than
on the medial (Fig. 2.8). Between the two condyles, the
surface is grooved vertically. It is separated from the
tibial surfaces by two faint grooves.

The tibial surfaces cover the inferior and posterior
surfaces of the two condyles, and merge anteriorly with
the patellar surface. The part of the surface over the
lateral condyle is short and straight anteroposteriorly.
The part over the medial condyle is longer and is curved
with its convexity directed medially (Fig. 2.9).

Lateral Condyle

The lateral condyle is flat laterally, and is more in line
with the shaft. It, therefore, takes greater part in the
transmission of body weight to the tibia. Though it is
less prominent than the medial condyle, it is stouter
and stronger. The lateral aspect presents the following.
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1 A prominence called the lateral epicondyle.

2 The popliteal groove which lies just below the
epicondyle. It has a deeper anterior part and a
shallower posterior part.

3 A muscular impression posterosuperior to the
epicondyle (Fig. 2.15).

A= il e rle
Meaial Conayle

This condyle is convex medially. The most prominent
point on it is called the medial epicondyle. Postero-
superior to the epicondyle there is a projection, the
adductor tubercle. This tubercle is an important
landmark. The epiphyseal line for the lower end of the
femur passes through it.

| A !

N -~ fwr Ccors Imtasrmsmrmneiulmae AMad~s
intercondylar Fossa or Intercondylar Noich

This notch separates the lower and posterior parts of
the two condyles. It is limited anteriorly by the patellar
articular surface, and posteriorly by the intercondylar
line which separates the notch from the popliteal
surface.

Attachments on the Femur

1 The fovea on the head of the femur provides
attachment to the ligament of the head of femur
or round ligament, or ligamentum teres/femoris
(Fig. 2.10a).

2 The following are attached to the greater trochanter.
a. The piriformis is inserted into the apex (Fig. 2.11).
b. The gluteus minimus is inserted into the rough

lateral part of the anterior surface (Fig. 2.10b).

c. The obturator internus and the two gemelli are
inserted into the upper rough impression on
medial surface (Fig. 2.12).

d. The obturator externus is inserted into the
trochanteric fossa (Fig. 2.12).

Ligamentum teres femoris Q

Fovea

Upper and lower bands of
iliofemoral ligament

Vastus lateralis Psoas major

lliacus
Vastus intermedius

(a)

Obturator externus

Vastus medialis

3

Obturator internus and gemelli

e. The gluteus medius is inserted into the ridge on the
lateral surface (Fig. 2.10b). The trochanteric bursa
of the gluteus maximus lies behind the ridge.

The attachments on the lesser trochanter are as follows:

a. The psoas (Greek loin) major is inserted on the apex
and medial part of the rough anterior surface
(Figs 2.11 and 2.12).

b. The iliacus is inserted on the anterior surface of
the base of the trochanter and on the area below it
(Fig. 2.13).

c. The smooth posterior surface of the lesser
trochanter is covered by a bursa that lies deep to
the upper horizontal fibres of the adductor
magnus.

The intertrochanteric line provides:

a. Attachment to the capsular ligament of the hip joint.

b. Attachment to the upper band of the iliofemoral
ligament in its upper part.

c. Attachment to the lower band of iliofemoral ligament
in its lower part (Fig. 2.14).

d. Origin to the highest fibres of the vastus lateralis from
the upper end (Fig. 2.10b).

e. Origin to the highest fibres of the vastus medialis from
the lower end of the line (Fig. 2.10a).

The quadrate tubercle receives the insertion of the

quadratus femoris (Fig. 2.12).

The attachments on the shaft are as follows:

a. The medial and popliteal surfaces are bare, except
for a little extension of the origin of the medial
head of the gastrocnemius to the medial part of
popliteal surface.

b. The vastus intermedius arises from the upper three-
fourths of the anterior and lateral surfaces
(Fig. 2.11).

c. The articularis genu arises just below the vastus
intermedius.

d. The lower 5 cm of the anterior surface are related
to suprapatellar bursa.

Gluteus
medius

Gluteus minimus

Vastus lateralis

Gluteus maximus — Vastus intermedius

(b)

Figs 2.10a and b: Upper end of the right femur: (a) Medial aspect, and (b) lateral aspect

mebooksfree.com



Head
Piriformis

Gluteus minimus
Capsular ligament

Vastus lateralis
Psoas major

Vastus intermedius Vst medialis

Anterior surface

Articularis genu

~—— Capsular ligament

Adductor magnus

Medial condyle

Fig. 2.11: Attachments on the anterior aspect of the right femur

e. The vastus lateralis arises from the upper part of
the intertrochanteric line, anterior and inferior
aspects of the greater trochanter, the lateral margin
of the gluteal tuberosity, and the upper half of the
lateral lip of the linea aspera (Figs 2.12 and 2.13).

f. The vastus medialis arises from the lower part of
intertrochanteric line, the spiral line, medial lip of
the linea aspera, and the medial supracondylar
line (Fig. 2.13).

g. The deeper fibres of the lower half of the gluteus
maximus are inserted into the gluteal tuberosity.

h. The adductor longus is inserted along the medial
lip of the linea aspera between the vastus medialis
and the adductors brevis and magnus.

i. Theadductor brevis is inserted into a line extending
from the lesser trochanter to the upper part of the
linea aspera, behind the pectineus and the upper
part of the adductor longus.

j. The adductor magnus is inserted into the medial
margin of the gluteal tuberosity, the linea aspera,
the medial supracondylar line, and the adductor
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Fovea Gluteus medius

Capsular ligament Obturator internus

b and two gemelli
Psoas major
Quadratus femoris
lliacus
- Gluteus maximus
Pectineus ————
Vastus lateralis
Vastus medialis ’K
Adductor longus I Vastus intermedius
Adductor brevis " Short head of

i biceps femoris
Adductor magnus - |

- Linea aspera
Medial surface

Lateral surface

Gastrocnemius
(medial head)

Adductor magnus 4 Blantaris
Capsular ligament / '---.\_;', = Gastrocnemius
(lateral head)
Posterior

cruciate ligament Anterior

cruciate ligament
Fig. 2.12: Attachments on the posterior aspect of the right femur

tubercle, leaving a gap for the popliteal vessels
(Fig. 2.13).

k. The pectineus is inserted on a line extending from
the lesser trochanter to the linea aspera.

1. The short head of the biceps femoris arises from the
lateral lip of the linea aspera between the vastus
lateralis and the adductor magnus, and from the
upper two-thirds of the lateral supracondylar line
(Fig. 2.13).

m.The medial and lateral intermuscular septa are
attached to the lips of the linea aspera and to the
supracondylar lines. They separate the extensor
muscles from the adductors medially, and from
the flexors laterally (see Fig. 3.9).

n. The lower end of the lateral supracondylar line
gives origin to the plantaris above and the upper

. part of the lateral head of the gastrocnemius below
(Fig. 2.12).

o. The popliteal surface is covered with fat and forms
the floor of the popliteal fossa. The origin of the
medial head of the gastrocnemius extends to the
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MEENS R Gluteus maximus
Pectineus
Vastus lateralis
Vastus
medialis Vastus intermedius

Adductor

- Short head of biceps
brevis

femoris

Adductor

longus Lateral intermuscular

septum

Adductor
magnus Posterior

intermuscular septum
Medial
intermuscular
septum

5' Superior

Medial —l— Lateral

Inferior

Fig. 2.13: Magnified view of structures aitached to linea aspera

popliteal surface just above the medial condyle
(Fig. 2.12).
7 The attachments on the lateral condyle are:

a. The fibular collateral ligament of the knee joint is
attached to the lateral epicondyle (Fig. 2.15).

b. The popliteus arises from the deep anterior part of
the popliteal groove. When the knee is flexed the
tendon of this muscle lies in the shallow posterior
part of the groove.

c. The muscular impression near the lateral
epicondyle gives origin to the lateral head of the
gastrocnemius.

8 The attachments on the medial condyle are as follows:
a. The tibial collateral ligament of the knee joint is
attached to the medial epicondyle (Fig. 12.11).

b. The adductor tubercle receives the insertion of the
hamstring part or the ischial head of the adductor
magnus (Fig. 2.12).

9 The attachments on the intercondylar notch are as
follows:

a. The anterior cruciate ligament is attached to the
posterior part of the medial surface of the lateral
condyle, on a smooth impression.

b. The posterior cruciate ligament is attached to the
anterior part of the lateral surface of medial
condyle, on a smooth impression (Fig. 2.12).

c. The intercondylar line provides attachment to the
capsular ligament and laterally to the oblique
popliteal ligament.

d. The infrapatellar synovial fold is attached to the
anterior border of the intercondylar fossa (Fig. 2.12).

Pubofemoral
ligament
lliofemoral

ligament .
Pubic

symphysis

Intertrochanteric line

Fig. 2.14: Attachment of iliofemoral ligament

Superior

Posterior—’— Anterior

Inferior

Lateral head of
gastrocnemius

Fibular collateral Capsular

ligament ligament

Groove for tendon Popliteus
of popliteus (origin)

Fig. 2.15: Attachments on the lateral surface of the lateral condyle
of the femur

Nufrient Artery to the Femur

This is derived from the second perforating artery, branch
of profunda femoris artery. The nutrient foramen is
located on the medial side of the linea aspera, and is
directed upwards.

Structure

The angles and curvatures of the femur are strengthened
on their concave sides by bony buttresses. The
concavity of the neck-shaft angle is strengthened by a
thickened buttress of compact bone, known as the
calcar femorale. Similarly, the linea aspera is also
supported by another buttress. This mechanism helps
in resisting stresses including that of body weight.

j OSSIFICATION _

The femur ossifies from one primary and four
secondary centres. The primary centre for the shaft
appears in the seventh week of intrauterine life. The
secondary centres appear, one for the lower end at
the end of the ninth month of intrauterine life, one for
the head during the first six months of life, one for
the greater trochanter during the fourth year, and
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one for the lesser trochanter during the twelfth year
(Fig. 2.16).

There are three epiphyses at the upper end and
one epiphysis at the lower end. The upper epiphyses;
lesser trochanter, greater trochanter and head, in that
order, fuse with the shaft at about eighteen years.
The lower epiphysis fuses by the twentieth year.

The following points are noteworthy.
1. The neck represents the upper end of the shaft
because it ossifies from the primary centre.

2. Ossification of the lower end of the femur is of
medicolegal importance. Presence of its centre
in anewly born child found dead indicates that
the child was viable, i.e. it was capable of
independent existence.

3. The lower end of the femur is the growing end.

4. The lower epiphyseal line passes through the
adductor tubercle.

5. The epiphyseal line of the head coincides with
the articular margins, except superiorly where
a part of the monarticular area is included in
the epiphysis for passage of blood vessels to
the head. In addition, the plane of this
epiphysis changes with age from an oblique to
a more vertical one.

= Epiphyseal
line

Secondary centre
Appearance—1st year
Fusion—18th year

Secondary centre ——
Appearance—4th year

ion—1
Fusipn:—T8ihyear Secondary centre

Appearance—12th year
Fusion—18th year

CLINICAL ANATOMY

BONES OF LOWER LIMB

Tripping over minor obstructions or other
accidents causing forced medial rotation of the
thigh and leg during the fall results in:

a. The fracture of the shaft of femur in persons
below the age of 16 years (Fig. 2.17).

b. Bucket-handle tear of the medial meniscus
between the ages of 14 and 40 years (Fig. 2.18).

c. Pott’s (British surgeon 1713-88) fracture of the
leg between the ages of 40 and 60 years
(Fig. 2.19).

d. Fracture of neck of the femur over the age of 60
years (Fig. 2.17). This is common in females due
to osteoporosis and degeneration of calcar
femorale.

The head of femur is partly supplied by a branch

of obturator artery along the ligamentum teres.

Main arterial supply is from retinacular arteries,

branches of medial femoral circumflex artery.

These arteries get injured in intracapsular fracture

of neck of femur, leading to avascular necrosis of

the head (Figs 2.20a and b). In such cases hip joint
need to be replaced.

The centre of ossification in lower end of femur

and even in upper end of tibia seen by X-ray is

used as a medicolegal evidence to prove that the
newborn (found dead) was nearly full term and
was viable.

In fracture of upper third of shaft of femur,

proximal segment is flexed by iliopsoas, laterally

rotated by muscles attached to greater trochanter.

Distal segment is pulled upwards by hamstrings

and laterally rotated by adductor muscles.

In normal knee, the obliquity of the line of

quadriceps muscle and its insertion into the tibia,

results in an angle called “Q angle”. It is normally
15-20°. If the angle is increased, there may be

lateral subluxation of the patella (see Fig. 3.27).

Primary centre

PATELLA _
Appearance—7th

week of UL The patella (Latin small plate) is the largest sesamoid
bone in the body, developed in the tendon of the
quadriceps femoris. It is situated in front of the lower
end of the femur about 1 cm above the knee joint

(Fig. 2.21a).

Side Determination
Secondary centre 1 The patella is triangular in shape with its apex directed
Appearance—9th downwards. The apex is nonarticular posteriorly.
month of IUL 2 The anterior surface is rough and monarticular. The
Fusion—20th year .

upper three-fourths of the posterior surface are
Fig. 2.16: Ossification of femur smooth and articular.
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> 60 years
Tibia Fibula
< 16 years
Fracture Fibula
of tibia

Fig. 2.17: Common sites of fracture

_ 1 @ =
Fig. 2.18: Bucket-handle tear of medial meniscus Figs 2.20a and b: (a) Normal arterial supply of the head of femur
and (b) avascular necrosis of head in fracture neck femur

- 3 The posterior articular surface is divided by a vertical The apex directed downwards, is rough and vertically

ridge into a larger lateral and a smaller medial areas.  ridged. It is covered by an expansion from the tendon
4 The bone laid on a table rests on the broad lateral  of the rectus femoris, and is separated from the skin by

articular area and determines the side of the bone. the prepatellar bursa.
The posterior surface is articular in its upper three-
Features fourths and monarticular in its lower one-fourth.
The patella has an apex, three borders, superior, lateral The articular area is divided by a vertical ridge into
and medial, and two surfaces, anterior and posterior. a larger lateral and smaller medial portion. Another
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Vastus )
intermedius Rectus femoris
Vastus medialis
Vastus
lateralis Superior
Lateral + Medial
Inferior
Mid flexion
Full flexion Slight flexion
Extension
) : Superior
Ligamentum
patellae Medial + Lateral
Inferior

Figs 2.21aand b: Features of the right patella: (a) Anterior view,
and (b) posterior view

vertical ridge separates a medial strip from the medial
portion. This strip articulates with a reciprocal strip on
the medial side of the intercondylar notch of the femur
during full flexion. The rest of the medial portion and
the lateral portion of the articular surface are divided
by two transverse lines into three pairs of facets.

During different phases of movements of the knee,
different portions of the patella articulate with the
femur. The lower pair of articular facets articulates
during extension; middle pair during beginning of
flexion; upper pair during midflexion; and the medial
strip during full flexion of the knee (Fig. 2.21b).

Attachments on the Patella

The superior border or base provides insertion to the rectus
femoris in front and to the vastus intermedius behind.
The lateral border provides insertion to vastus lateralis in
its upper one-third or half. The medial border provides
insertion to the vastus medialis in its upper two-thirds.

The nonarticular area on the posterior surface
provides attachment to the ligamentum patellae below,
and is related to infrapatellar pad of fat above.

OSSIFICATION

The patella ossifies from several centres which appear
during 3 to 6 years of age. Fusion is complete at
puberty.

One or two centres at the superolateral angle of
the patella may form separate pieces of bone. Such a
patella is known as bipartite or tripartite patella. The
condition is bilateral and symmetrical (Fig. 2.22).

BONES OF LOWER LIMB

Right Left

Fig. 2.22: Bipartite patella

CLINICAL ANATOMY

e Fracture of the patella should be differentiated
from a bipartite or a tripartite patella (Fig. 2.22).

e The patella has a natural tendency to dislocate
outwards because of the outward angulation
between the long axes of the thigh and leg. This is
prevented by:

a. Bony factor: The lateral edge of the patellar
articular surface of the femur is deeper than the
medial edge.

b. Muscular factor: Insertion of the vastus medialis
on the medial border of patella extends lower
than that of vastus lateralis on the lateral border
(Fig. 2.23). Vastus medialis is first to degenerate
and last to recover in diseases of the knee joint.

¢ Fascial factor: Medial and lateral patellar
retinacula are extensions of vastus medialis and
vastus lateralis. These strengthen the capsule.

These three are components of the extensor

apparatus of knee joint. During sudden severe

contraction of quadriceps, the tibial tuberosity
may get avulsed. The tibial tuberosity ossifies as

a downward protrusion of upper end.

¢ Patella may get fractured.

* Quadriceps femoris muscle is inserted into patella,
from where ligamentum patellae arises which
ends into the tibial tuberosity.

* Bursitis occurs in prepatellar and subcutaneous
infrapatellar bursa (see Fig. 3.6).

Vastus
lateralis
(1/3rd)

- Vastus
medialis (2/3rd)

Lateral condyle
projecting
more forwards

Fig. 2.23: Projecting lateral edge of patellar articular surface
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LOWER LIMB

TIBIA

The tibia (Latin shin bone) is the medial and larger bone
of the leg. It is homologous with the radius of the upper
limb.

Side Determination

1 The upper end is much larger than the lower end.

2 Themedial side of the lower end projects downwards
beyond the rest of the bone. The projection is called
the medial malleolus.

3 The anterior border of the shaft is most prominent
and crest-like. It is sinuously curved and terminates
below at the anterior border of the medial malleolus.

Features

The tibia has an upper end, a shaft and a lower end
(Figs 2.25 and 2.26).

lliotibial tract Posterior cruciate

ligament
Fibular collateral 9

ligament . .
Anterior cruciate

Insertion of biceps ligament

femoris
Tibial collateral

Foramen for anterior ligament

tibial vessels

Tibial tuberosity

Anterior border ——J;
Anterior border

Lateral surface

Medial surface

Interosseous Lateral surface
membrane
attached to medial Lateral border
border ¥

Medial border

Perforating branch
of peroneal artery

Anterior tibiofibular

ligament Medial

malleolus

Inferior transverse
tibiofibular ligament

Lateral malleolus
with anterior
talofibular ligament

Deltoid ligament

Fig. 2.24: Anterior view of right tibia and fibula including the
ligaments

Intercondylar
eminence

Superior
tibiofibular joint
Posterior Neck

surface

Soleal line Posterior surface

Nutrient foramen ———— Nutrient foramen

Vertical ridge ——

Posterolateral Medial crest

surface

Posteromedial

Posterolateral

surface surface
Posteromedial
surface
i
|
Inferior \ Lateral malleolus

tibiofibular joint

Fig. 2.25: Posterior view of right tibia and fibula

Intercondylar Anterior horn
eminence of medial
meniscus
Meniscal
impression Anterior

cruciate

Posterior horn of ligament

lateral meniscus

Anterior horn

Posterior horn of of lateral

medial meniscus

meniscus
Posterior cruciate Condylar
ligament impression
Anterior
Medial—l— Lateral
Posterior

Fig. 2.26: Superior view of the upper end of the right tibia

UpperEnd

The upper end of the tibia is markedly expanded from
side to side, to form two large condyles which overhang
the posterior surface of the shaft. The upper end includes:
1 A medial condyle,

2 A lateral condyle,

3 An intercondylar area,

4 A tuberosity (refer to &).
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Medial condyle is larger than the lateral condyle. Its
superior surface articulates with the medial condyle of
the femur. The articular surface is oval and its long axis
is anteroposterior. The central part of the surface is
slightly concave and comes into direct contact with the
femoral condyle. The peripheral part is flat and is
separated from the femoral condyle by the medial
meniscus. The lateral margin of the articular surface is
raised to cover the medial intercondylar tubercle.

The posterior surface of the medial condyle has a
groove. The anterior and medial surfaces are marked
by numerous vascular foramina.

Lateral Condyle

The lateral condyle overhangs the shaft more than the
medial condyle. The superior surface of the condyle
articulates with the lateral condyle of the femur. The
articular surface is nearly circular. As in the case of the
medial condyle, the central part is slightly concave and
comes in direct contact with the femur, but the peripheral
partis flat and is separated from the femur by the lateral
meniscus. The articular surface has a raised medial margin
which covers the lateral intercondylar tubercle.

The posteroinferior aspect of the lateral condyle
articulates with the fibula. The fibular facet is flat,
circular, and is directed downwards, backwards and
laterally. Superomedial to the fibular facet, the posterior
surface of the condyle is marked by a groove (Fig. 2.24).

The anterior aspect of the condyle bears a flattened
impression.

Intercondylar Areg

Intercondylar area is the roughened area on the superior
surface, between the articular surfaces of the two
condyles. The area is narrowest in its middle part. This
part is elevated to form the intercondylar eminence
which is flanked by the medial and lateral intercondylar
tubercles (Fig. 2.26).

Tuberosity of the Tibio

Tuberosity of the tibia is a prominence located on the
anterior aspect of the upper end of the tibia. It forms
the anterior limits of the intercondylar area. Inferiorly
it is continuous with the anterior border of the shaft.
The tuberosity is divided into an upper smooth area
and a lower rough area. The epiphyseal line for the
upper end of the tibia passes through the junction of
these two parts.

Shaft

The shaft of the tibia is prismoid in shape. It has three
borders, anterior, medial and interosseous; and three
surfaces, lateral, medial and posterior.

BONES OF LOWER LIMB
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The anterior border is sharp and S-shaped being convex
medially in the upper part and convex laterally in the
lower part. It extends from the tibial tuberosity above
to the anterior border of the medial malleolus below. It
is subcutaneous and forms the shin.

The medial border is rounded. It extends from the
medial condyle, above, to the posterior border of the
medial malleolus, below (Fig. 2.24).

The interosseous or lateral border extends from the
lateral condyle a little below and in front of the fibular
facet, to the anterior border of the fibular notch.

Surfaces

The lateral surface lies between the anterior and
interosseous borders. In its upper three-fourths, it is
concave and is directed laterally, and in its lower one-
fourth it is directed forwards.

The medial surface lies between the anterior and medial
borders. It is broad, and most of it is subcutaneous.

The posterior surface lies between the medial and
interosseous borders. It is widest in its upper part. This
part is crossed obliquely by a rough ridge called the
soleal line. The soleal line begins just behind the fibular
facet, runs downwards and medially, and terminates
by joining the medial border at the junction of its upper
and middle thirds (Fig. 2.25).

Above the soleal line, the posterior surface is in the
form of a triangular area. The area below the soleal line
is elongated. It is divided into medial and lateral parts
by a vertical ridge. A nutrient foramen is situated near
the upper end of this ridge. It is directed downwards
and transmits the nutrient artery which is a branch of
the posterior tibial artery (Fig. 2.25).

Lower End

The lower end of the tibia is slightly expanded. It has
five surfaces. Medially, it is prolonged downwards as
the medial malleolus (Fig. 2.24).

The anterior surface of the lower end has an upper
smooth part, and a lower rough and grooved part.

The medial surface is subcutaneous and is
continuous with the medial surface of the medial
malleolus.

The lateral surface of the lower end presents a
triangular fibular notch to which the lower end of the
fibula is attached. The upper part of the notch is rough.
The lower part is smooth and may be covered with
hyaline cartilage.

The inferior surface of the lower end is articular. It
articulates with the superior trochlear surface of the
talus and thus takes part in forming the ankle joint.
Medially the articular surface extends on to the medial
malleolus.

Posterior surface is smaller.

mebooksfree.com

Section 1 Lower Limb



Section 1 Lower Limb

LOWER LIMB

The medial malleolus is a short but strong process
which projects downwards from the medial surface of
the lower end of the tibia. It forms a subcutaneous
prominence on the medial side of the ankle.

Attachments on the Tibia
Figures 2.26 to 2.28 show the attachments on the tibia.

Aftachmenis on the Medial Condyle

1 The semimembranosus is inserted into the groove on
the posterior surface.

2 The capsular ligament of the knee joint is attached to
the upper border, which also gives attachment to the
deeper fibres of the tibial collateral ligament.

3 The medial patellar retinaculum is attached to the
anterior surface.

Aftachments on the Lateral Condyle
1 The iliotibial tract is attached to the flattened impres-
sion on the anterior surface (Figs 2.24 and 2.27).

2 The capsular ligament of the superior tibiofibular joint
is attached around the margins of the fibular facet.

Capsular ligament — Medial condyle

e Ligamentum patellae
|liotibial tract

Tibial collateral ligament

Subcutaneous
part

Sartorius
—— Gracilis

Semitendinosus

Tibialis anterior

Lateral surface Anterior border

Deep peroneal

nerve Anterior tibial artery
Tendon of
extensor Tendon of

digitorum longus extensor hallucis longus

Tendon of
peroneus tertius

Tendon of
tibialis anterior

Fig. 2.27: Attachments and relations on the anterior aspect of
the right tibia

Medial condyle Capsule of

tibiofemoral joint
Semimenbranosus

Fibular facet
Popliteus

Capsule of superior
tibiofibular joint

Soleus

Tibialis posterior

Posterolateral
surface

Flexor digitorum
longus

Flexor hallucis longus

Interosseous
Tibialis posterior tibiofibular
ligament
Tendon of flexor
digitorum longus Tibial nerve

Medial malleolus L
Posterior tibial

artery

Fig. 2.28: Attachments and relations on the posterior aspect of
the right tibia

3 The groove on the posterior surface of the lateral
condyle is occupied by the tendon of the popliteus with
a bursa intervening.

Affachmenis on the infercondylar Areq
The following are attached from before backwards.

1 The anterior horn of the medial meniscus (Greek small
moon) just in front of the medial articular surface
(Fig. 2.26).

2 The anterior cruciate (Latin cross) ligament on a smooth
area just behind the previous attachment.

3 The anterior horn of the lateral meniscus, to the front of
the intercondylar eminence, and lateral to the
anterior cruciate ligament.

4 The posterior horn of the lateral meniscus, to the
posterior slope of the intercondylar eminence.

5 The posterior horn of the medial meniscus, to the

depression behind the base of the medial inter-

condylar tubercle.

The posterior cruciate ligament, to the posterior-most

smooth area.

=]
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ANfachment on the Tibial Tuberosify

The ligamentum patellae is attached to the upper smooth
part of the tibial tuberosity. The lower rough area of the
tuberosity is subcutaneous, but is separated from the
skin by the subcutaneous infrapatellar bursa (Fig. 2.27).

Aftachmentfs on the Shaft

1 The tibialis anterior arises from the upper two-thirds
of the lateral surface.

2 The upper part of the medial surface receives the
insertions of the sartorius, the gracilis and the
semitendinosus, from before backwards (Fig. 2.27).
Still further posteriorly this surface gives attachment
to the tibial collateral ligament along the medial border
(Fig. 2.27).

3 The soleus arises from the soleal line (Fig. 2.28). The
soleal line also gives attachment to the fascia covering
the soleus, the fascia covering the popliteus, and the
transverse fascial septum. The tendinous arch for
origin of the soleus is attached to a tubercle at the
upper end of the soleal line.

4 The popliteus is inserted on the posterior surface, into
the triangular area above the soleal line.

5 The medial area of the posterior surface below the
soleal line gives origin to the flexor digitorum longus
while the lateral area gives origin to the tibialis
posterior.

6 The anterior border of the tibia gives attachment to
the deep fascia of the leg and, in its lower part, to the
superior extensor retinaculum.

7 The rough upper part of the fibular notch gives
attachment to the interosseous tibiofibular ligament.

8 The capsular ligament of the ankle joint is attached to
the lower end along the margins of articular surface.
The deltoid ligament of the ankle joint is attached to
the lower border of the medial malleolus (Fig. 2.24).

Relations of the Tibia

Apart from the relations mentioned above, the
following may be noted.

1 The lower part of the anterior surface of the shaft,
and the anterior aspect of the lower end, are crossed
from medial to lateral side by the tibialis anterior,
the extensor hallucis longus, the anterior tibial artery,
the deep peroneal nerve, the extensor digitorum
longus, and the peroneus tertius (Fig. 2.27).

2 The lower most part of the posterior surface of the
shaft and the posterior aspect of the lower end are
related from medial to lateral side to the tibialis
posterior, which lies in a groove, the flexor digitourm
longus, the posterior tibial artery, the tibial nerve,
and the flexor hallucis longus. The groove for the
tendon of the tibialis posterior continues downwards

BONES OF LOWER LIMB

on the posterior surface of the medial malleolus
(Fig. 2.28).

3 The lower one-third of the medial surface of the shaft
is crossed by the great saphenous vein (see Fig. 8.1).

Blood Supply

The nutrient artery to the tibia is the largest nutrient
artery in the body. It is a branch of the posterior tibial
artery which enters the bone on its posterior surface at
the upper end of vertical ridge. It is directed
downwards.

: OSSIFICATION :

The tibia ossifies from one primary and two
secondary centres. The primary centre appears in the
shaft during the seventh week of intrauterine life. A
secondary centre for the upper end appears just before
birth, and fuses with the shaft at 16-18 years. The
upper epiphysis is prolonged downwards to form
the tibial tuberosity. A secondary centre for the lower
end appears during the first year, forms the medial
malleolus by the seventh year, and fuses with the
shaft by 15-17 years (Fig. 2.29).

CLINICAL ANATOMY

¢ The upper end of tibia is one of the commonest
sites for acute osteomyelitis. The knee joint
remains safe because the capsule is attached near
the articular margins of the tibia, proximal to the
epiphyseal line (Fig. 2.30).

® The tibia is commonly fractured at the junction of
upper two-thirds and lower one-third of the shaft
as the shaft is most slender here. Such fractures may
unite slowly, or may not unite at all as the blood
supply to this part of the bone is poor. This may
also be caused by tearing of the nutrient artery.

¢ Forward dislocation of the tibia on the talus
produces a characteristic prominence of the
heel. This is the commonest type of injury of the
ankle.

The fibula (Latin clasp/pin) is the lateral and smaller
bone of the leg. It is very thin as compared to the tibia.
It is homologous with the ulna of the upper limb
(Figs 2.24 and 2.25). It forms a mortice of the ankle joint.

Side Determination

1 The upper end, or head, is slightly expanded in all
directions. The lower end or lateral malleolus is
expanded anteroposteriorly and is flattened from
side to side.
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Appearance—4th year
Fusion—18th year

Appearance—just
before birth
Fusion—17th year

Appearance—1st year
Fusion—16th year

Appearance—1st year
Fusion—17th year

Metaphysis

Capsular attachment

Epiphyseal line

Metaphysis

Fig. 2.30: The epiphyseal line is distal to the capsular
attachment

2 The medial side of the lower end bears a triangular
articular facet anteriorly, and a deep or malleolar fossa
posteriorly (Fig. 2.31).

Features

The fibula has an upper end, a shaft (Fig. 2.32) and a
lower end.

Anterior Fibula
tibiofibular
Interosseous Posterior
tibiofibular tibiofibular

Anterior
talofibular
Inferior transverse
Posterior tibiofibular
talofibular

Malleolar fossa

Calcaneofibular

Fig. 2.31: Ligaments attached on the medial aspect of lower
end of fibula

Medial or anterior surface

Interosseous border Anterior border

Posteromedial

SHFdCe Lateral surface
Medial crest
Posterolateral Posterior border
surface

Fig. 2.32: Transverse section through shaft of middle two-
fourths of fibula to show its borders and surfaces

Upper End or Head

It is slightly expanded in all directions. The superior
surface bears a circular articular facet which articulates
with the lateral condyle of the tibia. The apex of the head
or the styloid process projects upwards from its
posterolateral aspect.

The constriction immediately below the head is
known as the neck of the fibula (Figs 2.25 and 2.33).

Shaft

The shaft shows considerable variation in its form
because it is moulded by the muscles attached to it. It
has three borders—anterior, posterior and interosseous;
and three surfaces—medial, lateral and posterior
(Fig. 2.32).

Borders

The anterior border begins just below the anterior aspect
of the head. At its lower end it divides to enclose an
elongated triangular area which is continuous with the
lateral surface of the lateral malleolus (Fig. 2.33).

mebooksfree.com



"

Head of fibula

Fibular collateral Insertion of biceps femoris
ligament
Capsule of superior

Neck tibiofibular ligament

Posterior border —} | |{—— Tibialis posterior

]
|
1
i
|
|
I
1

— 11— Peroneus longus

Lateral surface —

Anterior border

Medial surface —

Extensor digitorum

i B longus From
Medial border —f g Fisdlal
Posteromedial surface — Extensor hallucis | Surface
longus ===

Medial crest

Peroneus brevis

Peroneus tertius

Lateral malleolus Facet for talus

Fig. 2.33: Right fibula: Anterior aspect (schematic)

The posterior border is rounded. Its upper end lies in
line with the styloid process. Below, the border is
continuous with the medial margin of the groove on
the back of the lateral malleolus (Fig. 2.34).

The interosseous or medial border lies just medial to the
anterior border, but on a more posterior plane. It
terminates below at the upper end of a roughened area
above the talar facet of the lateral malleolus. In its upper
two-thirds, the interosseous border lies very close to the
anterior border and may be indistinguishable from it.

Surfaces

The medial surface lies between the anterior and
interosseous borders. In its upper two-thirds, it is very
narrow, measuring 1 mm or less (Figs 2.33 and 2.35).
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Head of fibula Insertion of

biceps femoris

Soleus

Posterior border

— Posterolateral surface

Medial crest

Tibialis posterior from Fiexor hallucis longus

posteromedial surface

Tendon of
peroneus longus

Tendon of

peroneus brevis Lateral malleolus

Fig. 2.34: Right fibula: Posterior aspect

The lateral surface lies between the anterior and
posterior borders. It is twisted backwards in its lower
part.

The posterior surface is the largest of the three surfaces.
It lies between the interosseous and posterior borders.
In its upper two-thirds, it is divided into two parts by a
vertical ridge called the medial crest (Fig. 2.34).

Lower End or Lateral Malleolus

The tip of the lateral malleolus is 0.5 cm lower than
that of the medial malleolus, and its anterior surface is
1.5 cm posterior to that of the medial malleolus. It has
the following four surfaces.

1 The anterior surface is rough and rounded.

2 The posterior surface is marked by a groove.

mebooksfree.com

Section 1 Lower Limb



Section 1 Lower Limb

28 LOWER LIMB

Medial surface

1/4

Extensor digitorum
longus

Anterior border

Luutastdui

Medial border

214

Extensor hallucis
longus

1/4 — Peroneus tertius

Fig. 2.35: Attachment on medial surface of fibula

3 The lateral surface is subcutaneous.

4 The medial surface bears a triangular articular facet
for the talus anteriorly and the malleolar fossa
posteriorly.

Attachments and Relations of the Fibula

1 The medial surface of the shaft gives origin to:

a. The extensor digitorum longus, from the whole of
the upper one-fourth, and from the anterior half
of the middle two-fourths.

b. The extensor hallucis longus, from the posterior half
of its middle two-fourths.

c. The peroneus tertius, from its lower one-fourth
(Fig. 2.35).

2 The part of the posterior surface between the medial
crest and the interosseous border, the grooved part,
gives origin to the tibialis posterior.

3 The part of the posterior surface between the medial
crest and the posterior border gives origin to:

a. Soleus from the upper one-fourth.

b. Flexor hallucis longus from its lower three-fourths.

4 The lateral surface of the shaft gives origin to:

a. Peroneus longus (PL) from its upper one-third, and
posterior half of the middle one-third.

b. The peroneus brevis (PB) from the anterior half of
its middle one-third, and the whole of lower one-
third (Fig. 2.36). The common peroneal nerve
terminates in relation to the neck of fibula.

5 The head of the fibula receives the insertion of the
biceps femoris on the anterolateral slope of the apex.

Lateral surface

Peroneus longus ——————
13 | PL
fa} .
= []
S °
el o
i | &
_g .§
a £
o <
1/3
Peroneus brevis
13
PB

Fig. 2.36: Attachment on lateral surface of fibula

This insertion is C-shaped. The fibular collateral
ligament of the knee joint is attached within the
C-shaped area (Fig. 2.33).

The origins of the extensor digitorum, the peroneus
longus, and the soleus, described above, extend on
to the corresponding aspects of the head.

6 The capsular ligament of the superior tibiofibular joint
is attached around the articular facet.

7 The anterior border of fibula gives attachment to:
a. Anterior intermuscular septum of the leg (see Fig. 8.3).
b. Superior extensor retinaculum, to lower part of the

anterior margin of triangular area.

c. Superior peroneal retinaculum, to the lower part of
the posterior margin of triangular area.

8 The posterior border gives attachment to the
posterior intermuscular septum.

9 The interosseous border gives attachment to the
interosseous membrane. The attachment leaves a gap
at the upper end for passage of the anterior tibial
vessels (Fig. 2.24).

10 The triangular area above the medial surface of the
lateral malleolus gives attachment to:

a. The interosseous tibiofibular ligament, in the
middle. The joint between lower ends of tibia and
fibula is called syndesmoses (Greek binding
together) (Fig. 2.24).

b. Theanterior tibiofibular ligament, anteriorly (Fig. 2.24).

c. The posterior tibiofibular, posteriorly.
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11 The attachments on the lateral malleolus are as
follows:

a. Anterior talofibular ligament to the anterior surface
(Fig. 2.31).

b. Inferior transverse tibiofibular (a part of posterior
tibiofibular) ligament above and posterior
talofibular ligament below to the malleolar fossa
(Fig. 2.31).

c. The capsule of the ankle joint along the edges of
the malleolar articular surface.

d. Slight notch on the lower border gives attachment
to calcaneofibular ligament (Fig. 2.31).

12 The groove on the posterior surface of the malleolus
lodges the tendon of the peroneus brevis, which is
deep, and of the peroneus longus, which is superficial
(Fig. 2.34).

Blood Supply

The peroneal artery gives off the nutrient artery for the
fibula, which enters the bone on its posterior surface.
The nutrient foramen is directed downwards.

ol _ OSSIFICATION :

The fibula ossifies from one primary and two
secondary centres. The primary centre for the shaft
appears during the eighth week of intrauterine life.
A secondary centre for the lower end appears during
the first year, and fuses with the shaft by about
sixteen years. A secondary centre for the upper end
appears during the fourth year, and fuses with the
shaft by about eighteen years (Fig. 2.29).

The fibula violates the law of ossification because
the secondary centre which appears first in the lower
end does not fuse last. The reasons for this violation
are:

1. The secondary centre appears first in the lower
end because it is a pressure epiphysis (law states
that pressure epiphysis appear before the
traction epiphysis).

2. The upper epiphysis fuses last because this is
the growing end of the bone. It continues to
grow afterwards along with the upper end of
tibia which is a growing end.

CLINICAL ANATOMY

* Sometimes a surgeon takes a piece of bone from
the part of the body and uses it to repair a defect
in some other. This procedure is called a bone graft.
For this purpose pieces of bone are easily obtained
from the subcutaneous medial aspect of tibia and
shaft of fibula.

¢ Ifthe foot gets caught in a hole in the ground, there
is forcible abduction and external rotation. In such

BONES OF LOWER LIMB

an injury, first there occurs a spiral fracture of
lateral malleolus, then fracture of the medial
malleolus. Finally the posterior margin of the
lower end of tibia shears off. These stages are
termed 1st, 2nd and 3rd degrees of Pott's fracture
(Fig. 2.19).

* The upper and lower ends of the fibula are
subcutaneous and palpable (Fig. 2.37).

¢ The common peroneal nerve can be rolled against
the neck of fibula. This nerve is commonly injured
here resulting in foot drop (see Figs 6.8 and 7.11).

¢ Fibula is an ideal spare bone for a bone graft.

* Though fibula does not bear any weight, the lateral
malleolus and the ligaments attached to it are very
important in maintaining stability at the ankle

Fig. 2.37: Subcutaneous upper and lower ends of fibula

BONES OF THE FOOT

TARSUS/TARSALS

The tarsus is made up of seven tarsal bones, arranged
in two rows. In the proximal row, there is the talus
above, and the calcaneus below. In the distal row, there
are four tarsal bones lying side by side. From medial to
lateral side these are the medial cuneiform, the
intermediate cuneiform, the lateral cuneiform and the
cuboid. Another bone, the navicular, is interposed
between the talus and the three cuneiform (Latin wedge)
bones. In other words, it is interposed between the
proximal and distal rows (Fig. 2.38).

The tarsal bones are much larger and stronger than
the carpal bones because they have to support and
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Medial cuneiform — Intermediate cuneiform

Lateral cuneiform

Navicular

Talus —=

Calcaneus

Fig. 2.38: Tarsus

distribute the body weight. Each tarsal bone is roughly
cuboidal in shape, having six surfaces.

TALUS

The talus (Latin ankle) is the second largest tarsal bone.
It lies between the tibia above and the calcaneum below,
gripped on the sides by the two malleoli.

It has a head, a neck and a body.

Side Determination

1 The rounded head is directed forwards.

2 The trochlear articular surface of the body is directed
upwards, and the concave articular surface
downwards.

3 Thebody bears a large triangular, facet laterally, and
a comma-shaped facet medially.

Head

1 Itis directed forwards and slightly downwards and
medially.

2 Its anterior surface is oval and convex. The long axis
of this surface is directed downwards and medially.
It articulates with the posterior surface of the
navicular bone.

3 Theinferior surface is marked by three articular areas
separated by indistinct ridges. The posterior facet is
largest, oval and gently convex; it articulates with the
middle facet on sustentaculum tali of the calcaneum.
The anterolateral facet articulates with the anterior
facet of the calcaneum, and the medial facet with the
spring ligament (Fig. 2.39b) (refer to &).

Neck

1 This is the constricted part of the bone between the
head and the body.

2 It is set obliquely on the body, so that inferiorly it
extends further backwards on the medial side than
on the lateral side. However, when viewed from
dorsal side, the long axis of the neck is directed
downwards, forwards and medially. The neck—body
angle is 130 to 140 degrees in infants and 150 degrees

in adults. The smaller angle in young children
accounts for the inverted position of their feet.

3 The medial part of its plantar surface is marked by a
deep groove termed the sulcus tali. The sulcus tali
lies opposite the sulcus calcanei on the calcaneum,
the two together enclosing a space called the sinus
tarsi.

4 In habitual squatters, a squatting facet is commonly
found on the upper and lateral part of the neck. The
facet articulates with the anterior margin of the lower
end of the tibia during extreme dorsiflexion of the
ankle.

Body

The body is cuboidal in shape and has five surfaces.

The superior surface bears an articular surface, which
articulates with the lower end of the tibia to form the
ankle joint (Fig. 2.39a). This surface is also called the
trochlear surface. It is convex from before backwards and
concave from side to side. It is wider anteriorly than
posteriorly. The medial border of the surface is straight,
but the lateral border is directed forwards and laterally.
The trochlear surface articulates with the inferior
surface of lower end of tibia.

The inferior surface bears an oval, concave articular
surface which articulates with the posterior facet of the
calcaneum to form the subtalar joint (Fig. 12.22a).

The medial surface is articular above and nonarticular
below. The articular surface is comma-shaped and
articulates with the medial malleolus of tibia (Fig. 2.39¢).

The lateral surface bears a triangular articular surface
for the lateral malleolus. The surface is concave from
above downwards, and its apex forms the lateral
tubercle of the talus. The posterior part of the lateral
surface is separated from the trochlea by an ill-defined,
small triangular area which articulates with the inferior
transverse tibiofibular ligament (Fig. 2.39d).

The posterior process is small and is marked by an
oblique groove. The groove is bounded by medial and
lateral tubercles. The lateral tubercle is occasionally
separate (5%) and is then called the os trigonum.

Attachments on the Talus

The talus is devoid of muscular attachments, but numerous
ligaments are attached to it because it takes part in three
joints, e.g. ankle, talocalcanean and talonavicular:

1 The following ligaments are attached to the neck
a. The distal part of the dorsal surface provides
attachment to the capsular ligament of the ankle joint
and to the dorsal talonavicular ligament. The
proximal part of the dorsal surface lies within the
ankle joint.
b. The inferior surface provides attachment to the
interosseous talocalcanean and cervical ligaments.
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Head Dorsal talonavicular

ligament

Capsule of ankle joint

Facet for

: Trochlear surface
medial malleolus

Facet for lateral
malleolus

Posterior talofibular

Medial ligament
. tubercle
Posterior Groove for flexor
process i fsred hallucis longus
tubercle ;
Anterior
MediaI+LateraI
Posterior
(a)
For medial ]
malleolus Antenor
tibiotalar ligament
Neck -3

Groove for flexor
hallucis longus

Posterior tibiotalar
ligament

For navicular

Superior

Anterior Posterior

Inferior

(c)
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Anterolateral Facet for navicular

facet _
Head For anterior calcanean facet
Area for the spring ligament
Medial facet
Posterior Cervical ligament
facet

For middle calcanean facet

Interosseous talocalcanean
ligament

Articular surface of body for
posterior calcanean facet

Anterior

Lateral—l—— Medial

Posterior

(b)

For lateral malleolus

Posterior
talofibular

ligament _ .
Anterior talofibular

Posterior ligament

talocalcanean )

ligament For navicular

Posterior
; calcanean facet
Superior
Posterior+ Anterior
Inferior
(d)

Figs 2.39a to d: Right talus: (a) Superior view, (b) inferior view, (c) medial view, and (d) lateral view

¢. The lateral part of the neck provides attachment

to the anterior talofibular ligament (Figs 2.31

and 2.39d).

2 The lower, nonarticular part of the medial surface of
the body gives attachment to the deep fibres of the
deltoid or anterior tibiotalar ligament (Fig. 2.39c).

3 The groove on the posterior process lodges the
tendon of the flexor hallucis longus (Fig. 2.39a).

The medial tubercle provides attachment to the
superficial fibres of the deltoid ligament (posterior
tibiotalar) above and the medial talocalcanean ligament
below.

Posterior talofibular ligament is attached to upper
part of posterior process while posterior talocalcanean
ligament is attached to its plantar border (Figs 2.39a
and d).

OSSIFICATION

The talus ossifies from one centre which appears
during the 6th month of intrauterine life.

CLINICAL ANATOMY

¢ Forced dorsiflexion may cause fracture of the neck
of the talus.

e If arteries to body of talus go through the neck
only as occurs in some cases, the body would
get avascular necrosis in fracture of its neck
(Fig. 2.40).

Artery Body
Necrosed
Head segment

\_\__

Fracture

Fig. 2.40: Avascular necrosis of body of talus in some cases
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CALCANEUS OR CALCANEUM

The calcaneus (Latin heel) is the largest tarsal bone. It
forms the prominence of the heel. Its long axis is
directed forwards, upwards and laterally. It is roughly
cuboidal and has six surfaces (Fig. 2.41a).

Side Determination

1 The anterior surface is small and bears a
concavoconvex articular facet for the cuboid. The
posterior surface is large and rough.

2 The dorsal or upper surface bears a large convex
articular surface in the middle. The plantar surface
is rough and triangular (Figs 2.41a and b).

3 The lateral surface is flat, and the medial surface
concave from above downwards (Fig. 2.41c).

Features

The anterior surface is the smallest surface of the bone.
It is covered by a concavoconvex, sloping articular
surface for the cuboid (Fig. 2.41c).

The posterior surface is divided into three areas, upper,
middle and lower. The upper area is smooth while the
others are rough.

The dorsal or superior surface can be divided into three
areas. The posterior one-third is rough. The middle one-
third is covered by the posterior facet for articulation
with the facet on inferior surface of body of talus. This

Anterior
calcanean facet

Stem of inferior extensor
retinaculum

Cervical ligament

Interosseous talocal-

Plantaris canean ligament

Middle facet for
head of talus

Anterior facet for

head of talus
Plantaris
Facet for cuboid

Anterior tubercle

Stem of bifurcate ligament

Extensor digitorum brevis

flexor digitorum

Anterior —— Posterior facet Anterior
. Abductor digiti minimi )
Medial Lateral Tendocalcaneus Lateral Medial
) Flexor digitorum brevis ]
Posterior (a) (b) Posterior

Posterior facet for
body of talus

Tendocalcaneus

Flexor retinaculum

i . Groove for Medial
Medial Abductor hallucis  peroneus longus
Anterior—l— Posterior Medial head of flexor Posterior+ Anterior
Lateral () digitorum accessorius (d) Lateral

facetis oval, convex and oblique. The anterior one-third
is articular in the anteromedial part, and nonarticular
in its posterolateral part. The articular part is in the form
of an elongated middle facet present on the
sustentaculum tali and anterior facet. These two facets
articulate respectively with posterior facet and
anteromedial facets on inferior aspect of head of talus.

The plantar surface is rough and marked by three
tubercles. The medial and lateral tubercles are situated
posteriorly, whereas the anterior tubercle lies in the
anterior part.

The lateral surface is rough and almost flat. It presents
in its anterior part, a small elevation termed the peroneal
trochlea or tubercle (Fig. 2.41d).

The medial surface is concave from above downwards.
The concavity is accentuated by the presence of a shelf-
like projection of bone, called the sustentaculum tali,
which projects medially from its anterosuperior border.
The upper surface of this process assists in the
formation of the talocalcaneonavicular joint. Its lower
surface is grooved; and the medial margin is in the
form of a rough strip convex from before backwards
(Fig. 2.41¢).

Attachments and Relations of the Calcaneus

1 The middle rough area on the posterior surface
receives the insertion of the tendocalcaneus and of
the plantaris. The upper area is covered by a bursa.

Short plantar
ligament

Facet for cuboid

— Groove for flexor
hallucis longus
Long plantar

ligament Medial head of flexor

digitorum accessorius

eurosis
Lateral head of PIETEF 02N

Abductor hallucis

accessorius

Sustentaculum tali

Groove for
peroneus brevis

Calcaneofibular
ligament

Facet for cuboid

Peroneal trochlea

Figs 2.41a to d: Right calcaneus: (a) Superior view, (b) inferior view, (¢) medial view, and (d) lateral view
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Ligamentum patellae —

Semimembranosus Tendocalcaneus

Bursae

Epiphyseal line \

Calcaneus

Fig. 2.42: Comparison of the tendocalcaneus and the ligamentum
patellae

The lower area is covered by dense fibrofatty tissue

and supports the body weight while standing. It can

be compared to the attachment of ligamentum

patellae (Fig. 2.42).

The lateral part of the nonarticular area on the

anterior part of the dorsal surface provides:

a. Origin to the extensor digitorum brevis (Fig. 2.41a).

b. Attachment to the stem of the inferior extensor
retinaculum.

c. Attachment to the stem of the bifurcate ligament. The
medial, narrow part of the nonarticular area forms
the sulcus calcanei, and provides attachment to the
interosseous talocalcanean ligament medially and the
cervical ligament laterally (Fig. 12.17).

Plantar surface:

i. The medial tubercle:
a. Origin for the abductor hallucis medially.
b. Attachment to the flexor retinaculum medially.
c. Origin to the flexor digitorum brevis anteriorly.
d. Attachment to the plantar aponeurosis anteriorly
(Fig. 2.41b).

ii. The lateral tubercle gives origin to the abductor digiti
minimi, the origin extending to the front of the
tubercle.

iii. The anterior tubercle and the rough area in front
of it provide attachment to the short plantar
ligament. The rough strip between the three
tubercles affords attachment to the long plantar
ligament (Fig. 2.41b).

The attachments and relations of the lateral surface
are as follows. The peroneal tubercle lies between
the tendons of the peroneus brevis above and the
peroneus longus below. The trochlea itself gives
attachment to a slip from the inferior peroneal
retinaculum. The calcaneofibular ligament is attached
about 1 cm behind the peroneal trochlea (Fig. 2.41d).

The attachments and relations of the medial surface
are as follows. The groove on the lower surface of
the sustentaculum tali is occupied by the tendon of
the flexor hallucis longus. The medial margin of the

BONES OF LOWER LIMB

sustentaculum tali is related to the tendon of the flexor
digitorum longus and provides attachment to:

a. The spring ligament anteriorly (see Fig. 13.5).

b. A slip from the tibialis posterior in the middle.

c. Some of the superficial fibres of the deltoid ligament
along the whole length.

d. The medial talocalcanean ligament posteriorly. Below
the groove for the flexor hallucis longus, the
medial surface gives origin to the fleshy fibres of
the medial head of the flexor digitorum accessorius
(Fig. 2.41b).

OSSIFICATION

The calcaneus ossifies from one primary and one
secondary centres. The primary centre appears
during the 3rd month of intrauterine life. The
secondary centre appears between 6 and 8 years to
form a scale-like epiphysis on the posterior surface,
which fuses with the rest of the bone by 14-16 years.

CLINICAL ANATOMY

¢ Fracture of the calcaneum results by a fall from a
height. Sustentaculum tali may get fractured in
forced inversion of the foot.

¢ Calcaneum may develop a ‘spur’, which is painful
(Fig. 2.43).

Navicular

Calcanean spur

Fig. 2.43: Calcanean spur

NAVICULAR BONE

The navicular bone is boat-shaped. It is situated on the
medial side of the foot, in front of the head of the talus,
and behind the three cuneiform bones.
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LOWER LIMB

Features

1

2

The anterior surface is convex, is divided into three
facets for the three cuneiform bones.

The posterior surface is concave and oval for
articulation with the head of the talus.

The dorsal surface is broad and convex from side
to side. It is rough for the attachment of ligaments
(Fig. 2.44).

The plantar surface is small and slightly concave
from side to side. It is rough and nonarticular.

The medial surface has a blunt and prominent
tuberosity, directed downwards, the tuberosity is
separated from the plantar surface by a groove.

The lateral surface is rough and irregular, but
frequently has a facet for the cuboid.

Attachments

1

Tuberosity of the navicular bone receives the
principal insertion of the tibialis posterior. The
groove below the tuberosity transmits a part of the
tendon of this muscle to other bones.

Plantar surface provides attachment to the spring
ligament or plantar calcaneonavicular ligament.

Extensor digitorum brevis

Cuboid
Lateral cuneiform

Peroneus brevis

Peroneus tertius

Fifth metatarsal

Abductor digiti minimi

Proximal -

Phalanges |  piddle

Distal
Extensor digitorum brevis

Extensor digitorum longus

3 Calcaneonavicular part of the bifurcate ligament is
attached to the lateral surface. To the dorsal surface
are attached the talonavicular, cuneonavicular and
cubonavicular ligaments.

OSSIFICATION

It ossifies from one centre which appears during the
third year of life.

CUNEIFORM BONES

Common Features

1 There are three cuneiform bones, medial, intermediate
and lateral. The medial cuneiform is the largest and
the intermediate cuneiform, the smallest (Fig. 2.44).

2 As their name suggests, these are wedge-shaped

bones. In the medial cuneiform, the edge of the
wedge forms the dorsal surface. In the intermediate
and lateral cuneiforms, the thin edge of wedge forms
the plantar surface.

3 The anterior parts of the medial and lateral
cuneiforms project further forwards than the
intermediate cuneiform. This forms a deep recess for
the base of second metatarsal bone.

Gastrocnemius, soleus and
plantaris through tendocalcaneus

Calcaneus

Talus

Navicular
Medial cuneiform
Intermediate cuneiform

First metatarsal

Metatarsophalangeal joint

Extensor hallucis brevis
Proximal phalanx
Extensor hallucis longus

Distal phalanx

Fig. 2.44: Skeleton of the foot as seen from the dorsal aspect
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MEDIAL CUNEIFORM Attachments
Features The plantar surface receives a slip from the tibialis
posterior.

1 Dorsal surface is formed by the rough edge of the
wedge.

2 Plantar surface is formed by the base of the wedge.

3 Distal surface has a large kidney-shaped facet for the
base of the first metatarsal bone, with its hilum
directed laterally.

OSSIFICATION ;

Each cuneiform bone ossifies from one centre, which
appears during the first year in the lateral cuneiform,
during the second year in the medial cuneiform, and
during the third year in the intermediate cuneiform

4 Proximal surface is a pyriform facet for the navicular. bone.
5 Medial surface is rough and subcutaneous.
6 Lateral surface is marked by an inverted cypoIp

L-shaped facet along the posterior and superior
margins for the intermediate cuneiform bone. The
anterosuperior part of the facet is separated by a
vertical ridge. This part is for the base of second
metatarsal bone. The anteroinferior part of the lateral
surface is roughened.

Attachments

1

The greater part of the tibialis anterior is inserted
into an impression on the anteroinferior angle of the
medial surface (see Fig. 8.5).

The plantar surface receives a slip from the tibialis
posterior (see Fig. 12.23).

A part of the peroneus longus is inserted into
the rough anteroinferior part of the lateral surface
(see Fig. 8.12).

INTERMEDIATE CUNEIFORM

The cuboid is the lateral bone of the distal row of the
tarsus, situated in front of the calcaneum and behind
the fourth and fifth metatarsal bones. It has six surfaces.

Features

1

2

9}

The proximal surface is concavoconvex for articulation
with the calcaneum.

The distal surface is also articular. It is divided by a
vertical ridge into two areas for the fourth and fifth
metatarsal bones.

The dorsal surface is rough for the attachment of
ligaments. It is directed upwards and laterally.

The plantar surface is crossed anteriorly by an oblique
groove. The groove is bounded posteriorly by a
prominent ridge.

The lateral surface is short and notched.

The medial surface is extensive, being partly articular
and partly nonarticular. An oval facet in the middle

Features articulates with the lateral cuneiform bone. Proximal
. . ) to this a small facet may present for the navicular
1 The proximal and distal surfaces bear triangular bone yPp

2

articular facets.

The lateral surface is marked by a vertical facet along
its posterior margin. This facet is for the lateral
cuneiform bone. It is indented in the middle.

The plantar surface is formed by the edge of the
wedge.

Attachments

Attachments

1

The notch on the lateral surface, and the groove on
the plantar surface, are occupied by the tendon of
the peroneus longus (see Fig. 12.23).

The ridge posterior to the groove gives attachment to
the deep fibres of the long plantar ligament (see Fig. 12.23).

3 The short plantar ligament is attached to the posterior
The plantar surface receives a slip from the tibialis border of the plantar surface.
posterior. 4 The posteromedial part of the plantar surface

LATERAL CUNEIFORM
Features

1

The proximal surface is rough in its lower one-third,
and has a triangular facet in its upper two-thirds for
the navicular bone.

The lateral surface is marked in its posterosuperior
part by a triangular or oval facet for the cuboid.
The plantar surface is formed by the edge of the
wedge.

provides:

a. Insertion to a slip from the tibialis posterior.

b. Origin to the flexor hallucis brevis.

The nonarticular part of the medial surface provides
attachment to ligaments, including the lateral limb
of the bifurcate ligament.

QSSIFICATION
The cuboid bone ossifies from one centre which
appears just before birth.
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METATARSUS

1 The metatarsus is made up of 5 metatarsal bones,
which are numbered from medial to lateral side.

2 Each metatarsal is a miniature long bone and has
the following parts.

a. The shaft which is slightly convex dorsally and
concave ventrally in its longitudinal axis. It is
prismoid in form, and tapers from base to the head.

b. The base or proximal end is set obliquely in such a
way that it projects backwards and laterally.

c. The head or distal end is flattened from side to side.

Metacarpals versus Metatarsals

The metatarsals are quite similar to metacarpals. The
differences between the metacarpals and metatarsals
shown in Table 2.1.

Table 2.1: Differences between metacarpals and
metatarsals

Metacarpal Melatarsal
1. The head and shaft are 1. The head and shaft are
prismoid flattened from side to side

2. The shaft is of uniform 2. The shaft tapers distally
thickness

3. The dorsal surface of the 3. The dorsal surface of the
shaft has an elongated, flat  shaft is uniformly convex
triangular area

4. The base is irregular 4. The base appears to be

cut sharply and obliquely

Identification
First Metaiarsal

1 This is the shortest, thickest and stoutest of all
metatarsal bones and is adapted for transmission of
the body weight (Fig. 2.44).

2 The proximal surface of the base has a kidney-shaped
facet, which is concave outwards.

Saecond Metalarsal

1 This is the longest metatarsal. It has a wedge-shaped
base (Fig. 2.44).

2 The lateral side of the base has two articular facets, a
larger dorsal, and a smaller plantar each of which is
subdivided into a proximal part for the lateral
cuneiform bone and a distal part for the third
metatarsal.

3 The medial side of the base bears one facet, placed
dorsally, for the medial cuneiform.

Third Metctarsol

1 The lateral side of the base has one facet, placed
dorsally, for the fourth metatarsal bone.

d

2 The medial side of the base has two facets, dorsal
and plantar for second metatarsal bone.

Fourth Melotarsal

1 The proximal surface of the base is quadrangular. It
articulates with the cuboid bone.

2 The lateral side of the base has one facet, placed
dorsally, for the fifth metatarsal bone.

3 The medial side of the base has one facet placed
dorsally, which is subdivided into a proximal part
for the lateral cuneiform and a distal part, for third
metatarsal bone.

Fifth Mefatarsal
1 The lateral side of the base has a large tuberosity or
styloid process projecting backwards and laterally.

2 The medial side of the base has one facet for the
fourth metatarsal bone.

3 The plantar surface of the base is grooved by the
tendon of the abductor digiti minimi.

Important Atachments to Metatarsal Bones

1 A part of the tibialis anterior is inserted on the
medial side of the base of the first metatarsal bone
(see Fig. 12.23).

2 The greater part of the peroneus longus is inserted
on a large impression at the inferior angle of the
lateral surface of the base of the first metatarsal bone
(see Fig. 12.23).

3 The peroneus brevis is inserted on the dorsal surface of
the tuberosity of the fifth metatarsal bone (Fig. 2.44).

4 The peroneus tertius is inserted on the medial part of
the dorsal surface of the base and the medial border
of the shaft of the fifth metatarsal bone (Fig. 2.44).

5 The flexor digiti minimi brevis arises from the plantar
surface of the base of the fifth metatarsal bone.

6 The shafts of metatarsal bones give origin to interossei
(see Figs 10.7 and 10.8).

- OSSIFICATION

Each metatarsal bone ossifies from one primary and
one secondary centre. The primary centre appears
in the shaft during the tenth week of foetal life in the
first metatarsal, and during the ninth week of foetal
life in the rest of the metatarsals (Fig. 2.45).

A secondary centre appears for the base of the first
metatarsal during the third year, and for the heads
of the other metatarsals between three and four years.
All secondary centres unite with the shaft by 18th
year. A separate centre for the tuberosity of the fifth
metatarsal bone may be present.
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Fibula:

Appearance—1st year
Fusion—16th year
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Tibia:

Appearance—1st year
Fusion—16th year

Talus—6th month of intrauterine life

Calcaneus—3rd month of intrauterine life

Appearance—3rd year

Appearance—2nd year

3

Appearance—3rd year

Navicular
Cuboid 6th month of intrauterine life
Appearance—1st year \ % K
Lateral, intermediate and medial cuneiforms ’ / SHLERNA

Appearance—3rd year

Fusion—18th Appearance—2nd year

year
Appearance—3rd year

L EDY
VD0 = ) Cp—r

Appearance—6th year

Do) ()

Q)=

Appearance—2nd year

Fusion—18th year
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Fig. 2.45: Ossification of foot bones

PHALANGES

There are 14 phalanges in each foot; 2 for the great toe
and 3 for each of the other toes. As compared to the
phalanges of the hand, these are much smaller in size,
and the shafts particularly of first row are compressed
from side to side. Otherwise their arrangement and
features are similar in two limbs.

Attachments

1 On bases of distal phalanges

a. Lateral four toes, flexor digitorum longus on the
plantar surface, and the extensor expansion on the
dorsal surface (see Fig. 10.5).

b. Great toe, flexor hallucis longus on the plantar
surface, and the extensor hallucis longus on the
dorsal surface (see Fig. 10.5).

2 On shaft and bases of middle phalanges

Flexor digitorum brevis on each side of the shaft on

plantar surface (see Fig. 10.4a); and extensor expansion

on the dorsal surface.
3 On bases of proximal phalanges

a. Second, third and fourth toes: A lumbrical muscle
on the medial side, and an interosseous muscle on
each side (see Figs 10.5, 10.7 and 10.8).

b. Fifth toe: A plantar interosseous muscle on the
medial side, and the abductor digiti minimi and
the flexor digiti minimi brevis on the lateral side
(see Figs 10.6a and 10.7).

c. Great toe, abductor hallucis and part of the flexor
hallucis medially, adductor hallucis and the remaining

part of the flexor hallucis brevis laterally (see Figs
10.4a. and 10.6a).
4 The fibrous flexor sheath is attached to the margins of
the proximal and middle phalanges of the lateral four
toes.

. _ OSSIFICATION

Phalanx ossifies by one primary centre for the shaft
which appears in tenth week of foetal life. The single
secondary centre appears in the base. It appears in
the proximal phalanx in second year, middle phalanx
in third year and in distal phalanx in the sixth year.
These fuse with the respective shafts by eighteenth
year. The big toe has two phalanges and their
secondary centres appear in second and third years
to fuse with shaft in 18th year (Fig. 2.45).

CLINICAL ANATOMY

e Adventitious bursae develop due to excessive or
abnormal friction, e.g. bursa over tendocalcaneus
due to ill fitting shoes.

¢ Bunion is an adventitious bursa on the medial side
of the head of 1st metatarsal bone.

e Fracture of tuberosity of 5th metatarsal bone may
occur due to the pull of peroneus brevis muscle.

¢ Fracture of 2nd, 3rd, 4th or 5th metatarsal bones
is common in soldiers and policemen and is called
“march fracture”.
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LOWER LIMB

SESAMOID BONES

The sesamoid (sesum, seed like) bones are located at

the following sites.

1 The patella is, by far, the largest sesamoid bone.

2 There is one sesamoid bone (os peroneum) in the
tendon of peroneus longus. It articulates with the
cuboid.

3 Sesamoid bones may be present in the tendons of
the tibialis anterior, the tibialis posterior, the lateral
head of the gastrocnemius (fabella), the tendon of
adductor longus (rider’s bone) and the gluteus
maximus.

4 There are two small sesamoids in the tendon of the
flexor hallucis brevis. They articulate with the head
of the first metatarsal bone.

5 Other tendons crossing the metatarsal, phalangeal
and interphalangeal joints may have sesamoids.

Mnemonics f

Attachments on linea aspera
I love B, Mr. B loves me
From lateral to medial side:
Vastus intermedius
Vastus lateralis
Short head of biceps femoris
Adductor magnus
Adductor brevis
Adductor longus and pectineus
Vastus medialis

e [liac crest of lower limb is used for bone marrow

biopsy.

Femur is the longest and strongest bone.

Fibula is mostly used for bone graft.

Talus bone has no muscle attachment.

First metatarsal has two sesamoid bones on the
plantar surface of its head.

CLINICOANATOMICAL PROBLEM

A player was kicked hard on the lateral surface of

right knee during a hockey game

* How do you feel the head of fibula?

e What important structure lies in relation to the
neck of fibula?

e What are the effects of injury to the neck of fibula?

Ans: The head of fibula is palpated from the posterior
aspect of knee joint. The head of fibula is
subcutaneous and lies at the posterolateral aspect of
the knee joint. The neck of fibula lies just beyond the
head. The common peroneal nerve winds around the
neck of fibula where it divides into superficial
peroneal and deep peroneal nerves. In injury to the
neck of fibula, common peroneal nerve is usually
injured, causing paralysis of the dorsiflexors of foot
supplied by deep peroneal nerve and of evertors of
foot supplied by the superficial peroneal nerve,
resulting in “foot drop” (see Fig. 8.10)

MULTIPLE CHOICE QUESTIONS

1. Which part of hip bone is used for taking bone
marrow biopsy in anaemia or leukaemia?

a. [lium
b. lliac crest

c. ASIS
d. PSIS
2. The bone which is devoid of any muscle attach-
ment?
a. Calcaneum b. Navicular
c. Talus d. Cuboid

3. Slightnotch onlower border of the lateral malleolus
of fibula give attachment to:

a. Anterior talofibular ligament

b. Inferior transverse tibiofibular ligament
c. Calcaneofibular ligament

d. Anterior Tibiofibular ligament

4. Which nerve is commonly injured in relation to
neck of fibula?

a. Common peroneal nerve
b. Deep peroneal nerve

¢. Superficial peroneal nerve
d. Tibial nerve

5. Medial strip on posterior surface of patella comes
in contact with femur in:

a. Full flexion of knee b. Midflexion

c. Extension d. Slight flexion
6. Patella is developed in the tendon of:
a. Rectus femoris b. Quadriceps femoris

c. Vastus medialis  d. Vastus intermedius
7. Which part of ischium forms efficient cushion for
support body weight in sitting position?
a. Superolateral part of upper area
b. Inferomedial part of upper area
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c. Inner lower area
d. Outer lower area

. The greater trochanter of femur does not give
attachment to:

a. Gluteus minimus
b. Obturator internus
¢. Gluteus medius

d. Psoas major

. Which of the following bone has a groove on
inferior surface for tendon of peroneus longus?

b. Calcaneus
d. Cuboid

a. Talus
c. Navicular

ANSWERS

10.

11.

12.

BONES OF LOWER LIMB

The medial surface of tibia gives insertion to all except:
b. Gracilis

c. Semitendinosus  d. Soleus

The nerve supply of tibialis anterior is:

a. Sartorius

a. Superficial peroneal nerve
b. Deep peroneal nerve

c. Tibial

d. None of above

Adductor tubercle close to medial condyle of femur
gives insertion to:

a. Adductor longus b. Adductor brevis
c. Adductor magnus d. Pectineus

il 1 o 5.a | &b
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INTRODUCTION

Front of thigh extends between the hip and knee joints.
The superficial fascia contains one big vein, the great
saphenous vein, besides the cutaneous nerves, vessels,
lymphatics and lymph nodes. The upper third of thigh
medially contains the femoral triangle, middle third
carries the femoral vessels through the adductor canal.
Front of thigh also contains a vast four-headed muscle,
the quadriceps femoris, besides the iliopsoas in the
uppermost region and adductor muscles on its medial
side. Femoral hernia if occurs is seen in the upper
medial region of front of thigh.

- SURFACE LANDMARKS

Iliac crest is a thick, curved bony margin, forming
laterally the lower margin of the waist. The hands are
often supported on the iliac crests in a relaxed standing
posture. Anterior superior iliac spine is the anterior end
of the iliac crest (Fig. 3.1). Tubercle of the iliac crest is a
low bony prominence situated on the outer lip of the
iliac crest about 5.0 cm behind the anterior superior
iliac spine.

Fold of groin is a shallow curved groove which
separates the front of the thigh from the anterior
abdominal wall. It represents the flexion crease of the
thigh and overlies the inguinal ligament which extends
from the anterior superior iliac spine to the pubic
tubercle. The downward convexity of the ligament is
due to the pull exerted by the fascia lata of the thigh.

Pubic tubercle is a small bony projection felt at the
medial end of the fold of groin. Pubic symphysis is
formed in the median plane between the right and left
pubic bones. Pubic crest is a short bony ridge between
the pubic tubercle and pubic symphysis (Fig. 3.2).

The greater trochanter of femur lies a hand’s-breadth
(about 12.5 cm) below the tubercle of iliac crest, formin

Front of Thigh

Fhose whe sil .r'(/f:y in lhe J_Jflﬁ-ﬁr/a{rfﬁn /’&r Gods /m»t;ﬁc e af{-m(nf /Zlaiﬁ

—Swami Dayanand Saraswati

.’?i Anterior

N e superior

\3 ti iliac spine
Pubic
tubercle

W ) Medial femoral
Upper end ey ". condyle
of tibia
Ankle joint

[Pt ARy
Dorsum of foot ﬂ ‘&

Fig. 3.1: Lines of dissection

a wide (4.5 cm) prominence just in front of the hollow
on the side of the hip. The upper margin of the
trochanter lies about the same level as the pubic crest.

Midinguinal point lies midway between the anterior
superior iliac spine and the pubic symphysis. The
femoral artery and the head of the femur lie beneath
the midinguinal point (Fig. 3.2).

Midpoint of inguinal ligament lies slightly lateral to
midinguinal point. It is the middle point of inguinal
ligament. Femoral nerve lies beneath it.

Patella (knee cap) is the largest sesamoid bone of the
body, developed in the tendon of quadriceps femoris.
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Fig. 3.2: The superficial area into which urine may pass when
urethra is injured. The areas within the interrupted lines have a
well-defined membranous layer of superficial fascia

It is easily seen and felt in front of the knee. It can be
moved freely in a fully extended knee.

Tibial tuberosity is a blunt prominence in front of the
upper end of tibia, marking the upper end of the shin.

Ligamentum patellae extends from the apex of patella
to the tibial tuberosity. It represents the tendon (5 x 2.5
cm) of the quadriceps femoris which can be felt best in
a half flexed knee.

The medial and lateral condyles of the femur and of the
tibia form large bony masses at the sides of the knee.
The most prominent points on the sides of the femoral
condyles are called the medial and lateral epicondyles.
Vastus medialis forms a fleshy prominence above the
medial condyle of femur, particularly in an extended
knee.

Adductor tubercle is a bony projection from the
uppermost part of the medial condyle of femur to which
the tendon of adductor magnus is attached. To palpate
the tubercle, flex the knee partly and note the wide,
shallow groove that appears posterior to the mass of
vastus medialis. The tendon of adductor magnus can
be felt in this groove. The tendon can be traced down
to the adductor tubercle.

SKIN AND SUPERFICIAL FASCIA

DISSECTION

Make a curved incision from anterior superior iliac spine
to the pubic tubercle.

Give a curved incision around the scrotum/pudendal
cleft towards upper medial side of thigh. Extend it
vertically down below the medial condyle of tibia till the
level of tibial tuberosity.

Now make a horizontal incision below the tibial
tuberosity till the lateral side of leg (Fig. 3.1).

FRONT OF THIGH

Reflect the skin laterally, exposing the superficial fatty
and deeper membranous layers of superficial fascia.
Remove the fatty layer.

Identify the great saphenous vein in the medial part
of anterior surface of thigh. Draining into its upper part
are its three superficial tributaries, namely superficial
circumflex iliac, superficial epigastric and superficial
external pudendal. The vertical group of superficial
inguinal lymph nodes lie along the upper part of great
saphenous vein.

Dissect the superficial inguinal ring 1 cm above and
lateral to the pubic tubercle. The spermatic cord and
ilioinguinal nerve leave the abdomen through this ring.

Trace the great saphenous vein backwards till it
pierces the specialised deep fascia known as cribriform
fascia to drain into the femoral vein enclosed in the
femoral sheath.

SKIN

The skin of thigh in the region around pubic symphysis,
is studded with hair. The presence of few stitches
indicates that embalming for preservation of the body
has been done from this site.

Procedure for embalming: A 6 cm long vertical
incision is given in the upper medial side of thigh. After
reflecting skin and fasciae, femoral sheath is incised to
visualise the femoral artery. About 10 litres of
embalming fluid prepared by mixing appropriate
amounts of formalin, glycerine, water, red lead,
common salt, etc. is put in the embalming machine
connected to a cannula.

A small nick is given in the femoral artery and
cannula introduced so that its tip points towards the
head end and 8.5 litres of fluid is pumped under 20 Ib
pressure. Then the direction of cannula is reversed and
rest of fluid is pumped in. Lastly, the skin and fasciae
are sutured.

SUPERFICIAL FASCIA

The superficial fascia has two layers, a superficial fatty
layer and a deep membranous layer, which are
continuous with the corresponding layers of the
anterior abdominal wall. The two layers are most
distinct in the uppermost part of the thigh, near the
groin, where the cutaneous nerves, vessels and lymph
nodes lie between the two layers.

The membranous layer is loosely attached to the deep
fascia of the thigh except near the inguinal ligament,
where it is firmly attached along a horizontal line. The
line of firm attachment is called Holden’s line. It begins
a little lateral to the pubic tubercle and extends laterally
for about 8 cm (Fig. 3.2).
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The importance of this Holden’s line is as follows.

When the urethra is injured in the perineum, urine
may flow out or extravasate into the interval deep to
the membranous layer of superficial fascia. This urine
can pass up into the anterior abdominal wall from
where it can enter the upper part of the thigh. However,
the firm attachment of the membranous layer of
superficial fascia to the deep fascia along Holden’s line
prevents urine from descending into the thigh beyond
the line.

The superficial fascia contains cutaneous nerves,
cutaneous arteries, the great saphenous vein and its
tributaries, and the superficial inguinal lymph nodes.
The nerves and vessels are described below. The
inguinal lymph nodes are described later.

Cutaneous Nerves

The skin of the front of the thigh is supplied by
following cutaneous nerves derived directly, or
indirectly, from the lumbar plexus (Fig. 3.3).

[:| Anterior division

Posterior division

lliohypogastric nerve

p L1
llioinguinal nerve
p L2
Genitofemoral nerve <
s
S
D L3 o
=
Lateral cutaneous 3
nerve of thigh L4 B
|
Nervi furcalis
() L5

Femoral nerve

Obturator nerve

Lumbosacral trunk
Fig. 3.3: The lumbar plexus and its branches

The ilioinguinal nerve (L1) emerges at the superficial
inguinal ring, and supplies the skin at the root of the
penis or over the mons pubis in the female, the anterior
one-third of the scrotum or labium majus, and the
superomedial part of the thigh (Fig. 3.4).

The femoral branch of genitofemoral nerve (L1, L2)
pierces the femoral sheath and the overlying deep fascia
2 cm below the midinguinal point, and supplies most
of the skin over the femoral triangle (Fig. 3.4).

Superficial
epigastric vein
Superficial
Superficial external _
circumflex pudendal vein
iliac vein Spermatic cord
Femo['al pbranch llioinguinal
of genitofemoral Ere
nerve
Saphenous
opening
Lateral Great
cutaneous saphenous
nerve vein
Intermediate )
cutaneous Line along
nerve sartorius
Medial
cutaneous

nerve

Fig. 3.4: Superficial veins and nerves seen on the front of the
thigh

The lateral cutaneous nerve of thigh (L2, L3) is a branch
of the lumbar plexus. It emerges behind the lateral end
of the inguinal ligament, divides into anterior and
posterior branches, and supplies the skin on the
anterolateral side of the thigh and on the anterior part
of the gluteal region.

The intermediate cutaneous nerve of thigh (L2, L3) is a
branch of the anterior division of the femoral nerve. It
pierces the deep fascia at the junction of the upper one-
third and middle one-third of the thigh. It divides into
two or more branches and supplies a strip of skin on
the front of the thigh extending from the sartorius to
the knee.

The medial cutaneous nerve of the thigh (L2, L3) is a
branch of the anterior division of the femoral nerve. It
divides into anterior and posterior divisions. The nerve
supplies the skin on the medial side of the lower two-
thirds of the thigh.

The saphenous nerve (L3, L4) is a branch of the
posterior division of the femoral nerve. It pierces the
deep fascia on the medial side of the knee, runs down
in front of the great saphenous vein, and supplies the
skin on the medial side of the leg and foot up to the
ball of the big toe (see Fig. 8.2).

Before piercing the deep fascia the saphenous netrve
gives off the infrapatellar branch which runs downwards
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and laterally, and supplies the skin over the ligamentum
patellae.

Potelior Plexus

It is a plexus of fine nerves situated in front of the
patella, the ligamentum patellae and the upper end of
the tibia. It is formed by contributions from:

1 The anterior division of the lateral cutaneous nerve
2 The intermediate cutaneous nerve

3 The anterior division of the medial cutaneous nerve
4 The infrapatellar branch of the saphenous nerve.

Cutaneous Arteries

Three small arteries arising from the femoral artery can
be seen a little below the inguinal ligament (Fig. 3.11).

1 Superficial external pudendal artery pierces the
cribriform fascia, runs medially in front of the
spermatic cord, and supplies the external genitalia.

2 Superficial epigastric artery pierces the cribriform
fascia, runs towards the umbilicus, and supplies the
lower part of anterior abdominal wall.

3 Superficial circumflex iliac artery pierces the fascia lata
lateral to saphenous opening, runs upwards below
the inguinal ligament, and anastomoses at the
anterior superior iliac spine with deep circumflex
iliac, superior gluteal and lateral circumflex femoral
arteries.

Great or Long Saphenous Vein

This is the largest and longest superficial vein of the
lower limb (Saphes = easily seen).

It begins on the dorsum of the foot from the medial
end of the dorsal venous arch, and runs upwards in
front of the medial malleolus, along the medial side of
the leg, and behind the knee. In the thigh, it inclines
forwards to reach the saphenous opening where it
pierces the cribriform fascia and opens into the femoral
vein. Before piercing the cribriform fascia, it receives
three named tributaries corresponding to the three
cutaneous arteries, and also many unnamed tributaries
(see Figs 3.4 and 11.1).

Supefficial Inguinal Lymph Nodes

The superficial inguinal lymph nodes are variable in their
number and size. Their arrangement is T-shaped, there
being a lower vertical group and an upper horizontal
group. The upper nodes can be subdivided into the
upper lateral and upper medial groups (Fig. 3.5).

1 Lower vertical group drains lymph from most of the
lower limb.

2 Upper lateral group drains lymph from infra-
umbilical part of anterior abdominal wall and gluteal
region.

FRONT OF THIGH

Upper lateral group
drains lower part of
anterior abdominal
wall below umbilicus

Upper medial group
drains skin of
perineum and the
openings in perineum

Lower vertical group
drains most of the
lower limb

Fig. 3.5: Superficial inguinal lymph nodes

3 Upper medial group drains lymph from external
genital organs including the terminal ends of the
urethra, anal canal and vagina.

Subcutaneous Bursae

Bursae are lubricating mechanisms which are provided
at sites of friction to smoothen movement. Undue
pressure on them may cause their pathological
enlargement. Bursae present in relation to the patella
are described here (Fig. 3.6).

Suprapatellar bursa Femur

Prepatellar bursa

Deep infrapatellar bursa

Subcutaneous
infrapatellar bursa

Tibia

Fig. 3.6: The patellar bursae

Prepateliar Bursa
It lies in front of the lower part of the patella and of the
upper part of the ligamentum patellae.

Subcutaneous Infrapatellar Bursa

It lies in front of lower part of the tibial tuberosity and
of the lower part of the ligamentum patellae.
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Two deep bursae are also present. These are
suprapatellar bursa and deep infrapatellar bursa.

CLINICAL ANATOMY

e Prepatellar bursitis is called “housemaids knee”
or miner’s knee.

e Subcutaneous infrapatellar bursitis is called
“clergyman’s knee.”

DEEP FASCIA AND FEMORAL TRIANGLE

DISSECTION

After the reflection of the superficial fascia, the deep
fascia of thigh is visible. Study its attachments,
modifications and extensions.

Follow the great saphenous vein through the
cribriform fascia and the anterior wall of femoral sheath
into the femoral vein. The femoral vein occupies the
intermediate compartment of the femoral sheath. Medial
compartment of femoral sheath is the femoral canal
occupied by a lymph node while the lateral compartment
is occupied by the femoral artery.

Give a vertical incision in the deep fascia of thigh
from tubercle of iliac crest till the lateral condyle of femur
and remove the deep fascia or fascia lata in lateral part
of thigh. This will expose the tensor fasciae latae muscle
and gluteus maximus muscle getting attached to iliotibial
tract. Identify the four heads of quadriceps femoris
muscle.

Remove the entire deep fascia from upper one-third
of the front of thigh. Identify the sartorius muscle
stretching gently across the thigh from lateral to medial
side and the adductor longus muscie extending from
medial side of thigh towards lateral side into the femur,
being crossed by the sartorius. This triangular
depression in the upper one-third of thigh is the femoral
triangle. The medial border of sartorius forms lateral
boundary and medial border of adductor longus forms
medial boundary. The base of this triangle is formed by
the inguinal ligament. Dissect its boundaries, and
contents, e.g. femoral nerve, artery and vein, and
accompanying structures.

Expose the sartorius muscle till its insertion into the
upper medial surface of shaft of tibia.

DEEP FASCIA/FASCIA LATA

The fascia lata is a tough fibrous sheath that envelops
the whole of the thigh like a sleeve. Its attachments,
shown in Fig. 3.7, are as follows:

Superiorly it is attached to the boundary line between
the lower limb and the pelvis. Thus anteriorly it is
attached to the inguinal ligament; laterally to the iliac

Fascia lata
attached to:

lliac crest

A

Sacrotuberous
ligament

Inguinal

ligament Pubis
and ischial
tuberasity

Fig. 3.7: The upper attachments of the fascia lata

crest; posteriorly, through the gluteal fascia to the
sacrum, coccyx and sacrotuberous ligament; and
medially to the pubis, the pubic arch and the ischial
tuberosity.

Inferiorly, on the front and sides of the knee, the fascia
lata is attached to subcutaneous bony prominences and
the capsule of the knee joint. Posteriorly, it forms the
strong popliteal fascia which is continuous below with
the fascia of the back of the leg.

Modifications of Fascia Lata

fiotibial Tract

The fascia lata is thickened laterally where it forms a
5 cm wide band called the iliotibial tract (Fig. 3.8).
Superiorly the tract splits into two layers. The
superficial lamina is attached to tubercle of iliac crest,
and deep lamina to the capsule of hip joint. Inferiorly,
the tract is attached to a smooth area on anterior surface
of the lateral condyle of tibia. The importance of the
iliotibial tract is as follows.

lliac crest

Acetabulum
Gluteus maximus

Tensor fasciae latae

lliotibial tract

Lateral condyle
of tibia

Fig. 3.8: The iliotibial tract with insertion of two muscles
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a. Two important muscles are inserted into its upper
part, between the superficial and deep laminae.
These are the three-fourths part of the gluteus
maximus; and the tensor fasciae latae.

b. The iliotibial tract stabilizes the knee both in
extension and in partial flexion; and is, therefore,
used constantly during walking and running. In
leaning forwards with slightly flexed knees, the tract
is the main support of the knee against gravity.

Saphenous Opening

This is an oval opening in the fascia lata. The centre of
the opening is 4 cm below and 4 cm lateral to the pubic
tubercle. It is about 2.5 cm long and 2 cm broad with its
long axis directed downwards and laterally. The
opening has a sharp crescentic lateral margin or
falciform margin which lies in front of the femoral
sheath. The medial well defined margin of the opening
lies at a deeper level. It is formed by the fascia overlying
the pectineus. The fascia passes behind the femoral
sheath (Fig. 3.4).

The saphenous opening is closed by the cribriform
fascia formed by modification of superficial fascia which
covers the opening.

Intermuscular Septa

Three intermuscular septa divide the thigh into three
compartments (Fig. 3.9).

The lateral intermuscular septum is the thickest of these
septa. It extends from the iliotibial tract to the lateral
lip of the linea aspera. It separates the anterior
compartment of the thigh from the posterior compar-
tment.

The medial intermuscular septum is attached to the
medial lip of the linea aspera, and separates the anterior
compartment of the thigh from the medial compartment.

The posterior intermuscular septum is poorly defined.
It separates the medial compartment of the thigh from
the posterior compartment.

" Fascia lata
. Medial - Anterior
intermuscular compartment
septum
Medial Femur

compartment

Lateral
intermuscular
septum

Posterior
intermuscular
septum

liiotibial tract
Posterior

compartment

Fig. 3.9: Intermuscular septa and compartments of thigh

FRONT OF THIGH

CLINICAL ANATOMY

The fascia lata is attached to the inguinal ligament.
Extension of the thighs pulls the abdominal wall
downwards and makes it tense. To relax the
abdomen fully for palpation by an examining
physician, the patient is asked to draw the legs up.
This overcomes the pull of the fascia lata on the
abdominal wall.

: FEMORAL TRIANGLE

It is a triangular depression on the front of the upper
one-third of the thigh immediately below the inguinal
ligament.

Boundaries

The femoral triangle is bounded laterally by the medial
border of sartorius; and medially by the medial border
of the adductor longus (Figs 3.10 to 3.12). Its base is
formed by the inguinal ligament. The apex, which is
directed downwards, is formed by the point where the
medial and lateral boundaries cross.

The apex is continuous, below, with the adductor

canal.

The roof of the femoral triangle is formed by:

a. Skin.

b. Superficial fascia containing the superficial
inguinal lymph nodes, the femoral branch of the
genitofemoral nerve, branches of the ilioinguinal
nerve, superficial branches of the femoral artery
with accompanying veins, and the upper part of
the great saphenous vein.

c. Deep fascia, with the saphenous opening and the
cribriform fascia (Fig. 3.10b).

The floor of the triangle is formed medially by the
adductor longus and pectineus, and laterally by the psoas
major and iliacus (Figs 3.10 a and b).

Contents

The contents of the femoral triangle (Fig. 3.11) are as
follows:

1 Femoral artery and its branches: The femoral artery
traverses the triangle from its base at the midinguinal
point to the apex. In the triangle, it gives off six
branches, three superficial and three deep.

2 Femoral vein and its tributaries: The femoral vein
accompanies the femoral artery. The vein is medial
to the artery at base of triangle, but posteromedial
to artery at the apex.

The femoral vein receives the great saphenous
vein, circumflex veins and veins corresponding to
the branches of femoral artery.
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LOWER LIMB

Inguinal ligament

lliacus Skin Fascia lata Femoral artery

Tendon of Cribriform fascia

psoas major Femoral

sheath Lymph node
Pectineus

Sartorius Superficial fascia

. Femoral vein
Adductor lliacus

longus
9 Femoral

nerve

Adductor longus

Tendon of
psoas major

Pectineus

Head of femur Capsule of hip joint

(a)
Figs 3.10a and b: Floor of the femoral triangle: (a) Surface view, and (b) sectional view

lliopsoas

Inguinal ligament

Superficial circumflex iliac artery Femoral nerve

Superficial epigastric artery
Sartorius
Femoral artery
Lateral femoral circumflex artery
Superficial external pudendal
Profunda femoris artery
Deep inguinal lymph nodes
Rectus femoris .
Femoral vein

Lateral cutaneous nerve of thigh Pectineus

Great saphenous vein

Adductor longus

Fig. 3.11: Contents of the right femoral triangle

3 The femoral sheath encloses the upper 4 cm of the c. The femoral branch of the genitofemoral nerve
femoral vessels (Fig. 3.12). occupies the lateral compartment of the femoral
4 N ) sheath along with the femoral artery. It supplies
erves: . ;
. most of the skin over the femoral triangle.

a. The femoral nerve lies lateral to the femoral artery, d. The lateral cutaneous nerve of the thigh crosses the
outside the femoral sheath, in the groove between lateral angle of the triangle. Runs on the lateral
the il‘iacus and the psoas major muscles. It is side of thigh and ends by dividing into anterior
described later. and posterior branches. These supply anterolateral

b. The nerve to the pectineus arises from the femoral aspect of front of thigh and lateral aspect of gluteal
nerve just above the inguinal ligament. It passes region respectively.
behind femoral sheath to reach the anterior surface 5 The deep inguinal lymph nodes lie deep to the deep
of pectineus. fascia. These lie medial to upper part of femoral vein
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Femoral triangle

Femoral sheath

Adductor longus

Femoral vessels

Apex of femoral triangle

Sartorius

Fig. 3.12: Femoral sheath enclosing the upper parts of the
femoral vessels

and receive lymph from superficial inguinal lymph
nodes, from glans penis or clitoris and deep
lymphatics of lower limb.

Femoral Sheath

This is a funnel-shaped sleeve of fascia enclosing the
upper 3 to 4 cm of the femoral vessels. The sheath is
formed by downward extension of two layers of the
fascia of the abdomen. The anterior wall of the sheath
is formed by the fascia transversalis which lies in the
anterior abdominal wall deep to the transversus
abdominis; and the posterior wall is formed by the
fascia iliaca, which covers the iliacus muscle (Fig. 3.13).
Inferiorly, the sheath merges with connective tissue
around the femoral vessels.

The femoral sheath is asymmetrical. Its lateral wall
is vertical, and the medial wall is oblique being directed
downward and laterally (Fig. 3.14).

The sheath is divided into the following three
compartments by septa (Fig. 3.14).

a. The lateral or arterial compartment contains the
femoral artery and the femoral branch of the
genitofemoral nerve.

b. The intermediate or venous compartment contains the
femoral vein.

c. The medial or lymphatic compartment is the smallest
of all, and is known as the femoral canal which is
described below.

Femoral Canal

This is the medial compartment of the femoral sheath.
It is conical in shape, being wide above or at base and
narrow below. It is about 1.5 cm long, and about 1.5 cm
wide at the base (Figs 3.14, 3.15 and 3.18).
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External oblique
/ Internal oblique

Transverse abdominis

Fascia transversalis

Fascia iliaca

Spermatic cord

Inguinal ligament lliacus

llium
Femoral sheath

Femoral artery

Fig. 3.13: Formation of the femoral sheath by extension of the
fascia transversalis and the fascia iliaca into the thigh

Femoral artery Femoral vein

Femoral ring

Femoral branch
of genitofemoral
nerve

Femoral canal
with lymph node

Fascia —f &
transversalis

Great
saphenous

Anterior wall of —
femoral sheath

Fig. 3.14: Asymmetry of the right femoral sheath

The base or upper end of femoral canal is called
femoral ring. The boundaries of ring are important.

It is bounded anteriorly by the inguinal ligament,
posteriorly by pectineus and its covering fascia, medially
by the concave margin of lacunar ligament, and laterally
by the septum separating it from femoral vein.

The inferior epigastric vessels are closely related to
junction of the anterior and lateral walls of ring.
The femoral ring is closed by a condensation of
extraperitoneal connective tissue called the femoral
septum.

The parietal peritoneum covering septum from
above shows a depression called femoral fossa.

The femoral canal contains a lymph node of Cloquet
or of Rosenmiiller, lymphatics, and a small amount of
areolar tissue. The lymph node drains the glans penis
in males and the clitoris in females.
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Inguinal ligament
Femoral sheath

Femoral canal

Femoral artery —

Femoral vein—

Spermatic cord——

Fig. 3.15: Three compartments of femoral sheath

CLINICAL ANATOMY

¢ Femoral hernia: The femoral canal is an area of
potential weakness in the abdominal wall through
which abdominal contents may bulge out forming
a femoral hernia. A femoral hernia is more
common in females because the femoral canal is
wider in them than in males. This is associated
with the wider pelvis, and the smaller size of the
femoral vessels, in the female (Fig. 3.16).

Hernia comprises a neck and a sac. Coverings
are the various layers on the sac. Mostly the
content of hernial sacis a loop of bowel (Fig. 3.17).

* The course of an enlarging hernial sac is typical.
First it passes downwards through the femoral
canal, then forwards through the saphenous
opening, and finally upwards along with the
superficial epigastric and superficial circumflex
iliac vessels. For reduction of such a hernia the
reverse course has to be followed (Fig. 3.18).

¢ In cases of strangulation of a femoral hernia, the
surgeon has to enlarge the femoral ring. This is
possible only by cutting the lacunar ligament;
which forms the medial boundary of the ring.
Normally this can be done without danger.
Occasionally, however, an abnormal obturator
artery may lie along the edge of the lacunar
ligament; and cutting it may cause alarming
haemorrhage (Fig. 3.19).

s Abnormal obturator artery: The normal obturator
artery is a branch of the internal iliac. It gives a
pubic branch which anastomoses with the pubic
branch of the inferior epigastric artery.
Occasionally, this anastomosis is large and the
obturator artery then appears to be a branch of
the inferior epigastric. Usually, the abnormal
artery passes lateral to the femoral canal in contact
with the femoral vein and is safe in an operation

to enlarge the femoral ring. Sometimes, however,
the abnormal obturator artery may lie along the
medial margin of the femoral ring, i.e. along the
free margin of the lacunar ligament. Such an artery
is likely to be cut if an attempt is made to enlarge
the femoral ring cutting lacunar ligament (Fig. 3.19).

* Lateral cutaneous nerve of thigh may get
entangled in the inguinal ligament. This leads to
pain on lateral side of thigh. It is called “meralgia
parasthetica” (Fig. 3.20B).

¢ The femoral artery is exposed in the adductor
canal for various surgical procedures.

Femoral nerve,
artery and vein

Pubic tubercle
Femoral hernia

Fig. 3.16: Femoral hernia

Neck

Content is a loop
of intestine

Sac of hernia

Coverings of hernia

Fig. 3.17: Hernial sac with loop of bowel

FEMORAL ARTERY

This is the chief artery of the lower limb. Develop-
mentally it is not derived from the axis artery. The
original axis artery in the uppermost part of the limb is
represented by the inferior gluteal artery.

Origin
It is the continuation of external iliac artery. It begins
behind the inguinal ligament at the midinguinal point.
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External oblique

Internal oblique

Skin

Transversus abdominis

Superficial fascia

Fascia transversalis

Peritoneum

Spermatic cord

Inguinal ligament

Course of femoral hernia

Cribriform fascia

Femaral canal

Fascia lata

Fascia iliaca
Femoral fossa

Pectineal fascia
Femoral septum
Lymph node of Cloquet
~ Pectineus

Adductor longus

Fig. 3.18: Femoral canal and the course of a femoral hernia

Inferior epigastric
artery and its
pubic branch

Lacunar ligament Inguinal ligament

Pubic tubercle Pectinate line

Normal
obturator artery

Fig. 3.19: Pubic region seen from behind to show the course
of an abnormal obturator artery: a = femoral canal; b = femoral
vein; ¢ = junction of external iliac and femoral arteries; x =
usual safe course of abnormal obturator artery; y = occasional
dangerous position of artery

Fig. 3.20: (A) Sensory loss due to injury to femoral nerve,
and (B) meralgia parasthetica

Extent and Course

It passes downwards and medially, first in the femoral
triangle, and then in the adductor canal. At the lower
end of the adductor canal, i.e. at the junction of the
middle and lower thirds of the thigh it passes through
an opening in the adductor magnus to become
continuous with the popliteal artery (Fig. 3.21).

Relations of Femoral Artery in Femoral Triangle

Anterior: Skin, superficial fascia, deep fascia and the
anterior wall of the femoral sheath.

Posterior: Psoas major, the pectineus, and the adductor
longus. The posterior wall of the femoral sheath
intervenes between these structures and the artery
(Fig. 3.22).

Medial: The femoral vein. Just below the inguinal
ligament the vein is medial to the artery. However, the
vein gradually crosses to the lateral side posterior to the
artery. It is directly behind the artery at the apex of the
femoral triangle, and lateral to the lower end of the artery.

Lateral: The femoral nerve is lateral to the upper part of
the artery. Lower down the artery is related to the
branches of the nerve.

Branches in the Femoral Triangle

The femoral artery gives off three superficial and three
deep branches in the femoral triangle.

The superficial branches are:

a. Superficial external pudendal supplies the skin
of external genital organs (Fig. 3.11).

b. Superficial epigastric for skin and fasciae of lower
part of anterior abdominal wall.

c. Superficial circumflex iliac for skin along the iliac
crest.
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Anterior superior iliac spine
Inguinal ligament
Pubic tubercle

Pubic symphysis

Femoral artery in femoral
triangle and in adductor canal

Tendinous opening
in adductor magnus

Popliteal artery
Fig. 3.21: Course and extent of the femoral artery

The deep branches are:

a. Profunda femoris (Fig. 3.22)

b. Deep external pudendal supplies the external
genital organs.

¢. Muscular branches.

Profunda Femoris Artfery

This is the largest branch of the femoral artery (Fig. 3.22).
It is the chief artery of supply to all the three
compartments of the thigh.

Skin

External oblique

Superficial inguinal lymph node

Superficial circumflex iliac vein

Femoral branch of genitofemoral nerve

It arises from the lateral side of the femoral artery
about 4 cm below the inguinal ligament. The origin lies
in front of the iliacus.

As the artery descends, it passes posterior to the
femoral vessels. It leaves the femoral triangle by passing
deep to the adductor longus. Continuing downwards,
it passes first between the adductor longus and the
adductor brevis, and then between the adductor longus
and the adductor magnus. Its terminal part pierces the
adductor magnus to anastomose with upper muscular
branches of the popliteal artery.

The profunda femoris artery gives off the medial and
lateral circumflex femoral arteries, and three
perforating arteries (see Fig. 7.12). It itself ends as the
fourth perforating artery.

The medial circumflex femoral artery leaves the femoral
triangle by passing posteriorly, between the pectineus
and the psoas major muscles. It gives an acetabular,
branch and divides into an ascending and transverse
branches. It supplies adductor muscles and head of
femur.

The lateral circumflex femoral artery runs laterally
between the anterior and posterior divisions of the
femoral nerve, passes behind the sartorius and the
rectus femoris, and divides into ascending, transverse
and descending branches.

The ascending branch runs deep to the tensor fasciae
latae, gives branches to the hip joint and the greater
trochanter, and anastomoses with the superior gluteal
artery.

The transverse branch pierces the vastus lateralis and
takes part in the cruciate anastomosis on the back of
the thigh just below the greater trochanter.

Inguinal ligament
Femoral sheath

Psoas tendon
Hip joint
lliac bursa

Nerve to pectineus

Medial circumflex artery

Femoral artery and vein

Fascia lata

Medial cutaneous nerve of thigh

Adductor longus

Pectineus

Profunda femoris artery

Profunda femoris vein

Adductor brevis

Adductor magnus

Fig. 3.22: Anterior and posterior relations of the femoral artery in the femoral triangle
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The descending branch runs down along the anterior
border of the vastus lateralis, accompanied by the nerve
to that muscle.

Four perforating arteries are described in Chapter 7.
These supply muscles attached to linea aspera.

Deep External Pudendal Attery

This branch of the femoral artery passes deep to the
spermatic cord, or the round ligament of the uterus, and
supplies the scrotum or the labium majus.

Muscular Braonches

Numerous muscular branches arise from the femoral and
profunda femoris artery, or its branches, to supply the
muscles of the thigh.

CLINICAL ANATOMY

¢ The femoral artery can be compressed at the
midinguinal point against the head of the femur
or against the superior ramus of the pubis to
control bleeding from the distal part of the limb
in the thigh or leg.

* Pulsations of the femoral artery can be felt at the
midinguinal point, against the head of the femur
and the tendon of the psoas major. A bilateral
absence or feebleness of the femoral pulse may
result from coarctation or narrowing of the aorta,
or thrombosis, i.e. clotting of blood within the
aorta (Fig. 3.23).

* Stab wounds at the apex of the femoral triangle
may cut all the large vessels of the lower limb
because the femoral artery and vein, and the
profunda femoris artery and vein are arranged in
one line from before backwards at this site
(Fig. 3.24). Injury to femoral vessels results in fatal
haemorrhage.

* Since the femoral artery is quite superficial in the
femoral triangle, it can be easily exposed for
ligation, i.e. tying, or for passing a cannula or a
thick needle. Catheters are passed upwards till the
heart for certain minor operation (Fig. 3.25).

* The femoral vein is commonly used for intravenous
infusions in infants and in patients with peripheral
circulatory failure.

FEMORAL VEIN

It begins as an upward continuation of the popliteal
vein at the lower end of the adductor canal, and ends
by becoming continuous with the external iliac vein
behind the inguinal ligament, medial to the femoral
artery (Figs 3.11 and 3.14).
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Common iliac
External iliac
Femoral

_.______-—-—"?_-
Fig. 3.23: Palpation of femoral pulse at midinguinal point

Femoral artery Femoral vein

Profunda femoris artery
Profunda femoris vein

Adductor longus

Fig. 3.24: Sagittal sectional view of four vessels

Aorta

Common iliac artery
External iliac artery
Internal iliac artery

Femoral artery

Fig. 3.25: Catheterisation of femoral artery

Tributaries: It receives:

a. The great saphenous vein.

b. Veins accompanying three deep branches of
femoral artery in femoral triangle, i.e. profunda,
deep external pudendal, and muscular.

¢. Lateral and medial circumflex femoral veins.

d. The descending genicular and muscular veins in
the adductor canal.
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FEMORAL NERVE

The femoral nerve is the chief nerve of the anterior
compartment of the thigh.

Origin and Root Value

Itis the largest branch of the lumbar plexus. It is formed
by the dorsal divisions of the anterior primary rami of
spinal nerves 1.2, L3 and L4 (Fig. 3.3).

Course

It enters the femoral triangle by passing behind the
inguinal ligament just lateral to the femoral artery.

In the thigh, it lies in the groove between the iliacus
and the psoas major, outside the femoral sheath, and
lateral to the femoral artery. The nerve is not included
in the femoral sheath as its formation is behind the fascia
iliaca which is forming posterior wall of the sheath.

After a short course of about 2.5 cm below the
inguinal ligament, the nerve divides into anterior and
posterior divisions which are separated by the lateral
circumflex femoral artery (Figs 3.11 and 3.26).

BRANCHES AND DISTRIBUTION
Muscular

1 The anterior division supplies the sartorius.

2 The posterior division supplies the rectus femoris,
the three vasti and the articularis genu. The
articularis genu is supplied by a branch from the
nerve to vastus intermedius.

Cutaneous

1 The anterior division gives two cutaneous branches,
the intermediate and the medial cutaneous nerves
of the thigh.

2 The posterior division gives only one cutaneous
branch, the saphenous nerve.

Branches and distribution of femoral nerve are

shown in Fig. 3.26.

Articular

1 The hip joint is supplied by the nerve to the rectus
femoris.

2 The knee joint is supplied by the nerves to the three
vasti. The nerve to the vastus medialis contains
numerous proprioceptive fibres from the knee joint,
accounting for the thickness of the nerve. This is in
accordance with Hilton’s law: Nerve supply to a
muscle which lies across a joint, not only supplies
the muscle, but also supplies the joint beneath and
the skin overlying the muscle.

Vascular
To the femoral artery and its branches.

Nerve to iliacus

Femoral nerve

Nerve to

Posterior division pectineus*

Nerve to rectus

femoris
Nerve to
sartorius

Nerve to vastus
lateralis

Nerve to vastus
intermedius

Nerve to vastus
medialis

Medial and
intermediate
cutaneous
nerves of thigh

Saphenous nerve

Articular twigs to
knee joint from

Fig. 3.26: The branches and distribution of femoral nerve

*The nerve to the pectineus arises from the medial side of the
femoral nerve just above the inguinal ligament. It passes
obliquely downwards and medially, behind the femoral sheath,
to reach the anterior surface of the muscle.

CLINICAL ANATOMY

Injury to the femoral nerve by wounds in the groin,
though rare, causes paralysis of the quadriceps
femoris and a sensory deficit on the anterior and
medial sides of the thigh and medial side of leg
(Fig. 3.20A).

MUSCLES OF THE FRONT OF THE THIGH

The muscles of the anterior compartment of the thigh
are the sartorius, the quadriceps femoris, and the
articularis genu (Figs 3.27 and 3.28). In addition to these,
some muscles belonging to other regions are also
encountered on the front of the thigh. The iliacus and
psoas major muscles, which form part of the floor of
the femoral triangle, have their origin within the
abdomen. The pectineus and adductor longus, also seen
in relation to the femoral triangle, are muscles of the
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Tensor fasciae latae

lliacus

Psoas major

Pectineus

Adductor longus
Gracilis

Adductor magnus
Rectus femoris
Vastus lateralis
Sartorius

Vastus medialis

Patella

Q angle (15°-20°)

Ligamentum patellae

Fig. 3.27: Muscles seen on the front of the thigh

medial compartment of the thigh. They are described
in Chapter 4. In the upper lateral corner of the front of
the thigh, we see the tensor fasciae latae. This is a muscle
of the gluteal region and is described in Chapter 5.
The sartorius (sartor = tailor) is long, narrow and
ribbon—like. It runs downwards and medially across
the front of the thigh. It is the longest muscle in the

Sartorius

Medial cutaneous nerve of thigh
Femoral artery

Femoral vein

Adductor longus

Gracilis

Profunda vessels

Adductor brevis

Adductor magnus
Semimembranosus

Semitendinosus
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body (Fig. 3.29). Its attachments are given in Table 3.1.
Its nerve supply and actions are given in Table 3.2.

The quadriceps femoris is so called because it consists
of four parts. These are the rectus femoris, the vastus
lateralis, the vastus medialis, and the vastus
intermedius. The rectus femoris is fusiform. It runs
more or less vertically on the front of the thigh
superficial to the vasti. The three vasti are wrapped
around the shaft of the femur in the positions indicated
by their names. The attachments of the components of
the quadriceps femoris are given in Table 3.1. Their
nerve supply and actions are given in Table 3.2.

The articularis genu consists of a few muscular slips
that arise from the anterior surface of the shaft of the
femur, a few centimetres above the patellar articular
margin. They are inserted into the upper part of the
synovial membrane of the knee joint. They pull the
synovial membrane upwards during extension of the
knee, thus preventing damage to it.

lliacus and Psoas Major

These muscles form the lateral part of the floor of the
femoral triangle. They are classified as muscles of the
iliac region, and also among the muscles of the posterior
abdominal wall. Since the greater parts of their fleshy
bellies lie in the posterior abdominal wall, they will be
described in detail in the section on the abdomen.
However, on account of their principal action on the
hip joint, the following points may be noted.

1 Both have a common insertion on the lesser
trochanter of the femur and are the chief and
powerful flexors of the hip joint.

2 Because of their common insertion and action, the
two muscles are often referred to by a common name,
the iliopsoas.

Rectus femoris Anterior
Medial + Lateral
Vastus medialis Posterior

Vastus intermedius

Vastus lateralis

Fascia lata

Lateral intermuscular septum

Short head of biceps femoris (muscle)

lliotibial tract

Sciatic nerve

Long head of biceps femoris

Fig. 3.28: Transverse section through the upper third of the thigh
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Table 3.1: Muscles of the anterior or extensor compartment of thigh

Muscle Origin from Insertion into
1. Sartorius (Latin tailor) » Anterior superior iliac spine Upper part of the medial surface of the
(Fig. 3.27) * Upper half of the notch below the spine shaft of the tibia in front of the insertions

of the gracilis and the semitendinosus

2. Quadriceps femoris

A. Rectus femoris (Fig. 3.27) » Straight head: from the upper half of the Base of patella, anterior to vastus
fusiform, superficial fibres anterior inferior iliac spine intermedius
bipennate, deep fibres * Reflected head: from the groove above the
straight margin of the acetabulum and the capsule

of the hip joint

B. Vastus lateralis (Fig. 3.27) The origin is linear from

forms large part of * Upper part of intertrochanteric line » Lateral part of the base of patella
quadriceps femoris * Anterior and inferior borders of greater ¢ Upper one-third of the lateral border
trochanter of patella
* Lateral lip of gluteal tuberosity ¢ Expansion to the capsule of knee
¢ Upper half of lateral lip of linea aspera joint, tibia and iliotibial tract

C. Vastus medialis (Fig. 3.27)  The origin is linear from

* Lower part of intertrochanteric line Medial one-third of the base and
» Spiral line upper two-thirds of the medial
¢ Medial lip of linea aspera border of the patella

* Upper one-fourth of medial supracondylar line

D. Vastus intermedius Upper three-fourths of the anterior and Base of patella*
(Fig. 3.28) lateral surfaces of the shaft of femur
3. Articularis genu Anterior surface of femur Suprapatellar bursa/synovial

membrane of knee joint

*The patella is a sesamoid bone in the tendon of the quadriceps femoris. The ligamentum patellae is the actual tendon of the quadriceps femoris,
which is inserted into the upper part of tibial tuberosity

Table 3.2: Nerve supply and actions of muscles
Muscle Nerve supply Actions
1. Sartorius Femoral nerve Abductor and lateral rotator of thigh
Flexor of leg at knee joint

These actions are involved in assuming the position in which
a tailor work, i.e. palthi posture used during prayer sessions

also.
2. Quadriceps femoris
A Rectus femoris Femoral nerve, this branch Extensor of knee joint, also called “kicking muscle”.
also supplies hip joint Flexor of hip joint
B. Vastus lateralis Femoral nerve, this branch Extends knee joint, helps in standing, walking and running
also supplies knee joint
C. Vastus medialis Same as above Extends knee joint, prevents lateral displacement of patella.

Rotates femur medially during locking stage of extension of
knee joint. Action is extremely important for stability of patella.

D. Vastus intermedius Same as above Extends knee joint

3. Articularis genu Femoral nerve It pulls the synovial membrane upwards during extension of
the knee, thus preventing damage to it
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3 Bothare supplied by spinal segments L2 and L3. The
psoas is supplied by the branches from the nerve
roots, whereas the iliacus is supplied by the femoral
nerve.

CLINICAL ANATOMY

* Testing for Quadriceps Femoris: A person lies supine
with one bare lower limb and hip and knee joints
partially flexed. The right hand of physician
presses the person’s right leg downwards. He is
requested to straighten the knee against resistance
of the physician’s right hand, while his left hand
feels the contracting quadriceps muscle above the
knee (Fig. 3.29).

¢ Patellar tendon reflex or knee jerk (L3, L4). The knee
joint gets extended on tapping the ligamentum
patellae (Fig. 3.30).

¢ Psoas abscess formed due to tubercular infection
of lumbar vertebrae can track down between
psoas major muscles and its fascia to reach behind
the inguinal ligament into the femoral triangle. It
may be mistaken for enlarged lymph nodes
(Fig. 3.31).

¢ Intramuscular injection can be given in
anterolateral region of thigh in the vastus lateralis
muscle (Fig. 3.32).

Fig. 3.29: Shows how to test the quadriceps femoris muscle

Fig. 3.30: Patellar tendon reflex

FRONT OF THIGH

Paravertebral abscess

Psoas abscess

Fig. 3.31: Course of psoas abscess

Fig. 3.32: Anterolateral region of thigh

ADDUCTOR/HUNTER'S/SUBSARTORIAL CANAL

DISSECTION

Upper one-third of sartorius forms the lateral boundary
of the femoral triangle.

On lifting the middle one-third of sartorius, a part of
deep fascia stretching between vastus medialis and
adductor muscles is exposed. On longitudinal division
of this strong fascia, the adductor canal subsartorial
canal/Hunter’s canal is visualised (Fig. 3.33).

Dissect its contents, e.g. femoral vessels, saphenous
nerve and nerve to vastus medialis, and distal parts of
both divisions of obturator nerve.
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Base of femoral
triangle

Femoral triangle

Medial border
of sartorius Medial border of

adductor longus

Apex of femoral
triangle

Adductor canal
deep to sartorius

Fig. 3.33: Location of the adductor canal

Features

This is also called the subsartorial canal or Hunter’s
canal. John Hunter (1729-93) was an anatomist and
surgeon at London. Hunter’s operation for the
treatment of popliteal aneurysm by ligating the femoral
artery in the adductor canal is alandmark in the history
of vascular surgery.

The adductor canal is an intermuscular space
situated on the medial side of the middle one-third of
the thigh (Figs 3.33 and 3.34).

Extent

The canal extends from the apex of the femoral triangle,
above, to the tendinous opening in the adductor
magnus, below.

Shape
The canal is triangular on cross-section.

Boundaries

It has anterolateral, posteromedial and medial walls.

* The anterolateral wall is formed by the vastus
medialis.

¢ The posteromedial wall or floor is formed by the
adductor longus, above, and the adductor magnus,
below.

¢ The medial wall or roof is formed by a strong

fibrous membrane joining the anterolateral and

posteromedial walls. The roof is overlapped by the

sartorius.

Anterior

Medial + Lateral

Posterior

Vastus

medialis Saphenous nerve

Femoral artery

Sartorius
Nerve to vastus

diali
Subsartorial meaials

plexus [a
Femur

- Branches of
anterior and
posterior divisions
of obturator nerve

Femoral vein

A

Adductor
longus

Profunda femoris
vessels

Fig. 3.34: Transverse section through the middle of the right
adductor canal, seen from above. Note the boundaries and
contents of the canal

The subsartorial plexus of nerves lies on the fibrous
roof of the canal under cover of the sartorius. The plexus
is formed by branches from the medial cutaneous nerve
of the thigh, the saphenous nerve, and the anterior
division of the obturator nerve. It supplies the overlying
fascia lata and the neighbouring skin.

Contents

These are as follows (Fig. 3.35).

1 The femoral artery enters the canal at the apex of the
femoral triangle. Within the canal it gives off
muscular branches and a descending genicular
branch. The descending genicular artery is the last
branch of the femoral artery arising just above the
hiatus magnus. It divides into a superficial
saphenous branch that accompanies the saphenous
nerve, and a deep muscular branch that enters the
vastus medialis and reaches the knee. Femoral artery
leaves the adductor canal through the opening in
adductor magnus muscle to continue as popliteal
artery in the popliteal fossa.

2 Femoral vein begins as the upward continuation of
popliteal vein from the popliteal fossa. The femoral vein
lies posterior to the femoral artery in the upper part,
and lateral to the artery in the lower part of the canal.

3 The saphenous nerve crosses the femoral artery
anteriorly from lateral to medial side. It leaves the
canal with the saphenous artery by piercing the
fibrous roof.

4 The nerve to the vastus medialis lies lateral to the

femoral artery, and enters the vastus medialis in the
upper part of the canal.
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Femoral vein

Nerve to

et Femoral artery
vastus medialis

Branch of
posterior division
Muscular branches of obturator nerve

of femoral artery

] Saphenous nerve
Femoral vein
Twig of posterior
division of
obturator nerve

Descending
genicular artery

Saphenous artery

Muscular artery

Fig. 3.35: Contents of the adductor canal

5 Branches of two divisions of obturator nerve: The anterior
division emerges at the lower border of the adductor
longus, gives branches to the subsartorial plexus, and
ends by supplying the femoral artery. The posterior
division of the obturator nerve runs on the anterior
surface of the adductor magnus, accompanies the
femoral and popliteal arteries, and ends by supplying
the knee joint (Fig. 3.34).
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* Sartorius is the longest muscle of the body.

* Saphenous is the longest cutaneous nerve.

¢ Femoral hernia is common in female, while
inguinal hernia is common in male

* Embalming for preservation of the dead body is
also done through femoral artery

e Insertion of vastus medialis extends to lower level
on patella than that of vastus lateralis to stabilise
the patella.

CLINICOANATOMICAL PROBLEM

A 50-year-old woman complained of a swelling in

upper medial side of her right thigh, when she coughs.

¢ Where is the swelling and why does it appear
when she coughs?

e What is the position of the swelling in relation to
pubic tubercle?

Ans: The swelling is the femoral hernia which
appears at saphenous opening when she coughs due
to raised intra-abdominal pressure. The swelling is
inferolateral to the pubic tubercle. The femoral hernia
is more common in females due to larger pelvis,
larger femoral canal and smaller femoral vessels.

MULTIPLE CHOICE QUESTIONS

. Which is longest superficial vein of lower limb?
a. Long saphenous vein
b. Femoral vein
c. Popliteal vein
d. None of these
. Which of these pair of muscle are inserted into
upper part of iliotibial tract?
a. Gluteus maximus and tensor fasciae latae
b. Gluteus maximus and pectineus
c. Pectineus and tensor fasciae latae
d. Adductor longus and pectineus
. Iliotibial tract stabilizes knee in:
a. Extension
c. Bothaandb

. Which one of the following make lateral boundary
of femoral triangle?

b. Partial flexion
d. None of above

a. Inguinal ligament

b. Adductor longus

¢. Medial border of sartorius muscle
d. Pectineus

5. Femoral artery is the continuation of:
a. Popliteal artery
b. External iliac artery
c. Profunda femoris artery
d. Obturator artery

6. Medial boundary of femoral ring is formed by:

a. Inguinal ligament
b. Pectineus

¢. Lacunar ligament
d. Femoral vein

7. Which is the largest branch of femoral artery?

a. Superficial external pudendal
b. Superficial epigastric

¢. Deep external pudendal

d. Profunda femoris artery

8. Which is not a part of quadriceps femoris?

a. Rectus femoris

b. Vastus medialis
¢. Sartorius

d. Vastus lateralis
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9. Which muscles have common insertion on lesser ~ 11. Which region of thigh is preferred to give

trochanter of femur? intramuscular injection in children?
a. Iliacus and psoas major a. Anterolateral region
b. Pectineus and adductor longus b. Anteromedial region
c. Psoas major and Pectineus c. Posterolateral region
d. None of these d. Posteromedial region

10. A femoral hernia is more common in female due  12. Which vein is commonly used for intravenous
to: infusions in children?
a. Wider pelvis a. Femoral vein
b. Smaller size of femoral vessel b. Long saphenous vein
c. Femoral canal is wider c. Popliteal vein
d. All of above d. Short saphenous vein

La om0 Ak e 84 d e s
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Medial Side of Thigh
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INTRODUCTION

The adductor or medial compartment of thigh is very
well developed and is derived, as indicated by its nerve
supply from both the flexors and extensors between
which itlies. Its counterpart in the arm is represented only
by coracobrachialis muscle, as the arm can be adducted
by pectoralis major and latissimus dorsi muscles.

ADDUCTOR COMPARTMENT

DISSECTION

The triangular adductor longus was seen to form the
medial boundary of femoral triangle (see Fig. 3.11). Cut
this muscle 3 cm below its origin and reflect the distal
part laterally. On its deep surface, identify the anterior
division of obturator nerve which supplies both adductor
longus and gracilis muscles.

Lateral to adductor longus on the same plane is the
pectineus muscle. Cut it close to its origin and reflect
laterally, tracing the branch of anterior division of
obturator nerve to this muscle. Obturator nerve is
accompanied by the branches of obturator artery and
medial circumflex femoral arteries.

Deeper to adductor longus and pectineus is the
adductor brevis. Look for its nerve supply either from
anterior/posterior division.

Divide adductor brevis close to its origin. Deepest
plane of muscles comprises adductor magnus (Fig. 4.2)
and obturator externus, both supplied by posterior
division of obturator nerve.

Lying vertically along the medial side of thigh is the
graceful gracilis. Study these muscles and the course of
obturator nerve.

Look for accessory obturator nerve. If present, it
supplies pectineus.

Lastly, remove the obturator externus from its origin
to expose the obturator artery and its branches.

BOUNDARIES

The adductor or medial compartment of the thigh is
bounded anteriorly by the medial intermuscular
septum which separates it from the extensor (anterior)
compartment; and posteriorly by an ill-defined
posterior intermuscular septum which separates it from
the flexor (posterior) compartment (see Fig. 3.9).

The structures to be studied in this region are
muscles, nerves and arteries. These are as follows.

Muscles

Infrinsic

1 Adductor longus
2 Adductor brevis

3 Adductor magnus
4 Gracilis

5 Pectineus.

Extrinsic
The obturator externus lies deep in this region. It is
functionally related to the gluteal region.

Nerves

1 Obturator nerve.
2 Accessory obturator nerve.

Arteries
1 Obturator artery.
2 Medial circumflex femoral artery.

MUSCLES OF ADDUCTOR COMPARTMENT OF
THIGH Sers

The attachments of the muscles are given in Table 4.1.
Their nerve supply and actions are given in Table 4.2.
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Table 4.1: Muscles of the medial compartment of thigh

Muscle

Adductor longus (Fig. 4.1)

This is a triangular muscle, forming
the medial part of the floor of the

femoral triangle. It lies in the plane
of the pectineus

Adductor brevis (Fig. 4.1)
The muscle lies behind the

Origin from

It arises by a narrow, flat tendon from the
front of the body of the pubis in the angle
between the pubic crest and the pubic
symphysis. Sometimes sesamoid

bone is seen near its origin (rider’s bone)

a. Anterior surface of body of the pubis
b. Outer surface of inferior ramus of the

Insertion into

The linea aspera in middle one-third of
the shaft of the femur between the
vastus medialis and the adductor brevis
and magnus (Fig. 4.2a)

Line extending from the lesser trochanter
to upper part of linea aspera, behind

Section 1 Lower Limb

pectineus and adductor longus pubis between the gracilis and the upper part of adductor longus

obturator externus (Fig. 4.2a)
c. Outer surface of ramus of the ischium
between gracilis and the adductor magnus
Adductor magnus (Fig. 4.1) a. Inferolateral part of the ischial tuberosity a. Medial margin of gluteal tuberosity
This is the largest muscle of this b. Ramus of the ischium b. Linea aspera
compartment. Because of its ¢. Lower part of inferior ramus of the pubis ¢. Medial supracondylar line
double nerve supply, it is called d. Adductor tubercle

a hybrid muscle

Gracilis (Fig. 4.1) a.
(Greek slender)

Medial margin of the lower half of the
body of the pubis

b. Inferior ramus of the pubis

c. Adjoining part of the ramus of the ischium

Upper part of the medial surface of tibia
behind the sartorius and in front of the
semitendinosus (Fig. 4.2b)

Pectineus (see Figs 3.11 and 4.1) a. Pecten pubis Line extending from lesser trochanter
This is flat, quadrilateral muscle b. Upper half of the pectineal surface of to the linea aspera
It forms a part of the floor of the superior ramus of the pubis

femoral triangle c. Fascia covering the pectineus

Table 4.2: Nerve supply and actions of muscles
Actions

Powerful adductor of thigh at hip joint
These act as posture controllers

Muscle
Adductor longus

Nerve supply
Anterior division of obturator nerve

Adductor brevis Anterior or posterior division of obturator nerve Adductor longus, adductor brevis help in

adduction and flexion of thigh

Adductor magnus
(hybrid muscle)

Double nerve supply: Adductor part by posterior
division of obturator nerve
Hamstring part by tibial part of sciatic nerve

Adductor part causes adduction of thigh and
hamstring part helps in extension of hip and
flexion of knee

Gracilis Anterior division of obturator nerve Flexor and medial rotator of thigh. It is a weak
adductor of thigh. It is used for transplantation of
any damaged muscles

Pectineus Double nerve supply: Anterior fibres by femoral nerve Flexor of thigh

(hybrid or Posterior fibres by anterior division of obturator nerve  Adductor of thigh

composite muscle)

The obturator externus is described in Chapter 5
(see also Tables 5.1 and 5.2).

RELATIONS OF ADDUCTOR LONGUS

The relations of the adductor longus are important.
They are as follows.

Anterior Surface

1 Spermatic cord

2 Great saphenous vein with fascia lata
3 Femoral vessels

4 Sartorius (Fig. 4.3).
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Pectineus
Adductor longus
Adductor brevis

Gracilis

Obturator
externus

Adductor magnus

Fig. 4.1: Origin of muscles of medial compariment of the thigh

Pectineus luteus maximus
Adductor brevis
Medial condyle

Adductor magnus of tibia

Adductor longus Ligamentum

patellae

Gracilis

Semitendinosus

Adductor
hiatus

Adductor
tubercle

Figs 4.2a and b: Insertion of muscles: (a) Posterior aspect of
femur, and (b) upper part of medial surface of tibia

Posterior Surface

1 Adductor brevis
2 Adductor magnus

Obturator nerve in obturator groove
Pubis
Psoas major

Branch to hip joint from anterior division

Anterior division

Pectineus

Adductor brevis
Adductor longus

Gracilis

MEDIAL SIDE OF THIGH

Vastus medialis
Sartorius

Branches of

femoral nerve
Femoral

artery
Femoral vein

Profunda
femoris vessels

Gracilis

Adductor
longus

Adductor brevis

Adductor magnus

Anterior and posterior
divisions obturator nerve

Fig. 4.3: Transverse section through the femoral triangle
showing the relations of the adductor longus

3 Anterior division of obturator nerve
4 Profunda femoris vessels.
Lateral border: Pectineus.

Medial border: Gracilis.

OBTURATOR NERVE

The obturator nerve is the chief nerve of the medial
compartment of the thigh.

Origin and Root Value

It is a branch of the lumbar plexus. It is formed by the
ventral divisions of the anterior primary rami of spinal
nerves L2, L3, L4. The upper part of the nerve lies in
the pelvis. It enters the thigh by passing through the
obturator canal (Fig. 4.4) (refer to #).

Posterior division

Obturator membrane
and obturator internus

Obturator externus
Gluteus maximus
Ischium

Quadratus femoris

Medial circumflex femoral artery

Adductor magnus

Branch to knee joint

Fig. 4.4: The course and distribution of the obturator nerve
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Course and Relations in Thigh

1

2

Within the obturator canal the nerve divides into
anterior and posterior divisions.

The anterior division passes downwards in front of
the obturator externus being separated from the
posterior division by a few fibres of this muscle. It
then descends behind the pectineus and the adductor
longus, and in front of the adductor brevis. The
anterior division supplies the following muscles.

a. Pectineus

b. Adductor longus

c. Gracilis

d. Adductor brevis if not supplied by the posterior
division.

The anterior division also gives a branch to the

hip joint. Below the lower border of the adductor
longus, it supplies a twig to the subsartorial plexus,
and ends by supplying the femoral artery in the
adductor canal.
The posterior division enters the thigh by piercing the
upper border of the obturator externus muscle. It
descends behind the adductor brevis and in front of
the adductor magnus. It gives branches to the
following muscles.

a. Obturator externus

b. Adductor magnus

c. Adductor brevis if not supplied by the anterior
division.

In the adductor canal, it is reduced to a thin
genicular branch which enters the popliteal fossa,
pierces the oblique popliteal ligament and ends by
supplying the capsule and the cruciate ligaments of
the knee joint. Some of its fibres end by innervating
the popliteal artery.

Table 4.3 shows the comparison between femoral and

obturator nerves

CLINICAL ANATOMY

* Testing the adductors: The patient lies supine with
right lower limb abducted. The right hand of
physician holds the leg in abducted position.
Patient is requested to bring the thigh medially
against the resistance of the physician’s right hand,
while his left hand feels the contracting adductor
muscles (Fig. 4.5).

¢ Spasm of the adductors of thigh in certain
intractable cases of spastic paraplegia may be
relieved by surgical division of the obturator nerve.

* A disease of the hip joint may cause referred pain
in the knee and on the medial side of the thigh
because of their common nerve supply by the
obturator nerve.

* Obturator nerve may be involved with femoral
nerve in retroperitoneal tumors. A nerve
entrapment syndrome leading to chronic pain on
the medial side of thigh may occur in athletes with
big adductor muscles.

)

Fig. 4.5: Testing the adductors of thigh

ACCESSORY OBTURATOR NERVE

This nerve is present in about 30% of subjects. It is a
branch of the lumbar plexus, and is formed by the

Table 4.3: Comparison between femoral and obturator nerves

Femoral nerve

Root value Dorsal divisions of ventral primary rami of
lumbar 2, 3, 4 segments of spinal cord

Size Thicker in size

Position in Emerges at the lateral border of psoas major

abdomen

Exit Exits from abdomen by passing deep to the
inguinal ligament

Branches in Gives branches in the abdomen to iliacus

abdomen and pectineus )

Branches in Supplies muscles of front of thigh of, i.e.

thigh quadriceps femoris and sartorius. Gives big

cutaneous branches.

Obturator nerve

Ventral divisions of ventral primary rami of
lumbar 2, 3, 4 segments of spinal cord

Thinner in size
Emerges at the medial border of psoas major

Exits from abdomen by lying on the lateral wall
of true pelvis and then through the obturator
foramen

Gives no branches in abdomen

Supplies adductor muscles of thigh. Gives very
small unnamed cutaneous branches.
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ventral divisions of the anterior primary rami of spinal
nerves L3 and L4. It descends along the medial border
of the psoas major, crosses the superior ramus of the
pubis behind the pectineus, and terminates by dividing
into three branches. One branch supplies the deep
surface of the pectineus, another supplies the hip joint,
and the third communicates with the anterior division
of the obturator nerve. Sometimes the nerve is very
small, and ends by supplying the pectineus only
(Fig. 4.6).

- Communicating branch
to obturator nerve

Accessory——
obturator nerve \

Obturator nerve and
its anterior and
posterior divisions

Superior
ramus of pubis

Obturator externus

Adductor brevis

Posterior division

Adductor of obturator nerve

longus

- Anterior division of
obturator nerve

Fig. 4.6: The accessory obturator nerve

OBTURATOR ARTERY

1 The obturator artery is a branch of the internal iliac,
and accompanies (lies below) the obturator nerve in
the pelvis.

2 At the upper margin of the obturator foramen, the
obturator artery divides into anterior or medial and
posterior or lateral branches which form a circle over
the obturator membrane and anastomoses with the
medial circumflex femoral artery.

3 Both branches supply the neighbouring muscles, the
posterior branch also gives an acetabular branch which
passes through the acetabular notch to supply the
fat in the acetabular fossa and sends a twig to the
head of the femur along the round ligament (foveolar
artery) (Fig. 4.7).

MEDIAL CIRCUMFLEX FEMORAL ARTERY

1 This artery arises from the profunda femoris.

2 It leaves the femoral triangle by passing backwards
and ends by dividing into ascending and transverse
branches.

3 Ascending branch of medial circumflex femoral
anastomoses with ascending branch of lateral
circumflex femoral and superior gluteal artery to
form “trochanteric anastomoses”. This gives
retinacular branches which lie along the retinacula
of capsule of hip joint to supply head of femur.

4 Transverse branch anastomoses with transverse
branch of lateral circumflex femoral, inferior gluteal

MEDIAL SIDE OF THIGH 63

Round ligament of
head of femur

Lunate surface
of acetabulum
Foveolar arteries ——
Acetabular
fossa

Retinacular
branches

Acetabular branch
of obturator artery

Acetabular branch of
medial circumflex
femoral artery

\ o

Medial circumflex
femoral artery

Fig. 4.7: Acetabular arteries and their foveolar branches

and first perforating branch of profunda femoris to
form “cruciate anastomoses” (Fig. 4.7).

5 Before giving off the terminal branches, the artery
gives off many muscular branches, and an acetabular
branch which passes through the acetabular notch to
supply fatin the acetabular fossa. It also sends a twig
to the head of the femur along the round ligament
(foveolar artery) (Fig. 4.7).

CLINICAL ANATOMY

e The gracilis muscles is most superficial muscle of
the adductor compartment. This muscle is often
used for transplantation of any damaged muscle.

* Intracapsular fracture of neck of femur causes
damage to the retinacular branches (which supply
head of femur), leading to avascular necrosis of
head of femur.

I At it afes: AN Jilizs e
 Obturator nerve arises from ventral divisions of
ventral primary rami of L2, L3 and L4 segments of
spinal cord; whereas femoral nerve arises from
dorsal divisions of ventral primary rami of the
same segments.

¢ Adductor magnus and pectineus are two hybrid
or composite muscles

* Since femoral and obturator nerves supply both
the hip joint and knee joint, pain from one joint
may be referred to the other joint.

* Obturator nerve is seen at the medial border of
psoas major muscle, crosses the ala of sacrum to
enter the pelvis. It exits the pelvis through the
obturator foramen to enter the medial aspect of
the thigh.

e Obturator artery, branch of internal iliac and
medial circumflex femoral , branch of profunda
femoris are seen on the medial side of the thigh.
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CLINICOANATOMICAL PROBLEM

A 50-year-old female complained of pain in her right

knee. She was diagnosed as osteoarthritis and has

been doing physiotherapy, After 2 months, she felt

pain in her right hip as well.

* What is the reason for development of pain in right
hip joint as well?

* What nerve supplies these two joints? Mention its
root value?

Ans: The pain in her hip joint is a referred pain from
the knee joint. Obturator nerve supplies both the hip
and knee joints, and the pain from one joint can be
referred to the other. The root value of obturator
nerve is ventral division of ventral primary rami of
L2, L3 and 1.4 segments of the spinal cord. Femoral
nerve also supplies both these joints. Its root value
is dorsal division of ventral primary rami of L2, L3
and L4 segments of the spinal cord.

MULTIPLE CHOICE QUESTIONS

compartment?

a. Gracilis

b. Pectineus

c. Adductor magnus
d. Sartorius

magnus?

a. Anterior division of obturator nerve
b. Posterior division of obturator nerve
c. Tibial part of sciatic nerve

d. Femoral nerve

. Which muscle is most medial muscle of adductor

. What is nerve supply of hamstring part of adductor

3. Accessory obturator nerve supplies:

a. Pectineus muscle b. Hip joint

d. Bothaand b

. What is the action of ischial part of adductor
magnus?
a. Flexion of thigh, adductor of thigh

b. Flexion of knee, extension of hip

c. Psoas major

c. Flexor and medial rotator of thigh
d. Flexion of knee only

5. Which of the following is a hybrid muscle?

a. Gracilis b. Adductor magnus

c. Adductor longus d. Adductor brevis

ANSWERS
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Gluteal Region
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INTRODUCTION

The gluteal (Greek rump) region overlies the side and
back of the pelvis, extending from the iliac crest above
to the gluteal fold below. The lower part of the gluteal
region which presents a rounded bulge due to excessive
amount of subcutaneous fat is known as the buttock or
natis. The anterosuperior part of the region seen in a
side view is called the hip. The muscles, nerves and
vessels emerging from pelvis are covered by gluteus
maximus and buttock.

Morphologically, the erect posture of man has led to
extension at the hip and appearance of gluteal fold,
which is a transverse skin crease of the hip joint.
This puts greater responsibility on gluteus maximus
which makes the body erect and maintains it in
erect posture at the hip; this involves raising and
supporting the trunk against gravity. The gluteus
maximus, covering the hip joint is, therefore, one of the
most powerful and bulkiest muscles in man.

: SURFACE LANDMARKS

1 Buttock is the rounded bulge in the lower part of the
gluteal region. The two buttocks are separated from
each other in the posterior median line by the natal
cleft which begins at the third sacral spine and
deepens inferiorly. The gluteal fold marks the lower
limit of the buttock. Note that the gluteal fold is the
transverse skin crease of the hip joint and that it does
not correspond to the lower border of gluteus
maximus which crosses the fold obliquely
downwards and laterally (Fig. 5.1).

2 Ischial tuberosity is a large bony prominence which
lies deep to the lower border of gluteus maximus
about 5 cm from the median plane and about the
same distance above the gluteal fold. It can be felt

(f-({.‘{ﬂ(’—'mé/{?-' f-‘ﬁ' “)’(3'6( (.‘(-'f}?”u‘.’ﬂ'-‘l ’: -'W?(.((-‘ rEs /fﬂ'i'-'!‘\’?{(:‘}!ﬁ:t’?ﬂ"fln /lrfi’('{-

/'r 8 \ L3 spine
L4 spine / ) lliac crest
L5 spine ) )
S1 spine { \\Q o} PSStf-nor
: superior
S2 spine / C & iliac spine
Natal cleft Greater
Gluteal fold trochanter
Ischial
Lower border tuberosity
of gluteus /
maximus

Fig. 5.1: Landmarks of the gluteal region

by placing the fingers in the medial part of the gluteal
fold and pressing them upwards.

3 Greater trochanter of femur is a large bony prominence

situated immediately in front of the hollow on the
side of the hip and about a hands breadth below the
tubercle of iliac crest.

4 Iliac crest is a thick curved bony ridge felt in

a groove in the lower margin of the waist. The hands
spanning the waist are often supported by the iliac
crest. The highest point of iliac crest corresponds to
the interval between the spines of the third and
fourth lumbar vertebrae; site of lumbar puncture.

The anterior end of iliac crest is known as the
anterior superior iliac spine. A line drawn from here to
the front of the greater trochanter marks the junction
between gluteal region and the front of thigh.

The posterior end of iliac crest is known as the
posterior superior iliac spine. It lies in the floor of a
dimple about 5 cm from the median plane and at the
level of second sacral spine opposite the middle of
sacroiliac joint.

5 Sacrum lies posteriorly between the two hip bones.

The upper three sacral spines are usually palpable
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in the median plane. The second spine, lying between
the two posterior superior iliac spines, is the guide to
the other two spines. The lower part of sacrum and
the coccyx lie in the floor of the natal cleft.

6 Coccyx lies just behind the anus. It is slightly mobile
under pressure.

7 The sacrotuberous ligament lying deep to the lower
border of gluteus maximus can be felt by a firm
pressure between the lower part of sacrum and
ischial tuberosity (Fig. 5.14).

'SUPERFICIAL AND DEEP FASCIAE

DISSECTION

Make a curved incision from spine of second sacral
vertebra (i); along the iliac crest till its tubercle (ii); make
a vertical incision from the second sacral spine
downwards till the natal cleft (iii); taking it further laterally
with downward convexity till the middle of the back of
thigh (iv) (Fig. 5.2). For points v, vi, vii, viii, and ix refer
to Chapters 6, 7, and 9.

Reflect the thick skin and fascia towards the lateral
aspect. The cutaneous nerves and vessels are difficult
to find. Study them from the text. After removing the
deep fascia from gluteus maximus muscle, define the
attachments of this muscle (refer to ).

- Popliteal fossa

Fig. 5.2: Lines for dissection

SUPERFICIAL FASCIA

It is heavily laden with fat, more so in females, and is
tough and stringy over the ischial tuberosity where it
forms an efficient cushion for supporting the body
weight in the sitting posture. It contains cutaneous
nerves, vessels and lymphatics.

Cutaneous Nerves

The cutaneous nerves converge on the gluteal region
from all directions (Fig. 5.3a).

1 The upper and anterior part is supplied by the lateral
cutaneous branches of the subcostal T12 and
iliohypogastric L1 nerves.

2 The upper and posterior part is supplied by the
posterior primary rami of spinal nerves L1, L2, L3
and S1, S2, S3.

3 The lower and anterior part is supplied by branches
from the posterior division of the lateral cutaneous
nerve of the thigh (L2, L3).

4 Thelower and posterior part is supplied by branches
from the posterior cutaneous nerve of the thigh (S1,
S2, 53) and the perforating cutaneous nerve (S2, S3)
(Fig. 5.3b).

Cutaneous Vessels and Lymphatics

The blood supply of the skin and subcutaneous tissue is
derived from perforating branches of the superior and
inferior gluteal arteries.

The lymphatics from the gluteal region drain into the
lateral group of the superficial inguinal lymph nodes.

DEEP FASCIA

The deep fascia above and in front of the gluteus
maximus, i.e. over the gluteus medius, is thick, dense,
opaque and pearly white. Over the gluteus maximus,
however, it is thin and transparent. The deep fascia
splits and encloses the gluteus maximus muscle
(Fig. 5.4).

MUSCLES OF GLUTEAL REGION

DISSECTION

Reflect the gluteus maximus to examine the underlying
structures. For this, identify the lower border of muscle.
Insert a forceps on the deep surface of muscle which is
to be cut from below upwards midway between its origin
and insertion along the course of posterior cutaneous
nerve of thigh. Reflect two parts on either side.

Piriformis is key muscle of the region, define its
margins. Identify the structures above and below this
muscle, most important being the sciatic nerve. Above
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Posterior primary rami of:
L1
L2

L3
Upper Posterior (UP) ——

S1 \

S2 —e

S3 =g .

Perforating
cutaneous nerve

Lower Posterior (LP)

Branches from
posterior cutaneous
nerve of thigh [

(a)
Figs 5.3a and b: Cutaneous innervation of the gluteal region: (a) Cutaneous nerves, and (b) root values of the nerves in the four quadrants

piriformis are superior gluteal vessels and nerve. Below
piriformis are inferior gluteal vessels and nerve.

The thickest nerve of the body, sciatic nerve also
enters the gluteal region through the greater sciatic
notch below piriformis muscle.

Pudendal nerve and vessels appear here through
greater sciatic notch and disappear through the lesser
sciatic notch (Fig. 5.14).

Under the lower and medial part of the gluteus
maximus muscle, ischial tuberosity is easily palpable.
Separate the hamstring muscles from the ischial
tuberosity.

Identify long vertical sacrotuberous ligament and
smaller horizontal sacrospinous ligament to demarcate
the greater and lesser sciatic foramina and structures
entering and leaving them. Greater sciatic notch is the
‘gateway’ of the gluteal region.

Define the borders of the gluteus medius muscle.
Cut through the muscle 5 cm above its insertion into
the greater trochanter of femur. The superior gluteal
vessels and nerve are now exposed which are to be
traced into gluteus minimus and tensor fascia latae.

Reflect gluteus minimus from its origin towards the
insertion to expose the straight and reflected heads of
rectus femoris muscle and the capsule of the hip joint.

Features

These muscles are the gluteus maximus, the gluteus
medius, the gluteus minimus, the piriformis, the
superior and inferior gemelli, the obturator internus
obturator externus, and quadratus femoris. The tensor
fasciae latae which lies on the lateral side of thigh, just
in front of gluteal region, is also considered here. The
attachments and nerve supply of these muscles are

Lateral cutaneous
branch of
subcostal nerve

Upper Anterior (UA)

Branches from posterior
division of lateral
cutaneous nerve

of thigh

— Lower Anterior (LA)
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Lateral cutaneous
branch of
iliohypogastric nerve

(b)

Thick fascia over
gluteus medius

Thin deep fascia over
gluteus maximus

Deep fascia of back of thigh
Fig. 5.4: Deep fascia of the gluteal region

given in Tables 5.1 and 5.2. Their actions and some other
features are considered below.

STRUCTURES UNDER COVER OF GLUTEUS MAXIMUS

These are numerous as follows.

Muscles

1 Gluteus medius (refer to ).

2 Gluteus minimus.

3 Reflected head of the rectus femoris.

4 Piriformis.

5 Obturator internus with two gemelli.

6 Quadratus femoris.

7 Obturator externus.

8 Origin of the four hamstrings from the ischial
tuberosity.

9 Insertion of the upper or pubic fibres of the adductor
magnus (Figs 5.5 and 5.6).
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Section 1 Lower Limb

LOWER LIMB

Muscle

Gluteus maximus

This is a large, quadrilateral
powerful muscle covering
mainly the posterior surface of
pelvis (see Fig. 5.4)

Gluteus medius

It is fan-shaped, and covers the
lateral surface of the pelvis and
hip (see Figs 2.4 and 5.5)

Gluteus minimus
It is fan-shaped, and is covered
by the gluteus medius (see Fig. 2.4)

Piriformis

Lies below and parallel to the
posterior border of the gluteus
medius (Fig. 5.5)

Gemellus superior

Small muscle lying along the upper
border of the tendon of the obturator
internus (see Figs 2.4 and 5.5)

Gemellus inferior

Small muscle lying along the lower
border of the tendon of the obturator
internus (Fig. 5.5)

Obturator internus

Fan-shaped, flattened belly lies in
pelvis and the tendon in the gluteal
region (Figs 5.5 and 5.6)

Quadratus femoris

Quadrilateral muscle lying between
inferior gemellus and adductor
magnus (Figs 5.5 and 5.6)

Obturator externus

Triangular in shape, covers the outer
surface of the anterior wall of the
pelvis (Figs 5.6 and 5.7)

Tensor fasciae latae
Lies between the gluteal region
and the front of the thigh (Fig. 5.6)

Table 5.1: Muscles of the gluteal region
Origin

* Outer slope of the dorsal segment of iliac crest

* Posterior gluteal line

* Posterior part of gluteal surface of ilium
behind the posterior gluteal line

* Aponeurosis of erector spinae

¢ Dorsal surface of lower part of sacrum

 Side of coccyx

* Sacrotuberous ligament

* Fascia covering gluteus medius

Gluteal surface of ilium between the anterior
and posterior gluteal lines

Gluteal surface of ilium between the anterior
and inferior gluteal lines

It arises within the pelvis from:

* Pelvic surface of the middle three pieces
of the sacrum, by three digitations

* Upper margin of the greater sciatic notch

Upper part of lesser sciatic notch

Lower part of lesser sciatic notch

¢ Pelvic surface of obturator membrane

* Pelvic surface of the body of the ischium,
ischial tuberosity, ischiopubic rami, and
ilium below the pelvic brim

* Obturator fascia

Upper part of the outer border of ischial
tuberosity

¢ Quter surface of obturator membrane

¢ Outer surface of the bony margins of obturator

foramen

Anterior 5 cm of the outer lip of the iliac crest
up to the tubercle of iliac crest
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Insertion

* The deep fibres of the lower part
of the muscle are inserted into
the gluteal tuberosity (1/4th part)

» The greater part of the muscle is
inserted into the iliotibial tract
(3/4 th part)

Into the greater trochanter of femur,
on oblique ridge on the lateral
surface. The ridge runs downwards
and forwards

Into greater trochanter of femur, on
a ridge on its anterior surface

The rounded tendon is inserted into
the apex of the greater trochanter
of the femur

Blends with tendon of obturator
internus, and gets inserted into
medial surface of greater trochanter
of femur

Same as above

The tendon of the obturator internus
leaves the pelvis through the lesser
sciatic foramen. Here it bends at a
right angle around the lesser sciatic
notch and runs laterally to be inserted
into the medial surface of the greater
trochanter of the femur

Quadrate tubercle and the area
below it

The muscle ends in a tendon which
runs upwards and laterally behind
the neck of the femur to reach the
gluteal region where it is inserted into
the trochanteric fossa (on medial
side of the greater trochanter)

lliotibial tract 3—5 cm below the level
of greater trochanter



GLUTEAL REGION

Table 5.2: Nerve supply and actions of muscies

Muscle Nerve supply

Gluteus maximus Inferior gluteal nerve (L5, S1, S2)

Gluteus medius
Gluteus minimus

Superior gluteal nerve (L4, L5, S1)
Superior gluteal nerve (L4, L5, S1)

Piriformis
Gemellus superior
Gemellus inferior
Obturator internus
Quadratus femoris
Obturator externus

Ventral rami of $1, §2

(L2, L3, L4)
Superior gluteal nerve (L4, L5, S1)

Tensor fasciae latae

lliac crest

Upper border of
gluteus maximus

Gluteus medius
Piriformis

Tendon of obturator internus
and superior gemellus

—— Inferior gemellus

—— Greater trochanter

— Quadratus femoris

— Ischial tuberosity
Adductor magnus

Lower border of
gluteus maximus

Hamstrings

Fig. 5.5: Muscles under cover of the gluteus maximus. The upper
and lower borders of this muscle are indicated in thick lines

Nerve to obturator internus (L5, S1, S2)
Nerve to quadratus femoris (L4, L5, S1)
Nerve to obturator internus (L5, S1, S2)
Nerve to quadratus femoris (L4, L5, S1)
Posterior division of obturator nerve

Actions

Chief extensor of the thigh at the hip joint. This

action is very important in rising from a sitting

position. It is essential for maintaining the erect

posture. Other actions are:

a. Lateral rotation of the thigh

b. Abduction of the thigh (by upper fibres)

c. Along with the tensor fasciae latae the muscle
stabilises the knee through the iliotibial tract

It supports both the hip and the knee when these
joints are slightly flexed. It is an antigravity muscle
as well.

:! The gluteus medius and gluteus minimus are:

Powerful abductors of the thigh. Their anterior fibres
are also medial rotators. However, their most
important action is to maintain the balance of the
body when the opposite foot is off the ground, as in
walking and running. They do this by preventing
the opposite side of the pelvis from tilting
downwards under the influence of gravity.

Lateral rotators of thigh at the hip joint

Abductor and medial rotator of thigh and an extensor
of knee joint

Tensor fasciae

Gluteus lat
medius atae
Gluteus Gluteus minimus
FIEINLS Superior gluteal
- : nerve and arte
Piriformis ry
Inferior gluteal
nerve and artery
Nerve to
Tendon of guadratus femoris
obturator
internus with Obturator externus
superior .
gemellus Quadratus femoris
and inferior
gemellus Adductor magnus

Sciatic nerve

Biceps femoris

Posterior
cutaneous
nerve of thigh

Fig. 5.6: Scheme of an oblique vertical section showing muscles
of the gluteal region. Structures under cover of the gluteus maximus
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70 LOWER LIMB

Vessels

1 Superior gluteal vessels (Fig. 5.6).

2 Inferior gluteal vessels.

3 Internal pudendal vessels.

4 Ascending branch of the medial circumflex femoral
artery.

5 Trochanteric anastomoses (described with arteries
of gluteal region).

6 Cruciate anastomoses (described with arteries of
gluteal region).

7 The first perforating artery.

Nerves

1 Superior gluteal (L4, L5, S1) as in Fig. 5.6.

2 Inferior gluteal (L5, S1, S2).

3 Sciatic (L4, S5, S1, S2, S3).

4 Posterior cutaneous nerve of thigh (51, S2, S3).
5 Nerve to the quadratus femoris (L4, L5, S1).

6 Pudendal nerve (52, S3, 54).

7 Nerve to the obturator internus (L5, 51, S2).

8 Perforating cutaneous nerves (52, S3).

Bones and Joints

Mium.

Ischium with ischial tuberosity.

Upper end of femur with the greater trochanter.
Sacrum and coccyx.

Hip joint.

Sacroiliac joint.

DU WN =

Ligaments
1 Sacrotuberous.

2 Sacrospinous.
3 Ischiofemoral.

Bursae

1 Trochanteric bursa of gluteus maximus.

2 Bursa over the ischial tuberosity.

3 Bursa between the gluteus maximus and vastus
lateralis.

STRUCTURES DEEP TO THE GLUTEUS MEDIUS

The gluteus medius covers:

* The superior gluteal nerve,

* The deep branch of the superior gluteal artery,
* The gluteus minimus,

¢ The trochanteric bursa of the gluteus medius.

STRUCTURES DEEP TO THE GLUTEUS MINIMUS

Structures lying deep to the gluteus minimus include
the reflected head of the rectus femoris, and the capsule
of the hip joint.

CLINICAL ANATOMY

¢ Testing gluteus maximus the patient lies prone.
The right hand of physician presses the patient’s
right leg downwards. Patient is requested to
extend his hip against resistance provided by the
physician’s right hand; while his left hand feels
the contracting gluteus maximus muscle (Fig. 5.7).

* When the gluteus maximus is paralysed as in
muscular dystrophy, the patient cannot stand up
from a sitting posture without support. Such
patients, while trying to stand up, rise gradually,
supporting their hands first on legs and then on
the thighs; they climb on themselves (Fig. 5.8).

* Intramuscular injections are given in the
anterosuperior quadrant of the gluteal region, i.e.
in the glutei medius and minimus, to avoid injury
to large vessels and nerves which pass through
the lower part of this region (Fig. 5.9). Gluteal
region is not the prominence of the buttock only.
It is a very big area over the iliac bone.

* When the glutei medius and minimus (of right side)
are paralysed, the patient cannot walk normally.
He bends or waddles on the right side or paralysed
side to clear the opposite foot, i.e. left, off the
ground. This is known as lurching gait; when
bilateral, it is called waddling gait (Fig. 5.10).

¢ The normal gait depends on the proper abductor
mechanism at both hips (Fig. 5.11). This mechanism
comprises:

a. The adequate power, provided by the glutei

medius and minimus (Figs 5.12a to c).

b. The fulcrum, formed by a normal relationship
of the head of the femur with the acetabulum.

c. The weight transmitted by the head and neck
of the femur.

¢ Normally when the body weight is supported on
one limb, the glutei of the supported side raise
the opposite and unsupported side of the pelvis.
However, if the abductor mechanism is defective,
the unsupported side of the pelvis drops, and this
is known as a positive Trendelenburg’s sign.

The sign is positive in defects of power, i.e.
paralysis of the glutei medius and minimus; defects
of the fulcrum, i.e. congenital or pathological
dislocation of the hip; and defects of the weight,
i.e. ununited fracture of the neck of femur.

¢ Gluteus medius and gluteus minimus can be
tested together by doing internal rotation of thigh
against resistance. The person is in supine position
with the hip and knee flexed.

¢ Gluteus medius, gluteus minimus and tensor
fasciae latae are tested by the abducting lower limb
against resistance. The person in the supine
position and the knee is extended (Fig. 5.13).
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Fig. 5.8: Trying to stand up in paralysis of gluteus maximus
muscle

e

Fig. 5.9: Site of intramuscular injection

Figs 5.10a and b: (a) Normal gait, and (b) lurching gait

Power:
Gluteus medius
and gluteus minimus

Fulcrum:
Hip joint

Weight:
Head and neck
of femur

Fig. 5.11: Abductor mechanism at the hip joint

(a) (b) (©

Right | Left
anterior | anterior
superior | superior
iliac spine | iliac spine
Pelvis
Right  Left Right  Left
~ ~ ~

~

Figs 5.12a to c: Trendelenburg’s sign. (a) When both feet
are supporting the body weight, the pelvis (anterior superior
iliac spine) on the two sides lies in the same horizontal plane,
(b) when only the right foot is supporting the body weight,
the unsupported side of the pelvis is normally raised by the
opposite gluteal medius and minimus, and (c) if the right glutei
medius and minimus are paralysed, the unsupported left side
of the pelvis drops. This is a positive Trendelenburg’s sign

Fig. 5.13: How to test the gluteus medius

SACROTUBEROUS AND SACROSPINOUS LIGAMENTS

These two ligaments convert the greater and lesser
sciatic notches of the hip bone into foramina of the same
name.

The sacrotuberous ligament is a long and strong
ligament extending between the medial margin of
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Gluteus maximus

Superior gluteai artery and nerve

Piriformis

Inferior gluteal artery and nerve

Internal pudendal vessels
Pudendal nerve

Nerve to obturator internus
Sacrotuberous ligament

Ischial tuberosity

Gracitis

Adductor magnus
Hamstrings

Posterior cutaneus nerve of thigh

lliac crest

Gluteus medius

Gluteus minimus

Tensor fasciae latae

Insertion of gluteus medius
Superior gemellus
Obturators internus
Inferior gemelius

Quadratus femoris

Gluteus maximus

Sciatic nerve with its artery

Fig. 5.14: Structures in the gluteal region

ischial tuberosity and the posterior iliac spines. It forms
the posterolateral boundary of the outlet of the pelvis
(Fig. 5.14).

The sacrospinous ligament is a short, thick, triangular
band situated deep to the sacrotuberous ligament. It is
attached:

a. Laterally to the ischial spine
b. Medially to the sacrococcygeal junction.

NERVES OF THE GLUTEAL REGION

SUPERIOR GLUTEAL NERVE (L4, L5, S1)

The superior gluteal nerve is a branch of the
lumbosacral plexus. It enters the gluteal region through
the greater sciatic foramen, above the piriformis, runs
forwards between the gluteus medius and minimus,
and supplies three muscles, viz., the gluteus medius,
the gluteus minimus and the tensor fasciae latae
(Fig. 5.14).

INFERIOR GLUTEAL NERVE (LS, S1, $2)

This is also a branch of the sacral plexus given off in
the pelvis. It enters the gluteal region through the
greater sciatic foramen below the piriformis, and ends
by supplying the gluteus maximus only, to which it is
fully committed (Fig. 5.14).

SCIATIC NERVE (L4, L5; S1, 52, S3)
Course

This is the thickest nerve in the body. It is the main
continuation of the sacral plexus. It enters the gluteal
region through the greater sciatic foramen below the
piriformis, runs downwards between the greater
trochanter and the ischial tuberosity, and enters the
back of the thigh at the lower border of the gluteus
maximus. It does not give any branches in the gluteal
region (Fig. 5.14).
It is described in detail in Chapter 7.

CLINICAL ANATOMY

* “Sciatic nerve block” is done by injecting an
anaesthetic agent few cm below the midpoint of
the line joining posterior superior iliac spine and
upper border of greater trochanter.

¢ Piriformis syndrome occurs if sciatic nerve gets
compressed by piriformis muscle. It leads to pain
in the buttock.

POSTERIOR CUTANEOUS NERVE OF
THE THIGH (S1, §2, $3)

It is a branch of the sacral plexus. It enters the gluteal
region through the greater sciatic foramen, below
the piriformis, and runs downwards medial or posterior
to the sciatic nerve. It continues in the back of the thigh
immediately deep to the deep fascia (Figs 5.6 and 5.14).
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The nerve gives:

a. A perineal branch which crosses the ischial
tuberosity, enters the urogenital triangle of the
perineum, and supplies the skin of the posterior
two-thirds of the scrotum, or labium majus.

b. Gluteal branches which wind upwards round the
lower border of the gluteus maximus, and supply
the skin of the posteroinferior quadrant of the
gluteal region.

NERVE TO QUADRATUS FEMORIS (L4, LS, S1)

This nerve arises from the sacral plexus, enters the
gluteal region through the greater sciatic foramen below
the piriformis, and runs downwards deep to the sciatic
nerve, the obturator internus and the gemelli. It supplies
the quadratus femoris, the gemellus inferior and the
hip joint (Fig. 5.9).

PUDENDAL NERVE (582, $3, 54)

This is a branch of the sacral plexus. Only a small part of
this nerve is seen in the gluteal region. It enters this region
through the greater sciatic foramen. It then crosses the
apex or lateral end of the sacrospinous ligament, medial
to the internal pudendal vessels. It leaves the gluteal
region by passing into the lesser sciatic foramen through
which it enters the ischioanal fossa (Fig. 5.14).

NERVE TO THE OBTURATOR INTERNUS (L5, S1, S$2)

This is a branch of the sacral plexus. It enters the gluteal
region through the greater sciatic foramen and crosses
the ischial spine, lateral to the internal pudendal vessels,
to re-enter the pelvis. It supplies both the obturator
internus and the gemellus superior muscles.

PERFORATING CUTANEOUS NERVE (52, S3)

This is a branch of the sacral plexus. It pierces the lower
part of the sacrotuberous ligament, winds round the
lower border of the gluteus maximus, and supplies the
skin of the posteroinferior quadrant of the gluteal region.

ARTERIES OF GLUTEAL REGION

SUPERIOR GLUTEAL ARTERY

It is a branch of the posterior division of the internal
iliac artery.

Course and Distribution

It enters the gluteal region through the greater sciatic
foramen passing above the piriformis along with the
superior gluteal nerve. In the foramen, it divides into
superficial and deep branches. The superficial branch
supplies the gluteus maximus (Figs 5.6 and 5.14).

GLUTEAL REGION 73

The deep branch subdivides into superior and inferior
branches, which run along the anterior and inferior
gluteal lines respectively, between the gluteus medius
and the gluteus minimus. The superior division ends
at the anterior superior iliac spine by anastomosing with
the ascending branch of the lateral circumflex femoral
artery. The inferior division takes part in the
trochanteric anastomoses.

INFERIOR GLUTEAL ARTERY

It is a branch of the anterior division of the internal
iliac artery.

Course and Distribution

It enters the gluteal region by passing through the

greater sciatic foramen, below the piriformis, along with

the inferior gluteal nerve. It supplies:

1 Muscular branches to gluteus maximus and to all the
muscles deep to it below the piriformis.

2 Cutaneous branches to the buttock and the back of the
thigh (Figs 5.6 and 5.14).

3 Anarticular branch to the hip joint.

4 A cruciate anastomotic branch.

5 Anartery to the sciatic nerve, which represents the axis
artery in this region, and may at times be quite large.

6 A coccygeal branch which supplies the area over the
COCCYX.

INTERNAL PUDENDAL ARTERY

This is a branch of the anterior division of the internal
iliac artery.

It enters the gluteal region through the greater sciatic
foramen (Fig. 5.14). It has a very short course in the
gluteal region.

It crosses the ischial spine and leaves the gluteal
region by passing into the lesser sciatic foramen
through which it reaches the ischioanal fossa.

TROCHANTERIC ANASTOMOSES

This is situated near the trochanteric fossa, and
supplies branches to the head of the femur. It is shown
in Flow chart 5.1.

CRUCIATE ANASTOMOSES

This anastomosis is situated over the upper part of the
back of the femur at the level of the middle of the lesser
trochanter. It is shown in Flow chart 5.2.

STRUCTURES PASSING THROUGH THE GREATER
SCIATIC FORAMEN (GATEWAY OF GLUTEAL REGION)

1 The piriformis, emerging from the pelvis fills the
foramen almost completely. It is the key muscle of
the region.
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Flow chart 5.1: Trochanteric anastomoses

The inferior division
of the deep branch of
the superior gluteal artery

The ascending branch l The ascending branch
of the medial circumflex ___» Trochanteric anastomoses I“_ of the lateral circumflex
femoral artery T femoral artery

Inferior gluteal artery l

Flow chart 5.2: Cruciate anastomoses

From above by the anastomotic
branch of the inferior gluteal

artery
Medially by the transverse l Laterally by the transverse
branch of the medial |, Cruciate anastomoses 14_ branch of the lateral circumflex
circumflex femoral artery femoral artery. (this anastomoses
is a connection between the
internal iliac and femoral arteries)

From below by the ascending
branch of the first perforating
artery, branch of profunda
femoris artery

2 Structures passing above the piriformis are:

a. Superior gluteal nerve. e T . y
b. Superior gluteal vessels (Fig. 5.14). * Gl‘uteus iesdri fis, de engeevity, pci)?tglral
3 Structures passing below the piriformis are: thl_Ck,e 3t rnusc.le ok the' bodyglt goutaingirecstipres.
. ¢ Sciatic nerve is the thickest nerve of the body.
a. Inferior gluteal nerve. o1 lar indecti venin th d
b. Inferior gluteal vessels, ntramuscular injections are given in the upper an
L , lateral quadrant of the gluteal region.
21' 1832;2;251::1;§;% HSS' 1r:4e)1.'ve of thigh * Greater sciatic notch is the gateway of the gluteal
: : region
e. Nerve fo quadratus femoris. . Scfigatic nerve and pudendal nerve do not supply
f. Pudendal nerve. any structure in the gluteal region.
g- Internal pudendal vessels. e Piriformis is the key muscle of the gluteal region.
gththetio obtltlrat?r inter;cus. hort . . Sciatif nerve arid itsfbrﬁn;:\hesh supply the hamstrin%
€ last three structures, after a snort course 1n the muscles, muscles of all the three compartments o
gluteal region, enter the lesser sciatic foramen, where the leg and the muscles of the sole. £
the pudendal nerve and internal pudendal vessels run e Sciatic nerve is accompanied by a thin artery, the
in the pudendal canal. sciatic artery, which is part of the axial artery of
the lower limb.
STRUCTURES PASSING THROUGH THE ® Lesser sciatic foramen is the gateway of the
LESSER SCIATIC FORAMEN perineal region.
1 Tendon of obturator internus. e Sciatic nerve lies on the femur for a very short
2 Pudendal nerve (Fig. 5.14). distanpe between lower border of quadratus
3 Internal pudendal vessels. femoris and upper l?order of adductor magnus
4 Nerve to obturator internus. musc}es. At this site it may get Compressed when
The upper and lower parts of the foramen are filled oneds.1 fond st e 55 M STt il
condition, the sleeping foot.

up by the origins of the two gemelli muscles.
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CLINICOANATOMICAL PROBLEM

A woman of 30 years complained of pain in her
elbow joints. She also has pain in her calf muscles,
and was advised “Neurobion injections”.

Where should the injection be given and why?
Ans: The “neurobion injections” are to be given by

intramuscular route. The site of the injection is upper
lateral quadrant of the gluteal region. Gluteal region

GLUTEAL REGION 75

is a big region extending along the iliac crest till the
midline posteriorly. It extends below on the ischial
tuberosity and laterally till the greater trochanter of
femur. The upper lateral quadrant is safe as there are
no important nerve or blood vessel here. The lower
and medial quadrant contains sciatic nerve and must
be avoided. The injection is given in big gluteus
medius muscle and is well absorbed in the circulating
system.

MULTIPLE CHOICE QUESTIONS

1. Intramuscular injections in upper and lateral
quadrant of gluteal region are given in:

a. Glutei maximus and minimus

b. Gluteus medius

c. Glutei maximus and erector spinae
d. Gluteus maximus

2. Lurching gait is due to paralysis of which two
muscles?

a. Glutei medius and minimus
b. Glutei maximus and minimus
¢. Glutei maximus and medius
d. Gluteus maximus

3. Which muscle is not under cover of gluteus
maximus?

a. Piriformis

b. Quadratus femoris

¢. Sartorius

d. Obturator internus with two gemelli

4. What is origin of piriformis?
a. From upper three sacral vertebrae
b. Lower margin of lesser sciatic notch
¢. Upper margin of lesser sciatic notch
d. Lower margin of greater sciatic notch

5. Which of the following is not supplied by superior
gluteal nerve?

a. Gluteus medius

b. Gluteus minimus
¢. Gluteus maximus
d. Tensor fasciae latae

6. Which muscle is one of the most powerful and
bulkiest muscle in human?

a. Gluteus maximus
b. Obturator internus
¢. Quadriceps femoris
d. Soleus

ANSWERS

1.b 2.a 3.c 4 a 5.¢ 6.a
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Popliteal Fossa
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INTRODUCTION

Popliteal (Latin hamstring of knee) fossa is a shallow
diamond shaped depression felt best at the back of knee
joint, when the joint is semi-flexed. It corresponds to
the cubital fossa of the forearm.

SURFACE LANDMARKS

1 Lateral and medial condyles of femur and tibia can be
identified easily on the sides and front of the knee.

2 Head of the fibula is a bony prominence situated just
below the posterolateral aspect of the lateral condyle
of tibia.

3 Common peroneal nerve can be palpated against the
posterolateral aspect of the neck of fibula, medial to
the tendon of biceps femoris, by moving the finger
from below upwards.

4 Fibular collateral ligament of the knee joint is felt like
a rounded cord just above the head of the fibulain a
flexed knee.

5 When the knee is flexed against resistance, the
hamstrings can be seen and palpated easily right up
to their insertion. Medially, the rounded tendon of
the semitendinosus lies superficial to the flat tendon
of semimembranosus. In front of these tendons there
is a groove bounded anteriorly by the tendon of
adductor magnus. Laterally, there is the tendon of
biceps femoris. In front of this tendon there is a shallow
groove bounded anteriorly by the iliotibial tract.

6 Pulsations of the popliteal artery can be felt in the
middle of the popliteal fossa by applying deep
pressure.

7 Inthe lower part of popliteal fossa, two heads of the
gastrocnemius form rounded cushions that merge
inferiorly into the calf.

POPLITEAL FOSSA

DISSECTION

Make a horizontal incision across the back of thigh at its
junction of upper two-thirds with lower one-third and another
horizontal incision at the back of leg at its junction of upper
one-third and lower two-thirds (v), (vi) (see Fig. 5.2).

Draw a vertical incision joining the midpoints of the
two horizontal incisions made (vii) (see Fig. 5.2). Reflect
the skin and fascia on either side.

Find the cutaneous nerves, e.g. posterior cutaneous
nerve of thigh, posterior division of medial cutaneous
nerve, sural communicating nerve and short saphenous
vein. Cut and clean the deep fascia.

Identify the boundaries and contents of the fossa.

Trace the tibial nerve as it courses through the centre
of the popliteal fossa. lts three delicate articular branches
are given off in the upper part of the fossa, cutaneous
branch in the middle part and muscular branches in lower
part of the fossa.

Common peroneal nerve is lying just medial to the
tendon of biceps femoris muscle. Trace its branches.

Popliteal vein is deep to the tibial nerve and popliteal
artery is the deepest as seen from the back. Trace all
the muscular, cutaneous, genicular and terminal
branches of the popliteal artery (refer to &).

LOCATION

The popliteal fossa is a diamond-shaped depression
lying behind the knee joint, the lower part of the femur,
and the upper part of the tibia.

Boundaries
Superolaterally: The biceps femoris (Fig. 6.1).

Superomedially: The semitendinosus and the semi-
membranosus, supplemented by the gracilis, the
sartorius and the adductor magnus.
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Semitendinosus - Biceps femoris

Gracilis
. Popliteal fossa
Semimembranosus

Plantaris

Sartorius

Medial head of
gastrocnemius

Lateral head of
gastrocnemius

Fig. 6.1: Boundaries of the right popliteal fossa

Inferolaterally: Lateral head of the gastrocnemius
supplemented by the plantaris.

Inferomedially: Medial head of the gastrocnemius.

The roof of the fossa is formed by deep fascia or
popliteal fascia (Fig. 6.2). The superficial fascia over the
roof contains:

Outline of popliteal fossa

Posterior cutaneous nerve
of thigh

Posterior division of medial
cutaneous nerve of thigh

Peroneal communicating nerve

l Small saphenous vein draining
in the popliteal vein

Fig. 6.2: Structures in the roof of the popliteal fossa

Outline of

popliteal fossa of femur

Oblique popliteal

: Capsule of
ligament

knee joint

Popliteus

Tendon of —I

semimembranosus

popliteus

(a)

Popliteal surface

Fascia covering
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a. The small saphenous vein and cutaneous nerves.

b. Three cutaneous nerves, namely, the branches and
terminal part of the posterior cutaneous nerve of
the thigh, the posterior division of the medial
cutaneous nerve of the thigh, and the peroneal or
sural communicating nerve.

The floor of the popliteal fossa is formed from above
downwards by:
a. The popliteal surface of the femur.
b. The capsule of the knee joint and the oblique
popliteal ligament.
c. The strong popliteal fascia covering the popliteus
muscle (Figs 6.3a and b).

Contents of the Fossa

The popliteal artery and its branches (Fig. 6.4).
The popliteal vein and its tributaries.

The tibial nerve and its branches.

The common peroneal nerve and its branches.
The posterior cutaneous nerve of the thigh.
The genicular branch of the obturator nerve.
The popliteal lymph nodes.

Fat.

The popliteal vessels and the tibial nerve cross the
fossa vertically, and are arranged one over the other.
The tibial nerve is most superficial; the popliteal vein
lies deep or anterior to tibial nerve; and the popliteal
artery is deepest of all. The artery is crossed posteriorly
by the vein and by the nerve. The relative position of
these structures is as follows.

In the upper part of the fossa, from medial to lateral
side: artery, vein and nerve (A, V, N).

In the middle part, from behind forwards: nerve, vein
and artery (N, V, A).

In the lower part, from medial to lateral side: nerve,
vein and artery (Fig. 6.4) (N, V, A).

@I DU R WN =

Fat covering
popliteal surface
of femur

Lymph nodes

,"". f— Capsule of

Knee joint— : /r knee joint

Popliteus and
fascia over it

Figs 6.3a and b: Floor of the popliteal fossa: (a) Surface view, and (b) vertical sectional view
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78 LOWER LIMB

AVN
Medial Lateral
Popliteal vein Common
and artery peroneal nerve
Short head of
biceps femoris
Tibial nerve £ Superior lateral
iz | IS genicular nerve
NS ) N
X | it ‘ —— Lateral cutaneous
= | nerve of calf
%‘Z ; ﬁ \ Inferior lateral
\ [ : ‘ genicular nerve
bt Sural
N.V.A communicating
’ / nerve

Fig. 6.4: The arrangement of the main nerves and vessels in
the popliteal fossa

The common peroneal nerve crosses the fossa
obliquely from the superior angle to the lateral angle,
along the medial border of the biceps femoris, lying in
the same superficial plane as the tibial nerve.

POPLITEAL ARTERY
Beginning, Course and Termination

Popliteal artery is the continuation of the femoral artery.
It begins at the opening in the adductor magnus or
hiatus magnus, i.e. at the junction of middle one-third
with the lower one-third of thigh.

It runs downwards and slightly laterally, to reach
the lower border of the popliteus.

[t terminates at the lower border of popliteus by
dividing into the anterior and posterior tibial arteries
(Fig. 6.5).

Relations
The popliteal artery is the deepest structure in the
popliteal fossa. It has the following relations.

Anterior or deep to the artery, from above downwards,
there are:

* The popliteal surface of the femur.
* The back of the knee joint.
* The fascia covering the popliteus muscle (Fig. 6.3).

Posterior or superficially: To the tibial nerve (Fig. 6.4).

Laterally: Biceps femoris and the lateral condyle of the
femur in the upper part, plantaris and the lateral head
of the gastrocnemius in the lower part.

Popliteal artery Femur

Superior medial
genicular artery Superior lateral

genicular artery

Middle genicular
artery

g

Inferior medial ——
genicular artery

Inferior lateral
| genicular artery
! — Anterior tibial
artery

Posterior
tibial artery

Peroneal artery

Fig. 6.5: Course of the genicular branches of the popliteal artery

Medially: Semimembranosus and the medial condyle
of the femur in the upper part. The lower part of the
artery is related to the tibial nerve, the popliteal vein,
and the medial head of the gastrocnemius in the lower
part.

Branches

Several large muscular branches are given off. The upper
(two or three) muscular branches supply the adductor
magnus and the hamstrings, and terminate by
anastomosing with the fourth perforating artery. The
lower muscular or sural branches supply the
gastrocnemius, the soleus and the plantaris.

Cutaneous branches arise either directly from the
popliteal artery, or indirectly from its muscular
branches. One cutaneous branch usually accompanies
the small saphenous vein.

Genicular branches are five in number, two superior,
two inferior and one middle. The middle genicular artery
pierces the oblique popliteal ligament of the knee, and
supplies the cruciate ligaments and the synovial
membrane of the knee joint (Fig. 6.5).

The medial and lateral superior genicular arteries wind
round the corresponding sides of the femur
immediately above the corresponding condyle, and
pass deep to the hamstrings.

The medial and lateral inferior genicular arteries wind
round the corresponding tibial condyles, and pass deep
to the collateral ligaments of the knee. All these arteries
reach the front of the knee and take part in forming the
anastomoses around the knee.
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CLINICAL ANATOMY

¢ Blood pressure in the lower limb is recorded from
the popliteal artery. In coarctation of the aorta, the
popliteal pressure is lower than the brachial
pressure. Figure 6.6 shows palpation of artery.

¢ Constant pulsations of the popliteal artery against
the unyielding tendon of the adductor magnus
may cause changes in the vessel wall, leading to
narrowing and occlusion of the artery. Sudden
occlusion of the artery may cause gangrene up to
the knee, but this is usually prevented by the
collateral circulation through the profunda
femoris artery.

* The popliteal artery is fixed to the capsule of the
knee joint by a fibrous band present just above
the femoral condyles. This may be a source of
continuous traction or stretching on the artery,
causing primary thrombosis of the artery in young
subjects.

¢ When the popliteal artery is affected by
atherosclerosis, the lower part of artery usually
remains patent where grafts can be tried.

* The popliteal artery is more prone to aneurysm
than many other arteries of the body.

Fig. 6.6: Palpation of left popliteal artery

POPLITEAL VEIN

It begins at the lower border of the popliteus by the
union of veins accompanying the anterior and posterior
tibial arteries. It is medial to the popliteal artery in the
lower part of the fossa; posterior to the artery in the
middle; and posterolateral to it in the upper part of the
fossa. The vein continues as the femoral vein at the
opening in the adductor magnus. The popliteal vein
receives:

1 The small saphenous vein (Fig. 6.2).

2 The veins corresponding to the branches of the

popliteal artery (Fig. 6.4).

TIBIAL NERVE

Root value: Ventral divisions of ventral rami of L4, L5,
S1, S2, S3.

POPLITEAL FOSSA 79

Course

This is the larger terminal branch of the sciatic nerve. It
lies superficial or posterior to the popliteal vessels
(Fig. 6.7). It extends from the superior angle to the
inferior angle of the popliteal fossa, crossing the
popliteal vessels from lateral to medial side.

Popliteal artery

Tibial nerve

Superior medial

icul Middle genicular
genicular nerve

nerve

Lateral head of

Inferior medial gastrocnemius

genicular nerve

Lateral condyle

Medial condyle of femur

of femur Soleus
Medial heaq of Plantaris
gastrocnemius

Sural nerve
Nerve to

popliteus

- Interosseous
membrane

Inferior
tibiofibular joint

e Sural nerve

Fig. 6.7: The distribution of tibial nerve

Branches

1 Three genicular or articular branches arise in the
upper part of the fossa these are:

a. Superior medial genicular nerve lies above the
medial condyle of femur, deep to the muscles.

b. Middle genicular nerve pierces the posterior part
of the capsule of the knee joint to supply structures
in the intercondylar notch of femur (Fig. 6.7).

c. Inferior medial genicular nerve lies along the
upper border of popliteus and reaches inferior to
the medial condyle of tibia.

2 Cutaneous nerve is called sural which originates in
the middle of the fossa and leaves it at the inferior
angle. It supplies the skin of lower half of back of leg
and whole of lateral border of the foot till the tip of
little toe.

3 Muscular branches arise in the distal part of the fossa

for the lateral and medial heads of gastrocnemius,
soleus, plantaris and popliteus.

mebooksfree.com

Section 1 Lower Limb



Section 1 Lower Limb

LOWER LIMB

The nerve to the popliteus crosses the popliteal
artery, runs downwards and laterally, winds round
the lower border of the popliteus, and supplies it from
its deep (anterior) surface. In addition to the popliteus,
the nerve also supplies the tibialis posterior, the
superior tibiofibular joint, the tibia, the interosseous
membrane, and the inferior tibiofibular joint.

CLINICAL ANATOMY

* Most of the muscular branches of tibial nerve arise
from its lateral side except to medial head of
gastrocnemius. So the medial side of the nerve is
safe.

¢ Damage to tibial nerve causes motor and sensory
loss.

a. Motorloss: Superficial and deep muscles of calf
and intrinsic muscles of sole.

b. Sensory loss: Loss of sensation on whole of sole
of foot, plantar aspect of digits and nail beds
on dorsum of foot.

COMMON PERONEAL NERVE

Root value: Dorsal divisions of ventral rami of L4, L5,
S1, S2.

Course

This is the smaller terminal branch of the sciatic
nerve. It lies in the same superficial plane as the tibial
nerve (Fig. 6.4). It extends from the superior angle of
the fossa to the lateral angle, along the medial border
of the biceps femoris. Continuing downwards and
forwards, it winds round the posterolateral aspect of
the neck of the fibula, pierces the peroneus longus,
and divides into the superficial and deep peroneal
nerves.

Branches

1 Cutaneous branches are two types:

a. Lateral cutaneous nerve of the calf descends to
supply the skin of the upper two-thirds of the
lateral side of the leg (Figs 6.4 and 9.1).

b. Sural communicating nerve arises in the upper
part of the fossa. It runs on the posterolateral
aspect of calf and joins the sural nerve (Fig. 6.4).

2 Articular branches:

a. Superior lateral genicular nerve accompanies the
artery of the same name and lies above the lateral
femoral condyle.

b. Inferior lateral genicular nerve also runs with the
artery of the same name to the lateral aspect of
knee joint above the head of fibula (Fig. 6.4).

c. Recurrent genicular nerve arises where common
peroneal nerve divides into superficial and deep

peroneal nerves. It ascends anterior to the knee
joint and supplies tibialis anterior muscle in
addition to the knee joint (see Fig. 8.9).
3 Muscular branches do not arise from this nerve.
However, it may give a branch to the short head of
biceps femoris.

POSTERIOR CUTANEOUS NERVE OF THIGH

It is a content of the upper half of the popliteal fossa. It
pierces the deep fascia about the middle of the fossa,
and supplies the skin up to the middle of the back of
the leg.

GENICULAR BRANCH OF OBTURATOR NERVE

This is the continuation of the posterior division of the
obturator nerve. It runs on the posterior surface of the
popliteal artery, pierces the oblique popliteal ligament,
and supplies the capsule of the knee joint.

POPLITEAL LYMPH NODES

These lie deep to the deep fascia near the termination
of the small saphenous vein. They receive afferents from
lateral part of sole, both superficial and deep parts of
back of leg and knee joint. The efferents end in deep
inguinal lymph nodes.

CLINICAL ANATOMY

¢ The common peroneal nerve can be palpated
against the posterolateral side of the neck of the
fibula (see Fig. 8.9). It may be injured in this area. It
is the most frequently injured nerve in the lower
limb (Fig. 6.8). This nerve is relatively unprotected.
It may get entrapped between the attachments of
peroneus longus to the head and shaft of fibula.
Patients present “foot drop” which is usually
painless. There is weakness of dorsiflexion of ankle
and of eversion of the foot. Inversion and plantar
flexion are normal and ankle jerk is intact (Fig. 6.8).

¢ Popliteal lymph nodes get enlarged in infection on
lateral side of sole/foot. These are lying along the
short saphenous vein. Short saphenous vein pierces
deep fascia to drain into popliteal vein (Fig. 6.9).

ANASTOMOSES AROUND THE KNEE JOINT

1 Anastomoses around the knee joint is a complicated,
arterial network situated around the patella and
around the lower end of the femur and the upper
end of the tibia.

2 Thenetwork is divisible into a superficial and a deep
part. The superficial part lies partly in the superficial
fascia around the patella and partly in fat behind the
ligamentum patellae. The deep part lies on the femur
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Fig. 6.8: Foot drop on the left side
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Fig. 6.9: Enlarged popliteal lymph nodes

POPLITEAL FOSSA

Lateral Medial

Femoral artery
Descending

branch of lateral
circumflex femoral

Descending
genicular

Popliteal artery

Superior lateral

ol Superior medial
genicular

genicular

Inferior lateral—
genicular Saphenous branch
—— Inferior medial

Anterior tibial— .
genicular

recurrent

Circumflex fibular Anterior tibial

Posterior tibial — Posterior tibial

recurrent
Fig. 6.10: Anastomoses around the knee joint

Laterally, and above the condyle

a. The descending branch of the lateral circumflex
femoral.

b. The superior lateral genicular.

Laterally and below the condyle

a. The inferior lateral genicular.

b. Anterior tibial recurrent.

c. Posterior tibial recurrent from anterior tibial.

d. Circumflex fibular from posterior tibial

The medial and lateral arteries form longitudinal

anastomoses on each side of the patella. The

longitudinal anastomoses are interconnected to form

transverse anastomoses just above and below the

patella and above the tibial tuberosity.

The anastomoses supply the bones taking part in

forming the knee joint, and the capsule and synovial

membrane of the knee joint.

and the tibia all around their adjoining articular
surfaces.

3 It is formed:

Medially, and above the condyle

a. The descending genicular branch of femoral
(Fig. 6.10) and its saphenous branch.

b. The superior medial genicular.

Medially and below the condyle

a. Saphenous branch of descending genicular

b. The inferior medial genicular.

Mnemonics f i‘
Popliteal fossa

Upper part, from medial to lateral side

AVN
A—Popliteal artery
V—Popliteal vein
N—Tibial nerve

Middle part, from behind forwards
NVA
N—Tibial nerve
V—Popliteal vein
A—Popliteal artery

Lower part, from medial to lateral side
NVA
N—Tibial nerve
V—Popliteal vein
A—Popliteal artery
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Section 1 Lower Limb

LOWER LIMB

Popliteal artery is used for auscultating while
measuring blood pressure in lower limb

Short saphenous vein starting from the lateral end
of the dorsal venous arch drains into the popliteal
vein in the popliteal fossa.

Popliteus muscle unlocks the locked knee joint
before it is flexed by the hamstring muscles.

Tibial nerve runs vertically down the popliteal
fossa. It gives genicular branches in the upper part,
cutaneous branch in the middle part and muscular
branches in the lower part of the fossa.

Common peroneal nerve as it winds round the
neck of fibula is the most common injured nerve
in the lower limb, resulting in foot drop.

CLINICOANATOMICAL PROBLEM

A middle aged person complains of severe weakness
in both the lower limbs. This blood pressure in the
lower limbs was quite less than that of upper limb
* How is blood pressure in lower limb taken?

* What could be the cause of low BP?

Ans: The blood pressure in lower limb is taken by
auscultating the deeply placed popliteal artery. The
patient has to lie in prone position. The larger cuff is
tied in the thigh. Pressure is raised and released
slowly. Auscultatory sounds are heard on the
popliteal artery.

The possible reason could be “coarctation of aorta”,
i.e. narrowing of the aorta so that blood supply to
lower limb decreases causing a fall in blood pressure.
The coarctation needs to be treated surgically.

MULTIPLE CHOICE QUESTIONS

. The inferomedial boundaries of popliteal fossa is

formed by:

a. Lateral head of gastrocnemius

b. Medial head of gastrocnemius

c. Biceps femoris

d. Semitendinosus, gracilis, sartorius

. Which is not the content of popliteal fossa?

a. Popliteal artery and its branches
b. Popliteal vein and its tributaries
c. Tibial nerve

d. Long saphenous vein

. Popliteal artery is continuation of:

a. Femoral artery

b. Tibial artery

c. Internal pudendal artery
d. Obturator artery

. Blood pressure in lower limb is recorded from:

a. Internal pudendal artery
b. Popliteal artery

c. Tibial artery

d.Femoral artery

5. Which of the following is the thickest nerve of the

body?

a. Sciatic nerve

b. Pudendal nerve

c. Superior gluteal nerve

d. Nerve to quadratus femoris
. Structure passing through lesser sciatic foramen is:

a. Sciatic nerve

b. Pudendal nerve

c¢. Nerve to quadratus femoris

d. Superior gluteal vessels

7. Tibial nerve is a subdivision of:

a. Obturator nerve

b. Sciatic nerve

¢. Femoral nerve

d. Common peroneal nerve

8. Foot drop is due to injury of:

a. Common peroneal nerve
b. Superficial peroneal nerve
c¢. Femoral nerve

d. Tibial nerve

ANSWERS

1.b 2.d 3.a 4.b 5.a 6.b

8. a
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Back of Thigh
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INTRODUCTION

The posterior compartment of the thigh is also called
the flexor compartment. It is incompletely separated
from the medial compartment by the poorly defined
posterior intermuscular septum. The adductor magnus
is a component of both these compartments.

MUSCLES AND NERVES

DISSECTION

Give a veriical incision on the back of intact skin left
after the dissections of gluteal region and the popliteal
fossa (viii) (see Fig. 5.2). Reflect the skin and fasciae
on either side. Clean the hamstring muscles and study
their features from the Tables 7.1 and 7.2.

Sciatic nerve was seen in the gluteal region. Identify
its branches in back of thigh to each of the hamstring
muscles including occasionally for the short head of
biceps femoris muscle. Trace the two terminal divisions
of this nerve.

Separate the hamstring muscles to expose the ischial
part of the composite or hybrid adductor magnus
muscle.

Look for insertion of adductor longus, into the linea
aspera of femur.

Trace the profunda femoris vessels behind adductor
longus including its perforating branches (refer to #).

Cutaneous Innervation

The skin over the back of the thigh is supplied by
branches from the posterior cutaneous nerve of the
thigh (see Fig. 6.2).

MUSCLES OF THE BACK OF THIGH

The muscles of the back of the thigh are called the
hamstring muscles. They are the semitendinosus, the

—Krishna Garg

semimembranosus, the long head of the biceps
femoris, and the ischial head of the adductor magnus
(Figs 7.1 to 7.4).

The hamstrings share the following characters.
a. Origin from the ischial tuberosity (see Fig. 2.6).
b. Insertion into one of the bones of the leg.

The adductor magnus reaches only up to the
adductor tubercle of the femur, but is included
amongst the hamstrings because the tibial
collateral ligament of the knee joint is,
morphologically, the degenerated tendon of this
muscle. The ligament is attached to medial
epicondyle, two millimeters from the adductor
tubercle.

c. Nerve supply from the tibial part of the sciatic
nerve.

d. The muscles act as flexors of the knee and
extensors of the hip.

The attachments hamstrings are given in Tables 7.1

and 7.2.

CLINICAL ANATOMY

* Hamstring muscles lying at the back of the knee
can be accidently or deliberately slashed or cut. If
cut, the person cannot run, as these muscles are
required for extension of the hip and flexion of
the knee, movements essential in walking/
running.

¢ Hamstrings have variable length. Some persons
cannot touch their toes with fingers while standing
straight as their hamstring muscles are rather
short.

e The inflammation of semimembranous bursa is
called semimembranosus bursitis. The bursa becomes
more prominent during extension of knee, and
disappears during flexion of knee (Fig. 7.5).
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Section 1 Lower Limb

LOWER LIMB

Muscle

1. Semitendinosus
It is so named because it is
muscular in upper part and has
a long tendon of insertion. It
lies posteromedially in the thigh,
superficial to the semimembranosus
(Fig. 7.1)

2. Semimembranosus
It is so named because it has a
flat tendon of origin. It lies
posteromedially in the thigh, deep
to the semitendinosus (Fig. 7.2)

3. Biceps femoris
It has two heads of origin long and
short. It lies posterolaterally in the
thigh (Fig. 7.1)

4. Adductor magnus (see Fig. 4.1)
This is the largest muscle of this
compartment. Because of its
double nerve supply, it is called
a hybrid muscle (Figs 7.3 and 7.4)

Table 7.1: Muscles of the back of thigh

Origin from

From the inferomedial impression on
the upper part of the ischial tuberosity,
in common with the long head of the
biceps femoris (Fig. 7.1)

From the superolateral impression on
the upper part of the ischial tuberosity.

a. Long head: From the inferomedial
impression on the upper part of the
ischial tuberosity; in common with
the semitendinosus, and also from
the lower part of the sacrotuberous
ligament

b. Short head: From the lateral lip of the
linea aspera between the adductor
magnus and the vastus lateralis, from
the upper two-thirds of the lateral
supracondylar line, and from the
lateral intermuscular septum

a. Lower lateral part of the ischial
tuberosity

. Ramus of the ischium

. Lower part of the inferior ramus of the
pubis

O T

Insertion into

Into the upper part of the medial surface
of the tibia behind the sartorius and the
gracilis (see Fig. 4.2b)

Into the groove on the posterior surface
of the medial condyle of the tibia.
Expansions from the tendon form the
oblique popliteal ligament, and the
fascia covering the popliteus (see Fig. 6.3a)

The tendon is either folded around,

by the fibular collateral ligament.

It is inserted into the head of the fibula
in front of its apex or styloid process
(see Fig. 2.24)

a. Medial margin of gluteal tuberosity
b. Linea aspera

¢. Medial supracondylar line

d. Adductor tubercle

Table 7.2: Nerve supply and actions of muscles

Muscle
1. Semitendinosus

2. Semimembranosus

Nerve supply
Tibial part of sciatic nerve (L5, S1, S2)

Tibial part of sciatic nerve (L5, S1, S2)

3. Biceps femoris

4. Adductor magnus
(hybrid muscle)

SCIATIC NERVE

The sciatic nerve is the thickest nerve in the body. In its
upper part, it forms a band about 2 cm wide. It begins
in the pelvis and terminates at the superior angle of
the popliteal fossa by dividing into the tibial and

common peroneal nerves.

a. Long head, by tibial part of sciatic nerve
b. Short head, by common peroneal part of
sciatic nerve (L5, S1, S2)

Double nerve supply: Adductor part by
posterior division of obturator nerve
Hamstring part by tibial part of sciatic nerve

Actions

Chief flexor of the knee and medial
rotator of the leg in semifiexed knee.
Weak extensor of the hip

Chief flexor of the knee and medial
rotator of the leg in semiflexed knee.
Weak extensor of the hip

Chief flexor of the knee and lateral
rotator of leg in semiflexed knee. Weak
extensor of the hip

Adductor part causes adduction of thigh;
Ischial part helps in extension of
hip and flexion of knee

Origin and Root Value

This is the largest branch of the sacral plexus. Its root
value is L4, L5, S1, S2, S3. It is made up of two parts,
the tibial part and the common peroneal part. The tibial
part is formed by the ventral divisions of the anterior

primary rami of L4, L5, S1, 52, S3. The common peroneal
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Long head of
biceps femoris

Semitendinosus

Short head of
biceps femoris

Semimembranosus

Oblique popliteal
ligament

Fascia over
popliteus

Fig. 7.2: Semimembranosus muscle
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Sleeping foot Quadratus femoris

Sciatic nerve lying

at the junction

of quadratus femoris
and adductor magnus

Sciatic nerve

Ischial part of

Adductor part of
adductor

adductor magnus

magnus
Tibial nerve Common
peroneal
nerve
Opening in
adductor

magnus

Neck of fibula

Fig. 7.3: Adductor magnus and quadratus femoris muscles with
terminal branches of sciatic nerve

Anterior
Medial—1— Lateral

Vastus Posterior
intermedius

Suprapatellar

. bursa
Vastus medialis

Vastus lateralis
Popliteal surface

of femur

Biceps femoris
Adductor magnus

Sartorius —e

Gracilis

Popliteal artery
and vein

Common

Semimembranosus peroneal nerve

Semitendinosus Tibial nerve

Fig. 7.4: Muscles of back of the thigh. Cross-section above the
adductor tubercle

part is formed by the dorsal divisions of the anterior
primary rami of L4, L5, 51, S2 (Fig. 7.6).

Course and Relations

1 In the pelvis: The nerve lies in front of the piriformis,
under cover of its fascia.

2 In the gluteal region: The sciatic nerve enters the
gluteal region through the greater sciatic foramen

mebooksfree.com

 Section 1 Lower Limb



Section 1 Lower Limb

LOWER LIMB

Semimembranosus
bursitis

Fig. 7.5: Semimembranosus bursitis

Part for lumbar plexus

Superior gluteal nerve

Inferior gluteal nerve

Common peroneal part b 83

Tibial part 54

Sciatic nerve y S5
Posterior cutaneous =
nerve of thigh 3 Cot

Perforating
cutaneous nerve

Pudendal nerve
Fig. 7.6: Scheme to show the sacral plexus and its branches

below the piriformis. It runs downwards with a slight
lateral convexity, passing between the ischial
tuberosity and the greater trochanter. It has the
following relations in the gluteal region.

Superficial or posterior: Gluteus maximus (see Fig. 5.14).

Deep or anterior:

a. Body of the ischium.

b. Tendon of the obturator internus with the gemelli.

¢. Quadratus femoris, obturator externus.

d. The capsule of the hip joint.

e. The upper, transverse fibres of the adductor
magnus.

Medial: Inferior gluteal nerve and vessels.

In the thigh: The sciatic nerve enters the back of the
thigh at the lower border of the gluteus maximus. It
runs vertically downwards up to the superior angle
of the popliteal fossa, at the junction of the upper
two-thirds and lower one-third of the thigh, where
it terminates by dividing into the tibial and the
common peroneal nerves. It has the following
relations in the thigh:

Superficial or posterior: The sciatic nerve is crossed by
the long head of the biceps femoris (Fig. 7.7).

Long head of
biceps femoris

Short head of

Semitendinosus biesps femeris

Apex of popliteal
fossa

Common
peroneal
nerve

Tibial nerve

Neck of
fibula

Fig. 7.7: Relations of sciatic nerve in the thigh

Deep or anterior: The nerve lies on the adductor
magnus (Fig. 7.3).

Medial: The semimembranosus, and the semi-
tendinosus.
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Lateral: Biceps femoris.

The sciatic nerve is accompanied by a small
companion artery which is a branch of the inferior
gluteal artery. The artery runs along the sciatic nerve
for some distance before sinking into its substance.

Branches

1 Articular branches to the hip joint arise in the gluteal
region.

2 Muscular branches: The tibial part of the sciatic nerve
supplies the semitendinosus, the semimembranosus,
the long head of the biceps femoris, and the ischial
head of the adductor magnus from its medial side.
The common peroneal part supplies only the short head
of the biceps femoris.

CLINICAL ANATOMY

¢ Testing the hamstring muscles hamstring muscles
can be tested by requesting the patient to flex the
knee against resistance in prone position (Fig. 7.8).

* Sciatic nerve lies on quadratus femoris and
adductor magnus. Between the thin borders of
these two muscles the nerve lies for a short distance
on the femur. When a person sits on the edge of a
hard table/chair, the nerve gets compressed
between the edge of table and femur. It results in
numbness of lower limb. But the sensations come
back when foot is hit on the ground a few times
and is called sleeping foot (Fig. 7.3).

e Shooting pain along the cutaneous distribution of
the sciatic nerve and its terminal branches, chiefly
the common peroneal, is known as sciatica. Pain
usually begins in the gluteal region, and radiates
along the back of the thigh, and the lateral side of
the leg, to the dorsum of the foot.

This is usually due to compression of one or more
nerve roots forming the sciatic nerve. The cause
may be disc prolapse, neuritis, etc. (Fig. 7.9).

¢ The semimembranosus bursa may get inflamed.
The condition is called semimembranosus bursitis
(Fig. 7.5).

* The sciatic nerve may be injured by penetrating
wounds, dislocation of the hip. This results in loss
of all movements below the knee with foot drop;
sensory loss on the back of the thigh, the whole of
the leg, and the foot except the area innervated by
the saphenous nerve (Fig. 7.10).

* Motor loss includes loss of hamstring muscles, loss
of dorsiflexors, plantarflexors, evertors and
muscles of sole (Fig. 7.11)

ARTERIES OF THE BACK OF THIGH

The arteries on the back of the thigh are terminal parts
of the branches of the profunda femoris. The lateral
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Fig. 7.9: Disc prolapse causing sciatica

| (
I/ |
\ ~'|
\

Fig. 7.10: Sensory loss over most of the leg due to injury to
sciatic nerve

circumflex femoral branch of the profunda femoris
divides into ascending, transverse and descending
branches.

The medial circumflex femoral artery gives
acetabular branch and then divides into ascending and
transverse branches (Figs 7.12a and b).
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88 LOWER LIMB

Wasting of
hamstrings

Wasting of peronei

Wasting of

If I
calt muscles Wasting of

dorsiflexors

Wasting of
muscles of sole

Fig. 7.11: Wasting of various groups of muscles

Foot drop

The main supply to the back of the thigh is through
the perforating branches of the profunda femoris. These
are described below.

Perforating Branches of the Profunda Femoris Artery

The profunda femoris artery gives off four perforating
arteries. They arise on the front of the thigh. They then
pass through the adductor magnus and wind round
the back of the femur, piercing the aponeurotic origins
of other muscles attached to the linea aspera. They
ultimately end in the vastus lateralis (Fig. 7.13).

lliopsoas

Lateral circumflex —
femoral artery:
Ascending branch
Transverse branch
Descending branch

1st,2nd,3rd and 4th
perforating arteries

(a)

Profunda femoris artery

Femoral artery

Pectineus

Medial circumflex
femoral artery:
Acetabular branch
Ascending branch
Transverse branch

Adductor longus

Sartorius

Femoral

1st

Profunda

" femoris

Perforating
branches  3rd

4th

Fig. 7.13: Perforating branches of profunda femoris artery

The first perforating artery arises just above, or on
the upper border of the adductor brevis, the second in
front of the adductor brevis, the third immediately
below the adductor brevis, and the fourth is the
termination of the profunda femoris artery (Figs 7.12a
and b). The perforating arteries give off muscular
branches. They also give off cutaneous and anastomotic
branches. The second perforating artery, gives off the
nutrient artery to the femur.

ANASTOMOSES ON THE BACK OF THIGH

Atleast two distinct chains of anastomoses can be made
out in the back of the thigh. One lies partly on the
surface of the adductor magnus and partly in its
substance. The other lies close to the linea aspera of
femur. These longitudinal anastomotic chains are
formed by the branches of internal iliac, the femoral
and popliteal arteries. Thus from above downwards:
1 The gluteal arteries anastomose with each other and
with the circumflex femoral arteries (see Flow chart 5.1).

Femoral artery

Femoral vein

Profunda femoris artery

Profunda femoris vein

Adductor longus

(b)

Figs 7.12a and b: Origin and course of the profunda femoris artery: (a) Surface view, and (b) sagittal sectional view. Note that the

femoral and profunda vessels straddle the adductor longus
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Common iliac artery

Internal iliac artery

External iliac artery —— Superior gluteal artery
Inferior gluteal artery

3 Cruciate anastomosis
Femoral artery —

Profunda ;

femoris artery 3rd perforating artery

Opening in adductor
magnus t#) o )
_)78uper|or muscular

branches of popliteal artery

1st perforating artery

2nd perforating artery

4th perforating artery

Popliteal artery —
Fig. 7.14: Anastomoses on the back of thigh

2 The circumflex femorals anastomose with the first
perforating artery (cruciate anastomoses) (Fig. 7.14
and see Flow chart 5.2).

3 The perforating arteries anastomose with one
another.

4 The fourth perforating artery anastomoses with the
upper muscular branches of the popliteal artery.

Another anastomosis is found on the sciatic nerve.
This is formed by the companion artery of the sciatic
nerve and the perforating arteries.

These longitudinal anastomoses provide an
alternative route of blood supply to the lower limb,
bypassing the external iliac and femoral arteries.

BACK OF THIGH

* Sciatic nerve is the thickest nerve of the body.

¢ Sleeping foot is a temporary condition.

* Hamstrings are flexors knee and weak extensors
of hip.

¢ Adductor magnus is a hybrid muscle.

¢ Thin artery accompanying sciatic nerve is part of
the axial artery of lower limb.

CLINICOANATOMICAL PROBLEM

A 26-year-old woman complained of severe pain in

the back of her right thigh and leg.

* Which nerve is involved and what is its root value?

* What is straight leg raising test? If done on this
patient, why does it cause pain?

Ans: The nerve involved is sciatic nerve. Its root
value is veniral rami of L4, L5, 51, 52, S3 segments
of spinal cord. The pain on the back of thigh indicates
compression of the roots of sciatic and radiating pain
along cutaneous branches of tibial and common
peroneal nerves.

Straight leg raising test:

The patient lies supine on the bed. The affected leg
is extended at both hip and knee joints. Then it is
raised up from the bed by holding the foot. As the
nerve is stretched, it causes severe pain.

MULTIPLE CHOICE QUESTIONS

1. The posterior compartment is also known as:
a. Flexor compartment
b. Extensor compartment
¢. Abductor compartment
d. Adductor compartment
2. Biceps femoris is inserted into:
a. Head of fibula
b. Adductor tubercle of femur
c. On styloid process of fibula
d. Medial condyle of tibia
3. Compression of which nerve leads to numbness of

lower limb
a. Sciatic nerve b. Tibial nerve
c. Femoral nerve d. Deep peroneal nerve

4. Which is not a character of hamstring muscle?
a. Origin from ischial tuberosity
b. Nerve supply by deep peroneal muscle

c¢. The muscle act as flexor of knee and extensor of
hip
d. Insertion into one of bones of leg
5. Semimembranosus is supplied by:
a. Tibial part of sciatic nerve
b. Common peroneal part of sciatic nerve
c. Obturator nerve
d. Femoral nerve
6. Sciatic nerve is largest branch of:
a. Sacral plexus b. Lumbar plexus
c. Cervical plexus ~ d. Brachial plexus
7. Tibial collateral ligament of knee is the morpho-
logical continuation of:
a. Adductor magnus muscle
b. Adductor brevis muscle
c. Adductor longus muscle
d. None of above

ANSWERS

1.a 2.a 3.a 4. b 5.a 6.a

7.a
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Front, Lateral and Medial Sides of
Leg and Dorsum of Foot
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INTRODUCTION

The great saphenous vein starts on the medial side of
the dorsum of the foot and runs up just anterior to the
medial malleolus, where it can be “slit open” for
transfusion purposes. Dorsalis pedis artery, the distal
continuation of the anterior tibial artery, is used for
palpation in some clinical conditions. The dorsiflexors
of foot supplied by deep peroneal nerve lie in the
anterior compartment of leg. Tibialis anterior is an
invertor of the foot as well. The two big evertors of the
foot with superficial peroneal nerve are placed in the
lateral compartment of the leg. The tendons of all these
muscles are retained in position by two extensor and
two peroneal retinacula. The three muscles inserted on
the upper medial surface of tibia stabilise the pelvis on
the thigh and leg (see Fig. 4.2b).

SURFACE LANDMARKS

1 Medial and lateral condyles of tibia are felt better in a
flexed knee with the thigh flexed and laterally
rotated (Fig. 8.1).

2 Tibial tuberosity is a bony prominence on the front
of the upper part of tibia, 2.5 cm distal to the knee
joint line passing through the upper margins of the
tibial condyles. The tuberosity provides attachment
to ligamentum patellae above, and is continuous
with the shin below.

3 Head of the fibula lies posterolaterally at the level of
tibial tuberosity. It serves as a guide to common
peroneal nerve which winds around the
posterolateral aspect of the neck of fibula.

4 Shin is the subcutaneous anterior border of tibia. It
is sinuously curved and extends from the tibial
tuberosity to the anterior margin of the medial
malleolus. It is better defined in the upper part than
in the lower part.

—V Nabokov

Lateral \ Medial

Head of fibula

Medial condyle

Lateral condyle of tibia
of tibia
Tibial tuberosity

Great saphenous vein

Shin

Medial surface
of tibia

Lateral malleolus Medial malleolus

Small saphenous vein
Dorsal venous arch
Lateral marginal vein

Dorsal metatarsal vein Medial marginal vein

Fig. 8.1: Landmarks on leg and foot with superficial veins on
the front

5 Medial surface of tibia is subcutaneous, except in the
uppermost part where it is crossed by the tendons
of sartorius, gracilis and semitendinosus. Great
saphenous vein crosses lower one-third of the
surface, running obliquely upwards and backwards
from the anterior border of medial malleolus.

6 Medial border of tibia is palpable throughout its
whole extent. The saphenous nerve and great
saphenous vein run partly along it.

7 Gastrocnemius and the underlying soleus form the
fleshy prominence of the calf. These muscles become
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prominent when heel is raised as standing on toes.
Tendocalcaneus is the strong, thick tendon of these
muscles; it is attached below to the posterior surface
of calcaneum.

Medial malleolus is the bony prominence on the
medial side of ankle. It is formed by a downwards
projection from the medial surface of the lower end
of tibia.

Lateral malleolus is the bony prominence on the
lateral side of ankle. It is formed by the lower end
of fibula. It is larger but narrower than the medial
malleolus, and its tip is 0.5 cm below that of the
medial malleolus. The posterior borders of two
malleoli are in the same coronal plane, but the
anterior border of lateral malleolus is about 1.5 cm
behind that of the medial malleolus.

Peroneal trochlea, when present, is felt as a little
prominence about a finger-breadth below the lateral
malleolus. Peroneus brevis passes above and the
peroneus longus below the trochlea.

Sustentaculum tali can be felt about a thumb-breadth
below the medial malleolus.

Tuberosity of navicular bone is a low bony prominence
felt 2.5 to 3.75 ¢cm anteroinferior to the medial
malleolus, about midway between the back of the
heel and root of the big toe.

Head of the talus lies above the line joining the
sustentaculum tali and tuberosity of navicular bone.

Tuberosity of the base of fifth metatarsal bone is the most
prominent landmark on the lateral border of the
foot. It lies midway between the point of the heel
and the root of the little toe.

Posterior tibial artery pulsations can be felt against
calcaneum about 2 cm below and behind the medial
malleolus (see Fig. 9.9).

Dorsalis pedis artery pulsations can be felt best on
the dorsum of foot about 5 cm distal to the malleoli,
lateral to the tendon of extensor hallucis longus,
over the intermediate cuneiform bone (Fig. 8.11).

Tendon of tibialis anterior becomes prominent on
active inversion of the foot, passing downwards
and medially across the medial part of the anterior
surface of ankle.

Tendon of extensor hallucis longus becomes prominent
when the foot is dorsiflexed.

Extensor digitorum brevis produces an elevation on
the lateral part of the dorsum of foot when the toes
are dorsiflexed or extended (Fig. 8.7).

First metatarsophalangeal joint lies a little in front of
the centre of the ball of big toe. The other
metatarsophalangeal joints are placed about 2.5 cm
behind the webs of the toes.

FRONT, LATERAL AND MEDIAL SIDES OF LEG AND DORSUM OF FOOT

1

2.

SUPERFICIAL FASCIA

DISSECTION

. Make a horizontal incision across the leg at its

junction with foot (see Fig. 3.1).

Provide a vertical incision up from the centre of

incision (1) to the middle of incision drawn just below

the level of tibial tuberosity.

. Carry this vertical incision on to the dorsum of foot
till the middle of the second toe.

Reflect the skin on both the sides. Look for various
veins and cutaneous nerves in the leg and foot
according to the description given in the text
(refer to %).

CONTENTS

The superficial fascia of the front of the leg and the
dorsum of the foot contains: The superficial veins,
cutaneous nerves, lymphatics, and small unnamed
arteries.

Superficial Veins

1

The dorsal venous arch lies on the dorsum of the foot
over the proximal parts of the metatarsal bones. It
receives four dorsal metatarsal veins each of which
is formed by the union of two dorsal digital veins
(Fig. 8.1).

The great or long saphenous vein is formed by the union
of the medial end of the dorsal venous arch with the
medial marginal vein which drains the medjial side of
the great toe. It passes upwards in front of the medial
malleolus, crosses the lower one-third of the medial
surface of tibia obliquely, and runs along its medial
border to reach the back of the knee. The saphenous
nerve runs in front of the great saphenous vein.

The small or short saphenous vein is formed by the
union of the lateral end of the dorsal venous arch
with the lateral marginal vein, draining the lateral
side of the little toe. It passes upwards behind the
lateral malleolus to reach the back of the leg. The
sural nerve accompanies the small saphenous vein.
Both saphenous veins are connected to the deep veins

through the perforating veins.

Cutaneous Nerves

1

The infrapatellar branch of the saphenous nerve pierces
the sartorius and the deep fascia on the medial side
of the knee, curves downwards and forwards, and
supplies the skin over the ligamentum patellae
(Fig. 8.2).

The saphenous nerve is a branch of the posterior
division of the femoral nerve. It pierces the deep
fascia on the medial side of the knee between the
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lateral plantar nerve

LOWER LIMB

Infrapatellar
branch of
saphenous
nerve

Lateral cutaneous
nerve of calf

Saphenous
nerve

Superficial
peroneal nerve

Sural nerve

Digital branches of Deep peroneal

nerve

Digital branches of medial plantar nerve

Fig. 8.2: Cutaneous nerves on the front of the leg and dorsum
of foot

sartorius and the gracilis, and runs downwards in
front of the great saphenous vein. It supplies the skin
of the medial side of the leg and the medial border
of the foot up to the ball of the great toe.

3 The lateral cutaneous nerve of the calf is a branch of the

common peroneal nerve. It pierces the deep fascia
over the lateral head of the gastrocnemius, and
descends to supply the skin of the upper two-thirds
of the lateral side of the leg (Fig. 8.2).

4 The superficial peroneal nerve is a branch of the

common peroneal nerve. It arises on the lateral side
of the neck of the fibula deep to the fibres of the
peroneus longus. It descends between the peroneal
muscles, pierces the deep fascia at the junction of
the upper two-thirds and lower one-third of the
lateral side of the leg, and divides into medial and
lateral branches. These branches supply the
following area:
a. The skin over the lower one-third of the lateral

side of the leg (Fig. 8.2).
b. The skin over the entire dorsum of the foot with

the exception of the following areas.

i. Lateral border, supplied by sural nerve.
ii. Medial border up to the base of the great toe,
supplied by the saphenous nerve.
iii. Cleft between the first and second toes,
supplied by the deep peroneal nerve.

The sural nerve is a branch of the tibial nerve. It arises
in the middle of the popliteal fossa. It runs vertically
downwards, pierces the deep fascia in the middle of
the back of leg, accompanies the small saphenous

vein, and supplies the skin of the lower half of the
back of leg and of the whole of the lateral border of
the foot up to the tip of the little toe (see Fig. 9.1).

6 The deep peroneal nerve terminates by supplying the
skin adjoining the cleft between the first and second
toes.

7 The digital branches of the medial and lateral plantar
nerves curve upwards and supply the distal parts of
the dorsum of the toes. Medial plantar nerve supplies
medial 3% toes; lateral plantar nerve supplies lateral
1% toes.

CLINICAL ANATOMY

Saphenous nerve may be subjected to entrapment
neuropathy as it leaves the adductor canal, leading
to pain in the area of its supply.

DEEP FASCIA

DISSECTION

Underlying the supericial fascia is the dense deep fascia
of leg. Divide this fascia longitudinally as it stretches
between tibia and fibula.

Expose the superior extensor retinaculum 5 cm
above the ankle joint and the inferior extensor
retinaculum in front of the ankle joint.

Features

The following points about the fascia are noteworthy.

1 In the leg, tibia and fibula are partly subcutaneous,
the most notable being the medial surface of the tibia,
and the malleoli. Over these subcutaneous areas, the
deep fascia is replaced by periosteum.

2 Extensions of deep fascia form intermuscular septa
that divide the leg into compartments (Fig. 8.3).

The anterior and posterior intermuscular septa are
attached to the anterior and posterior borders of the
fibula. They divide the leg into three compartments:
anterior, lateral, and posterior. The posterior
compartment is subdivided into superficial,
intermediate and deep parts by superficial and deep
transverse fascial septa.

3 Around the ankle, the deep fascia is thickened to form
bands called retinacula. These are so called because
they retain tendons in place. On the front of the ankle
there are the superior and inferior extensor retinacula.
Laterally, there are the superior and inferior peroneal
retinacula. Posteromedially, there is the flexor
retinaculum. The extensor retinacula are described
below. The peroneal retinacula are considered with
the lateral compartment of the leg and the flexor
retinaculum with the posterior compartment.
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Tibialis anterior muscle

Extensor hallucis longus muscle
Extensor digitorum longus muscle
Superficial peroneal nerve

Anterior intermuscular septum

Peroneus longus muscle | V(b w

Peroneus brevis muscle
Fibula
Peroneus vessels

Deep transverse intermuscular septum
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Tibia

Great saphenous vein
and saphenous nerve

Anterior tibial artery with vena
comitantes and deep peroneal nerve
\ Posterior tibial artery with vena

i comitantes and tibial nerve
Interosseous membrane

Superficial transverse intermuscular septum

Deep fascia of leg

Fig. 8.3: Transverse section through the middle of the leg showing the intermuscular septa and the arrangement of structures in the

anterior and lateral compartments

Superior Extensor Retinaculum
Altachments

Medially, it is attached to the lower part of the anterior
border of the tibia, and laterally to the lower part of
the anterior border of the fibula forming the anterior
boundary of the elongated triangular area just above
the lateral malleolus (Fig. 8.4).

Inferior Extensor Retinaculum

This is a Y-shaped band of deep fascia, situated in front
of the ankle joint and over the posterior part of the
dorsum of the foot. The stem of the Y lies laterally, and
the upper and lower bands, medially (Fig. 8.4).

Aftachments

1 The stem is attached to the anterior non-articular part
of the superior surface of the calcaneum, in front of
the sulcus calcanei.

Extensor hallucis ——
longus after crossing
the nerve and artery

Deep peraneal nerve

Anterior tibial artery

Extensor

" Tibialis anterior
digitorum longus

Superior extensor

Peroneus tertius retinaculum

Dorsalis pedis
artery Upper band and

lower band of

inferior extensor

retinaculum

Lateral branch of
deep peroneal nerve
with pseudoganglion

Medial branch of
deep peroneal

nerve

Fig. 8.4: Tendons, vessels and nerves related to the extensor
retinacula

N

The upper band passes upwards and medially, and is
attached to the anterior border of the medial
malleolus.

The lower band passes downwards and medially and
is attached to the plantar aponeurosis.

4]

Structures Passing under

Tibialis anterior.

Extensor hallucis longus.
Anterior tibial vessels.
Deep peroneal nerve
Extensor digitorum longus.
The peroneus tertius.

CLINICAL ANATOMY

Anterior tibial compartment syndrome/fresher’s
syndrome: The muscles of anterior compartment of
leg get pain because of too much sudden exercise.
The muscles are tender to touch.

MUSCLES OF FRONT OF LEG

DISSECTION

Identify the muscles of anterior compartment of leg as
these are lying close together on the lateral surface of
tibia, adjoining interosseous membrane and medial
surface of fibula.

Trace their tendons deep to the two retinacula on
the dorsum of foot till their insertion. Learn about these
muscles given in Tables 8.1 and 8.2.

Look for anterior tibial artery and accompanying deep
peroneal nerve as these lie on the upper part of
interosseous membrane of leg. Study their course,
relations and branches.

SN U WIN =
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LOWER LIMB

MUSCLES OF ANTERIOR COMPARTMENT OF THE LEG

The muscles of the anterior compartment of the leg are
the tibialis anterior, the extensor hallucis longus, the
extensor digitorum longus and the peroneus tertius
(Fig. 8.5).

These muscles are tested by palpation on the front of leg
and requesting the patient to dorsiflex the foot (Fig. 8.6).

The attachments of these muscles are given in
Tables 8.1 and 8.2.

ANTERIOR TIBIAL ARTERY
Introduction

This is the main artery of the anterior compartment of
the leg (Fig. 8.8). The blood supply to the anterior
compartment of the leg is reinforced by the perforating
branch of the peroneal artery, the size of which is
inversely proportional to that of the anterior tibial artery.

Beginning, Course and Termination

The anterior tibial artery is the smaller terminal branch
of the popliteal artery.

It begins on the back of the leg at the lower border of
the popliteus, opposite the tibial tuberosity.

It enters the anterior compartment of the leg by
passing forwards close to the fibula, through an opening
in the upper part of the interosseous membrane.

Femur

Lateral tibial condyle

Head of fibula
Tibial tuberosity

Shatft of tibia
Tibialis anterior

Extensor
digitorum longus

Anterior tibial
artery

Extensor hallucis

. longus
Peroneus tertius 9

Lateral malleolus - )
Medial malleolus

Peroneus tertius tendon
Medial cuneiform

Extensor digitorum

longus tendon .
g Extensor hallucis

longus tendon

1st to 5th
distal phalanges

Fig. 8.5: Muscle of front of leg

L@J \S&

Fig. 8.6: How to test the dorsiflexors of the ankle joint

In the anterior compartment, it runs vertically
downwards to a point midway between the two
malleoli where it changes its name to become the
dorsalis pedis artery.

Relations

In the upper one-third of the leg, the artery lies between
the tibialis anterior and the extensor digitorum longus
(Fig. 8.5).

In the middle one-third it lies between the tibialis
anterior and the extensor hallucis longus (Fig. 8.3).

In the lower one-third it lies between the extensor
hallucis longus and the extensor digitorum longus. In
understanding these relations note that the artery is
crossed from lateral to medial side by the tendon of the
extensor hallucis longus (Fig. 8.4).

The artery is accompanied by the venae comitantes.

The deep peroneal nerve is lateral to it in its upper
and lower thirds, and anterior to it in its middle one-
third (Fig. 8.4).

Branches

1 Muscular branches supply adjacent muscles.

2 Anastomotic branches are given to the knee and ankle.
The anterior and posterior tibial recurrent branches take
part in the anastomoses round the knee joint
(see Fig. 6.10). The anterior medial malleolar and anterior
lateral malleolar branches take part in the anastomoses
round the ankle joint or malleolar networks (Fig. 8.8).
The lateral malleolar network lies just below the lateral

malleolus.

The medial malleolar network lies just below the medial
malleolus.
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Table 8.1: Muscles of the anterior compartment of the leg and dorsum of foot
Origin from

Muscle

1. Tibialis anterior
It has a spindle-shaped belly
with multipennate fibres
(see Fig. 2.27)

2. Extensor hallucis longus
(see Figs 2.35 and 8.5)

3. Extensor digitorum longus
(see Figs 2.35 and 8.5)

4. Peroneus tertius
It is a separated part of the
extensor digitorum longus,
and may be regarded as its
fifth tendon. It may be absent

5. Extensor digitorum brevis
This is a small muscle
situated on the lateral part
of the dorsum of foot, deep
to the tendons of the
extensor digitorum longus
(Fig. 8.7)

a.
b.

Lateral condyle of tibia
Upper two-thirds of the lateral
surface of the shaft of the tibia

¢. Adjoining part of interosseous membrane

V)

b. Adjoining part of the interosseous membrane

. Lateral condyle of tibia
. Whole of upper one-fourth and anterior half

T Qo

. Posterior half of the middle 2/4th of the

medial surface of the shaft of the fibula,
medial to the extensor digitorum longus

of middle 2/4th of the medial surface of the
shaft of the fibula

. Upper part of interosseous membrane

. Lower one-fourth of the medial surface of

the shaft of the fibula

. Adjoining part of the interosseous

membrane

The muscle arises from anterior part of the
superior surface of the calcaneum

Insertion into

Inferomedial surface of the medial
cuneiform and the adjoining part of the
base first metatarsal bone

Dorsal surface of the base of the distal
phalanx of the big toe

It divides into four tendons for the lateral
four toes. The tendons of 2nd, 3rd and 4th
digits are joined on the lateral side by
tendon of the extensor digitorum brevis, and
forms the dorsal digital expansion. It is
inserted on the bases of the middle and
distal phalanges (Fig. 8.7)

Medial part of the dorsal surface of the base
of the fifth metatarsal bone

The muscle divides into four tendons for
the medial four toes. The medial most part
of the muscle, which is distinct, is known
as the extensor hallucis brevis.

The extensor hallucis brevis is inserted into
the dorsal surface of the base of the
proximal phalanx of the great toe. The
lateral three tendons join the lateral sides
of the tendons of the extensor digitorum
longus to form the dorsal digital expansion
for the second, third and fourth toes

Note: The above muscles also take origin from the deep surface of the deep fascia, and from adjoining intermuscular septa.

Muscle
1. Tibialis anterior

2. Extensor hallucis longus

3. Extensor digitorum longus

4. Peroneus tertius
5. Extensor digitorum brevis

DEEP PERONEAL NERVE

Deep peroneal nerve is the nerve of the anterior
compartment of the leg and the dorsum of the foot. This

Nerve supply

Table 8.2: Nerve supply and actions of muscles

Action

Deep peroneal nerve a. Dorsiflexor of foot

Deep peroneal nerve

Deep peroneal nerve

Deep peroneal nerve

Lateral terminal
branch of the deep
peroneal nerve

b. Invertor of the foot

c. Keeps the leg vertical while walking on uneven ground
d. Maintains medial longitudinal arch of the foot

Dorsiflexor of foot and extends metatarsophalangeal and inter-

phalangeal joints of big toe

Dorsiflexor of foot. Extends metatarsophalangeal, proximal and distal

interphalangeal joints of 2nd-5th toes

Dorsiflexor of foot and evertor of foot

Medial tendon known as extensor hallucis brevis, extends meta-
tarsophalangeal joint of big toe. The other three lateral tendons
extend the metatarsophalangeal and interphalangeal joints of 2nd,

3rd and 4th toes particularly in a dorsiflexed foot

is one of the two terminal branches of common peroneal
nerve. It corresponds to the posterior interosseous nerve
of the forearm.

mebooksfree.com

Section 1 Lower Limb



Section 1 Lower Limb

LOWER LIMB

Extensor
digitorum brevis

Extensor
hallucis brevis

Tendons of extensor
digitorum longus

Fig. 8.7: Joint tendons of extensor digitorum brevis and extensor
digitorum longus in 2nd, 3rd and 4th toes

Anterior tibial
recurrent artery

Anterior tibial aretry

Perforating branch of peroneal
artery

Anterior medial
malleolar artery

Anterior lateral malleolar artery

Lateral tarsal artery Medial tarsal artery

First dorsal

Arcuate arte
v metatarsal artery

Dorsalis pedis artery
dipping in the sole

Fig. 8.8: Arteries on the front of the leg and dorsum of the foot

Beginning, Course and Termination

Deep peroneal nerve is one of the terminal branches of
common peroneal nerve. It begins on the lateral side of
the neck of the fibula (Fig. 8.9).

Common Biceps femoris
peroneal nerve
Fibular collateral

ligament

Recurrent
genicular

Deep peroneal

Superficial
peroneal

Peroneus brevis

Peroneus longus —
Talus

Navicular
Intermediate and lateral
cuneiform bones

Common——
synovial sheath

Superior peroneal
retinaculum

Peroneal tubercle

Inferior peroneal
retinaculum Cuboid

Peroneus brevis

Peroneus longus

Fig. 8.9: Common peroneal nerve and its terminal branches
the peroneal retinacula also seen

It enters the anterior compartment by piercing the
anterior intermuscular septum. It then pierces the
extensor digitorum longus and comes to lie next to the
anterior tibial artery (Fig. 8.3).

In the leg, it accompanies the anterior tibial artery
and has similar relations.

The nerve ends on the dorsum of the foot, close to
the ankle joint, by dividing into the lateral and medial
terminal branches (Fig. 8.4).

The lateral terminal branch turns laterally and ends in
a pseudoganglion deep to the extensor digitorum brevis.
Branches proceed from the pseudoganglion and supply
the extensor digitorum brevis and the tarsal joints.

The medial terminal branch ends by supplying the skin
adjoining the first interdigital cleft and the proximal
joints of the big toe (Fig. 8.2).

Branches

Muscular branches supply:

1 Four muscles of the anterior compartment of the leg
(Figs 8.3 and 8.5).

2 The extensor digitorum brevis on the dorsum of the foot.
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A cutaneous branch supplies adjacent sides of the first
and second toes (Fig. 8.2).

Articular branches supply the ankle joint, the tarsal
joints, the tarsometatarsal and metatarsophalangeal
joints of the big toe.

CLINICAL ANATOMY

Paralysis of the muscles of the anterior compartment
of the leg due to injury to deep peroneal nerve
results in loss of the power of dorsiflexion of the
foot. As a result the foot is plantar flexed. The
condition is called foot drop. This is usually caused
by injury or disease of the common peroneal nerve
due to trauma, leprosy or peripheral neuritis
(Fig. 8.10). Sensory loss is confined to first
interdigital cleft.

O\ =

Sensory loss

Fig. 8.10: Foot drop on the right side. Sensory loss in the
first interdigital cleft

DORSUM OF FOOT

DISSECTION

Identify the small muscle extensor digitorum brevis
situated on the lateral side of dorsum of foot. Its tendons
are deep to the tendons of extensor digitorum longus.
Its most medial tendon in called extensor hallucis brevis
(Fig. 8.7). Dissect the dorsalis pedis artery and its
branches on the dorsum of the foot.

DORSALIS PEDIS ARTERY
(DORSAL ARTERY OF THE FOQOT)

This is the chief palpable artery of the dorsum of the
foot (Fig. 8.8). It is commonly palpated in patients with

FRONT, LATERAL AND MEDIAL SIDES OF LEG AND DORSUM OF FOOT 97

vaso-occlusive diseases of the lower limb. It is a
continuation of the anterior tibial artery on to the
dorsum of the foot (Figs 8.4 and 8.11).

Beginning, Course and Termination

The artery begins in front of the ankle between the
two malleoli. It passes forwards along the medial side
of the dorsum of the foot to reach the proximal end
of the first intermetatarsal space. Here it dips
downwards between the two heads of the first dorsal
interosseous muscle, and ends in the sole by
completing the plantar arterial arch (Fig. 8.8).

Relations

Supeficicl

1 Skin, fasciae, and inferior extensor retinaculum
(Fig. 8.4).

2 Extensor hallucis brevis, which crosses the artery
from the lateral to medial side.

Deep

1 Capsular ligament of the ankle joint.
2 The talus, navicular and intermediate cuneiform
bones and the ligaments connecting them.

Medial

Extensor hallucis longus.

Laterai

1 First tendon of the extensor digitorum longus.
2 The medial terminal branch of the deep peroneal
nerve.

Branches

1 The lateral tarsal artery is larger than the medial and
arises over the navicular bone. It passes deep to the
extensor digitorum brevis, supplies this muscle and
neighbouring tarsal joints, and ends in the lateral
malleolar network.

2 The medial tarsal branches are two to three small twigs
which join the medial malleolar network.

3 The arcuate artery is a large branch that arises
opposite the medial cuneiform bone. It runs laterally
over the bases of the metatarsal bones, deep to the
tendons of the extensor digitorum longus and the
extensor digitorum brevis, and ends by
anastomosing with the lateral tarsal and lateral
plantar arteries. It gives off the second, third and fourth
dorsal metatarsal arteries (Fig. 8.8) each of which
divides into dorsal digital branches for adjoining
toes. The dorsal metatarsal arteries are joined by pro-
ximal and distal perforating arteries from the sole.
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4 The first dorsal metatarsal artery arises just before the
dorsalis pedis artery dips into the sole. It gives a
branch to the medial side of the big toe, and divides
into dorsal digital branches for adjacent sides of the
first and second toes.

CLINICAL ANATOMY

Pulsations of the dorsalis pedis artery are easily felt
between the tendons of the extensor hallucis longus
and the first tendon of the extensor digitorum longus.
It must be remembered, however, that the dorsalis
pedis artery is congenitally absent in about 14% of
subjects (Fig. 8.11).

Fig. 8.11: The dorsalis pedis artery being palpated

FASCIA AND MUSCLES OF LATERAL SIDE OF

THE LEG

DISSECTION

Reflect the lateral skin flap of leg further laterally till
peroneal muscles are seen. Divide the deep fascia
longitudinally over the peroneal muscles. Clean the
superior and inferior peroneal retinacula situated just
above and below the lateral malleolus.

Identify the peroneus longus and peroneus brevis
muscles. Trace their tendons through the retinacula
towards their insertion. Study the deep fascia and
peroneal muscles (refer to ).

BOUNDARIES

The lateral or peroneal compartment of the leg is
bounded anteriorly by the anterior intermuscular
septum, posteriorly by the posterior intermuscular
septum, medially by the lateral surface of the fibula, and
laterally by the deep fascia (Fig. 8.3).

CONTENTS
Muscles: Peroneus longus and peroneus brevis.
Nerve: Superficial peroneal nerve.

Vessels: The arterial supply is derived from the branches
of the peroneal artery which reach the lateral
compartment by piercing the flexor hallucis longus and
the posterior intermuscular septum. The veins drain
into the small saphenous vein.

PERONEAL RETINACULA

The superior peroneal retinaculum is a thickened band of
deep fascia situated just behind the lateral malleolus.
It holds the peroneal tendons in place against the back
of the lateral malleolus. It is attached anteriorly to the
posterior margin of the lateral malleolus, and
posteriorly to the lateral surface of the calcaneum and
to the superficial transverse fascial septum of the leg
(Fig. 8.9).

The inferior peroneal retinaculum is a thickened band
of deep fascia situated anteroinferior to the lateral
malleolus. Superiorly, it is attached to the anterior part
of the superior surface of the calcaneum, where it
becomes continuous with the stem of the inferior
extensor retinaculum. Inferiorly, it is attached to the
lateral surface of the calcaneum. A septum attached to
the peroneal tubercle or trochlea divides the space deep
to the retinaculum into two parts.

The peroneal retinacula hold the tendons of the
peroneus longus and brevis in place.

Under the superior retinaculum the two tendons are
lodged in a single compartment, and are surrounded
by a common synovial sheath.

Under the inferior retinaculum each tendon lies in a
separate compartment. The tendon of the peroneus
brevis lies in the superior compartment and that of the
peroneus longus in the inferior compartment. Here each
tendon is enclosed in a separate extension of the
synovial sheath (Fig. 8.9).

CLINICAL ANATOMY

Tenosynovitis of peronei tendon is the inflammation
of the tendon sheaths of the peroneal muscles. If
superior peroneal retinaculum is torn, the tendons
can get dislocated to front of lateral malleolus.

PERONEAL MUSCLES

These are the peroneus longus and the peroneus brevis
(Fig. 8.12). Their attachments are given in Tables 8.3
and 8.4.

CLINICAL ANATOMY

Paralysis of peroneus brevis and peroneus longus
occurs due to injury to superficial peroneal nerve.
The foot cannot be everted at subtalar joint.
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Superficial
peroneal nerve

Peroneus longus

Peroneus brevis

Fig. 8.12: Peronei muscles

SUPERFICIAL PERONEAL NERVE

DISSECTION

Carefully look for common peroneal nerve in relation to
the neck of fibula.

Superficial peroneal nerve, one of the terminal
branches of common peroneal nerve supplies both the
peroneus longus and brevis muscles and in lower one-
third of leg becomes cutaneous to supply most of the
dorsum of foot.

FRONT, LATERAL AND MEDIAL SIDES OF LEG AND DORSUM OF FOOT

Introduction

Superficial peroneal nerve (Fig. 8.9) is the main nerve
of the lateral compartment of the leg.

Origin
It is a smaller terminal branch of the common peroneal
nerve.

Course

The nerve begins on the lateral side of neck of fibula,
runs through the peroneal muscles and becomes
superficial at the junction of upper two-thirds and lower
one-third of leg.

Relations

It begins on the lateral side of the neck of the fibula,
under cover of the upper fibres of the peroneus longus.

In the upper one-third of the leg, it descends through
the substance of the peroneus longus. In the middle one-
third, it first descends for a short distance between the
peroneus longus and brevis muscles, reaches the
anterior border of the peroneus brevis, and then descends
in a groove between the peroneus brevis and the extensor
digitorum longus under cover of deep fascia.

At the junction of the upper two-thirds and lower
one-third of the leg, it pierces the deep fascia to become
superficial. It divides into a medial and a lateral branch
which descend into the foot (Fig. 8.2).

BRANCHES AND DISTRIBUTION

Muscular branches: Peroneus longus and the peroneus
brevis.

Cutaneous branches: Through its terminal branches,
the superficial peroneal nerve supplies the lower one-
third of the lateral side of the leg and the greater part
of the dorsum of the foot, except for the territories

Table 8.3: The peroneal muscles

Muscle Origin from

1. Peroneus longus a. Head of the fibula,
It lies superficial to
the peroneus brevis

(Fig. 8.12)

half of the middle one-third of

of the fibula

Anterior half of the middle
one-third and whole of the
lower one-third of the lateral
surface of the shaft of fibula
b. Anterior and posterior inter-
muscular septa of the leg

2. Peroneus brevis a.
Lies deep to the
peroneus longus
(Fig. 8.9)

Insertion
The tendon passes deep to the peroneal retinacula, runs

b. Upper one-third, and posterior through a tunnel in the cuboid, and is inserted into (a) the

lateral side of the base of the first metatarsal bone and (b) the

the lateral surface of the shaft adjoining part of the medial cuneiform bone. The tendon

changes its direction below the lateral malleolus and again
on the cuboid bone. A sesamoid is present in the tendon in the
latter situation

The tendon passes deep to the peroneal retinacula, and is
inserted into the lateral side of the base of the fifth metatarsal
bone (see Fig. 2.44)
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Table 8.4: Nerve supply and actions of the peroneal muscles

Muscle Nerve supply Actions

1. Peroneus longus Superficial peroneal nerve  a. Evertor of foot especially when foot is off the ground
b. Maintain lateral longitudinal arch and transverse arch of the foot
Peroneus longus and tibialis anterior are inserted into the same two
bones, the two together form a ‘stirrup’ beneath the middle of the sole.
The presence of the sling keeps the middle of foot pulled up and
prevents flattening of its arches.

2. Peroneus brevis Superficial peroneal nerve Evertor of foot

supplied by the saphenous, sural, deep peronealnerves  ligament, all of which are covered by a thin layer of
and plantar nerves (Fig. 8.2). deep fascia. The great saphenous vein and the saphenous

The medial branch crosses the ankle and divides into  nerve lie in the superficial fascia as they cross the lower
two dorsal digital nerves—one for the medial one-third of this surface.

side of the big toe, and the other for the adjoining sides 1 The skin, fasciae and periosteum on this surface are

of the second and third toes.

The lateral branch also divides into two dorsal digital
nerves for the adjoining sides of the third and fourth,
and fourth and fifth toes.

Communicating branches. The medial branch
communicates with the saphenous and deep peroneal
nerves and the lateral branch with the sural nerve.

supplied by saphenous nerve.

2 The tibial collateral ligament, morphologically,

represents degenerated part of the tendon of adductor
magnus. Partly it covers the insertion of
semimembranosus, and is itself crossed superficially
by the tendons of sartorius, gracilis, semitendinosus and
with anserine bursa around them.

; 3 Guy ropes: The three muscles inserted into the upper
ERHIESE AHATOIY part of the medial surface of tibia represent one

Superficial peroneal nerve supplies both peronei and
then divides into medial and lateral cutaneous
branches for supplying dorsum of foot. Superficial
peroneal nerve can get entrapped as it penetrates the
deep fascia of leg. It may also be involved in lateral
compartment syndrome. Its paralysis causes loss of
eversion of foot at subtalar joint.

__TENDONS ON MEDIAL SIDE OF THE LEG

DISSECTION
Identify the three tendons of a tripod formed by sartorius,
gracilis and semitendinosus to their insertion on the
upper medial surface of tibia.
Behind these tendons is present the tibial collateral

ligament of knee joint. 3

The great saphenous vein is visualised on the lower
one-third of tibia. Study these structures.

Features
Medial side of the leg is formed by the medial surface

of the shaft of tibia. The greater part of this surface is 5

subcutaneous and is covered only by the skin and
superficial fascia. In the upper part, however, the
surface provides attachment to tibial collateral ligament
near the medial border, and provides insertion to
sartorius, gracilis and semitendinosus in front of the

muscle from each of the three compartments of thigh,
corresponding to the three elements of the hip bone.
Sartorius belongs to anterior compartment of thigh,
and is supplied by the nerve of ilium or femoral
nerve.

Gracilis belongs to medial compartment of thigh,
and is supplied by the nerve of pubis or obturator
nerve.

Semitendinosus belongs to posterior compartment
of thigh, and is supplied by the nerve of ischium or
sciatic nerve.

These three muscles are anchored below at one
point, and spread out above to span the pelvis, like
three strings of a tent. From this arrangement it
appears that they act as “guy ropes”, to stabilize the
bony pelvis on the femur (Fig. 8.13).

Anserine bursa: This is a large, complicated bursa,
with several diverticula. It separates the tendons of
sartorius, gracilis and semitendinosus at their
insertion from one another, from the bony surface
of tibia, and from the tibial collateral ligament
(Fig. 8.14).

The great saphenous vein ascends in front of the medial
malleolus, and crosses lower one-third of the medial
surface of tibia obliquely, with a backward
inclination. The saphenous nerve runs downwards
just in front of the great saphenous vein. The vein is
accompanied by lymphatics from the foot, which
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drain into the vertical group of superficial inguinal
lymph nodes.

Mnemonics g
Structures under are extensor retinaculum

CLINICAL ANATOMY of ankle

Bursa anserine between insertion of sartorius, lagl Tlmalfygs are never dry places
gracilis, semitendinosus and tibial collateral ligament fo1alls anEnon

may get inflamed. It is called anserina bursitis. Exten§or l.\a.lluas longus
Anterior tibial artery

Deep peroneal nerve
Extensor digitorum longus
Peroneus tertius

FACTS TO REMEMBER

. Superlor and inferior extensor retmacula and
superior and inferior peroneal retinacula retain the
tendons in place during movements of various
joints.

e Dorsum of foot contains a extensor digitorum
brevis, while dorsum of hand has no muscle of its
own.

* Long and short saphenous veins start on the
dorsum of foot. Long saphenous vein lying
anterior to medial malleolus is used for giving
intravenous fluids/blood in case of emergency.

¢ Medial surface of tibia is bare. It is crossed by long
saphenous vein and saphenous nerve in the lower
one-third of leg.

* Guy ropes, formed by sartorius, gracilis and
semitendinosus stablise the pelvis on the thigh and
leg

* Dorsalis pedis is palpated on the dorsum of foot
on medial cuneiform between extensor hallucis
longus and extensor digitorum longus.

Sartorius

Semitendinosus

Gracilis

Semitendinosus

Sartorius | Gracilis CLINICOANATOMICAL PROBLEM
New medical students were asked by their seniors
Fig. 8.13: Sartorius, gracilis and semitendinosus form the guy to run for 3 kilometers everyday. Few of them
ropes for the tent of pelvis developed severe pain above their ankles after 4 days

and could not continue.
e What is such a syndrome called?
* What tendons are affected in this syndrome?

Ans: When young persons do strenuous work, e.g.
Tibial collateral running everyday for three kilometers, their extensor
ligament tendons in front of the ankle joint got stretched and
tired, giving rise to pain above the ankle. In addition
there would be inflammation of the tendon sheaths
as well, aggravating the pain.
The tendons are from medial to lateral side are
» Tibialis anterior
» Extensor hallucis longus
s Extensor digitorum longus
* Peroneus tertius

Sartorius

Gracilis

Semitendinosus Anserine bursa

Fig. 8.14: The anserine bursa
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LOWER LIMB

MULTIPLE CHOICE QUESTIONS

. Name the muscle present on the dorsum of foot: 5. Which is main artery of anterior compartment of leg?
a. Soleus a. Anterior tibial artery
b. Extensor digitorum brevis b. Dorsalis pedis artery
c. Peroneus brevis ¢. Peroneal artery
d. Peroneus tertius d. Popliteal artery
6. Which of the following is not an action of tibialis

. Saphenous nerve is a branch of: :
anterior?

a. Dorsiflexor of foot
b. Invertor of foot
c. Keep the leg vertical while walking on uneven

a. Posterior division of femoral nerve
b. Common peroneal nerve
c. Tibial nerve

d. Deep peroneal nerve ground
. Medial plantar nerve supplies: d. Maintains lateral longitudinal arch of foot
a. Medial 3% toes 7. Peroneus longus is supplied by:
b. Medial 2% toes a. Superficial peroneal nerve
¢. Medial 4 toes b. Deep peroneal nerve
d. Medial 3 toes c. Tibial nerve

. . d. Femoral nerve
. The structure passing under cover of superior

Sdensor Tetinaculidi is: 8. Paralysis of muscles of anterior compartment of leg

leads to loss of:
a. Dorsiflexion of foot
b. Plantarflexion of foot

a. Tibialis anterior
b. Extensor hallucis longus

Section 1 Lower Limb

c. Deep peroneal nerve c. Bothaandb
d. All of above d. None of these
ANSWERS
1.b 2.a 3.a 4.d 5.a 6. d 7.a 8.a
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INTRODUCTION

The back or posterior compartment of the leg is also
called the calf, corresponds to the front of forearm. This
is the bulkiest of the three compartments of leg, because
of the powerful antigravity superficial muscles, e.g.
gastrocnemius, and soleus, and are quite large in size.
They raise the heel during walking. These muscles are
inserted into the heel. The deeper muscles cross the
ankle medially to enter the sole.

Corresponding to the two bones of the leg, there are
two arteries, the posterior tibial and peroneal, but there
is only one nerve, the tibial, which represents both the
median and ulnar nerves of the forearm.

_ SUPERFICIAL FASCIA |

DISSECTION

The horizontal incision (vi) in the skin is already given
(see Fig. 5.2). Carry this incision along the lateral and
medial borders of the leg. Reflect whole skin of the back
of leg distally till the heel (ix).

Identify the structures, e.g. great and small saphenous
veins, medial and lateral calcanean arteries, and nerves
in the superficial fascia.

Contents

The superficial fascia of the back of the leg contains:
The small and great saphenous veins and their
tributaries, several cutaneous nerves, and the medial
and lateral calcanean arteries.

Smaill or Short Saphenous Vein

The vein is formed on the dorsum of the foot by the
union of the lateral end of the dorsal venous arch with
the lateral marginal vein (see Fig. 8.1). It enters the back
of the leg by passing behind the lateral malleolus. In

—L P Smith

the leg, it ascends lateral to the tendocalcaneus, and
then along the middle line of the calf, to the lower part
of the popliteal fossa. Here it pierces the deep fascia
and opens into the popliteal vein. It drains the lateral
border of the foot, the heel, and the back of the leg. It is
connected with the great saphenous and with the deep
veins, and is accompanied by the sural nerve.

Great or Long Saphenous Vein

This vein begins on the dorsum of the foot by union of
the medial end of the dorsal venous arch with the
medial marginal vein (see Fig. 8.1). It ascends in front
of the medial malleolus. In the lower one-third of the
leg, it passes obliquely across the medial surface of the
tibia. In the upper two-thirds of the leg, the vein ascends
along the medial border of the tibia, to the postero-
medial side of the knee. It is accompanied by the
saphenous nerve. In the thigh it inclines forwards to
reach saphenous opening and drains into femoral vein.

Cutaneous Nerves

The skin of the calf can be divided into three vertical
areas, medial, central and lateral (Fig. 9.1). Roughly
there are two nerves for each area, with an additional
nerve for the heel. The medial area is supplied by the
saphenous nerve and by the posterior branch of the
medial cutaneous nerve of the thigh; the central area
by the posterior cutaneous nerve of the thigh and by
the sural nerve; the lateral area by the lateral cutaneous
nerve of the calf and the peroneal communicating nerve.
The lower part of the lateral area is supplied by the
sural nerve. The heel is supplied by the medial calcaneal
branches of the tibial nerve.
1 The saphenous nerve (L3, L4) is a branch of the
posterior division of the femoral nerve (see Fig. 8.2).
It arises in the femoral triangle. It pierces the deep
fascia on the medial side of the knee between the
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Posterior branch of medial
cutaneous nerve of thigh
Part of long

sapheneous vein J
Branches of
saphenous nerve

Medial calcaneal
branches

Posterior cutaneous
r/ / nerve of thigh

Small saphenous vein

—— Lateral cutaneous
nerve of calf

Peroneal
communicating nerve

H#—— Sural nerve

/

Fig. 9.1: Superficial veins and cutaneous nerves of the back of
the leg and the heel

sartorius and the gracilis, and descends close to the
great saphenous vein. It supplies the skin of most of
the medial area of the leg, and the medial border of
the foot up to the ball of the big toe. During
venesection this nerve should not be injured.

2 The posterior division of the medial cutaneous nerve of
the thigh (L2, L3) supplies the skin of the upper most
part of the medial area of the calf.

3 The posterior cutaneous nerve of the thigh (S1, 52, S3) is
a branch of the sacral plexus and descends along with
the small saphenous vein, to supply the skin of the
upper half of the central area of the calf.

4 The sural nerve (L5, S1, S2) is a branch of the tibial
nerve in the popliteal fossa. It descends between the
two heads of the gastrocnemius. It accompanies the
small saphenous vein. It is joined by the peroneal
communicating nerve about 5 cm above the heel.
After passing behind the lateral malleolus, the nerve
runs forwards along the lateral border of the foot,
and ends at the lateral side of the little toe. It supplies
the skin shown in (Fig. 9.1).

5 The lateral cutaneous nerve of the calf (L4, L5, S1) is a
branch of the common peroneal nerve in the popliteal
fossa. It supplies the skin of the upper two-thirds of
the lateral area of the leg (both in front and behind).

6 The peroneal or sural communicating nerve (L5, S1, S2)
is a branch of the common peroneal nerve. It
descends to join the sural nerve about 5 cm above
the heel. Before joining the latter it supplies the skin
of the lateral area of calf.

4

7 The medial calcanean branches (S1, S2) of the tibial
nerve perforate the flexor retinaculum and supply
the skin of the heel and the medial side of the sole of
the foot.

CLINICAL ANATOMY

* Sural nerve has a tendency to form painful
neuroma.

* Sural nerve can be grafted, as it is only sensory,
superficial and is easily identified lying between
tendon of tendocalcaneus and lateral malleolus.

 DEEP FASCIA

DISSECTION

Incise the deep fascia vertically and reflect it. Define the
flexor retinaculum posteroinferior to the medial malleolus
and identify the tendons enclosed in synovial sheaths
passing deep to it.

Identify the medial and lateral bellies of gastrocnemius
muscle. Cut the medial belly 5 cm distal to the origin.
Reflect it laterally to locate the popliteal vessels and tibial
nerve. ldentify plantaris muscle with its longest tendon
situated posteromedial to lateral head to gastrocnemius.

Reflect the lateral head of gastrocnemius 5 cm distal
to its origin. Both the bellies now can be turned distally.
Deep to gastrocnemius, expose the strong soleus
muscle.

The popliteal vessels and tibial nerve pass deep or
anterior to the fibrous arch between the upper parts of
the two leg bones.

BOUNDARIES AND SUBDIVISIONS

The posterior compartment of leg is bounded and
subdivided by the deep fascia. It is thin above but thick
near the ankle, where it forms the flexor and superior
peroneal retinacula.

The boundaries of the posterior compartment of the
leg are as follows.

Anteriorly: Posterior surfaces of:
1 Tibia,
2 The interosseous membrane (see Fig. 8.3)

3 The fibula, and
4 The posterior intermuscular septum.

Posteriorly: Deep fascia of the leg.

The posterior compartment is subdivided into three
parts—superficial, middle and deep, by two strong
fascial septa.

The superficial transverse fascial septum (Fig. 9.8)
separates the superficial and deep muscles of the back
of the leg, and encloses the posterior tibial vessels and
tibial nerve. It is attached:
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a. Above, to the soleal line of the tibia and the back
of the fibula, below the origin of the soleus.

b. Below, it becomes continuous with the flexor and
superior peroneal retinacula.

c. Medially, it is attached to the medial border of the
tibia.

d. Laterally, to the posterior border of the fibula.

The deep transverse fascial septum separates the tibialis

posterior from the long flexors of the toes. Attachments:

a. Above, it blends with the interosseous membrane.

b. Below, it blends with the superficial fascial septum.

c. Medially, it is attached to the vertical ridge on the
posterior surface of the tibia.

d. Laterally, to the medial crest of the fibula.

Flexor Retinaculum

Some important facts about the retinaculum are as
follows.

1

Attachments: The flexor retinaculum is attached

anteriorly to the posterior border and tip of the medial

malleolus and posteriorly and laterally to the medial

tubercle of the calcaneum (Fig. 9.2).

Septa pass from the retinaculum to the underlying

bone and divide the space deep to the retinaculum

into four compartments.

Structures passing deep to the retinaculum: These are

from medial to lateral side.

a. The tendon of the tibialis posterior.

b. The tendon of the flexor digitorum longus.

c. The posterior tibial artery and its terminal
branches, along with the accompanying veins.

BACK OF LEG

d. The tibial nerve and its terminal branches.

e. The tendon of the flexor hallucis longus. Each
tendon occupies a separate compartment which
is lined by a synovial sheath. The nerve and artery
share a common compartment.

These structures (a) to (e) lie in a tarsal tunnel. If the

nerve gets pressed, it leads to tarsal tunnel syndrome.
3 The lower part of the deep surface of the flexor

retinaculum gives origin to the greater part of the
abductor hallucis muscle.

4 Near the calcaneum, the retinaculum is pierced by

the medial calcanean vessels and nerves.

CLINICAL ANATOMY

Tibial nerve can be injured at:

a. In upper part of calf from fracture of tibia.

b. In middle of calf from tight plasters.

c. Under flexor retinaculum. This is called tarsal
tunnel syndrome.

Sensory loss: Distal and middle phalanges including

nail beds of all toes (see Fig. 8.2). The sensory loss is

in the skin over sole of foot.

Motor loss if injured at upper part of calf:
a. Superficial muscles of calf

b. Deep muscles of calf

c. Intrinsic muscles of sole

SUPERFICIAL MUSCLES

The muscles of the back of leg are classified into two
groups—superficial and deep. The superficial muscles

Posterior tibial artery

Tibialis posterior

and tibial nerve

Flexor digitorum longus
crossing tibialis posterior

Medial malleolus

Navicular T~

Medial cuneiform

First metatarsal

Flexor digitorum longus crossing
flexor hallucis longus

Flexor hallucis longus

Calcaneum

Flexor retinaculum

Medial and |ateral plantar
arteries and nerves

Fig. 9.2: Flexor retinaculum of the ankle, and the structures passing deep to it
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are the gastrocnemius, the soleus, and the plantaris.
The attachments of these muscles are described in
Tables 9.1 and 9.2.

Additional Points of Interest

1 The large size of the gastrosoleus is a human
character, and is directly related to the adoption of
an erect posture, and to the bipedal gait of man.

Soleus is homologous with flexor digitorum ¢

superficialis of the front of forearm.

2 From an evolutionary point of view the long plantar
ligament is the divorced tendon of the gastrocnemius;
and the flexor digitorum brevis is the divorced distal
part of the soleus.

3 A small sesamoid bone called the fabella is present

in the tendon of origin of the lateral head of the 7

gastrocnemius.

4 A bursa Brodie’s bursa lies deep to the medial head
of the gastrocnemius. The bursa is also deep to the
semimembranosus and may communicate with the
cavity of the knee joint.

5 The muscles of the calf play an important role in
circulation. Contractions of these muscles help in the

venous return from the lower limb. The soleus is
particularly important in this respect.

There are large, valveless, venous sinuses in its
substance. When the muscle contracts the blood in
these sinuses is pumped out. When it relaxes, it sucks
the blood from the superficial veins through the
perforators. The soleus is, therefore, called the
peripheral heart (Fig. 9.8).

The tendocalcaneus is the thickest and strongest
tendon of the body. It is about 15 cm long. It begins
near the middle of the leg, but its anterior surface
receives fleshy fibres of the soleus almost up to its
lower end. It is narrow and thick in the middle, and
expanded at both end and is attached to posterior
surface of calcaneum (Fig. 9.3).

Tendocalcaneus is also known as tendo-Achilles.
According to a Greek legend, Achilles was an
irresistible and invincible warrior. His mother, the
sea Goddess, had dipped him in the underground
river, Styx. No weapon could harm the body which
had been covered by the waters of Styx. But the
warrior was ultimately killed in the war of Trojans,
by the arrows hitting his vulnerable heel which was

Table 9.1: Superficial muscles of the back of the leg

Muscle Origin Insertion

1. Gastrocnemius a. The medial head is larger than the lateral The tendon of this muscle fuses with
This is a large powerful It arises by a broad flat tendon from: the tendon of the soleus to form the
muscle. It has two heads, ¢ The posterosuperior depression on the medial tendocalcaneus or tendoachilles, which
medial and lateral. It lies condyle of the femur, behind the adductor is inserted into the middle one-third of
superficial to the soleus. tubercle the posterior surface of the calcaneum
The two heads of the ¢ The adjoining raised area on the popliteal
gastrocnemius, and surface of the femur
the soleus, are together * The capsule of the knee joint

referred to as the gastro- b. The lateral head arises by a broad flat tendon from:
soleus or the triceps * The lateral surface of the lateral condyle of the

surae (see Figs 2.12 and 9.3)  femur

* The lateral supracondylar line

» The capsule of the knee joint

2. Soleus It has a dome-shaped origin from: See gastrocnemius
It is a sole-shaped a. The fibula: back of head, and upper one-fourth
multipennate muscle, of the posterior surface of the shaft. (see Fig. 2.34)
which lies deep to b. Tibia: soleal line and middle one-third of
the gastrocnemius the medial border of the shaft (see Fig. 2.28)
(Fig. 9.3) c. The tendinous soleal arch that stretches
between the tibia and the fibula
3. Plantaris a. Lower part of the lateral supracondylar The tendon is thin and long. It lies
It is vestigeal in human line of the femur between the gastrocnemius and the
beings. It has a short b. Oblique popliteal ligament soleus, crossing from lateral to me
belly and a long tendon dial side
(Fig. 9.3) It is inserted on the posterior surface

of the calcaneum, medial to the tendo-
calcaneus. Plantar aponeurosis is the
estranged part of the plantaris
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Table 9.2: Nerve supply and actions of superficial muscles

Muscle
1. Gastrocnemius

Nerve supply
Tibial nerve (81, S2)

2. Soleus Tibial nerve (81, S2)

3. Plantaris Tibial nerve (S1, S2)

Lateral head of

Medial head of gastrocnemius

gastrocnemius

Plantaris
Tendon of Soleus
plantaris
Head of

gastrocnemius

Soleus

Fig. 9.3: Superficial muscles of the back of the leg

the only unprotected part of his body. His mother
had held him by one heel, and the water over this

heel had not flowed.

Tendocalcaneus

Actions

The gastrocnemius and soleus are strong plantar
flexors of the foot, at the ankle joint. The gastroc-
nemius is also a flexor of the knee. Plantar

flexion, produced by the gastrocnemius and the
soleus, is very important in walking and running

The soleus is more powerful than the gastroc-
nemius, but the latter is faster acting. In walking,
the soleus overcomes the inertia of the body
weight, like the bottom gear of a car. When
movement is under way, the quicker acting
gastrocnemius increases the speed like the top
gear of a car. Soleus is chiefly a postural muscle,
to steady the leg on the foot

The plantaris is a rudimentary muscle, and is
accessory to the gastrocnemius. Its functional
importance is of transplantation

DEEP MUSCLES, ARTERIES AND NERVE

DISSECTION

Once the soleus has been studied, separate it from its
attachment on tibia and reflect it laterally. Look for a
number of deep veins which emerge from this muscle.

Identify popliteus, situated above the soleus muscle.
Deep to soleus is the first intermuscular septum. Incise
this septum vertically to reach the long flexors of the
toes, e.g. flexor hallucis longus laterally and flexor
digitorum longus medially. Trace these tendons till the
flexor retinaculum. Turn the flexor hallucis longus
laterally and expose the second intermuscular septum.

Divide this septum to reveal the deepest muscle of
the posterior compartment of leg, e.qg. tibialis posterior.
Trace its tendon also till flexor retinaculum. Study these
deep muscles.

Clean the lowest part of popliteal vessels and trace
its two terminal branches, anterior tibial into anterior
compartment and posterior tibial into the posterior
compartment of leg. Identify posterior tibial vessels and
tibial nerve in fibrofatty tissue between the two long
fiexors of the leg deep to the first intermuscular septum.

Peroneal vessels are identified in the connective
tissue of the second intermuscular septum. Study their
origin, course and branches from the following text.

The nerve to popliteus deserves special mention.
Being a branch of tibial nerve it descends over the
popliteus to reach its distal border. There it supplies
the muscle after winding around its distal border. It also
supplies a branch to tibialis posterior muscle, both
tibiofibular joints and interosseous membrane.
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Table 9.3: Deep muscles of the posterior compartment of the leg

Name
Popliteus (Fig. 9.4)

Origin

origin is intracapsular

Lateral surface of lateral condyle of femur;

Insertion

Posterior surface of shaft of tibia above soleal
line

Outer margin of lateral meniscus of the knee

joint
Flexor digitorum longus
(Fig. 9.4)

Flexor hallucis longus
(Fig. 9.4)

Upper two-thirds of medial part of posterior
surface of tibia below the soleal line

Lower three-fourths of the posterior surface
of the fibula (except the lowest 2.5 cm) toe

Bases of distal phalanges of shait of lateral
four toes. Muscle ends in a tendon which divides
into four slips, one for each of the lateral four
toes. Each slip is attached to the plantar surface
of the distal phalanx of the digit concerned

Plantar surface of base of distal phalanx of big

and interosseous membrane (see Fig. 2.34)

Tibialis posterior

Upper two-thirds of lateral part of posterior

Tuberosity of navicular bone and other tarsal
bones except talus. Insertion is extended into
2nd, 3rd and 4th metatarsal bones at their
bases

Table 9.4: Nerve supply and actions of deep muscles of the posterior compartment of the leg

Unlocks knee joint by lateral rotation of femur on tibia prior to flexion
Flexes distal phalanges, plantar flexor of ankle joint; supports medial and

lateral longitudinal arches of foot

Flexes distal phalanx of big toe; plantar flexor of ankle joint; supports medial

(Fig. 9.4) surface of tibia below the soleal line
(see Fig. 2.28). Posterior surface of fibula in
front of the medial crest and posterior
surface of interosseous membrane
Name Nerve supply Actions
Popliteus Tibial nerve
Flexor digitorum longus Tibial nerve
Flexor hallucis longus Tibial nerve
longitudinal arch of foot
Tibialis posterior Tibial nerve

Plantar flexor of ankle joint; inverts foot at subtalar joint, supports medial

longitudinal arch of foot (Fig. 9.4)

DEEP MUSCLES

The deep muscles of the back of the leg are the
popliteus, the flexor digitorum longus, the flexor
hallucis longus, and the tibialis posterior. They are
described in Tables 9.3 and 9.4.

Important Relations of Flexor Digitorum Longus

1 Thetendon crosses the tibialis posterior in lower part
of the leg. It passes deep to the flexor retinaculum to
enter the sole of foot. Here it crosses the tendon of
flexor hallucis longus (Fig. 9.4).

2 The tendon receives the insertion of the flexor
digitorum accessorius.

3 The slips for the digits give origin to the four
lumbrical muscles.

Important Relations of Flexor Hallucis Longus

The tendon runs across the lower part of the posterior
surface of the tibia. Reaching the calcaneus it turns
forwards below the sustentaculum tali which serves as
a pulley for it. As the tendon lies on the medial side of
calcaneum, it runs deep to the flexor retinaculum and

is surrounded by a synovial sheath. The tendon then
runs forwards in the sole when it is crossed by the
tendon of flexor digitorum longus.

Important Relations of Tibialis Posterior

The tendon passes behind the medial malleolus,
grooving it. The tendon then passes deep to the flexor
retinaculum. The terminal part of the tendon supports
the spring ligament.

CLINICAL ANATOMY

* The deep muscles are tested by palpating the calf
while the foot is being plantarflexed (Fig. 9.5).

¢ Tendo-Achilles reflex or anklejerk (51, S2): The foot
gets plantar flexed on tapping the tendocalcaneus
(Fig. 9.6).

* For thromboangiitis obliterans or occlusive disease
of lower limb arteries, sympathetic fibres to the
arteries are removed, so as to denervate the
arteries. Lumbar 2 and 3 ganglia with intervening
sympathetic trunk is removed, as these supply the
arteries of lower limb.

mebooksfree.com



¢ In long distance air travel, sitting immobile can
lead to thrombosis of soleal venous sinuses. The
thrombus may get dislodged to block any other
artery. One must stretch the legs frequently.

¢ Dislocation or subluxation of ankle is common
during plantarflexion. Lower end of the leg bones,
i.e. medial malleolus, tibia, thin fibula and lateral
malleolus form tibiofibular mortice. This is wider
anteriorly and narrow posteriorly.
The trochlear surface of talus forming ankle joint
is also wider anteriorly and narrow posteriorly.
During dorsiflexion, wider trochlear surface fits
into narrow posterior part of the mortice. The joint
is stable and close packed.
During plantarflexion the narrow posterior
trochlear surface lies loosely in wider anterior part
of the mortice. The joint is unstable and can easily
get subluxated or dislocated. This occurs while
walking in high heels (Fig. 9.10).

POSTERIOR TIBIAL ARTERY
Beginning, Course and Termination

It begins at the lower border of the popliteus, between
the tibia and the fibula, deep to the gastrocnemius
(Fig. 9.7).

It enters the back of leg by passing deep to the
tendinous arch of the soleus.

In the leg, it runs downwards and slightly medially,
to reach the posteromedial side of the ankle, midway
between the medial malleolus and the medial tubercle
of the calcaneum.

It terminates deep to flexor retinaculum (and the
origin of the abductor hallucis) by dividing, into the
lateral and medial plantar arteries (Fig. 9.2).

Relations

.“"

1 In the upper two-thirds of the leg, it lies deep to the
gastrocnemius, the soleus and the superficial
transverse fascial septum (Fig. 9.8).

2 In the lower one-third of the leg, it runs parallel to,
and 2.5 cm in front of, the medial border of the
tendocalcaneus. It is covered by skin and fasciae.

3 At the ankle, it lies deep to the flexor retinaculum
and the abductor hallucis (Fig. 9.2).

Deep

1 Inthe upper two-thirds of the leg, it lies on the tibialis
posterior (Fig. 9.8).

2 In the lower one-third of the leg, it lies on the flexor
digitorum longus and on the tibia.

3 Atthe ankle, it lies directly on the capsule of the ankle
joint between the flexor digitorum longus and the
flexor hallucis longus (Fig. 9.2).
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Papliteus

Flexor digitorum
longus

Tibialis posterior

Flexar hallucis
longus

Flexor digitorum longus
crossing tibialis
posterior

Flexor digitorum longus —
crossing flexor
hallucis longus

Fig. 9.5: Testing the deep muscles of the calf by plantar
flexing the foot
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Fig. 9.6: Testing the tendocaicaneus

TR Popliteal artery
Posterior i 2 o
tibial artery —— Anterior tibial artery
Tibial nerve - Circumflex fibular

branch

1~ Peroneal artery
Muscular branches i

Nutrient artery to
Nutrient branch fibula

to tibia
Communicating
branch
Perforating branch

Medial : )

malleolar 4 Uisd ?7 Lateral malleolar

Lateral calcaneal
branches of
peroneal artery

Plantar arteries

Medial calcaneal
branches of posterior
tibial artery

Fig. 9.7: Course of the posterior tibial and peroneal arteries and
the tibial nerve

The artery is accompanied by two venae comitantes
and by the tibial nerve.

Branches

1 The peroneal artery (Fig. 9.7) is the largest branch of
the posterior tibial artery. It is described later.

2 Several muscular branches are given off to muscles of
the back of the leg.

i

]

3 A nutrient artery is given off to the tibia.

4 The anastomotic branches of the posterior tibial artery
are as follows.

a. The circumflex fibular branch winds round the
lateral side of the neck of the fibula to reach the
front of the knee where it takes part in the
anastomoses around the knee joint.

b. A communicating branch forms an arch with a
similar branch from the peroneal artery about 5 cm
above the ankle.

c. A malleolar branch anastomoses with other
arteries over the medial malleolus.

d. Calcaneal branches anastomose with other arteries
in the region.

5 Terminal branches: These are the medial and lateral
plantar arteries. They will be studied in the sole

(Fig.9.7).

PERONEAL ARTERY
Beginning, Course and Termination

This is the largest branch of the posterior tibial artery. It
supplies the posterior and lateral compartments of the
leg (Fig. 9.7).

It begins 2.5 ¢cm below the lower border of the
popliteus.

It runs obliquelytowards the fibula, and descends
along the medial crest of the fibula, accompanied by
the nerve to the flexor hallucis longus. It passes behind
the inferior tibiofibular and ankle joints, medial to
peroneal tendons. It terminates by dividing into a
number of lateral calcanean branches (Fig. 9.7).

Branches

1 Muscular branches, to the posterior and lateral
compartments.

2 Nutrient artery, to the fibula.

3 Anastomotic branches:

a. The large perforating branch pierces the
interosseous membrane 5 cm above the ankle, and
joins the lateral malleolar network.

b. The communicating branch anastomoses with a
similar branch from the posterior tibial artery,
about 5 cm above the lower end of the tibia.

c. The calcanean branches join the lateral malleolar
network.

The perforating branch of the peroneal artery may

reinforce, or even replace the dorsalis pedis artery.

TIBIAL NERVE

Course

The course and relations of the tibial nerve in the leg are
similar to those of the posterior tibial artery. Like the
artery, the tibial nerve also terminates by dividing into
the medial plantar and lateral plantar nerves (Fig. 9.2).
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Peroneal vessels

Fibula

Flexor hallucis longus

Tibialis posterior

Medial and lateral
heads of gastrocnemius

BACK OF LEG

Anterior tibial artery with venae comitantes

and deep peroneal nerve

Tibia

Tendon of plantaris

Short saphenous vein

Long saphenous vein and saphenous nerve

Flexor digitorum longus

—— Soleus with venous sinuses

— Posterior tibial artery with venae
comitantes and tibial nerve
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Fig. 9.8: Transverse section through the middle of the leg, showing the arrangement of structures in the posterior compartment

Branches
Muscular

To the tibialis posterior, the flexor digitorum longus;
the flexor hallucis longus, and the deep part of the

soleus (Figs 9.7 and 9.8).

Cutaneous

Medial calcanean branches pierce the flexor
retinaculum, and supply the skin on the back and lower

surface of the heel.

Articular
To the ankle joint.

Terminal
Medial plantar and lateral plantar nerves (Fig. 9.2).

CLINICAL ANATOMY

The posterior tibial pulse is palpated in doubtful
cases of intermittent claudication where a person
gets cramps and severe pain in calf muscles due
to lack of blood supply.

The posterior tibial pulse can be felt against the
calcaneum about 2 cm below and behind the
medial malleolus (Fig. 9.9).

The long tendon of plantaris is used for tendon
transplantation in the body.

Tendocalcaneus can rupture in tennis players 5 cm
above its insertion. Plantar flexion is not possible.
The two ends must be stitched.

High heels for long periods causes change in
posture. Knees are excessively bent, with lumbar
vertebrae pushed forwards. There is a lot of stress
on the muscles of back and those of the calf. So
many fashionable ladies wear high heels for short
time and change to flat ones soon (Fig. 9.10).

Fig. 9.9: Site of palpation of the posterior tibial artery

Medial malleolus

Fig. 9.10: Smart high heels

Mnemonics

Structures under flexor retinaculum

Talented doctors are never hungry

Tibialis posterior

Flexor digitorum longus
Posterior tibial artery
Tibial nerve

Flexor hallucis longus

mebooksfree.com

Section 1 Lower Limb



Section 1 Lower Limb

* Tendocalcaneus is the strongest tendon in the body
* All the muscles of back of leg/calf are supplied by

LOWER LIMB

~ FACTS TO REMEMBER

Soleus acts as the perlpheral heart as it pushes the
venous blood upwards.

Soleus acts like first gear while gastrocnemius act
like second and third gears during walking.

the tibial nerve

Posterior tibial artery is palpated between medial
malleolus and calcaneus under the flexor
retinaculum.

Posterior tibial artery ends by dividing into medial
and lateral plantar arteries.

CLINICOANATOMICAL PROBLEM

An elderly man complained of pain on the inner
aspect of right ankle joint. The pain was also felt in
the area of sole.

* What is the syndrome called?

e Why is there pain in the sole?

Ans: The syndrome is called tarsal tunnel syndrome it
tibial nerve gets entrapped under the flexor
retinaculum of the ankle. Since the tibial nerve gets
constricted, there is pain in the sole as the medial
and lateral plantar nerves are affected. There may
be paralysis of intrinsic muscles of the sole due to
compression of medial and lateral plantar nerves.

MULTIPLE CHOICE QUESTIONS

. Which muscle is called peripheral heart?

a. Soleus b. Gastrocnemius

c. Plantaris d. Sartorius

. Out of following muscle which muscle acts as key

of locked knee joint?

a. Popliteus

b. Flexor digitorum longus
c. Tibialis posterior

d. Flexor hallucis longus

. Plantaris is inserted in:

a. Posterior surface of calcaneum
b. Medial to tendocalcaneus

c. Bothaandb

d. None of above

c. The 4 slips of the tendon give origin to 3
lumbrical muscles

d. The tendon crosses the tendon of flexor hallucis
longus

If tibial nerve is injured under flexor retinaculum,

the condition is called:

a. Tarsal tunnel syndrome

b. Foot drop

¢. Morton’s neuroma

d. Pes calcaneus

6. Tibialis posterior is chiefly inserted into:

a. Base of distal phalanges of shaft of lateral 4 toes
b. Base of distal phalanges of big toe
c. Posterior surface of shaft of tibia
d. Tuberosity of navicular bone

. What relation of flexor digitorum longus is wrong 7. Deep muscles of posterior compartment of leg are
(not correct)? supplied by:
a. The tendon crosses the tibialis posterior in lower a. Tibial nerve
part of leg b. Deep peroneal nerve
b. The tendon receives insertion of flexor digitorum ¢. Obturator nerve
accessorius d. Femoral nerve
ANSWERS
1.a 2.a 3.¢ 4.¢ 5.a 6.d 7.a
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INTRODUCTION

The structure of the sole is similar to that of the palm.
The skin, superficial fascia, deep fascia, muscles, vessels
and nerves, are all comparable in these two homologous
parts. However, unlike the hand, the foot is an organ
of support and locomotion. Accordingly, the structures
of the foot get modified. The great toe has lost its
mobility and its power of prehension; the lesser four
toes are markedly reduced in size; and the tarsal bones
and the first metatarsal are enlarged to form a broad
base for better support. The arches of the foot serve as
elastic springs for efficient walking, running, jumping
and supporting the body weight.

DISSECTION

Skin of the sole usually becomes very hard. To remove
it, the incision is given from heel through the root to the
tip of the middle toe. Reflect the skin and fatty superficial
fascia to each side of the sole. Look for cutaneous nerves
and vessels.

Features

The skin of the sole, like that of the palm, is:
1 Thick for protection;
2 Firmly adherent to the underlying plantar
aponeurosis; and
3 Creased. These features increase the efficiency of the
grip of the sole on the ground.
The skin is mainly supplied by three cutaneous
nerves (Fig. 10.1). The nerves are:
a. Medial calcanean branches of the tibial nerve, to
the posterior and medial portions;
b. Branches from the medial plantar nerve to the
larger, anteromedial portion including the medial
three and a half digits; and

Sole of Foot

Medial calcaneal
branches of tibial

nerve S1,82
Sural 81,82
Lateral plantar
nerve S1,82
Medial plantar nerve
Saphenous L4, L5
L3,L4

Fig. 10.1: Cutaneous nerves supplying the sole

c. Branches from the lateral plantar nerve to the
smaller anterolateral portion including the lateral
one and a half digits.

d. Small areas on medial and lateral sides are
innervated by saphenous and sural nerves.

These nerves are derived from spinal nerves L4, L5

and S1. The segmental distribution is shown in Fig. 10.2.
In eliciting the plantar reflex, the area supplied by
segment S1 is stimulated.

FASCIAE

DISSECTION

The deep fascia on the plantar aspect of toes is thickened
to form fibrous flexor sheaths; proximally it is continuous
with the plantar aponeurosis.

Identify the cutaneous branches from medial and
lateral plantar arteries and nerves on the respective
sides of plantar aponeurosis.
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Between the five distal slips of the aponeurosis trace
the digital nerves and vessels from medial plantar nerve
and vessels for three and a half medial toes and from
lateral plantar nerve and vessels for lateral one and a
half toes.

Divide the plantar aponeurosis 4 cm distal to the heel.
Reflect the cut ends both proximally and distally. This
exposes the three muscles of the first layer of sole.

Medial plantar nerve and vessels are easily visualised
close to the medial border of sole. Stems of lateral plantar
nerve and vessels including its superficial division are
also seen.

Fig. 10.2: Dermatomes on the sole

Superficial Fascia

The superficial fascia of the sole is fibrous and dense.
Fibrous bands bind the skin to the deep fascia or plantar
aponeurosis, and divide the subcutaneous fat into small
tight compartments which serve as water-cushions and
reinforce the spring-effect of the arches of the foot
during walking, running and jumping. The fascia is very
thick and dense over the weight-bearing points. It
contains cutaneous nerves and vessels. Thickened
bands of superficial fascia stretch across the roots of the
toes forming the superficial transverse metatarsal ligaments.

DEEP FASCIA

The deep fascia of the sole is specialized to form:

1 The plantar aponeurosis in the sole.

2 The deep transverse metatarsal ligaments between
the metatarsophalangeal joints.

3 The fibrous flexor sheaths in the toes.

Plantar Aponeurosis

The deep fascia covering the sole is thick in the centre
and thin at the sides. The thickened central part is
known as the plantar aponeurosis (Fig. 10.3).

Calcaneus

Thick central part

Thin medial and lateral
parts of plantar aponeurosis

Deep transverse
metatarsal ligament

Fibrous flexor sheath
enclosing flexor tendons

Fig. 10.3: Plantar aponeurosis and fibrous flexor sheaths

Plantar aponeurosis represents the distal part of the
plantaris which has become separated from the rest of
the muscle during evolution because of the enlargement
of the heel.

The aponeurosis is triangular in shape. The apex is
proximal. It is attached to the medial tubercle of the
calcaneum, proximal to the attachment of the flexor
digitorum brevis. The base is distal. It divides into five
processes near the heads of the metatarsal bones. The
digital nerves and vessels pass through the intervals
between the processes.

Each process splits, opposite the metatarso-
phalangeal joints, into a superficial and a deep slip. The
superficial slip is attached to dermis of skin. The deep
slip divides into two parts which embrace the flexor
tendons, and blend with the fibrous flexor sheaths and
with the deep transverse metatarsal ligaments.

From the margins of the aponeurosis, lateral and
medial vertical intermuscular septa pass deeply, and
divide the sole into three compartments. Thinner
transverse septa arise from the vertical septa and divide
the muscles of the sole into four layers.

Funclions

1 It fixes the skin of the sole.

2 It protects deeper structures.

3 Ithelps in maintaining the longitudinal arches of the
foot.

4 It gives origin to muscles of the first layer of the sole.

The plantar aponeurosis differs from the palmar
aponeurosis in giving off an additional process to the
great toe, which restricts the movements of the latter.
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Deep Transverse Metatarsal Ligaments

These are four short, flat bands which connect the
plantar ligaments of the adjoining metatarso-
phalangeal joints. They are related dorsally to the
interossei, and ventrally to the lumbricals and the
digital vessels and nerves.

Fibrous Flexor Sheaths

These are made up of the deep fascia of the toes. Their
structure is similar to that of the fibrous flexor sheaths
of the fingers. They retain the flexor tendons in position
during flexion of the toes (Fig. 10.3).

CLINICAL ANATOMY

Plantar fasciitis occurs in policemen due to stretching
of the plantar aponeurosis. This results in pain in
the heel region, especially during standing.

MUSCLES OF SOLE

The muscles of the sole are arranged in four layers,
which will be considered one by one.

MUSCLES AND TENDONS OF THE FIRST AND
SECOND LAYERS

DISSECTION

Cut through the flexor digitorum brevis near its middle
taking care to preserve the underlying lateral plantar
nerve and vessels. Reflect the distal part distally till the
toes.

Detach the abductor digiti minimi and identify the
lateral head of the flexor digitorum accessorius till its
insertion into the tendon of flexor digitorum longus.

Trace the long flexor tendons through the fibrous
flexor sheath into the base of distal phalanges of toes.

Follow the lumbricals to their insertion into the base
of the proximal phalanx and into the extensor expansion
of the dorsum of toes. Study the muscles of second
layer comprising the long flexor tendons and associated
muscles.

Cut through both the long flexor tendons (flexor
hallucis longus and flexor digitorum longus) and flexor
digitorum accessorius where all the three are united to
each other. Reflect the ends proximally and distally to
reveal the muscles of third layer of sole.

Muscles of First Layer

The muscles of the first layer are the flexor digitorum
brevis, the abductor hallucis,’and the abductor digiti minimi.

SOLE OF FOOT

These muscles are described in Tables 10.1 and 10.2 and
shown in Figs 10.4a and b.

Muscles of Second Layer

The contents of second layer are the tendons of the
flexor digitorum longus, and of the flexor hallucis
longus; and the flexor digitorum accessorius and
lumbrical muscles. The muscles are described in Tables
10.3 and 10.4.

MUSCLES AND TENDONS OF THE THIRD AND
FOURTH LAYERS

DISSECTION

Separate flexor hallucis brevis and oblique head of
adductor hallucis from their origin and reflect them
distally.

Preserve the plantar arch and deep plantar nerve.
Look for sesamoid bones at the insertion of flexor
hallucis brevis.

Reflect the transverse head of adductor hallucis
medially. On cutting the deep transverse metatarsal
ligament on both sides of second toe, tendons of
interossei muscles are recognised.

Detach the flexor digiti minimi brevis from its origin
and reflect it forwards. This will show the laterally
situated interossei muscles.

Identify and examine the attachment of tendon of
tibialis posterior on the medial side of foot.

Trace the course of tendon of peroneus longus
through the groove in the cuboid bone across the sole
to its insertions into lateral sides of base of first
metatarsal and medial cuneiform bone.

After studying the muscles of the third layer, detach
them from their origins towards their insertions. The
muscles of the fourth layer are visualised.

Muscles of the Third Layer

The third layer of the sole contains three muscles. These
are the flexor hallucis brevis, the flexor digiti minimi brevis,
and the adductor hallucis (Figs 10.6a and b). They are
described in Tables 10.5 and 10.6.

Muscles of the Fourth Layer

The structures present in the fourth layer of the sole
are the interosseous muscles, and the tendons of the tibialis
posterior and of the peroneus longus.

Interosseous Muscles of the Foot

These are small muscles placed between the metatarsal
bones. There are three plantar and four dorsal interossei
(Figs 10.7 and 10.8).
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Table 10.1: Muscles of the first layer of the sole

Muscle Origin from

1. Flexor digitorum brevis a. Medial tubercle of calcaneum

This muscle lies deep to b.
the plantar aponeurosis C.
(Fig. 10.4a)

Plantar aponeurosis

septa

2. Abductor hallucis
This muscle lies along the
medial border of foot, and
covers the origin of the
plantar vessels and nerves

. Flexor retinaculum
. Deep fascia covering it

o0 oTo

3. Abductor digiti minimi a. Medial and lateral tubercles of
This muscle lies along calcaneum
the lateral border of foot b. Lateral intermuscular septum

(Fig. 10.4a) ¢. Deep fascia covering it

Medial and lateral intermuscular

. Medial tubercle of calcaneum

. Medial intermuscular septum

Insertion

The muscle ends in four tendons for the lateral four
toes. Opposite the base of the proximal phalanx each
tendon divides into two slips that are inserted into the
margins of the middle phalanx. The tendon of the flexor
digitorum longus (for that digit) passes through the gap
between the two slips. Note that the insertion is similar to
that of the flexor digitorum superficialis of the hand

The tendon fuses with the medial portion of the tendon
of the flexor hallucis brevis. It is inserted into the medial
side of the base of the proximal phalanx of the great toe

The tendon fuses with the tendon of the flexor digiti minimi
brevis. It is inserted into the lateral side of the base of the
proximal phalanx of the little toe

Table 10.2: Nerve supply and actions of muscles of the first layer of the sole

Muscle
1. Flexor digitorum brevis

Nerve supply
Medial plantar nerve

2. Abductor hallucis
3. Abductor digiti minimi

Medial plantar nerve

PLANTAR VESSELS AND NERVES

DISSECTION

Dissect the medial plantar nerve and vessels on the
medial side of sole. Lateral plantar nerve and vessels
also enter the sole from the medial side. These cross
the sole to reach the lateral side. Here lateral plantar
artery forms a plantar arch across the sole which gives
numerous branches. The lateral plantar nerve divides
into a superficial and deep branch. The latter runs in
the concavity of the plantar arch. The course branches
of nerves and vessels are given in the text.

Features

1 The chief arteries of the sole are the medial and lateral
plantar arteries. They are terminal branches of the
posterior tibial artery (Fig. 10.9).

2 The chief nerves of the sole are the medial and lateral
plantar nerves. They are terminal branches of the
tibial nerve.

3 These arteries and nerves begin deep to the flexor
retinaculum. The posterior tibial artery divides into
the medial and lateral plantar arteries a little higher
than the division of tibial nerve. As a result the
arteries are closer to the margins of the sole than the
corresponding nerves.

Main trunk of lateral plantar nerve

Actions

Flexion of the toes at the proximal interphalangeal joints
and metatarsophalangeal joints

Abduction of the great toe away from the second toe
Abduction of the little toe

4 The medial plantar vessels and nerve lie between the
abductor hallucis and the flexor digitorum brevis
(Fig. 10.4Db).

5 The lateral plantar vessels and nerve run obliquely
towards the base of the 5th metatarsal bone, between
the first and second layers of the sole. Here the artery
turns medially and becomes continuous with the
plantar arch. This arch lies between the third and
fourth layers of the sole (Fig. 10.9). The plantar arch
is accompanied by the deep branch of the lateral
plantar nerve.

MEDIAL PLANTAR NERVE

Origin and Course

Medial plantar nerve is the larger terminal branch of
the tibial nerve. It passes forwards between abductor
hallucis and flexor digitorum brevis and divides into its

branches. In its distribution, it resembles the median
nerve of the hand (Fig. 10.4b).

Branches

Its muscular branches supply four muscles as follows.

1 The abductor hallucis.

2 The flexor digitorum brevis.

3 The flexor hallucis brevis receives a branch from the
first digital nerve.
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Table 10.3: Muscles and tendons of the second layer of the sole (Fig. 10.5)

Muscle

. Flexor digitorum longus
(Fig. 10.5) (muscle of calf)
(see Fig. 2.28 and 9.4)

Origin from

From upper two-thirds of the medial part

of the posterior surface of tibia below
the soleal line

Insertion

The muscle divides into four tendons. Each
is inserted to the plantar surface of distal
phalanx of second to fifth digit

The muscle fibres are inserted into the
lateral side of the tendon of the flexor
digitorum longus

Their tendons pass forwards on the medial
sides of the metatarsophalangeal joints of
the lateral four toes, and then dorsally for
insertion into the extensor expansion

Plantar surface of the base of the distal
phalanx of the great toe

Actions

Plantar flexion of lateral four toes
Plantar flexion of ankle
Maintains medial longitudinal arch

1. Straightens the pull of the long flexor tendons
2. Flexes the toes through the long tendons

They maintain extension of the digits at the inter-
phalangeal joints so that in walking and running
the toes do not buckle under

2. Flexor digitorum accessorius It arises by two heads
It is so called because it is a. Medial head is large and fleshy;
accessory to the flexor it arises from the medial concave
digitorum longus surface of the calcaneum
b. Lateral head is smaller and
tendinous; it arises from the
calcaneum in front of the lateral
tubercle,
The two heads unite at an acute
angle
3. Lumbricals They arise from the tendons of the
There are four of them, flexor digitorum longus. The first
numbered from medial to lumbrical is unipennate, and the
lateral side (Fig. 10.5) others are bipennate
First lumbrical arises from medial side
of 1st tendon of flexor digitorum longus
Second lumbrical arises from adjacent
sides of 1st and 2nd tendons of flexor
digitorum longus
Third lumbrical arises from adjacent
sides of 2nd and 3rd tendons of flexor
digitorum longus
Fourth lumbrical arises from adjacent
sides of 3rd and 4th tendons of flexor
digitorum longus
4. Flexor hallucis longus Lower three-fourths of the posterior
(muscle of calf) surface of fibula except lowest 2.5 cm
(see Fig. 2.34 and 9.4) and adjoining interosseous membrane
Table 10.4: Nerve supply and actions of muscles and tendons of the second layer of the sole
Muscle Nerve supply
1. Flexor digitorum longus Tibial nerve
2. Flexor digitorum accessorius  Main trunk of lateral plantar nerve
3. Lumbricals The first muscle by the medial
plantar nerve; and the other three
by the deep branch of lateral
plantar nerve
4. Flexor hallucis longus Tibial nerve

4 The first lumbrical muscle receives a branch from

the second digital nerve.

Cutaneous branches supply the skin of the medial part

Plantar flexor of the big toe, plantar flexor of ankle
joint, maintains medial longitudinal arch

The second nerve supplies the adjacent sides of the

first and second toes.

of the sole, and of the medial three and a half toes
through four digital branches.

The first digital nerve supplies the medial side of
the great toe.

The third nerve supplies the adjacent sides of the
second and third toes;

The fourth nerve supplies the adjacent sides of the
third and fourth toes.
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Layer 1 Caloaneus

Abductor hallucis Abductor digiti minimi

Flexor digitorum brevis

Fig. 10.4a: Muscles of the first layer of the sole

Tibial nerve
Medial plantar nerve Lateral
plantar
Abductor hallucis nerve
Skin of Flexor
medial part of sole digitorum
brevis
Proper digital branch
to great toe
Common plantar
digital nerves
Flexor OIS
neuroma

hallucis brevis

1st lumbrical

Proper plantar
digital nerves

Fig. 10.4b: Scheme to show the distribution of the medial plantar
nerve with Morton’s neuroma on one branch of the nerve

Layer 2 Flexor digitorum

accessorius
Tendon of flexor

hallucis longus

Tendon of flexor
digitorum longus

Lumbrical muscles

Fig. 10.5: Muscles and tendons of the second layer of the sole

Calcaneum

Long plantar

Tendon ligament
of tibialis
posterior Tendon of

peroneus longus

Flexor digiti minimi
brevis

Flexor
hatlucis
brevis

Oblique and
transverse heads
of adductor hallucis

Fig. 10.6a: Muscles of third layer of the sole. The tendons of
tibialis posterior and peroneus longus belong to the fourth layer
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Lateral

SlSAtaR Neve Flexor digitorum

accessorius

Tibial nerve Abductor digiti

minimi
Deep branch

Lateral part of
3rd dorsal and skin of sole
2nd plantar

interossei Superficial branch

3rd plantar and 4th
2nd dorsal and dorsal interossei
1st plantar interossei
Flexor digiti
minimi brevis
2nd,3rd,4th
lumbricals

1st dorsal
interosseous

Plantar digital

Adductor hallucis nerves

Fig. 10.6b: Scheme to show the distribution of the lateral plantar
nerve

Layer 4 #
i, I i
FATER N
3rd
Axis of movement : 2nd — Plantar
3 1st interossei

|1st 2nd  3rd 4th|
T
Dorsal interossei
Fig. 10.8: The dorsal interossei
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Each digital nerve gives off a dorsal branch which
supplies structures around the nail of the digit concerned.

Articular branches supply joints of the tarsus and
metatarsus.

LATERAL PLANTAR NERVE

Origin

Lateral plantar nerve (Fig. 10.6b) is the smaller terminal
branch of the tibial nerve. It passes laterally and
forwards till base of fifth metatarsal, where it divides
into superficial and deep branches. In its distribution,
it resembles the ulnar nerve in the hand.

Branches

The main trunk supplies two muscles, the flexor
digitorum accessorius and the abductor digiti minimi, and
the skin of the sole. The main trunk ends by dividing
into superficial and deep branches.

The superficial branch divides into two branches,
lateral and medial. The lateral branch supplies three
muscles—flexor digiti minimi brevis, the third plantar and
fourth dorsal interossei, and the skin on the lateral side
of the little toe. The medial branch communicates with
the medial plantar nerve, and supplies the skin lining
the fourth interdigital cleft.

The deep branch supplies nine muscles, including the
second, third and fourth lumbricals; first, second and
third dorsal interossei; first and second plantar
interossei and adductor hallucis.

CLINICAL ANATOMY

* A neuroma may be formed on the branch of
medial plantar nerve between 3rd and 4th
metatarsal bones. It is called Morton’s neuroma
(Fig. 10.4b). This causes pain between third and
fourth metatarsals. It may be also due to pressure
on digital nerve between 3rd and 4th metatarsals.

* Any of the digital nerves, especially the one in the
third interdigital cleft may develop neuroma. This
is a painful condition.

MEDIAL PLANTAR ARTERY
Beginning, Course and Termination

Medial plantar artery is a smaller terminal branch of
the posterior tibial artery. It lies along the medial border
of foot and divides into branches.

Branches

It gives off cutaneous, muscular branches to the
overlying skin and to the adjoining muscles, and three
small superficial digital branches that end by joining
the first, second and third plantar metatarsal arteries
which are branches of the plantar arch (Fig. 10.9).
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Table 10.5: Muscles of the third layer of the sole

Muscle Origin from Insertion

. Flexor hallucis brevis It arises by a Y-shaped tendon: The muscle splits into medial and lateral parts,
It covers the plantar a. The lateral limb, from the medial part of the  each of which ends in a tendon. Each tendon is
surface of the first plantar surface of the cuboid bone, behind inserted into the corresponding side of the base
metatarsal bone the groove for the peroneus longus and of the proximal phalanx of the great toe
(Fig. 10.6b) from the adjacent side of the lateral

cuneiform bone

b. The medial limb is a direct continuation of
the tendon of tibialis posterior into the foot

. Adductor hallucis It arises by two heads: On the lateral side of the base of the proximal
a. The oblique head is large, and arises from phalanx of the big toe, in common with the
the bases of the second, third, and fourth lateral tendon of the flexor hallucis brevis

metatarsals, from the sheath of the tendon
of the peroneus longus

b. The transverse head is small, and arises
from the deep metatarsal ligament, and the
plantar ligaments of the metatarsophalan-
geal joints of the third, fourth and fifth toes
(transverse head has no bony origin)

. Flexor digiti minimi a. Base of the fifth metatarsal bone Into the lateral side of the base of the proximal
brevis: It lies along the  b. Sheath of the tendon of the peroneus phalanx of the little toe
fifth metatarsal bone longus

Table 10.6: Nerve supply and actions of muscles of the third layer of the sole

Muscle Nerve supply Actions
. Flexor hallucis brevis Medial plantar nerve Flexes the proximal phalanx at the metatarsophalangeal
joint of the great toe

. Adductor hallucis Deep branch of lateral piantar 1. Adductor of great toe towards the second toe
nerve, which terminates in 2. Maintains transverse arches of the foot
this muscle

. Flexor digiti minimi brevis  Superficial branch of lateral Flexes the proximal phalanx at the metatarsophalangeal
plantar nerve joint of the little toe

Table 10.7: Muscles of the fourth layer of the sole

Muscle Origin from Insertion
. Plantar interossei Bases and medial sides of third, Medial sides of bases of proximal phalanges and
(three bellies), unipennate, slender fourth and fifth metatarsals dorsal digital expansions of 3rd, 4th and 5th toes

muscle bellies. Tendons pass on
medial sides of third, fourth and fifth
toes (Fig. 10.7)

. Dorsal interossei (Fig. 10.8) Adjacent sides of metatarsal Bases of proximal phalanges and dorsal digital
(four bellies), bipennate, muscle bones expansion of toes; first on medial side of 2nd toe;
bellies, fills up gaps between second on lateral side of 2nd toe; third on lateral
metatarsals side of 3rd toe and fourth on lateral side of 4th toe

. Tibialis posterior Posterior surfaces of leg bones  Tuberosity of navicular (see Table 9.3)

. Peroneus longus Upper part of lateral surface of Base of 1st metatarsal (see Table 8.3)

fibula
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Table 10.8: Nerve supply and actions of muscles of the fourth layer of the sole

Muscle Nerve supply
1. Plantar interossei First and second by lateral plantar
(Fig. 10.7) (deep branch). Third by lateral plantar

(superficial branch})

2. Dorsal interossei

(Fig. 10.8) (deep branch), fourth dorsal

interosseous by superficial branch
of lateral plantar

3. Tibialis posterior Tibial nerve

4. Peroneus longus Superficial peroneal nerve

LATERAL PLANTAR ARTERY
Beginning, Course and Termination

Lateral plantar artery is the larger terminal branch of
the posterior tibial artery. At the base of the fifth
metatarsal bone it gives a superficial branch and then
continues as the plantar arch (Figs 10.9 and 10.10).

Branches
Muscular branches supply the adjoining muscles.

Cutaneous branches supply the skin and fasciae of the
lateral part of the sole.

Anastomotic branches reach the lateral border of the foot
and anastomose with arteries on the dorsum of the foot.

A calcanean branch is occasionally given off to the skin
of the heel.

PLANTAR ARCH
Beginning, Course and Termination

Plantar arch is formed by the direct continuation of the
lateral plantar artery after it has given off the superficial

Dorsalis pedis artery
Interossei muscles
Metatarsal

Plantar arch

Flexor hallucis brevis
Tendon of flexor hallucis longus
Abductor hallucis

Medial plantar artery and nerve

Flexor digitorum brevis

Adductor hallucis

First, second, third by lateral plantar

Actions

Adductors of third, fourth and fifth toes toward the axis.
Flexor of metatarsophalangeal and extensor of inter-
phalangeal joints of third, fourth and fifth toes

Abductors of toes from axis of second toe. First and
second cause medial and lateral abduction of second
toe. Third and fourth for abduction of 3rd and 4th toes

Plantar flexor of ankle (see Table 9.4)

Evertor of foot (see Table 8.4)

Posterior
tibial
Medial plaar;ltar Lateral plantar artery
e and branches
Dorsalis
pedis artery '
Proximal perforating
Cutaéneou;. arteries
ranc
Superficial — Superficial branch
bragg:aasl Plantar arch
Muscular Plantar metatarsal
branch arteries
Distal A Common plantar
perforating digital arteries
arteries
& Proper plantar
digital arteries

—

Fig. 10.9: Medial and lateral plantar arteries and their branches

Dorsal interossei

Plantar interossei

Flexor digiti minimi brevis
Abductor digiti minimi

Tendons of flexor digitorum longus and lumbricals

Lateral plantar artery

Fig. 10.10: Transverse section of the foot through the metatarsals showing the arrangement of structures in the sole
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branch and is completed medially by the dorsalis pedis
artery. It extends from the base of the fifth metatarsal
bone to the proximal part of the first intermetatarsal
space, and lies between the third and fourth layers of
the sole. It is accompanied by venae comitantes. The
deep branch of the lateral plantar nerve lies in the
concavity of the plantar arch (Fig. 10.9 and 10.10).

Branches of the Plantar Arch

1 Four plantar metatarsal arteries run distally, one in
each intermetatarsal space. Each artery ends by
dividing into two plantar digital branches for adjacent
sides of two digits. The first artery also gives off a
branch to the medial side of the great toe. The lateral
side of the little toe gets a direct branch from the
lateral plantar artery.

2 The plantar arch gives off three proximal perforating
arteries that pass through the second, third and fourth
intermetatarsal spaces and communicate with the
dorsal metatarsal arteries which are the branches of
the arcuate artery.

The distal end of each plantar metatarsal artery
gives off a distal perforating artery which joins the distal
part of the corresponding dorsal metatarsal artery
(Fig. 10.9).

CLINICAL ANATOMY

o Fracture of shaft of 2nd/3rd/4th/metatarsal
bones is called “march fracture”. It is seen in army
personnel, policemen as they have to march a lot.
It occurs due to decalcification and vascular
necrosis.

* Normal architecture of foot is subjected to insults
due to “high heels”. Females apparently look
taller, smarter but may suffer from sprains and
dislocations of the ankle joint (see Fig. 9.14).

e Toes may be spread out or splayed.

¢ Longitudinal arches are exaggerated leading to
pes cavus.

* If foot is dorsiflexed, person walks on the heel
condition is called “Talipes calcaneus” (Fig. 10.11).

* If foot is plantar flexed, person walks on toes. The
condition is called “Talipes equinus” (Fig. 10.12).

* If medial border of foot is raised, person walks on
lateral border of foot. The condition is “Talipes
varus” (Fig. 10.13).

e If lateral border of foot is raised, person walks on
medial border of foot. The condition is called
“Talipes valgus” (Fig. 10.14).

Most common is talipes equinovarus in which the

heel is medial, the foot is plantarflexed and inverted
with high medial longitudinal arch.
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Fig. 10.11: Talipes calcaneus
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Fig. 10.12: Talipes equinus
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Fig. 10.13: Talipes varus
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Fig. 10.14: Talipes valgus
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Metatarsals

Interossei
1st dorsal
2nd dorsal
1st plantar
3rd dorsal
2nd plantar

4th dorsal

3rd plantar

Fig. 10.15: Schematic transverse section through the metatarsal
bones (1-5) to show the origins of the interossei

FACTS TO REMEMBER

Muscles of the sole are disposed in four layers.
Medial plantar nerve supplies 4 intrinsic muscles.
Lateral plantar nerve supplies 14 intrinsic muscles.
Extrinsic muscles are supplied by the nerve of the
respective compartments of the leg.

Only one arterial arch, the plantar arch is present.
* The muscles of the sole maintain the arches of the
foot.
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* Between 1st and 2nd layers of muscles are the
trunks of medial plantar and lateral plantar nerves
and vessels.

* Between the 3rd and 4th layers are the plantar arch
and deep branch of lateral plantar nerve.

CLINICOANATOMICAL PROBLEM

A young female complains of severe pain along the
middle of her right sole.

¢ What is the condition called?

* Name the branches of medial plantar nerve?

Ans: This may due to a “neuroma” in the common
digital nerve between third and fourth metatarsal
bones. This is a benign proliferation of the nerve
fibres.

The condition is painful. The treatment is surgery.

Medial plantar nerve gives:

a. Muscular branches to abductor hallucis, flexor
digitorum brevis, both of 1st layer of sole; first
lumbrical of 2nd layer of sole and flexor hallucis
brevis of 3rd layer of sole

b. The nerve gives 7 digital branches to adjacent
sides of medial 3% toes, including their nail beds
and distal phalanges on the dorsum of foot

c. It also gives articular branches to the joints in
its territory of distribution.

MULTIPLE CHOICE QUESTIONS

1. Muscles of first layer of sole are all except:
a. Abductor hallucis
b. Flexor digitorum brevis
c. Abductor digiti minimi
d. Extensor digitorum brevis
2. Which is not inserted into plantar aspect of foot?
a. Flexor hallucis longus
b. Peroneus longus
c. Peroneus tertius
d. Flexor digitorum longus
3. In the movement of eversion of foot, all of the
following muscles are involved except:
a. Peroneus longus  b. Peroneus brevis
c. Tibialis anterior =~ d. Peroneus tertius
4. The bone devoid of muscular attachment:
a. Cuboid b. Talus
c. Navicular d. Medial cuneiform
5. All muscles form second layer of sole except:
a. Flexor digitorum accessorius

b. Lumbricals
c. Flexor hallucis longus
d. Flexor digitorum brevis
6. All of following structures pass behind medial
malleolus beneath flexor retinaculum of ankle
region except:
a. Tibialis posterior
b. Flexor digitorum longus
c. Deep peroneal nerve
d. Tibial nerve
7. How many plantar interossei are present in the sole?
a. Four b. Three
c. Two d. Five
8. Medial plantar nerve supplies all muscles except:
a. Abductor hallucis
b. Adductor hallucis
c. Flexor digitorum brevis
d. Flexor hallucis brevis

ANSWERS

1.4 2.¢ 3.c 4.b 5.d 6. C

7.b 8.b
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Venous and Lymphatic
Drainage, Segmental
Innervation, and Comparison
of Lower and Upper Limbs

Doelors are tuechy. Fhe swr sees theiv suecess—rlhe carlh covers theérv mistatie

INTRODUCTION

Venous drainage acquires importance as blood has to
flow up against the gravity.

The saphenous veins can be “easily seen” in the leg.
The varicose veins, if occur, look quite ugly under the
skin. Effort should be made not to develop the varicose
veins. The lymph travels mostly to the inguinal group
of lymph nodes.

The sensory nerves are derived only from ventral
rami of L1 to L5 and S1 to 53 segments of spinal cord.

Lower limb bud rotates medially, so that extensor
compartment lies on front, while flexor compartment
is present on the back of thigh. Tibia and big toe lie
along the pre-axial border while fibula and little toe
are along the post-axial border of the limb.

VENOUS DRAINAGE

Consideration of the venous drainage is of great
importance because in the lower limb venous blood has
to ascend against gravity. This is aided by a number of
local factors, the failure of which gives rise to varicose
veins.

Factors Helping Venous Return
General Faclon

1 Negative intrathoracic pressure, which is made more
negative during inspiration;

2 Arterial pressure and overflow from the capillary
bed;

3 Compression of veins accompanying arteries by
arterial pulsation; and

4 The presence of valves, which support and divide
the long column of blood into shorter columns. These
also maintain a unidirectional flow.
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Local Foctors

These are venous, muscular and fascial.

1 Venous: The veins of the lower limb are more
muscular than the veins of any other part of the body.
They have greater number of valves. Superficial veins
are connected to deep veins by perforators.

2 Muscular: When the limb is active, muscular
contraction compresses the deep veins and drives
the blood in them upwards.

It is helped by the suction action of the diaphragm

3 Fascial: The tight sleeve of deep fascia makes
muscular compression of the veins much more
effective by limiting outward bulging of the muscles.

VEINS OF LOWER LIMB

The veins may be classified into three groups:
superficial, deep and perforating.

Supefficial Veins

They include the great and small saphenous veins, and
their tributaries. They lie in the superficial fascia, on
the surface of deep fascia (see Figs 3.4 and 8.1). They
are thick-walled because of the presence of smooth
muscle and some fibrous and elastic tissues in their
walls. Valves are more numerous in the distal parts of
these veins than in their proximal parts. A large
proportion of their blood is drained into the deep veins
through the perforating veins.

Deep Veins

These are the medial plantar, lateral plantar, dorsalis
pedis, anterior and posterior tibial, peroneal, popliteal,
and femoral veins, and their tributaries. They
accompany the arteries, and are supported by powerful
surrounding muscles. The valves are more numerous in
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deep veins than in superficial veins. They are more
efficient channels than the superficial veins because of
the driving force of muscular contraction.

Perforating Veins

They connect the superficial with the deep veins. Their
valves permit only one way flow of blood, from the
superficial to the deep veins. There are about five
perforators along the great saphenous vein, and one
perforator along the small saphenous vein.

The relevant details of these veins are given below.

LONG SAPHENOUS VEINS

1 The dorsal venous arch lies on the dorsum of the
foot over the proximal parts of the metatarsal bones.
It receives four dorsal metatarsal veins each of which
is formed by the union of two dorsal digital veins
(see Fig. 8.1).

2 The great or long saphenous vein is formed by the
union of the medial end of dorsal venous arch with
the medial marginal vein which drains the medial
side of great toe. It passes upwards in front of the
medial malleolus, crosses the lower one-third of the
medial surface of tibia obliquely, and runs along its
medial border to reach the back of the knee. The
saphenous nerve runs in front of the great saphenous
vein.

3 In the thigh, it inclines forwards to reach the saphenous
opening where it pierces the cribriform fascia and
opens into the femoral vein. Before piercing the
cribriform fascia, it receives three named tributaries
corresponding to the three cutaneous arteries, and
also many unnamed tributaries (Fig. 11.1).

It contains about 10 to 15 valves which prevent back
flow of the venous blood, which tends to occur because
of gravity. One valve is always present at the
saphenofemoral junction. Incompetence of these valves
makes the vein dilated and tortuous leading to varicose
veins.

The vein is also connected to the deep veins of the
limb by perforating veins. There are three medial
perforators just above the ankle, one perforator just
below the knee, and another one in the region of the
adductor canal (Fig. 11.2). The perforating veins are also
provided with valves which permit flow of blood only
from the superficial to the deep veins. Failure of the
valves also gives rise to varicose veins.

Tributaries
At the commenceinent: Medial marginal vein from the
sole.

In the leg: It communicates freely with the small
saphenous vein and with deep veins.

VENOUS AND LYMPHATIC DRAINAGE AND COMPARISON OF LOWER AND UPPER LIMBS

Superficial Superficial
circumflex epigastric vein
iliac vein
\-—Superﬁcial
external
Profunda pudendal vein
femoris vein Saphenous
opening

Femoral vein

Short saphenous
vein draining into
popliteal vein

\\— Great

saphenous vein

Popliteal vein formed
by venae comitantes
of posterior and

anterior tibial arteries

Short
saphenous vein

Great
saphenous vein

Dorsal
venous arch

Fig. 11.1: Scheme to show the arrangement of the veins of lower
limb. Popliteal, short saphenous and venae comitantes of
posterior tibial artery are on posterior aspect

Great
saphenous vein

Anterior cutaneous
vein of thigh

Accessory
saphenous vein

Adductor
canal perforator

) Vein from calf
Anterior

VEin afieg Below knee perforator
Posterior arch vein
Upper medial perforator

Great

: Middle medial perforator
saphenous vein

. Lower medial perforator
Medial malleous

Fig. 11.2: Tributaries and perforating veins of the great saphenous
vein
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LOWER LIMB

Just below the knee:

1 The anterior vein of the leg runs upwards, forwards
and medially, from the lateral side of the ankle.

2 The posterior arch vein is large and constant. It
begins from a series of small venous arches which
connect the medial ankle perforators, and runs
upwards to join the great saphenous vein just below
the knee.

3 A vein from the calf: This vein also communicates
with the small saphenous vein.

In the thigh:

1 The accessory saphenous vein drains the
posteromedial side of the thigh.

2 The anterior cutaneous vein of the thigh drains the
lower part of the front of the thigh.

Just before piercing the cribriform fascia:
1 Superficial epigastric,
2 Superficial circumflex iliac, and
3 Superficial external pudendal.
Just before termination: Deep external pudendal vein.
The thoracoepigastric vein runs along the anterolateral
wall of the trunk. It connects the superficial epigastric
vein with the lateral thoracic vein. Thus it is an
important connection between the veins of the upper
and lower limbs.

SMALL OR SHORT SAPHENOUS VEIN

The vein is formed on the dorsum of the foot by the
union of the lateral end of the dorsal venous arch with
the lateral marginal vein (see Fig. 9.1). It enters the back
of the leg by passing behind the lateral malleolus. In
the leg, it ascends lateral to the tendocalcaneus, and
then along the middle line of the calf, to the lower part
of the popliteal fossa. Here it pierces the deep fascia
and opens into the popliteal vein. It drains the lateral
border of the foot, the heel, and the back of the leg. It is
connected with the great saphenous and with the deep
veins, and is accompanied by the sural nerve.

PERFORATING VEINS

As already mentioned, they connect the superficial with
the deep veins (Fig. 11.2). These are classified as follows.

Indirect perforating veins
Indirect perforating veins connect the superficial veins

with the deep veins through the muscular veins
(Fig. 11.3).

Direct perforating veins
Direct perforating veins (Fig. 11.4) connect the
superficial veins directly with the deep veins. The great
and small saphenous veins are the large direct
perforators. The small direct perforating veins
(Fig. 11.5) are follows:

|

1 In the thigh: The adductor canal perforator connects the
great saphenous vein with the femoral vein in the
lower part of the adductor canal.

Muscle with

Deep fascia
venous plexus

— Skin
Indirect
perforator — Superficial
veins

Deep vein

) S— Deep fascia

Deep vein

Skin
Direct Superficial
perforator veins

Fig. 11.4: Direct perforating vein

Femoral vein

Long saphenous vein

Adductor canal perforator
Popliteal vein
Short saphenous vein

Below knee perforator
Lateral perforator

Upper medial perforator
Middle medial perforator

Lower medial perforator

Fig. 11.5: Perforating veins of the lower limb
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2 Below the knee:
One perforator connects the great saphenous vein
or the posterior arch vein with the posterior tibial
vein.
3 In the leg:
A lateral perforator is present at the junction of the
middle and lower thirds of the leg. It connects the
small saphenous vein, or one of its tributaries with
the peroneal vein.
Medially there are three perforators which connect
the posterior arch vein with the posterior tibial vein.
* The upper medial perforator lies at the junction of
the middle and lower thirds of the leg.
¢ The middle medial perforator lies above the medial
malleolus.
¢ The lower medial perforator lies posteroinferior to
the medial malleolus.

CLINICAL ANATOMY

e Calf pump and peripheral heart. In the upright
position of the body, the venous return from the
lower limb depends largely on the contraction
of calf muscles. These muscles are, therefore,
known as the “calf pump”.

For the same reason the soleus is called the
peripheral heart (see Fig. 9.3). When this muscle
contracts, blood contained in large sinuses within
it is pumped into the deep veins; and when the
muscle relaxes, blood flows into the sinuses from
the superficial veins. Unidirectional blood flow
is maintained by the valves in the perforating
veins (Fig. 11.6).

e “Cut open procedure” /venesection is done on
the great saphenous vein as it lies in front of
medial malleolus. This vein is used for
transfusion of blood/fluids in case of non-
availability or collapse of other veins. Saphenous
nerve is identified and not injured as it lies
anterior to the great saphenous vein (Fig. 11.7).

* Great saphenous vein is used for bypassing the
blocked coronary arteries. The vein is reversed
so that valves do not block the passage of blood.

e Varicose veins and ulcers: If the valves in per-
forating veins or at the termination of superficial
veins become incompetent, the defective veins
become “high pressure leaks” through which the
high pressure of the deep veins produced by
muscular contraction is transmitted to the
superficial veins. This results in dilatation of the
superficial veins and to gradual degeneration of
their walls producing varicose veins and varicose
ulcers (Fig. 11.8).
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* Varicose veins often occur during third trimester
of pregnancy, as the iliac vein get pressed due to
enlarged uterus. These mostly subside after
delivery.

o Trendelenburg’s test: This is done to find out the
site of leak or defect in a patient with varicose
veins. Only the superficial veins and the
perforating veins can be tested, not the deep veins.

* The patient is made to lie down, and the veins
are emptied by raising the limb and stroking the
varicose veins in a proximal direction. Now
pressure is applied with the thumb at the
saphenofemoral junction and the patient is asked
to stand up quickly. To test the superficial veins,
the pressure is released. Quick filling of the
varicose veins from above indicates incompetency
of the superficial veins.

To test the perforating veins, the pressure at the
saphenofemoral junction is not released, but
maintained for about a minute. Gradual filling
of the varices indicates incompetency of the
perforating veins, allowing the blood to pass
from deep to superficial veins.

o After a deep vein thrombosis affecting the
perforators, they recanalise without valves. So
the muscle pump will force blood from deep to
superficial veins, causing varicosity of the veins.

* Varicose veins are treated with sclerosing
injections or laser treatment.

Comparison between long saphenous and short
saphenous veins is as follows.

Features Long saphenous Short saphenous
vein vein

Beginning Medial end of dorsal Lateral end of dorsal
venous plexus venous plexus

Position Anterior to medial Posterior to lateral
malleolus malleolus

Number of 15-20 valves 8-10 valves

valves

Relation of a  Saphenous nerve Sural nerve

sensory nerve

Termination Femoral vein Popliteal vein

LYMPHATIC DRAINAGE

Most of the lymph from the lower limb drains into
the inguinal lymph nodes, either mostly directly or
partly indirectly through the popliteal and anterior
tibial nodes. The deep structures of the gluteal region
and the upper part of the back of the thigh drain into
the internal iliac nodes along the gluteal vessels.
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il LOWER LIMB

Open venous valve

Muscle pump

Closed venous valve

Fig. 11.6: Venous valves for unidirectional flow of blood

Saphenous nerve

Great saphenous
i vein
Medial malleolus

Fig. 11.7: Cut open vene section procedure on great
saphenous vein

Fig. 11.8: Varicose ulcer

Classification

I. Lymph nodes
a. Superficial inguinal lymph nodes.

b. Deep:
¢ Deep inguinal lymph nodes
* Popliteal lymph nodes
* Anterior tibial lymph nodes.
II. Lymphatics:
a. Superficial, and
b. Deep.

Superficial inguinal Lymph Nodes

These are very important because they drain the skin

and fasciae of the lower limb; the perineum and the

trunk below the umbilical plane (see Fig. 3.5). They are
divided into three sets.

1 The lower vertical group is placed along both sides of
the terminal part of the great saphenous vein, and
contains about four or five nodes. They drain the skin
and fasciae of the lower limb (great saphenous
territory), except the buttock and the short saphenous
territory. A few lymphatics, accompanying the short
saphenous vein, cross the leg, accompany the great
saphenous vein, and drain into this group of nodes.

2 The upper lateral group is placed below the lateral part
of the inguinal ligament, and contains about two or
three nodes. They drain the skin and fasciae of the
upper part of the lateral side of the thigh, the buttock,
the flank and the back below the umbilical plane.

3 The upper medial group is placed below the medial
end of the inguinal ligament. One or two nodes may
lie above the inguinal ligament along the course of
the superficial epigastric vessels. The group contains
two to three nodes. They drain:

a. The anterior abdominal wall below the level of
the umbilicus.

b. The perineum, including external genitalia, except
the glans, the anal canal below the pectinate line,
the vagina below hymen and the penile part of
the male urethra.

c. The superolateral angle of the uterus, via the
round ligament.

Efferents from all superficial inguinal nodes pierce the

cribriform fascia, and terminate in the deep inguinal

nodes. A few may pass directly to the external iliac nodes.

Deep Inguinal Lymph Nodes

These are about four to five in number, and lie medial
to the upper part of the femoral vein. The most proximal
node of this group; gland of Cloquet or of Rosenmiiller,
lies in the femoral canal. These nodes receive afferents
from:
1 The superficial inguinal nodes.
2 The popliteal nodes.
3 Glans penis or clitoris.
4 The deep lymphatics of the lower hmb accompanying
the femoral vessels.
Their efferents pass to the external iliac nodes.
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Popliteal Lymph Nodes

These nodes lie near the termination of the small
saphenous vein, deep to the deep fascia. One node lies
between the popliteal artery and the oblique popliteal
ligament. They receive afferents from:

1 The territory of the small saphenous vein.
2 The deep parts of the leg (through vessels running
along the anterior and posterior tibial vessels).
3 The knee joint.
Their efferents run along the popliteal and femoral
vessels, and terminate in the deep inguinal nodes.

Anterior Tibial Lymph Node

One inconstant node may lie along the upper part of
the anterior tibial artery. When present, it collects lymph
from the anterior compartment of the leg, and passes it
on to the popliteal nodes.

Superficial Lymphatics

These lymph vessels are larger and are more numerous
than the deep lymphatics. They run in the superficial
fascia and ultimately form two streams. The main
stream follows the great saphenous vein, and ends in
the lower vertical group of superficial inguinal lymph

Lymph vessels of anterior
abdominal wall

Lymph vesseis to superficial
inguinal lymph nodes

Cutaneous plexus

Lymph vessels of
perineum

Lymph vessels with
great saphenous vein
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nodes shown in (Fig. 11.9a). The accessory stream
follows the small saphenous vein and ends in the
popliteal lymph nodes (Fig. 11.9b).

Deep Lymphaiics

These are smaller and fewer than the superficial
lymphatics, although they drain all structures lying deep
to the deep fascia. They run along the principal blood
vessels, and terminate mostly into the deep inguinal
nodes, either directly or indirectly through the popliteal
nodes. The deep lymphatics from the gluteal region and
from the upper part of the back of the thigh accompany
the gluteal vessels and end in the internal iliac nodes.

CLINICAL ANATOMY

¢ Elephantiasis: Lymphatic obstruction caused by the
parasite filaria is very common in the lower limb.
This results in great hypertrophy of the skin and
of subcutaneous tissue (elephantiasis) (Fig. 11.10).

¢ The commonest cause of a swelling in the inguinal
area is enlargement of the inguinal lymph nodes.
This can be caused by infection, or carcinoma,
anywhere in the area drained by these nodes
(Fig. 11.11).

‘Lymphshed’ of
back of thigh

Lymph vessels with
short saphenous vein

Figs 11.9a and b: Superficial lymphatics of the lower limb: (a) Anterior aspect, and (b) posterior aspect
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LOWER LIMB

Kj

Fig. 11.10: Elephantiasis due to filariasis

Enlarged upper medial
group of lymph nodes

Fig. 11.11: Lymphadenitis due to infection in the perineum

SEGMENTAL INNERVATION
Dermatomes

The principles involved are the same as described in
the upper limb.

The area of skin supplied by one spinal segment is
called a dermatome.

Important Features

1 The cutaneous innervation of the lower limb is
derived:

. a. Mainly from segments L1 to L5 and S1 to S3 of

the spinal cord; and
b. Partly from segments T12 and S4.

2 As a rule, the limb is supplied only by anterior
primary rami. The exception to this rule is that the
skin of the superomedial quadrant of the gluteal
region is supplied by the posterior primary rami of
nerves L1 to L3 and S1 to S3.

3 There is varying degree of overlap of adjoining

dermatomes, so that the area of sensory loss
following damage to the spinal cord or nerve roots
is always less than the actual area of the dermatome.
Initially, each limb bud has a cephalic border, and a
caudal border. These are known as the preaxial and
the postaxial borders, respectively. In the embryo, the
great toe and tibia lie along the preaxial border, and
the little toe and fibula along the postaxial border.
Later, the limb bud rotates medially through 90°, so
that the great toe and tibia are carried medially, and
the little toe and fibula laterally. Thus, the tibial
border is the original preaxial border, and the fibular
border, the postaxial border, of the lower limb.

The dermatomes of the lower limb are distributed in
an orderly numerical sequence (Figs 11.12a and b).

L2—=
L3
L4

Ventral L5
axial line 382

L1

Ventral Dorsal
axial line axial line

L3

L4

L4
(b)

Figs 11.12a and b: Dermatomes of the lower limb: (a) Anterior
view, and (b) posterior view

6

Along the preaxial border from above downwards,
there are dermatomes T12, L1 to L4.

The middle three toes, the adjoining area of the
dorsum of the foot and the lateral side of the leg are
supplied by segment L5.

Along the postaxial border from below upwards,
there are dermatomes S1, S2, S3.

As the limb elongates, the central dermatomes (L4,
L5, S1) get pulled in such a way that these are
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represented only in the distal part of the limb, and
are buried proximally. The line along which the
central dermatomes are buried is known as the axial
line. In fact, an axial line is defined as a line along
which certain dermatomes are buried (missing) so
that distant dermatomes adjoin each other.
Overlapping of the dermatomes is minimal across
the axial line. There are two axial lines, one ventral
and one dorsal, both of which extend largely on the
back of the limb. On the posterior surface of the limb,
the ventral axial line extends up to the heel, whereas
the dorsal axial line ends at a higher level, at the junction
of the upper two-thirds and lower one-third of the
leg. On the anterior surface of the limb, the ventral
axial line crosses the scrotum, and the dorsal axial line
encroaches on the lateral side of the knee. Some
workers deny the existence of the dorsal axial line.

Myotomes

A spinal nerve supplies muscles that are derived from
one myotome. Most of the muscles are supplied by
more than one segment of the spinal cord, the supply
by some segments being predominant. Damage of the
predominant segments results in maximum paralysis
of the muscle. The chart given below is accurate enough
for use in clinical examination.

L1 Psoas major.

L2 Psoas major, iliacus, sartorius, gracilis, pectineus,
adductor longus, adductor brevis.

L3 Quadriceps, adductors (longus, brevis, magnus).

L4 Quadriceps, tensor fasciae latae, adductor
magnus, obturator externus, tibialis anterior,
tibialis posterior.

L5 Gluteus medius, gluteus minimus, obturator
internus, semimembranosus, semitendinosus,
extensor hallucis longus, extensor digitorum
longus, peroneus tertius, popliteus.

S1 Gluteus maximus, obturator internus, piriformis,
biceps femoris, semitendinosus, popliteus,
gastrocnemius, soleus, peronei, extensor
digitorum brevis.

S2 Piriformis, biceps femoris, gastrocnemius, soleus,
flexor digitorum longus, flexor hallucis longus,
intrinsic muscles of foot.

S3 Intrinsic muscles of foot (except abductor
hallucis, flexor hallucis brevis, flexor digitorum
brevis, extensor digitorum brevis).

Joint Movements

The segmental innervation of muscles can also be
expressed in terms of movements of joints (Fig. 11.13).
Hip Flexors, adductors and

medial rotators ..L1,L2, L3
Extensors, abductors
and lateral rotators .. L5, 81

Knee Extensors .. L3, L4
Flexors ...L5,81
Ankle Dorsiflexors .. 14,15
Plantar flexors .. 51,52
Foot Invertors ..L4,15
Evertors ... L5, 561

CLINICAL ANATOMY

Like dermatomes, the myotomes are also helpful in
determination of the level of a lesion in the spinal cord.

SYMPATHETIC INNERVATION
1 Sympathetic innervation of the lower limb is derived

from the lower three thoracic and upper two lumbar
(T10 to L2) segments of the spinal cord. The fibres
arise from the lateral horn cells, and pass out with
the ventral roots as preganglionic (white rami) fibres.
These pass down the sympathetic chain to relay in
the lumbar and upper two or three sacral ganglia.

2 The postganglionic fibres emerge from the lumbar

sympathetic ganglia and pass through grey rami to
reach the lumbar nerves. From these nerves they pass
into the femoral nerve. They supply the femoral
artery and its branches in the thigh. Some
postganglionic sympathetic fibres emerge from the
upper two or three sacral ganglia. They travel
through the tibial nerve to supply the popliteal artery
and its branches in the leg and foot.

3 The blood vessels to skeletal muscles are dilated by

sympathetic activity. These nerves are vasomotor,
sudomotor and pilomotor to the skin.

4 Sympathetic denervation of the lower limb can be

produced by removing the second, third and fourth
lumbar ganglia with the intermediate chain. This
divides all preganglionic fibres to the lower limb.
The first lumbar ganglion is preserved because it
controls the proximal urethral sphincter mechanism.
Its removal is followed by dry coitus. Bilateral
lumbar sympathectomy is done in patients with
Buerger’s disease.

Mnemonics
Great saphenous vein _jj
M, m,m,m m m
M—Medial end of dorsal venous arch
m—medial marginal vein ends into it
m—lies anterior to the medial malleolus
m—crosses medial surface of tibia obliquely
m—runs behind medial border of tibia to reach
behind the knee
m—runs along medial side of thigh to end in the
saphenous opening
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Fig. 11.13: Segmental innervation of the joints
COMPARISON OF LOWER AND UPPER LIMBS
Lower limb Upper limb
General Lower iimb with long and heavy bones supports The upper limb is for range and variety of movements.
and stabilises the body Thumb assisted by palm and fingers has the power of holding

articles

Lower limb bud rotates medially, so that big toe Upper limb bud rotates laterally, so that the thumb points
points medially. Nerve supply: Ventral rami of laterally. Nerve supply: Ventral rami of cervical 5-8 and thoracic
lumbar 2-5 and sacral 1-3 segments of spinal cord. 1 segments of spinal cord. Musculocutaneous, median and
Sciatic and one of its terminal branch the tibial ulnar nerves supply the flexor aspects of the limb, while the
nerve supplies the flexor aspect of the limb. The radial nerve supplies the triceps brachii (extensor of elbow)
other terminal branch of sciatic nerve, i.e. common and its branch the posterior interosseous supplies the
peroneal, supplies the extensors of ankle joint extensors of wrist

(dorsiflexors) through its deep peroneal branch. Its

superficial branch supplies the peroneal muscles

of the leg. Femoral supplies the quadriceps femoris

(extensor of knee) while obturator nerve supplies

the adductors

Thigh Arm
Bones Femur is the longest bone of lower limb and of the Humerus is the longest bone of upper limb
body
Joints Hip joint is a multiaxial joint Shoulder joint is also multiaxial joint
Muscles Posteriorly: Hamstrings supplied by sciatic Anteriorly: Biceps, brachialis and coracobrachialis supplied
Anteriorly: Quadriceps by fgmoral by musculocutaneous nerve
Medially: Adductors by obturator nerve Posteriorly: Triceps brachii supplied by radial nerve

(Contd...)

mebooksfree.com



i
i

(Contd...)
Nerves

Branches

Arteries

Bones

Joints

Muscles

Compart-
ments

Nerves

Arteries

‘Bones
and
joints

VENOUS AND LYMPHATIC DRAINAGE AND COMPARISON OF LOWER AND UPPER LIMBS

Sciatic for posterior compartment of thigh, femoral
for anterior compartment of thigh, obturator for
adductor muscles of medial compartment of thigh

Muscular, cutaneous, articular/genicular, vascular
and terminal branches

Femoral, popliteal and profunda femoris (deep)
Leg

Tibia: Preaxial bone
Fibula: Postaxial bone

Knee joint formed by femur, tibia and patella. Fibula
does not participate in knee joint. An additional
bone (sesamoid) patella makes its appearance.
This is an important weight-bearing joint

Plantaris

Flexor digitorum longus

Flexor hallucis longus

Soleus and flexor digitorum brevis
Gastrocnemius (medial head)
Gastrocnemius (lateral head)
Tibialis anterior

Extensor digitorum longus
Extensor hallucis longus

Lower limb

Anterior aspect: Dorsiflexors of ankle joint
Posterior aspect: Plantar flexors (flexors) of ankle
joint

Lateral aspect: Evertors of subtalar joint

Tibial nerve for all the plantar flexors of the ankle
joint. Common peroneal winds around neck of
fibula (postaxial bone) and divides into superficial
and deep branches. The deep peroneal supplies
dorsiflexors (extensors) of the ankle joint. The
superficial peroneal nerve supplies a separate
lateral compartment of leg

Popliteal divides into anterior tibial and posterior
tibial in the popliteal fossa. Posterior tibial
corresponds to ulnar artery

Foot

7 big tarsal bones occupying half of the foot. There
are special joints between talus, calcaneus and
navicular, i.e. subtalar and talocalcaneonavicular
joints. They permit the movements of inversion
and eversion (raising the medial border/lateral
border of the foot) for walking on the uneven
surfaces. This movement of inversion is similar to
supination and of eversion to pronation of forearm.
Flexor digitorum accessorius is a distinct muscle

Musculocutaneous for anterior compartment of arm

Radial for posterior compartment. Coracobrachialis equivalent
to medial compartment of arm also supplied by musculo-
cutaneous nerve

Muscular, cutaneous, articular/genicular, vascular and terminal
branches

Axillary, brachial, profunda (deep) brachii
Forearm

Radius: Preaxial bone
Ulna: Postaxial bone

Elbow joint formed by humerus, radius and ulna, communi-
cates with superior radioulnar joint. Forearm is characterised
by superior and inferior radioulnar joints. These are both pivot
variety of synovial joints permitting rotatory movements of
pronation and supination, e.g. meant for picking up food and
putting it in the mouth

Palmaris longus

Flexor digitorum profundus
Flexor pollicis longus

Flexor digitorum superficialis
Fiexor carpi uinaris

Flexor carpi radialis
Abductor pollicis longus
Extensor digitorum

Extensor pollicis longus

Upper limb

Anterior aspect: Flexors of wrist and pronators of forearm
Posterior aspect: Extensors of wrist, and supinator

Median nerve for 6% muscles and ulnar nerve for 1% muscles
of anterior aspect of forearm. These are flexors of wrist and
pronators of forearm. Posterior interosseous nerve or deep
branch of radial supplies the extensors of the wrist and the
supinator muscle of forearm. It winds around radius (preaxial
bone) and corresponds to deep peroneal nerve. The superficial
branch of radial nerve corresponds to the superficial peroneal
nerve

Brachial divides into radial and ulnar branches in the cubital
fossa. Radial corresponds to anterior tibial artery

Hand

There are 8 small carpal bones occupying very small area of
the hand. First carpometacarpal joint, i.e. joint between
trapezium and base of 1st metacarpal is a unique joint. It is of
saddle variety and permits a versatile movement of opposition
in addition to other movements. This permits the hand to hold
things, e.g. doll, pencil, food, bat, etc. Opponens pollicis is
specially for opposition

(Contd...)
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to straighten the action of flexor digitorum longus
tendons in line with the toes on which these act.
Tibialis anterior, tibialis posterior and peroneus
longus reach the foot and sole for the movements
of inversion (first two) and eversion (last one)
respectively

Medial plantar supplies four muscles of the sole
including 1st lumbrical (abductor hallucis, flexor
hallucis brevis, flexor digito/rum brevis, 1st
lumbrical) [

Lateral plantar corresponds te_ulnar nerve and
supplies 14 intrinsic muscles of the sole

Muscles which enter the sole from the leg, e.g.
flexor digitorum longus, flexor hallucis longus,
tibialis posterior, peroneus longus are supplied by
the nerves of the leg. 1st lumbrical is unipennate
and is supplied by medial plantar, 2nd—4th are
bipennate being supplied by deep branch of lateral
plantar nerve

Extensor digitorum brevis present on dorsum of foot

Posterior tibial artery divides into medial plantar and
lateral plantar branches. There is only one arch,
the plantar arch formed by lateral plantar and
dorsalis pedis (continuation of anterior tibial)
arteries

The great sphenous vein with perforators lies along
the preaxial border. The short saphenous vein, lies
along the postaxial border but it terminates in the
popliteal fossa

The axis of movement of adduction and abduction

passes through the 2nd digit. So 2nd toe possesses
two dorsal interossei muscles

Sole

Abductor hallucis brevis
Flexor digitorum brevis
Abductor digiti minimi

Superficial plantar arch is not present

Branches of medial plantar nerve and artery
Branches of superficial branch of lateral plantar
nerve

Tendon of flexor digitorum longus, lumbricals and
flexor digitorum accessorius
Tendon of flexor hallucis longus

Flexor hallucis brevis
Adductor hallucis
Flexor digiti minimi brevis

Plantar arch with deep branch of lateral plantar nerve

1-3 plantar interossei
1—4 dorsal interossei
Tendons of tibialis posterior and peroneus longus

Median nerve supplies 5 muscles of hand including 1st and
2nd lumbricals (abductor pollicis brevis, flexor pollicis brevis,
opponens pollicis, 1st and 2nd lumbricals)

Ulnar nerve corresponds to lateral plantar nerve and supplies
15 intrinsic muscles of the hand

Muscles which enter the palm from forearm, e.g. flexor
digitorum superficialis, flexor digitorum profundus, flexor pollicis
longus are supplied by the nerves of the forearm. 1st and 2nd
lumbricals are unipennate and are supplied by median nerve.
3rd and 4th are bipennate being supplied by deep branch of
ulnar nerve

No muscle on dorsum of hand

Radial artery corresponds to anterior tibial while ulnar artery
corresponds to posterior tibial artery. Ulnar artery divides into
superficial and deep branches. There are two palmar arches,
superficial and deep. The superficial arch mainly is formed by
ulnar artery and deep arch is formed mainly by the radial
artery. Cephalic vein is along the preaxial border. Basilic vein
runs along the postaxial border of the limb and terminates in
the middle of the arm

The axis of movement of adduction and abduction is through
the third digit or middle finger. So the middle finger has two
dorsal interossei muscles

Palm

Abductor pollicis brevis

Flexor pollicis brevis

Flexor digiti minimi

Abductor digiti minimi

Superficial palmar arch

Branches of median nerve

Branches of superficial branch of ulnar nerve

Tendons of flexor digitorum superficialis

Tendons of flexor digitorum profundus and lumbricals
Tendon of flexor pollicis longus

Opponens pollicis

Adductor pollicis

Opponens digiti minimi

Deep palmar arch and deep branch of ulnar nerve

1—4 palmar interossei
1—4 dorsal interossei
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VENOUS AND LYMPHATIC DRAINAGE AND COMPARISON OF LOWER AND UPPER LIMBS

Sciatic for posterior compartment of thigh, femoral
for anterior compartment of thigh, obturator for
adductor muscles of medial compartment of thigh

Muscular, cutaneous, articular/genicular, vascular
and terminal branches

Femoral, popliteal and profunda femoris (deep)
Leg

Tibia: Preaxial bone
Fibula: Postaxial bone

Knee joint formed by femur, tibia and patella. Fibula
does not participate in knee joint. An additional
bone (sesamoid) patella makes its appearance.
This is an important weight-bearing joint

Plantaris

Flexor digitorum longus

Flexor hallucis longus

Soleus and flexor digitorum brevis
Gastrocnemius (medial head)
Gastrocnemius (lateral head)
Tibialis anterior

Extensor digitorum longus
Extensor hallucis longus

Lower limb

Anterior aspect: Dorsiflexors of ankle joint
Posterior aspect: Plantar flexors (flexors) of ankle
joint

Lateral aspect: Evertors of subtalar joint

Tibial nerve for all the plantar flexors of the ankle
joint. Common peroneal winds around neck of
fibula (postaxial bone) and divides into superficial
and deep branches. The deep peroneal supplies
dorsiflexors (extensors) of the ankle joint. The
superficial peroneal nerve supplies a separate
lateral compartment of leg

Popliteal divides into anterior tibial and posterior
tibial in the popliteal fossa. Posterior tibial
corresponds to ulnar artery

Foot

7 big tarsal bones occupying half of the foot. There
are special joints between talus, calcaneus and
navicular, i.e. subtalar and talocalcaneonavicular
joints. They permit the movements of inversion
and eversion (raising the medial border/lateral
border of the foot) for walking on the uneven
surfaces. This movement of inversion is similar to
supination and of eversion to pronation of forearm.
Flexor digitorum accessorius is a distinct muscle

Musculocutaneous for anterior compartment of arm

Radial for posterior compartment. Coracobrachialis equivalent
to medial compartment of arm also supplied by musculo-
cutaneous nerve

Muscular, cutaneous, articular/genicular, vascular and terminal
branches

Axillary, brachial, profunda (deep) brachii
Forearm

Radius: Preaxial bone
Ulna: Postaxial bone

Elbow joint formed by humerus, radius and ulna, communi-
cates with superior radioulnar joint. Forearm is characterised
by superior and inferior radioulnar joints. These are both pivot
variety of synovial joints permitting rotatory movements of
pronation and supination, e.g. meant for picking up food and
putting it in the mouth

Palmaris longus

Flexor digitorum profundus
Flexor pollicis longus

Flexor digitorum supertficialis
Flexor carpi ulnaris

Flexor carpi radialis
Abductor pollicis longus
Extensor digitorum

Extensor pollicis longus

Upper limb

Anterior aspect: Flexors of wrist and pronators of forearm
Posterior aspect: Extensors of wrist, and supinator

Median nerve for 6% muscles and ulnar nerve for 12 muscles
of anterior aspect of forearm. These are flexors of wrist and
pronators of forearm. Posterior interosseous nerve or deep
branch of radial supplies the extensors of the wrist and the
supinator muscle of forearm. It winds around radius (preaxial
bone) and corresponds to deep peroneal nerve. The superficial
branch of radial nerve corresponds to the superficial peroneal
nerve

Brachial divides into radial and ulnar branches in the cubital
fossa. Radial corresponds to anterior tibial artery

Hand

There are 8 small carpal bones occupying very small area of
the hand. First carpometacarpal joint, i.e. joint between
trapezium and base of 1st metacarpal is a unique joint. It is of
saddle variety and permits a versatile movement of opposition
in addition to other movements. This permits the hand to hold
things, e.g. doll, pencil, food, bat, etc. Opponens pollicis is
specially for opposition

(Contd...)

mebooksfree.com

Section 1 Lower Limb



Section 1 Lower Limb

LOWER LIMB

(Contd...)

Nerves

Muscles

Blood
vessels

Axis

| Layer

Between
land Il
layers

Il Layer

I Layer

Between
Il and IV
layers

IV Layer

to straighten the action of flexor digitorum longus
tendons in line with the toes on which these act.
Tibialis anterior, tibialis posterior and peroneus
longus reach the foot and sole for the movements
of inversion (first two) and eversion (last one)
respectively

Medial plantar supplies four muscles of the sole
including 1st lumbrical (abductor hallucis, flexor
hallucis brevis, flexor digit}mm brevis, 1st
lumbrical) /

Lateral plantar corresponds KuLuInar nerve and
supplies 14 intrinsic muscles of the sole

Muscles which enter the sole from the leg, e.g.
flexor digitorum longus, flexor hallucis longus,
tibialis posterior, peroneus longus are supplied by
the nerves of the leg. 1st lumbrical is unipennate
and is supplied by medial plantar, 2nd—4th are
bipennate being supplied by deep branch of lateral
plantar nerve

Extensor digitorum brevis present on dorsum of foot

Posterior tibial artery divides into medial plantar and
lateral plantar branches. There is only one arch,
the plantar arch formed by lateral plantar and
dorsalis pedis (continuation of anterior tibial)
arteries

The great sphenous vein with perforators lies along
the preaxial border. The short saphenous vein, lies
along the postaxial border but it terminates in the
popliteal fossa

The axis of movement of adduction and abduction
passes through the 2nd digit. So 2nd toe possesses
two dorsal interossei muscles

Sole

Abductor hallucis brevis
Flexor digitorum brevis
Abductor digiti minimi

Superficial plantar arch is not present

Branches of medial plantar nerve and artery
Branches of superficial branch of lateral plantar
nerve

Tendon of flexor digitorum longus, lumbricals and
flexor digitorum accessorius
Tendon of flexor hallucis longus

Flexor hallucis brevis
Adductor hallucis
Flexor digiti minimi brevis

Plantar arch with deep branch of lateral plantar nerve

1-3 plantar interossei
1—-4 dorsal interossei
Tendons of tibialis posterior and peroneus longus

Median nerve supplies 5 muscles of hand including 1st and
2nd lumbricals (abductor pollicis brevis, flexor pollicis brevis,
opponens pollicis, 1st and 2nd lumbricals)

Ulnar nerve corresponds to lateral plantar nerve and supplies
15 intrinsic muscles of the hand

Muscles which enter the palm from forearm, e.g. flexor
digitorum superficialis, flexor digitorum profundus, flexor pollicis
longus are supplied by the nerves of the forearm. 1st and 2nd
lumbricals are unipennate and are supplied by median nerve.
3rd and 4th are bipennate being supplied by deep branch of
ulnar nerve

No muscle on dorsum of hand

Radial artery corresponds to anterior tibial while ulnar artery
corresponds to posterior tibial artery. Ulnar artery divides into
superficial and deep branches. There are two palmar arches,
superficial and deep. The superficial arch mainly is formed by
ulnar artery and deep arch is formed mainly by the radial
artery. Cephalic vein is along the preaxial border. Basilic vein
runs along the postaxial border of the limb and terminates in
the middle of the arm

The axis of movement of adduction and abduction is through
the third digit or middle finger. So the middle finger has two
dorsal interossei muscles

Palm

Abductor pollicis brevis

Flexor pollicis brevis

Flexor digiti minimi

Abductor digiti minimi

Superficial palmar arch

Branches of median nerve

Branches of superficial branch of ulnar nerve

Tendons of flexor digitorum superficialis

Tendons of flexor digitorum profundus and lumbricals
Tendon of flexor pollicis longus

Opponens pollicis

Adductor pollicis

Opponens digiti minimi

Deep palmar arch and deep branch of uinar nerve

1—4 palmar interossei
1-4 dorsal interossei
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VENOUS AND LYMPHATIC DRAINAGE AND COMPARISON OF LOWER AND UPPER LIMBS

FACISTO REMEMBER * What are these blue tubular structures?

¢ Long saphenous vein with saphenous nerve lie * Why do these develop in lower limbs only?
anterior to medial malleolus

* Short saphenous vein lies behind lateral malleolus

* Varicose veins are due to tortuosity of the long

saphenous vein and occur mostly due to prolonged

Ans: These blue tubular structures are the varicose
veins in the lower limbs. These develop due to
pressure of the foetal head on the veins in the pelvis,
preventing the return of venous blood back into the

standing. == circulation. These develop only in lower limbs as
* Long saphenous vein is used to bypass the venous blood has to flow against gravity. Though
coronary artery after inverting the M there are valves inside the vein to permit

unidirectional flow of blood, still varicose veins

develop due to some incompetency of the valves and
CLINICOANATOMICAL PROBLEM the pressure of the foetal head. On prolonged stan-

A 30-year-old female during her pregnancy noted ding the veins got more prominent, as venous blood
blue tubular structures over her calf and thigh. These has to travel vertically upwards for long distance.
get prominent after standing for a long time. Varicose veins usually disappear after pregnancy.

. MULTIPLE CHOICE QUESTIONS

1. Which one of the following factors does not help in ¢. Superolateral angle of the uterus
venous return from lower limb? d. Most of the lower limb
a. Positive intrathoracic pressure 4. Posterior primary rami of L1-L3 and 51-53 supply
b. Arterial pressure and overflow from the capillary skin of which quadrant of the gluteal region?
bed a. Superolateral quadrant
c. Compression of vena comitantes accompanying b. Superomedial quadrant

the arteries by arterial pulsation c. Tnferomedial quadrant

d. Presence of valves which supports the long
column of blood and divides the long column
into shorter parts.

d. Inferolateral quadrant
5. Quadriceps femoris muscle is supplied by:

2. Number of valves in long saphenous vein are: a. L3, L4 segments

a. 1-8 b. 10=20 b. L2, L3, L4 segments
c. 20-25 d. 25-30 c. L2, L3, L4 segments
3. Upper medial group of inguinal lymph nodes d. L3, L4, L5 segments
drains all the following regions except: 6. Which muscle is called the “peripheral heart”?
a. Infraumbilical part of anterior abdominal wall a. Popliteus b. Soleus
b. Perineum including most of the external genitalia c. Gastrocnemius d. Tibialis posterior
ANSWERS

1.a 2.b 3.d 4.b 5.a 6.b
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Joints of Lower Limb
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INTRODUCTION

The weight-bearing joints of the lower limb are more
stable. Hip joint allows the same movement as the
mobile shoulder joint, but the range of movement is
restricted.

Knee joint allows similar movements as the elbow
besides the very important locking of the joint for long
time standing. The leg bones do not permit the
movements of supination and pronation for reasons of
stability.

The ankle joint also allows limited movements for
the same reason. The additional movements of
inversion and eversion provided at the subtalar joints
are to adjust the foot to the uneven ground.

HIP JOINT

DISSECTION

Ligate the femoral vessels and nerve with thick thread
2 cm below the inguinal ligament. Cut them above the
ligature.

Cut sartorius muscle 5 cm below its origin and rectus
femoris 3 cm below its origin and reflect these
downwards. Detach the iliopsoas muscle from its
insertion into lesser trochanter and separate the two
parts.

The capsule of the joint and the thickened iliofemoral
ligament are now exposed. Supplement the study of
the ligaments and movements on the dried bones.

Type

Ball and socket variety of synovial joint (multiaxial).

Aricular Surfaces

The head of the femur articulates with the acetabulum
of the hip bone to form the hip joint. The head of the

femur forms more than half a sphere, and is covered
with hyaline cartilage except at the fovea capitis. The
acetabulum presents a horseshoe-shaped, lunate
articular surface, an acetabular notch and an acetabular
fossa (Figs 12.1a and b). The lunate surface is covered
with cartilage. Though the articular surfaces on the head
of the femur and on the acetabulum are reciprocally
curved, they are not co-extensive.

Head

Lunate surface

Acetabular
fossa

Acetabular notch
occupied by transverse
acetabular ligament

@ (0)
Figs 12.1a and b: Articular surfaces of the hip joint

The hip joint is unique in having a high degree of
stability as well as mobility. The stability or strength
depends upon:

a. Depth of the acetabulum and the narrowing of its

mouth by the acetabular labrum.

. Tension and strength of ligaments.

. Strength of the surrounding muscles.

. Length and obliquity of the neck of the femur.

. Atmospheric pressure: A fairly wide range of
mobility is possible because of the fact that the
femur has a long neck which is narrower thanithe
equatorial diameter of the head.

o an o
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Ligaments
The ligaments include:

.
°
.
.
.
.
°
1

Acetabulum

Acetabular

The fibrous capsule,

The iliofemoral ligament,

The pubofemoral ligament,

The ischiofemoral ligament,

The ligament of the head of the femur,

The acetabular labrum, and

The transverse acetabular ligament.

The fibrous capsule is attached on the hip bone to the
acetabular labrum including the transverse
acetabular ligament, and to bone above and behind
the acetabulum; and on the femur to the inter-
trochanteric line in front, and 1 cm medial to the
intertrochanteric crest behind (Fig. 12.2).

Head of
Femur
labrum

Fibrous

capsule Fat in

acetabular
fossa

Ligament of
head of femur

Transverse
ligament

Neck of
femur

Fig. 12.2: Fibrous capsule of the hip joint

Anterosuperiorly, the capsule is thick and firmly
attached. This part is subjected to maximum tension
in the standing posture. Posteroinferiorly, the capsule
is thin and loosely attached to bone.

The capsule is made up of two types of fibres. The
outer fibres are longitudinal and the inner circular
ones are called as zona orbicularis. The longitudinal
fibres are best developed anterosuperiorly, where
many of them are reflected along the neck of the
femur to form the retinacula. Blood vessels supplying
the head and neck of the femur, travel along these
retinacula. The synovial membrane lines the fibrous
capsule, the intracapsular portion of the neck of the
femur, both surfaces of the acetabular labrum, the
transverse ligament, and fat in the acetabular fossa.
It also invests the round ligament of the head of the
femur (Fig. 12.2).

The joint cavity communicates with a bursa
lying deep to the tendon of psoas major, through a
circular opening in the capsule located between the

lliofemoral

trochanter
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pubofemoral ligament and vertical band of the
iliofemoral ligament (Fig.12.3).

The iliofemoral ligament, or inverted Y-shaped
ligament of Bigelow, lies anteriorly. It is one of the
strongest ligaments in the body. It prevents the trunk
from falling backwards in the standing posture. The
ligament is triangular in shape. Its apex is attached
to the lower half of the anterior inferior iliac spine;
and the base to the intertrochanteric line. The upper
oblique and lower vertical fibres form thick and
strong bands, while the middle fibres are thin and
weak (Fig. 12.3).

Bursa

Pubofemoral
ligament

ligament

Greater

Fig. 12.3: The iliofemoral and pubofemoral ligaments

The pubofemoral ligament supports the joint
inferomedially. It is also triangular in shape.
Superiorly, it is attached to the iliopubic eminence,
the obturator crest and the obturator membrane.
Inferiorly, it merges with the anteroinferior part of
the capsule and with the lower band of the
iliofemoral ligament.

The ischiofemoral ligament is comparatively weak. It
covers the joint posteriorly. Its fibres are twisted and
extend from the ischium to the acetabulum. The
fibres of the ligament form the zona orbicularis. Some
of them are attached to the greater trochanter
(Fig. 12.4).

The ligament of the head of the femur, round ligament
or ligamentum teres is a flat and triangular ligament.
The apex is attached to the fovea capitis, and the
base to the transverse ligament and the margins of
the acetabular notch. It may be very thin, or even
absent. It transmits arteries to the head of the femur,
from the acetabular branches of the obturator and
medial circumflex femoral arteries (see Fig. 4.7).
The acetabular labrum is a fibrocartilaginous rim
attached to the margins of the acetabulum. It narrows
the mouth of the acetabulum. This helps in holding
the head of the femur in position (Fig. 12.5).

The transverse ligament of the acetabulum is a part of
the acetabular labrum which bridges the acetabular
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Ischiofemoral
ligament

Ischium
Protrusion of

synovial membrane

Greater
trochanter

Fig. 12.4: The ischiofemoral ligament

notch. The notch is thus converted into a foramen
which transmits acetabular vessels and nerves to the
joint (Figs 12.1 and 12.5).

Relations of the Hip Joint
Anferior Relations

Tendon of the iliopsoas separated from the joint
by abursa and femoral vein, femoral artery and femoral
nerve (Fig. 12.5).

FPosterior Relations

The joint, from below upwards, is related to the
following muscles: Tendon of obturator externus
covered by the quadratus femoris, obturator internus
and gemelli, piriformis, sciatic nerve and the gluteus
maximus muscle.

Superior Relations

Reflected head of the rectus femoris covered by the
gluteus minimus, gluteus medius and partly by gluteus
maximus.

Inferior Relations

Lateral fibres of the pectineus and the obturator
externus. In addition there are gracilis, adductors
longus, brevis, magnus and hamstring muscles.

Blood Supply

The hip joint is supplied by the obturator artery, two
circumflex femorals and two gluteal arteries. The
medial and lateral circumflex femoral arteries form an
arterial circle around the capsular attachment on the
neck of the femur. Retinacular arteries arise from this
circle and supply the intracapsular part of the neck and
the greater part of the head of the femur. A small part
of the head, near the fovea capitis is supplied by the
acetabular branches of the obturator and medial
circumflex femoral arteries (see Fig. 4.7).

Articular surface

Gluteus medius

Gluteus minimus

Gluteus maximus

Acetabular labrum

Joint capsule

Piriformis

Tendon of obturator
internus with gemelli

Sciatic nerve

Quadratus femoris

Hamstrings

Acetabular fossa

Tensor fasciae latae
Rectus femoris

Sartorius

liopsoas

Bursa

Ligament of head of femur
Femoral nerve

Femoral artery

Femoral vein

Transverse ligament of acetabulum
Pectineus

Obturator externus
Obturator nerve

Adductor longus

Gracilis

Adductor brevis

Adductor magnus

Fig. 12.5: Relations of the hip joint
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Nerve Supply

The hip joint is supplied by the femoral nerve, through
the nerve to the rectus femoris; the anterior division of
the obturator nerve; the nerve to the quadratus femoris;
and the superior gluteal nerve.

Movements

1 Flexion and extension occur around a transverse axis.

2 Adduction and abduction occur around an
anteroposterior axis.

3 Medial and lateral rotation occur around a vertical
axis.

4 Circumduction is a combination of the foregoing
movements.

Hip joint extension and slight abduction and medial
rotation is the close packed position for the hip joint
which means the ligaments and the capsules are most
taut in this position. But the surfaces are most congruent
in slightly flexed, abducted and laterally rotated
position of the hip.

In general, all axes pass through the centre of the
head of the femur, but none of them is fixed because
the head is not quite spherical.

Flexion is limited by contact of the thigh with the
anterior abdominal wall. Similarly, adduction is limited
by contact with the opposite limb. The range of the other
movements is different from one another: Extension 15°,
abduction 50°, medial rotation 25°, and lateral rotation
60°.

The movement of the hip is closely related to the
position of the knee because of the presence of two
muscles which act on both hip and knee. In the extended
position of the knee, the stretch on the hamstring
muscles does not allow the hip to move into its complete
flexion range. Similarly with knee completely flexed,
the hip joint may not attain complete extension due to
tension in the Rectus femoris which gets stretched at
the hip and the knee.

When the hip joints are bearing weight, the femur is
fixed. But like any other joint, here also the proximal

JOINTS OF LOWER LIMB

bone, i.e. pelvis is capable of moving on the fixed distal
femur. The pelvis can either move into anterior tilting
(equivalent to flexion of hip) or posterior tilting
(equivalent to extension of the hip).

The muscles producing these movements are given
in Table 12.1.

CLINICAL ANATOMY

e Congenital dislocation is more common in the
hip than in any other joint of the body. The head
of the femur slips upwards on to the gluteal
surface of the ilium because the upper margin of
the acetabulum is developmentally deficient
(Fig. 12.6). This causes lurching gait, and
Trendelenburg’s test is positive (see Fig. 5.12).

* Perthes’ disease or pseudocoxalgia is characterized
by destruction and flattening of the head of the
femur, with an increased joint space in X-ray
pictures.

Coxa vara is a condition in which the neck-shaft
angle is reduced from the normal angle of about
150° in a child, and 127° in an adult (Fig. 12.7).

¢ Dislocation of the hip may be posterior (more
common), anterior (less common), or central
(rare). The sciatic nerve may be injured in posterior
dislocations.

¢ Injuries in the region of hip joint may produce
shortening of the lower limb. The length of lower
limb is measured from the anterior superior iliac
spine to the medial malleolus.

¢ Disease of the hip like tuberculosis, may cause
referred pain in the knee because of the common
nerve supply of the two joints.

* Aspiration of the hip joint can be done by passing a
needle from a point 5 cm below the anterior
superior iliac spine, upwards, backwards and
medially. It can also be done from the side by
passing the needle from the posterior edge of the
greater trochanter, upwards and medially, parallel
with the neck of the femur.

Table 12.1: Muscles producing movements at the hip joint

Accessory muscles

Pectineus, rectus femoris, and sartorius;
adductors (mainly adductor longus) participate
in early stages

Pectineus and gracilis
Tensor fasciae latae and sartorius

Movement Chief muscles

1. Flexion Psoas major and iliacus

2. Extension Gluteus maximus and hamstrings

3. Adduction Adductors longus, brevis and magnus

4. Abduction Glutei medius and minimus

5. Medial rotation  Tensor fasciae latae and the anterior fibres of the glutei —

medius and minimus
6. Lateral rotation

Two obturators, two gemelli and the quadratus femoris

Piriformis, gluteus maximus and sartorius
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* Hip diseases show an interesting age pattern:

a. Below 5 years : Congenital dislocation and

tuberculosis (Fig. 12.6)
b.5to 10 years : Perthes’ disease
c. 10 to 20 years : Coxa vara (Fig. 12.7)
d. Above 40 years: Osteoarthritis

In arthritis of hip joint, the position of joint is
partially flexed, abducted and laterally rotated.
Fracture of the neck of the femur may be
subcapital, near the head (Fig. 12.8), cervical in the
middle, or basal near the trochanters. Damage to
retinacular arteries causes avascular necrosis of
the head. Such a damage is maximal in subcapital
fractures and least in basal fractures. These
fractures are common in old age, between the age
of 40 and 60 years. Femur neck fracture is usually
produced by trivial injuries.

Trochanteric fracture may be intertrochanteric, i.e.
between the trochanters or subtrochanteric, i.e.
below the trochanters. These fractures occur in
strong, adult subjects, and are produced by severe,
violent injuries (Fig. 12.8).

Shenton’s line, in an X-ray picture, is a continuous
curve formed by the upper border of the obturator
foramen and the lower border of the neck of the
femur. In fracture neck femur, line becomes
abnormal (Fig. 12.9).

Fig. 12.6: Congenital dislocation of hip joint

Coxa valga

Normal angle

R
[—\‘— Coxa vara
]
/

Fig. 12.7: Coxa vara and coxa valga

Subcapital

Transcervical
fracture

Intertrochanteric

fracture

Subtrochanteric
fracture

Fig. 12.8: Fracture of neck and trochanteric fracture

KNEE JOINT

DISSECTION
Strip the extra structures around the knee joint, leaving
behind the fibrous capsule, ligaments and parts of
muscles/tendons attached to the bones/ligaments.
Study the articular surfaces, articular capsule, medial
and lateral collateral ligaments, oblique popliteal
ligament and arcuate popliteal ligament.

Features

The knee is the largest and most complex joint of the
body. The complexity is the result of fusion of three
joints in one. It is formed by fusion of the lateral
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Normal
Shenton’s
line

Abnormal
Shenton's
line
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Fig. 12.9: Shenton’s line

femorotibial, medial femorotibial, and femoropatellar
joints.

Type

Itis condylar synovial joint, incorporating two condylar
joints between the condyles of the femur and tibia, and
one saddle joint between the femur and the patella. It
is also a complex joint as the cavity is divided by the
menisci.

Lateral condyle of femur

Fibular collateral ligament

Tendon of popliteus attached
to lateral meniscus

Capsular ligament

Synovial membrane

Tendon of biceps femoris

Inferior lateral genicular
vessels and nerve
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Articular Surfaces

The knee joint is formed by:

1 The condyles of the femur.

2 The patella (Figs 12.10 to 12.12).

3 The condyles of the tibia. The femoral condyles

articulate with the tibial condyles below and behind,
and with the patella in front.

Ligaments
The knee joint is supported by the following ligaments.
1 Fibrous capsule (Fig. 12.11).
2 Ligamentum patellae (Fig. 12.12).
3 Tibial collateral or medial ligament (Fig. 12.11).
4 Fibular collateral or lateral ligament (Fig. 12.11).

Patella
Areas that
come in
contact in
Patellar extreme flexion
surface

of femur

Medial
condyle
of femur

Fig. 12.10: Lower end of the femur and patella

Adductor tubercle

Superficial and deep parts of
tibial collateral ligament

Capsular ligament blending with
deep part of the ligament and
with medial meniscus

Medial meniscus

Semimembranosus

Inferior medial genicular
vessels and nerve

Gracilis

Semitendinosus

Fig. 12.11: Tibial and fibular collateral ligaments
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5 Oblique popliteal ligament (Fig. 12.11).
6 Arcuate popliteal ligament.
7 Anterior cruciate ligament (Fig. 12.12).
8 Posterior cruciate ligament (Fig. 12.12).
9 Medial meniscus (Fig. 12.11).

10 Lateral meniscus (Fig. 12.11).

11 Transverse ligament.

Fibrous (Articular) Capsule

The fibrous capsule is very thin, and is deficient
anteriorly, where it is replaced by the quadriceps
femoris, the patella and the ligamentum patellae.

Femoral attachment: It is attached about half to one
centimeter beyond the articular margins. The
attachment has three special features.

1 Anteriorly, it is deficient.

2 Posteriorly, it is attached to the intercondylar line.
3 Laterally, it encloses the origin of the popliteus.

Tibial attachment: It is attached about half to one
centimeter beyond the articular margins. The attachment
has three special features.

1 Anteriorly, it descends along the margins of the
condyles to the tibial tuberosity, where it is deficient.

2 PDosteriorly, it is attached to the intercondylar ridge
which limits the attachment of the posterior cruciate
ligament.

3 Posterolaterally, there is a gap behind the lateral
condyle for passage of the tendon of the popliteus.
Some terms applied to parts of the capsule are as

follows.

Coronary ligament: The fibrous capsule is attached to
the periphery of the menisci. The part of the capsule
between the menisci and the tibia is sometimes called
the coronary ligament.

Short lateral ligament: This is a cord-like thickening of
the capsule deep to the fibular collateral ligament. It
extends from the lateral epicondyle of femur, where it
blends with the tendon of popliteus, to the medial
border of the apex of the fibula.

The capsular ligament is weak. It is strengthened
anteriorly by the medial and lateral patellar retinacula,
which are extensions from the vastus medialis and
lateralis; laterally by the iliotibial tract; medially by
expansions from the tendons of the sartorius and
semimembranosus;