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LOWER LIMB
Objectives
Understand the general organization of the lumbosacral
plexus. Name and identify the major nerves of the plexus.
Identify the muscles, innervations, actions, and blood supply to
the compartments of the lower limb.
Describe the sensory innervations to the skin of the leg and foot.
Define the major nerve lesions of the lower limb and their clinical
presentations.
Understand the structure of the knee joint and define the
functions and lesions of the ligaments of the knee joint.
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LOWER LIMB

Introduction

In contrast to the upper limb, the skeletal structure, articulations, and muscles of the
lower limb have been specialized for support of the body weight, strength, stability, and
locomotion. The lower limb is attached to the axial skeleton via the pelvic girdle formed
by the sacrum, right and left hip bones, and the pubic symphysis. The pelvic girdle
has much more strength and stability than the shoulder girdle and provides a strong
connection between the lower limb and the trunk.
The development of the lower limb bud begins in the fourth week with the proliferation of
mesoderm into the limb buds. The development of the lower limb lags behind that of the
upper limb by a few days. During development the lower limbs rotate around its long axis
in a 90-degree medial rotation.

Lumbosacral Plexus
The motor and sensory innervation of the lower limb is provided by the branches of the
lumbosacral plexus (Fig. 1). This network of nerves is formed by the ventral rami of spinal
nerves L2-S4 and is located on the posterior abdominal wall and pelvic floor. The plexus
is well protected by the pelvic girdle and is less commonly injured by trauma than the
brachial plexus.
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Lumbar Plexus:
Femoral Nerve
Obturator Nerve

L2, 3, 4

Sacral Plexus:
Superior Gluteal Nerve (L4 – S1)
Inferior Gluteal Nerve (L5-S2)
Sciatic Nerve (L4-S3)
1. Common Fibular Nerve* (L4-S2)
2. Tibial Nerve (L4-S3)

into superficial & deep
* Divides
fibular nerves as crosses neck of fibula

Pudendal Nerve (S2, 3, 4)

Figure 12.1 Lumbosacral plexus
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The compartmentalization and organization of the muscles of the lower limb
with their innervations and primary actions are shown in the tables 1-3.
Table 1: Motor Innervation and Actions of Muscles of the Thigh
Compartment / Muscles

Nerve

Primary Action

Anterior Compartment
• Quadriceps femoris
• Sartorius

• Femoral nerve (L2-L4)

• Extend knee (L4: patellar reflex)

Posterior (Hamstrings)
• Semimembranosus
• Semitendinosus
• Biceps femoris (long head)
• Extensor part of adductor magnus

• Tibial nerve (L4-S3)

• Flex knee

Medial
• Gracilis
• Adductor longus
• Adductor brevis
• Adductor portion of adductor magnus

• Obturator nerve (L2-L4)

• Adduct thigh
• Medially rotates thigh

Table 2: Motor Innervation and Actions of Muscles of the Leg
Compartment / Muscles

Nerve

Primary Action

Anterior Compartment
• Tibialis anterior
• Extensor hallucis
• Extensor digitorum

• Deep fibular nerve (L4-S2)

• Dorsiflex foot (L4-L5)
• Extend digits
• Invert foot

Posterior Compartment
• Gastrocnemius
• Soleus
• Flexor digitorum longus
• Flexor hallucis longus
• Tibialis posterior

• Tibial nerve (L4-S3)

• Plantar flex foot: S1-2 (achilles reflex)
• Flex digits
• Invert foot

Lateral Compartment
• Fibularis longus
• Fibularis brevis

• Superficial fibular nerve (L4-S1)

• Evert foot

* Fibularis = Peroneus

Table 3: Motor Innervation and Actions of Muscles of the Gluteal Region
Compartment / Muscles
Gluteal Compartment

Nerve

Primary Action

• Gluteus medius
• Gluteus minimus

• Superior gluteal nerve (L4-S1)

• Stabalize pelvis
• Abduct hip
• Medially rotates thigh

• Gluteus maximus

• Inferior gluteal nerve (L5-S2)

• Extend hip
• Laterally rotates thigh
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CUTANEOUS INNERVATION OF THE LOWER LEG AND FOOT
The cutaneous innervation of the foot in shown in Figure 2.

Dorsal view

Planter view

Deep
fibular N.

Sural N.

Medial
planter N.

Lateral
planter N.
Sural N.

Superficial
fibular N.

Saphenous N.

Tibial N.

Figure 12.2 Sensory innervation of foot

LUMBOSACRAL NERVE LESIONS OF THE LOWER LIMB
Femoral Nerve L2-L4
Common lesion site:
1.

Lateral psoas major muscle abscess

2. Significant trauma to the pelvic girdle
Clinical signs:
1.

Weakness in knee extension (Loss of quadriceps muscle)

2. Slight weakness in hip flexion
3. Sensory loss on skin of anterior thigh and on the medial side of leg and ankle
(saphenous nerve)
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Common lesion site:
1.

Surgery and tumors affecting lateral pelvic wall

2. Childbirth
3. Medial psoas major muscle abscess
Clinical signs:
1.

Weakness in hip adduction ( Loss of adductor compartment muscles)

2. Weakness in medial rotation of the hip
3. Limited sensory loss on medial side of the thigh

Inferior Gluteal Nerve L5, S1-2
Common lesion site:
1.

Trauma or compression in gluteal region

Clinical signs:
1.

Severe weakness of extension and lateral rotation of thigh (gluteus maximus)

2. Difficulty in standing from a sitting position or walking up stairs or an incline
3. No sensory loss

Superior Gluteal Nerve L4-5, S1
Common lesion site:
1.

Trauma or compression in gluteal region

Clinical signs:
1.

Loss of pelvic stability during walking

2. Positive Trendelenburg sign is characterized by the pelvis falling and drooping
to the side where the foot is raised off the floor (unsupported or swing side)
during walking. The patient will shift the weight of the trunk to the nerve lesion side
(supported or stance side) to help maintain balance and center of gravity. The
patient presents with a waddling gait (Duchenne limp)
3. Weakened hip abduction. The weakness results from paralysis of the gluteus
medius and minimus muscle on the side opposite the raised foot.
4. No sensory loss
5

12

Gross Anatomy

Sciatic Nerve (L4-S3)
The sciatic nerve divides into the tibial and common fibular nerves in the posterior
compartment of the thigh. A complete sciatic nerve lesion injury involving both the tibial
and common fibular nerves in the gluteal region would result in absence of all lower limb
motor and sensory functions except those supplied by the femoral and obturator nerves.
Common lesion site:
1.

Posterior dislocation of the head of the femur

2. Herniated lumbar discs
3. Improperly placed intramuscular injection
4. Piriformis entrapment syndrome
5. Car accidents
6. Hip implants
Clinical signs:
1.

Herniation of the lower lumbar disc produces radiating pain into the leg and foot
(sciatica)

2. Sensory loss on posterior aspect of the thigh, leg, and sole of the foot
3. Femoral head dislocation typically occurs with head-on auto collisions when
the knee hits the dashboard and results in a shortened, adducted, and medially
rotated limb

Tibial Nerve L4-S3
Common lesion sites: The tibial nerve can be injured in any of the areas of the lower limb
that it supplies:
1.

Posterior thigh

2. Posterior leg
3. Posterior to medial malleolus: The tibial nerve divides into the lateral and medial
plawntar nerves at this location
4. Plantar foot
Clinical signs:
1.

Weakness in knee flexion with posterior thigh lesion

2. Weakness in plantar flexion (S1-S2) with posterior thigh or leg lesions (gait problems)
3. Weakness of inversion with loss of tibialis posterior muscle
4. Less of achilles reflex (S1 - S2)
5. Weakness in flexion of the toes
6

Lower Limb

Common Fibular Nerve L4-5; S1-2

12

Common lesion site: Note: The common fibular nerve is the most frequently injured
nerve in the lower limb as it courses at the fibular neck at the lateral knee. It can be
damaged in each of the following lesions.
1.

Piriformis entrapment in gluteal region, results in motor and sensory loss in the
lateral and anterior compartments of the leg

2. Posterior thigh
3. Head or neck of the fibula at lateral knee is the most common injury site; The
common fibular nerve divides into the superficial and deep fibular nerves just
below the neck of the fibula.
4. Posterior thigh
5. Leg cast that is to small superiorly at the knee
Clinical Signs:
1.

Loss of all muscle function in the anterior and lateral compartments of the leg
resulting in absence of dorsiflexion (L4-L5) of the foot (footdrop) and eversion of
the foot.

2. Weakened inversion
3. Sensory loss on the entire dorsum of the foot and lateral leg

Deep Fibular Nerve L4-5; S1-2
Common lesion site:
1.

Anterior compartment of the leg

Clinical Signs:
1.

Absence of dorsiflexion (L4–L5) resulting in foot drop and a high step gait. There is
passive plantar flexion of foot at rest.

2. Inversion is weakened but not absent
3. Weakness of extension of the toes
4. Cutaneous loss from skin between the first and second toe

Superficial Fibular Nerve L4-5; S1
Common lesion site:
1.

Lateral compartment of the leg

Clinical signs:
1.

Complete absence of eversion of the foot

2. Cutaneous loss from the dorsum of the foot except for the first web space supplied
by the deep fibular nerve
7
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LOWER LIMB BLOOD SUPPLY
The primary blood supply entering the lower limb begins with the femoral artery which
is the continuation of the external iliac artery as it passes deep to the midpoint of the
inguinal ligament. An overview of the blood supply is outlined below.
1.

The femoral artery descends through the femoral triangle and the anterior
compartment of the thigh (Fig. 3). The femoral artery gives rise to the deep femoral
(profunda femoris) artery superiorly in the femoral triangle just below the inguinal
ligament. The deep femoral artery gives rise to the lateral and medial circumflex
femoral arteries (Fig. 4) and several perforating arteries that pass to the posterior
compartment of the thigh. The femoral artery is superficial in the femoral triangle
and is vulnerable to damage.

2. Distally in the anterior compartment of the thigh, the femoral artery passes
through the adductor hiatus to become the popliteal artery in the popliteal fossa
at the posterior knee. Geniculate branches of the popliteal artery supply the knee
joint.
3. Inferior to the popliteal fossa, the popliteal artery divides into the anterior and
posterior tibial arteries .
4. The anterior and posterior tibial arteries descend through the anterior and
posterior compartments of the leg, respectively. Distally, they enter the foot to
provide its blood supply (Fig. 5).
5. The anterior tibial artery courses through the anterior compartment of the leg
with the deep fibular nerve and supplies muscles of the compartment. At the
ankle, the anterior tibial artery becomes the dorsalis pedis artery that courses
on the dorsum of the foot. A dorsal pulse can be taken by compressing the artery
against the tarsal bones.
6. The posterior tibial artery descends through the posterior compartment of the
leg with the tibial nerve. Both the nerve and vessels enter the plantar surface of
the foot by passing posterior to the medial malleolus. Posterior to the medial
malleolus, the nerve and artery divide to form the medial and lateral plantar
vessels and nerves that supply the plantar compartments on the sole of the foot.
7. The obturator artery supplie the medial compartment of the thigh and is a branch
of the internal iliac artery within the pelvic cavity
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Summary of blood supply to the compartments of the thigh
1.

Femoral artery -Anterior compartment muscles

2.

Obturator artery - Medial compartment muscles

3.

Perforating arteries (deep femoral) - Posterior compartment muscles

Abdominal aorta
Common iliac artery

Internal iliac artery

External iliac artery
Obturator artery

Inguinal ligament

(to medial thigh muscles)

Femoral artery

Lateral circumflex
femoral artery

(to anterior thigh muscles)

Medial circumflex
femoral artery
(main blood supply
to head of femur)

Perforating arteries

Deep femoral artery

(to hamstring muscles)

(profunda femoris)

Femoral artery
Adductor hiatus
Popliteal artery

Figure 12.3 Blood supply of thigh
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B. Blood Supply to the Head of the Femur

Ligament of the
head of femur
Obturator artery

Retinacular branches
Medial circumflex
femoral artery
Greater trochanter
Lateral circumflex
femoral artery
Position of capsule
of hip joint

Profunda
Femoral artery

Figure 12.4 Blood supply to femoral head

The deep femoral artery divides into the lateral and medial circumflex femoral arteries:
1.

The medial circumflex femoral artery is clinically important because in the adult
it provides most of the major blood supply to the head and neck of the femur
(Fig. 4). The medial circumflex femoral artery penetrates the capsule of the hip
joint and runs an intracapsular course. It gives rise to retinacula branches that
penetrate and supply the head and neck of the femur. Vascular insufficiency of this
blood supply results in avascular necrosis of the head of the femur. The artery is
damaged with intracapsular fractures.

2. The lateral circumflex femoral artery courses external to the capsule and
supplies muscles at the lateral thigh. Extracapsular fractures do not typically
interrupt proximal blood supply to the femur.
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C. Blood Supply to the Anterior and Posterior Compartments of the Leg
Femoral artery

Femoral artery

Adductor hiatus

Popliteal artery

Popliteal artery

(to knee joint)

Anterior tibial artery

(anterior compartment
with deep fibular nerve)

Posterior tibial artery

(posterior compartment
with tibial nerve)

Posterior tibial artery

(with tibial nerve-pulse
site posterior to medial
malleous)

Dorsalis pedis artery

Lateral plantar artery

Medial plantar artery

(pulse site)

(main blood supply
to sole of foot)

Posterior

Anterior

Figure 12.5 Blood supply to leg and foot

Compartment Syndromes
The fascial layers surrounding the anterior and posterior compartments of the leg
are strong and non-yielding. Any pathology (tibial fractures, overexertion, or trauma)
can lead to inflammation and hemorrhage within the two compartments, resulting
in pressures increasing in the compartments that results in nerve compression and
tissue damage accompanied by acute pain. Vascular compressions will lead to
compartmental ischemia and necrosis. Surgical intervention is often needed. Major
symptoms include pain, swelling, paraesthesia, muscle weakness, and reduced pulse.
1.

Anterior compartment syndrome results in weakness of dorsiflexion and pain with
passive plantar flexion.

2. Posterior compartment syndrome results in weakness of plantar flexion and
motor and sensory loss on the sole of the foot. There is acute pain with passive
dorsiflexion.
11
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KNEE JOINT

Movement of the knee joint is provided by the synovial articulation that is provided by
the movement between the two condyles of the femur and the tibia plateau and the
articulation between the patella and femur (Fig. 6). The joint is enclosed by a thin, weak
capsule that attaches to the borders of the femoral and tibial condyles.
1.

The knee joint is critical for weight-bearing, walking, and locomotion, with flexion
and extension being its primary movements along with limited rotation.

2. The knee joint is relatively weak but is well supported by surrounding muscles and
several set of ligaments.

Femur
Patella
Femoral Lateral
condyles Medial

Lateral
collateral
ligament

Posterior
cruciate
ligament

Lateral
collateral
ligament

Medial
Meniscus

Lateral
meniscus
Common
fibular
nerve

Femur

Lateral
meniscus

Anterior
cruciate
ligament

Fibula

Tibia

Medial
collateral
ligament

Anterior

Fibula

Tibia

Posterior
Figure 12.6 Knee joint

Structures Supporting the Knee Joint
A. Muscles
The joint is stabilized by the quadraceps muscles that cross the joint anteriorly and
attaches via the patella to the tibial tuberosity and by the hamstring muscles that cross
the joint posteriorly.
B. Major Ligaments of Knee Joint
The major ligaments of the knee provide knee stability. The ligaments assist in
maintaining proper alignment of the tibia underneath the femur and preventing the tibia
from moving laterally and medially or from moving anteriorly or posteriorly below the
femur. There are two collateral extracapsular collateral ligaments on either side of the
knee and two intracapsular cruciate ligaments within the joint capsule.
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1. Collateral Ligaments

The collateral ligaments or bands (Fig. 7) are located on the lateral and medial aspects
of the knee and prevent the tibia from moving laterally or medially under the femur.
1.

The medial (tibial) collateral ligament (MCL) is a band that extends from the medial
femoral epicondyle to the medial tibial condyle. It is the weaker of the two collateral
ligaments and is the most commonly injured ligament of the knee.
a. Stabilizes the knee by resisting lateral (abduction) displacement of the tibia
under the femur during movement.
b. Is firmly attached to the medial meniscus resulting in the ligament and the
medial meniscus being commonly damaged with Injury.
c. Is taut upon extension of the knee and is more likely damaged with trauma to the
extended knee.
Quadraceps tendon

Patella

Femur

Femur

Patellar ligament

meniscus

Medial collateral
ligament

Lateral meniscus
Lateral collateral
ligament

Fibula

Lateral

Medial
meniscus

Medial

Lateral

Tibia
Tibia

Lateral view

Medial view

Figure 12.7 Collateral ligaments

2. The lateral (fibular) collateral ligament (LCL) is a very strong cord-like ligament
that extends between the lateral femoral condyle and the head of the fibula. It is the
stronger of the two and is not often injured.
a. Stabilizes the knee by resisting medial (adduction) displacement of the tibia
under the femur during movement.
b. Is fully separated from the lateral meniscus and the capsule of the joint.
c. Is taut upon extension of the knee and is more likely damaged with trauma to the
extended knee.
3. The patellar ligament attaches to the tibial tuberosity and provides anterior support
to the knee.
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2. Cruciate Ligaments
The cruciate ligaments (Fig. 8) are located within the joint capsule but not within the
synovial membrane. They connect the femur and tibia and cross each other within the
joint space. The cruciate ligaments derive their names by their anterior and posterior
attachments to the tibia. They prevent anterior and posterior displacement of the tibia
underneath the femur.
The anterior cruciate ligament (ACL) extends between the anterior aspect of the
tibia and upward and posteriorly to attach to the medial aspect of the lateral condyle
of the femur.

1.

a. Prevents anterior movement of the tibia underneath the femur.
b. Becomes taut when the knee is extended and is more likely damaged with the
knee extended.
c. Limits hyperextension
d. Is the weaker of the two cruciate ligaments and is more commonly injured
2. The posterior cruciate ligament (PCL) extends between the posterior aspect of the
tibia and the lateral aspect of the medial condyle of the femur.
a. Prevents posterior movement of the tibia under the femur.
b. Becomes taut with the knee flexed and is more likely injured with the knee flexed.
c. Limits hyperflexion
d. Is stronger than the ACL

Anterior
cruciate
ligament

Femur

Patella

Patella

Medial
meniscus

Femur

Tib

ia

Lateral
meniscus

Fib

ula

Tibia

Fibula

Lateral view

Medial view
Figure 12.8 Cruciate ligaments
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The drawer test is used to determine the integrity of the ACL and PCL.
1.

Anterior drawer sign: A rupture of the ACL is indicated when the patient’s tibia can
freely be pulled anteriorly on the femur.

2. Posterior drawer sign: A rupture of the PCL is indicated when the patient’s tibia can
be moved posteriorly on tibia.

Menisci
1.

The medial meniscus is C-shaped and being firmly attached to the medial
collateral ligament so it is less mobile and more frequently injured (with the medial
collateral ligament).

2. The lateral meniscus is circular and is more mobile and damaged less frequently. It
is not attached to the lateral collateral ligament.

Unhappy Triad
The unhappy triad is a classic sport-related injury to the knee. It usually occurs when
the foot is firmly planted to the ground and there is a lateral hit to the knee., results in
the knee being blown out medially. It is characterized by rupture of the tibial collateral
ligament, ACL, and the lateral meniscus (some sources still report medial meniscus).

Ankle Sprain
An inversion injury at the ankle resulting in an ankle sprain damages the ligaments on
the lateral side of the ankle: the anterior talofibular ligament is most often injured.
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RADIOLOGY OF THE KNEE (FIG. 9)

Sagital knee

Coronal knee
Figure 12.9 MRI images of knee joint
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