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1 INTRODUCTION
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This dissertation attempts to comprehensively investigate the anatomy, workings,
disorders and treatments of the knee joint. The knee is one of the most complicated
joints in the human body as it is technically more than one joint, in fact it comprises of
three.

Unfortunately due to the knees location it is also the most commonly injured joint and
is prone to problems. The joint bears 88% of the bodies weight, which is bettered only
by the ankle at 100%

Looking at general anatomy of the body first allows us better understanding of
muscles, ligaments tendons, etc, and how they work their roles in the body and how
they are made up. Then more specifically those that are relevant to the knee and how
they function with or as part of the knee.

Secondly this paper will be entering into the huge realm of injuries, diseases and
conditions that relate to the knee and giving an understanding of the conditions, such
as symptoms to be aware of, how these conditions occur and any problems that can
occur in later life.

Finally it is intended to demonstrate how injuries can best be avoided wherever
possible, or if not avoided, how they should be best treated for the most effective
results, while hopefully minimising any future problems. And how to best handle
diseases of the knee that cannot be avoided to allow as much normal painless
function as possible.
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2 ANATOMY

2.1 Joints

A joint is a meeting place of two bones. There are three kinds of joint:

1 Fibrous, containing, consisting of, or resembling fibres, a joint that cannot
move, for example the bones of the skull are fibrous. They are interlocked and
cannot move.

1 Cartilaginous, of, relating to, or consisting of cartilage, a joint with limited
movement. This is only allowed by deformative squashing of the pad of
cartilage between the bones. A good example would be the discs between the
vertebrae column.

1 Synovial, relating to or secreting synovial fluid the most widespread joint and
has the most movement. The synovial joint has the following characteristics:

1. The articulating surfaces are covered with hyaline cartilage to reduce

fricti

on.

2. The joint is enclosed in a fibrous capsule and is supported by ligament

3. The inside of the joint is lined with a synovial membrane.

4. The capsule contains synovial fluid which is secreted from the synovial
membrane and which provides lubrication for the joint so it allows free
movement but also provides nutrition as some areas like the meniscus
have a very limited blood supply.

fibrous connective
between bones

fibrous connective
covcrmg ]OII’\[

cartilage pad
between bones

synovial cavity
=—synovial membrane
lining cavity

articular cartilage
covering articular
surface of bone

ligamentous capsule
enclosing joint

The Joints

There are different types of synovial joint giving different types of movement. The main
ones being ball and socket, hinge, gliding/sliding, condyloid, saddle and pivot.

Synovial joints

Name ' Movement Possible Joint

Ball and socket. Rotation, extension and Shoulder.
flexion. Abduction and Hip.
Adduction

Hinge. Flexion and extension. Elbows.

Phalanges (knee).

Sliding or gliding.

Side to side and back and
forth.

Carpals in the wrist.
Tarsals in the ankle.

forth, but a little freer than the
condyloid.

Pivot. Rotation only. Radius and ulna rotate around
each other.
Atlas top vertebrae.

Saddle. Side to side and back and Thumb joint, between trapezium

and metacarpal
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Condyloid. Side to side and back and Thumb joint between
forth. metacarpals,
Proximal phalanges.

The knee joint is a modified hinge joint. It is actually made up of three joints:
1. The lateral tibiofemoral joint, between the lateral femoral condyle and the
lateral tibial plateau.
2. The medial tibiofemoral joint between the medial femoral condyle and the
medial tibial plateau.
3. Finally the patellofemoral joint between the patella and the femur.

This makes it the biggest synovial joint of the body.

Explaining how the knee joint works is quite complicated. As previously stated it is a
modified hinge joint mainly capable of flexion and extension but also some rotation.
The knee lies between the hip joint which, being a ball and socket joint, has the
biggest range of movement, and the ankle joint, a hinge joint, which has a lesser
range of movement. In comparison to these two joints the knee has a limited range of
movement so it is important it translates these movements from the hip and ankle well
or problems with walking and movement will occur. This and the way it completes
flexion and extension leaves it wide open to injury.

The knee flexes and extends in an intricate manner that predisposes it to damaging
stresses when violated. The mechanism of locking and unlocking the knee is
complicated.

In the first instance a rocking motion creates approximately the first 20° of flexion. This
is followed by gliding until the tibial surface rotates about the posterior curved femoral
condyles. The posterior cruciate ligament, once fully elongated, assists in the final
degrees of flexion, creating a fulcrum about which the tibia moves.

The knee is less likely to sustain injury when it is fully extended as the joint is closed
and in the most stable position, therefore it tends to sustain most injuries when the
joint is in flexion.

2.2 Muscles
There appears to be some disagreement between sources of information regarding

the number of muscles inthe body,Lar s Pet er sons, Sports I njur
body possesses more than 300 clearly defined muscles, comprising 40% of the total

bodyweight 6, whil e Bielsbés Trail Guide to the B
muscles in the human bodyo This obviously ca

theorize that such a discrepancy is arrived at due to muscles, such as the
intercostales externi, being counted as more than one muscle, i.e. one per rib.

The muscles that are in the body are divided into three types; cardiac, smooth and
skeletal (striated voluntary). They create movement in the body and have four main
properties. They are able to contract, stretch, return to their normal shape and
respond to stimuli.

Cardiac muscles are only found in the heart, the fibres are striated, as with skeletal
muscles, but only has a single nucleus. Cardiac muscles contract automatically and
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rhythmically without any nervous stimulation. It does not tire easily, but works
continuously throughout our life.

Smooth muscle can be found in the walls of the food canal, blood vessels and urinary
tract. It has spindle shaped cells which interlock. Each cell has a nucleus. These
muscles are regulated by the autonomic nervous system. Smooth muscle is capable
of slow, sustained contraction and does not tire easily.

Skeletal muscles attach bone to bone. These muscles can work hard but tire more
easily than smooth or cardiac muscles and are under voluntary conscious control.
Skeletal muscle fibres are controlled by numerous nucleus along its length. Muscles
work in pairs, this is known as reciprocal inhibition. The prime mover would be the
protagonist, for example in flexion of the elbow the bicep and that would be partnered
by the antagonist, in this case the triceps, which would relax and elongate.

Skeletal muscle is an organ Muscle bundle

Composed of many Muscle belly (fasciculus) Muscle fiber Myofibril
specialised cells, myofibrils. I o O e TR ' Fe
The fibres are arranged in
definite bundles called
fasciculus (meaning bundle).
Each fasciculus is a self
contained unit due to the
connective tissue sheath
around it called the
perimysium. Each individual
muscle fibre is surrounded by
endomysium (see section 2.8)

The entire muscle, i.e. the
group of bundles, is
surrounded by a fibrous
sheath called the epimysium

Muscle Structure

The fascial sheath is eventually continuous with the tendon. The tendon attaches the
muscle to the bone.

Each muscle fibre (cell) is made up from many long thread like structures called
myofibrils. Packed around each one are many mitochondria which provide energy.
Each myofibril is made up of many repeating units consisting of two different proteins
called actin and myosin. They normally lie end to end in a resting muscle, but when an
electrical impulse from a nerve fibre reaches the muscle fibre, the myosin moves into
the actin in a kind of slotting action. The muscle contracts and becomes shorter and
fatter.

The All or Nothing law states that when an individual muscle fibre receives a stimulus
it either contracts oritd o e s Ihi®incapable of only partially contracting. However
within a whole muscle, it is perfectly possible for some fibres to be contracting while
others are not. The more fibres that contract at any one time, the stronger the
response of the muscles and vice versa.
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If a muscle receives continual stimulation, it will gradually cease to respond, probably
due to insufficient energy supplies. Under normal use glucose is metabolised to supply
energy. Under strenuous exercise there may be insufficient oxygen available to
completely break down the glucose, so lactic acid is formed instead. After exercise,
extra oxygen, k n o wn aogygea tlebt@will be required to remove this.

Even a resting muscle always has a proportion of its fibres contracted. Only a few
need to be in action at any one time and they are continually being changed and
rested. This gives us our balance. It is associated with posture.

Muscle tone is lost during paralysis or unconsciousness or anaesthesia. A muscle with
less than normal tone is called hypotonic or flaccid, whereas a muscle with excessive
tone is referred to as a hypertonic or spastic (rigid)

Each muscle has an origin and an insertion. The origin has a fixed point, the insertion
is the part of the body that moves when the muscle contracts. In other words the
insertion is drawn to the origin.

Muscle bellies have different shapes:

Convergent, for example latissimus dorsi.

Biceps, which is any two headed muscle such as biceps femoris.
Fusiform, such as brachialis.

Unipennate, for example extensor digitorum.

Bipennate such as rectus abdominus.

Multibelly, for example rectus abdominus.

E N

Muscle Shapes

In athletes not all skeletal muscles are the same and the type of exercise performed
determines the type of muscle they will have, if you change the sort of activity
performed the muscle type will change. These muscle types are:

1. Slow twitch red fibres contain large amounts of myoglobin (reddish pigment like
haemoglobin in the blood which is an oxygen store) and mitochondria, which
produces ATP (Adenosine 5'-triphosphate), the energy for the muscle and
many blood capillaries. They are able to generate high levels of ATP by
oxidative metabolic process. Such fibres also split ATP at a slow rate which
allows slow velocity contraction, which mean the fibres are slow to fatigue.
Endurance athletes and long distance runners would have a larger number of
slow twitch red fibres.

2. Fast twitch red fibres are the same as slow twitch red fibres except for the fact
that the fibres split ATP at a faster rate and therefore contract at a faster rate.
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Fast twitch red fibres are resistant to fatigue, but not quite as much as slow
twitch so you find medium endurance and middle distance runners have a large
quantity or fast twitch red fibres.
3. Fast twitch white fibres, however are completely opposite with few myoglobin,

mitochondria and blood capillaries, but they do contain a large amount of
glucose. They also generate ATP by anaerobic process (without oxygen). They
are not able to supply skeletal muscles with sufficient amounts of ATP so these
fibres will fatigue quickly but split ATP at a quick rate so the contraction velocity
is fast. These types of fibres are found in sprinters.

There are many specific muscles that affect the knee. Below is a table of such

muscles.

Muscles of the knee

Muscle

Insertion

" Action

Comments

Popliteus. Lateral Proximal Medially rotates| Although itis a
epicondyle | posterior aspect| the flexed knee.| weak flexor of
of the of tibia. Flex the knee. | the knee, itis
Femur. key in unlocking

the joint from
extension.

Plantaris. Lateral Calcaneus via | Weak flexion of | Plantaris is
condyle of | Achilles tendon.| knee. absent in nearly
the femur. Weak planter | 10% of the

flexion of the population. This

ankle. is a short bellied
muscle with a
very long
tendon.

Gastrocnemius. Condyles of| Calcaneus via | Flex the knee. | This muscle is
the femur. | the Achilles Plantar flex foot | also known as

tendon. and ankle joint. | the calf pump
as it pushes the
blood back up
the body.

Rectus femoris. Anterior Tibial Extend knee.
inferior iliac | tuberosity. Flex hip. These four
spine muscles make
(AIlS). up the

Vastus lateralis. Lateral lip of| Tibial Extend knee. quadriceps
linea tuberosity. muscle group
aspera, which comes
gluteal into one tendon,
tuberosity. the quadriceps

Vastus medialis. Medial lip of| Tibial Extend knee. | tendon, above
Linea tuberosity. the knee.
Aspera.

Vastus intermedius. | Anterior and| Tibial Extend knee.
lateral shaft| tuberosity.
of Femur.

Biceps femoris. Long head | Head of fibula. | Flex knee. Greek for the
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the flexed knee.

Ischial Laterally rotate | two headed

tuberosity the knee. (muscle) of the

short head Extends hip. thigh. All three

lateral lip of Laterally rotate | muscles make

linea hip. up the

aspera. Tilt pelvis hamstrings.
posteriorly.

Semitendinosus. Ischial Proximal, Flex knee. Latin for half
tuberosity. | medial shaft of | Medially rotate | tendon.

the tibia and the flexed

pes anserinus | knees.

tendon. Extend hip.
Medially rotate
the hip.
Tilt the pelvis
posteriorly.

Semimembranosus | Ischial Posterior aspect Flex knee. Latin for half
tuberosity | of medial Medially rotate | membrane.

condyle of Tibia| the flexed knee.
Extend hip.
Medially rotate
the hip.
Tilt the pelvis
posteriorly

Sartorius Anterior Proximal medial| Flex hip. This is the
Superior shaft of the tibia| Laterally rotates| longest muscle
iliac spine | at per anserinus| the hip. in the body.
ASIS tendon Abduct the hip.

Flex the knee.
Medially rotate
the flexed knee.

Gracilis Inferior Proximal medial| Adduct the hip. | Latin for
ramus of shaft of tibia at | Medially rotate | graceful.
pubis and | per anserinus | the hip.
ramus of tendon Flex the knee.
ischium Medially rotate

2.3 Ligaments

Ligaments are designed to stabilise joints, whilst allowing a free range of movement.
They attach from bone to bone and are incapable of creating movement themselves.

They are made from a dense connective tissue (fibroblasts, proteoglycan matrix and
collagen fibrils) like tendons, however ligaments have a more uneven fibre
configuration. Ligaments are better at withstanding forces when they are applied
slowly rather than at speed.

Within the knee there are four main ligaments. The medial collateral ligament, lateral
collateral ligament, anterior cruciate ligament and posterior cruciate ligament. The
medial collateral and lateral collateral ligaments are extra capsular, outside the
capsule of the knee and the anterior cruciate and posterior cruciate ligament which are
inside the capsule or intra capsular. There is also the oblique popliteal ligament which
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does not appear to suffer from many injuries and as such there is very few references
made to it.

The medial collateral ligament, also known as the tibial collateral ligament is a strong
flat band which comes from the medial condyle of the femur and goes to the medial
condyle of the tibia. This helps to prevent the joint being forced too far medially by a
valgus (abnormal, outwardly turned) force. This is the most commonly injured
ligament.

The lateral collateral ligament, also known as the fibular collateral ligament is different
in appearance, being cord like in structure. It runs from the lateral condyle of the femur
to the head of the tibia. This helps to prevent the joint being forced by a valgum
(moving too far laterally) force.

Both these ligaments have added support from various tendons. The medial side
being supported by sartorius, gracilis and semitendinosus. The lateral side from
biceps femoris and the popliteus.

Within the capsule of the knee you have the anterior cruciate ligament which runs from
the anterior surface of the tibia to the posterior aspect of the medial surface of the
lateral femoral condyle, it is a flat band that narrows in the middle. This helps prevent
the anterior shift of the tibia on the fixed femur. The anterior cruciate ligament is torn in
about 70% of all serious knee injuries, it has an average weight of 20g and an
average length of 35mm. it is the second strongest ligament in the knee, with a max
load of approximately 500Ibs. it also has a good blood supply.

The posterior cruciate ligament comes from the posterior tibia anteriorly and laterally
to the anterior aspect of the lateral surface of the medial femoral condyle, this helps to
prevent posterior shift of the tibia and the fixed femur. This fan shaped ligament is the
least likely to be injured.

The cruciate ligaments have evolved from two collateral ligaments of the primitive
mammalian knee in which there are two separate joint cavities side by side. There is
also a suggestion that the medial collateral ligament (evolutionary speaking) is a
downward continuation of the adductor magnus.

The obligue popliteal ligament reinforces the capsule against torsional stress. This
ligament is actually an extension of the semimembranosus.

There can be found in 70% to 100% of knees either an anterior or posterior
meniscofemoral ligament, which is attached between the meniscus and the femur.

2.4 Tendons

Tendons are similar in structure to ligament. They are made of a dense connective
tissue collagen. They have a more even fibre configuration than ligaments with the
fibres grouped in bundles.

Both ends of a muscle will have one or more tendons which attach it to the periosteum
of the bone. They come in many forms, for example, the tendon from the plantaris is
longer than the muscle, like a piece of steel cable, however others can be short and
broad in shape.

Tendons in a normal resting state have a wavy pattern in them which goes as the
muscle applies tension to it. If too much stress is applied problems will occur.
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All of the muscles related to the knee have a tendon connecting them to the bones of
the knee. Without these muscles the knee cannot move, the muscles need to be
attached somehow. Those attachments are the tendons.

The tendon from the quadriceps has the patella bone situated in it. The tendons from
the other muscles will help support and strengthen the joint alongside ligaments.

2.5 Bones

The skeletal system is made up of 206 bones in adulthood which are divided into two
categories; axial skeleton and appendicular skeleton. The bones come in four types;
long, short, flat and irregularly shaped. The knee falls into the appendicular category.

The skeleton makes up 15% of our body weight. Bones are coated in a dense layer of
connective tissue called periosteum, this covers the entire bone except for the
articulating surfaces.

Bones give us a rigid weight bearing structure that allows us to stand and gives us
form, the skeletal system also protects delicate organs such as the heart and lungs. It
also provides a solid attachment for muscles ligaments and tendons and allows
movements. Joints are created at the meeting point of two bones.

Bones are living material, consisting of 50% water and 50% solid matter and due to
their function of storing calcium can contain 2Ibs of calcium and also 1lb of
phosphorus, enough for two thousand match heads.

Bones are able to respond to changes with the ability to remodel themselves. They will
become stronger and thicker with exercise and weaker with inactivity, this is known as
Wolfs law.

When bones are fractured they are able to repair themselves, removing dead bone
and replacing this with healthy bone.

Pound for pound bone is stronger than steel and three times stronger than the same
amount of reinforced concrete. C h i | dbomes a@essofter and more flexible but
harden off as we age.

There are three bones that make up the knee joint; the femur, the tibia and the patella.
Thefi bul a, although cl ose, doesndét actually me

The femur (meaning thigh in Latin) is the thigh bone. It is also the longest heaviest and
strongest bone in the body. The distal end of the femur creates the upper surface of
the knee joint.

The tibia (meaning shin bone in Latin) is found anteriorly and medially in the lower leg.
The proximal end of the tibia creates the lower surface of the knee joint.

The patella (meaning small pan in Latin) can be found on the anterior surface of the
knee. The patella is a sesamoid bone which means it lies within a tendon, in this case
the tendon of the quadriceps. It is the largest sesamoid bone of the body.

2.6 Meniscus

The meniscus (crescent shaped in Greek) is a fibro cartilaginous structure. It is two C
shaped wedges found between the condyles of the femur and tibia, one found on the
lateral side and one, the largest of the two, on the medial side.
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The fibres of the
meniscus are patterned in O— e
a circumferential faction of tibia (mecial facet % of bl (lateral facet)

aiding it to resist the N iy ;
loads applied from the N\ T X
femur. 7 8 BX s \
The vascular supplies to w \ D\’ ]
the meniscus is very \ Sy /
limited, coming from the \& YA\ /
inferior and superior \W[‘,{, S

lateral and medial —
genicular arteries giving
no more than 30%
penetration, which

) The Meniscus of the Knee
decreases with age.

This is why the meniscus is unable to repair itself and gains most of its nutrition from
synovial fluid.

The meniscus plays an important role in the knee, not just stabilizing the joint, but also
helps with weight distribution, anywhere between 30% and 70% of the load is
distributed evenly across the joint, and prevents friction between the bone joints as it
is a smoother surface than bone. It also helps create a snug fitting joint (congruent
joint) and also help to absorb some of the shock that goes through the knee.

The meniscus helps to limit excessive extension and flexion of the knee joint. It also
helps to compress synovial fluid into the articular cartilage during weight bearing.

The meniscus is attached to the anterior intercondylar fossa of the tibia in front of the
anterior cruciate ligament and to the posterior intercondylar fossa of the tibia between
the attachments of the posterior cruciate ligament. The lateral meniscus is slightly
smaller and attached to the inside of the medial meniscus, this is why the meniscus is
open to injury when the ligaments are injured.
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2.7 Bursa

Bursa means wine skin in Greek and purse in Latin, which are quite good descriptions
for them as a bursa is a synovial fluid filled sac. There are approximately 14 in the

knee and about 600 in the body.

A bursa is designed to
reduce friction and protect
underlying structures. For
example there is a bursa in
front of the patella, the
prepatellar bursa, so when
you kneel you are
protecting the bone. This is
also the bursa you would
get house maids knee in
as housemaids used to
spend a lot of their time on
their knees and applying a
lot of pressure to the area.

Bursas also protect
ligaments and tendons that
run over bones and any
structures there would be
friction between.

Some of the main bursa are:

Main Bursaes of the Knee

1 Suprapatellar bursa, this is not exactly a bursa but an extension of the synovial
membrane and is not a complete unit in its own right. It lies under the

quadriceps muscle above the patella.

The prepatellar bursa, which lies between the shin and patella.

Supraficial infrapatellar bursa, which lies lower than the patella but close to the

skin.

1 The deep infrapatellar bursa which is in line with the supraficial infrapatellar

bursa, but deeper in the knee.

1 There is also a bursa situated under the head of the gastrocnemius, the pes
anserine bursa. This is found between the pes anserine tendons and the tibia.
The pes anserine tendons are those of the gracilis sartorius and

semitendinosus.

2.8 Fascia

The easiest way to describe the fascia is that it is like a second skin. The fascia is

divided into two types:

1. Superficial fascia is directly below the skin and covers the entire body like a
second skin. It has different thickness in different areas of the body, the back of
the hand being the thinnest and the soles of the feet the thickest. It contains
adipose tissue, nerves, capillaries and lymph vessels.
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2. Deep fascia simply wraps everything up. It envelopes muscles, nerves, bone,
arteries and veins. The fascia organises muscles down into sections, starting
with the smallest muscle fibre which is surrounded by a fascial sheath called
endomysium. These are bundled together in groups by a fascial sheath called
the perimysium, this is finally bound together by epimysium. The deep fascia
will fill spaces between the muscles and is one complete unit not separate
pieces.

2.9 Cartilage

Being made from elastin and collagen fibres, cartilage is a more flexible connective
tissue than bone. It is smoother than bone and its function is to allow smooth
movement of the joint. There are three types of cartilage:

1. Elastic cartilage, this has the most elastin fibres, making it the most flexible. It
can be found in the larynx and external parts of the ear.

2. Fibro cartilage has more collagen fibres which makes it more rigid, due to its
fewer elastin fibres, this can be found in the discs between the vertebrae and
also makes the menisci (often mistakenly described as cartilage)

3. Hyaline cartilage is a smooth bluish tissue that covers the ends of bones and
can be found in the trachea and sternum.

The three bones that complete the knee joint are lined with hyaline (also called
articulating) cartilage and is the thickest covering of cartilage in the body.

Without cartilage the knee joint would soon cease to function properly, becoming
painful and swollen.

2.10 Synovial Fluid

Synovial fluid is found in all synovial joints, which the knee is one of. The synovial fluid
fills the space between the bones that make up the joint, for the knee, this would be
the femur, tibia and patella. The fluid is secreted by the synovial membrane which
lines the joint.

The purpose of the synovial fluid is to help lubricate and aid free movement in the
joint. It also helps to provide nutrition to areas in the joint that have little or no blood
supply such as the meniscus.

Synovial fluid is a thick stringy fluid. It is egg like in consistency, hence synovial
meaning egg in Latin. When it is normal and healthy it is colourless, but will turn a
yellowish cloudy colour when infected.

It is described as a liquid connective tissue. It is constantly leaking out by a process

called reptate diffusion and is constantly being replaced by the synovial membrane.

With out synovial fluid the knee would not be able to function fully as it lubricates the
knee like oil in an engine.

2.11 Blood Vessels

Blood vessels are the network around the body in which blood travels. All of the
arteries, veins and capillaries of the human body put end to end would stretch 60 000
miles.
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Blood and blood vessels are a transport system for the body, delivering oxygen and
nutrients to the tissues and taking away the waste products.

The blood vessels are tubular organs that are on the most part protected by their
location in the body, for example, being buried deep in the muscle. They are broken
down into three types:

1. Arteries, with the exception of the pulmonary artery, carry blood away from the
heart to the tissues. The walls of the arteries are thick and strong and elastic to
cope with the pressure of the blood. The arteries eventually branch down into
capillaries.

2. Veins return the blood to the heart away from the tissues with the exception of
the pulmonary vein. The walls of the veins are thinner as the blood is no longer
under pressure from the heart. It moves passively, mainly under the function of
pressure from the arteries, but also by exercise and massage. Veins have
valves in them to stop the blood going backwards.

3. Capillaries are tiny one cell thick vessels which network through the tissues. It
exchanges substances, such as waste and nutrition, between the blood and the
bodies cells

The pulmonary artery and vein are opposite to the normal. The pulmonary artery
leaves the heart taking deoxygenated blood to the lungs, while the pulmonary vein
takes the oxygenated blood from the lungs to the heart, where normal veins deal with
deoxygenated blood and arteries deal with oxygenated blood.

The arteries are named by the area they are in, for example, the artery for the knee is
the popliteal artery which branches from the femoral artery. It passes through the
popliteal fossa at the back of the knee. It is deep within the knee and hard to detect. It
is an artery rather than a vein, so it will have a pulse.

2.12 Nerves

The nervous system is an extremely complicated network covering the entire body. To
give a full understanding of it would take a dissertation in itself and as it is a limited
injury in the knee area | am going to stick to the basics.

It is a network that covers the entire. It is a very advanced and fast messaging service
whose purpose is to sense, interpret and respond to the bodies needs, and a
messenger system to and from the brain. It is also the trigger for movement.

It is broken down into two systems:

1. The central nervous system (CNS) which consists of the main control systems,
here information is interpreted. This is the brain and spinal cord.

2. The second half of the system is the peripheral nervous system which consists
of spinal nerves, cranial nerves and the automatic nervous system (which deals
with involuntary activities of smooth and cardiac muscles). The peripheral
nerves deal mainly with the voluntary actions.

There are three types of neurons which is one of the types of nervous tissue:

1. The sensory neurons carry impulses from sensory receptors to the brain and
spinal cord.

2. Motor neurons carry impulses from brain and spinal cord to muscles and
glands.
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3. Interneurons carry impulses from sensory to motor neurons and only occur in
the brain and spinal cord.

The messages or commands sent are electrical impulses that travel along the nerves.

Nerves are named by the area they are in. Unfortunately a nerve is unable to

complete cell division which most tissue can do, meaning if a nerve is damaged it

cannot repair itself. Once a nerve is dead t

The common peroneal nerve branches off the sciatic nerves and passes quite
superficially along the posterior lateral side of the knee. It becomes vulnerable along
the posterior surface of the head of the fibula.

Nerves and veins of the Knee
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3 CONDITIONS OF THE KNEE

3.1 Injuries

As mentioned in the introduction, the knee joint is probably the most commonly injured
joint partly due to its location,bei ng out on a | i mb so to
protection from the body like most other joints such as the hips, shoulder and even the
elbows.

Another reason the knee is so open to injury is because of the way it moves, not only
does it flex and extend but it is also able to rotate. It can be twisted in a lot of sports
and actions we do and it is easy to twist too far due to external forces, such as during
a rugby tackle.

The most common of the knee injuries are medial collateral ligaments (see section
3.1.1) and meniscus injuries (section 3.1.2), followed closely by anterior cruciate
ligament injury (section 3.1.1).

The knee can sustain injuries in various ways. By direct impact from an external force,
such as being kicked or you can do it yourself by awkward twisting motions,
overloading or overstretching. Also other areas can have an adverse effect on the
knee, like the quadriceps muscle group (section 3.1.5.2).

Most of the following conditions will come in varying degrees. Starting with a minute
tear leading to a total rupture where all the fibres are separated. There can also be
more to consider than just the direct injury, there may also be bleeding haematomas
(see section 3.1.9) in some of the more severe cases

There is a vast array of injuries, conditions and diseases that can affect the knee. |
have tried to put together a comprehensive, but by no means exhaustive, list
explaining the underlying causes.

3.1.1 Ligament Injuries

As | have demonstrated there are numerous ligaments in the knee, holding together
and stabilizing it, stopping it moving too far in any one directone nsur i ng it
hyperextend.

A ligament injury is where there is a partial or total rupture to the ligament. This means
that some or all of the fibres have been damaged or separated. Obviously a total
rupture is the worst as this means the ligaments have snapped in two.

The ligament can sustain its injury anywhere along its length, at the bone attachment
or even taking the bone or its periosteum with it. The unfortunate thing about
ligaments is they are not as elastic as muscles and do not return to their original
shape. If they have been stretched in an injury they can not do their job as effectively
as before, so there will be slack in the knee joint. This has a long term side effect of
leaving the joint open to osteoarthritis due to abnormal, quicker wear and tear.

Medial collateral ligament (MCL) injuries are by far the most common being caused by
a valgus force and or rotation of the knee. There will be an instant pain felt, then there
will be a loss of function, leading to the inability to walk properly. There will be more
than likely swelling, heat and redness and the area will be very tender to the touch.
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Unfortunately with this injury
you are likely to cause
damage to the medical
meniscus due to it being
attached (section 3.1.2).

Lateral collateral ligament
(LCL) injuries are less likely
to occur as the force to
cause this injury needs to
come from the medial side of
the knee which is much
harder to do, due to its
internal position offering it
some protection. The injury

has all the same symptoms Various Ligament Injuries

as medial coll ateral | igament damage but wi
side of the knee.

As with the MCL and LCL you have two cruciate ligaments, these being the anterior
and posterior cruciate ligaments.

The anterior cruciate ligament (ACL) is the most common one to be injured, again
caused by valgus forces to the knee or hyperextension.

Symptoms are very similar to collateral ligament injury, making diagnosis paramount
in this area. Again immediate pain, swelling caused by effusion of the knee cavity
which is blood and fluids, loss of function and instability of the knee.

Like the LCL the PCL is less likely to be injured as it is slightly better protected.
Injuries to the PCL are caused by hyperflexion of the joint which is a lot harder to do
than hyperextension. Ice hockey players suffer a lot from knee on knee collisions and
also hitting the dash board during car accidents is a common cause for this injury.

If you are unlucky you may get more than one ligament injured and as | mentioned
meniscus too. An extreme valgus force could cause MCL, ACL and a meniscus injury
all in one fell swoop.
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3.1.2 Meniscus Injuries

A meniscus tear is (unsurprisingly) a tear in the meniscus. There are varying tear
patterns that can occur.

Meniscus injuries are caused mainly by contact
sports or twisting, rotation actions with force
such as skiing or shot putting.

Where an external force has caused the injury,

such as involving a football or rugby tackle, you

would usually find the medial meniscus has been .. ‘ ;
injured due to the direction of the force. The (/ —~R g \ (/" il (
force would have to come from the lateral side of %\ =\ .\ ‘
the knee to damage the medial meniscus. e A | Tl

The other problem with the medial meniscus is _. -
that it is anchored to the medial cruciate ligament 7 [ ~
(MCL), meaning that if the ligament is injured f. ( (
than more often than not, so is the medial \
Mmeniscus. »

The lateral meniscus is still open to injury, but ( ~ a R
not to the extent of the medial. External forces { { '
would have to push the knee laterally which
means the contact would have to be on the
inside of the knee medially, this is a lot harder to
do, offering the lateral meniscus much more
protection.

Meniscus Tears

With this condition there will be intense pain, with it being located more laterally for the
lateral meniscus and more medially for a medial meniscus injury. Swelling is usually
delayed as the meniscus is avascular, meaning not associated with or supplied by
blood vessels.

Another key sign of a meniscus injury is that there can be impaired function of the

joint. This is caused by the torn part of the meniscus floating around in the knee and
impeding the movement, the knee joint, when going into extension, thinks it has

reached its end point because it has hit the pieceofme ni scus, when in
this causes the muscles to automatically relax and as the knee is not in the locked
position, the leg gives way.

Unfortunately this problem can come and go as the meniscus floats around, getting in
the way. There is also a tendency for clicking with this condition.
3.1.3 Tendon Injuries

Tendon injuries occur when the tendon is overstrained. The tendon can suffer a partial
or whole rupture and the fibres are torn

A tendons resting state gives it a wavy pattern. If that tendon is straightened more
than 4% it becomes straight and the collagen fibres within the tendon are subject to
stress. When the strain is taken between 4% to 8% the trouble starts. The crosslink
fibres will start to break at 8% to 10% and the tendon will start to fail.

If tendon injuries are not treated properly they may continue on to be tendonitis, which
is an inflammation of the tendon.
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3.1.3.1 Patellar Tendon Rupture

This, luckily, is a very uncommon injury leading to an inability to bend the knee.
Weightlifters can suffer with this injury due to the movements they use with excessive
weight loads.

Symptoms are a sudden pop at the time of injury, a loss of function, i.e. not able to
bend the knee and an inability to support the bodies weight on that side. There would
be swelling in the knee area, possible redness and heat and of course intense pain.

3.1.3.2 Jumpers Knee (Patellar Tendinosis)

This is an overuse injury. Most sporting activities will bring in the patellar tendon. It is
used in running and jumping and every time the knee is bent. This injury is where
there has been a partial tear or excessive overloading (there is some debate as to
how the injury comes about). It is suggested there is an impingement between the
distal pole of the patella and the tendon itself.

This is one of the more common injuries. The symptoms are pain at the inferior pole of
the patella at the lower end. There can be a loss of function, there may very well be
swelling, redness and heat all in the knee area.

3.1.3.3 Quadriceps Tendon Injury

Quadriceps tendon Injury can be an overuse or a ruptive condition although both are
uncommon. Quadriceps tendon rupture is a very similar injury to patella tendon
ruptures (see section 3.1.3.1) as it is all part of the same mechanism. The quadriceps
is followed by the quadriceps tendon, then the patella and finally the patella tendon, so
technically it is the same injury but on the other side of the patella.

This is an uncommon injury found mainly in older people, although weightlifters can be
prone to this injury and it can also be caused by slipping down as the knee can
become hyperflexed.

The symptoms for a rupture are similar to those of the patellar tendon rupture, only the
location will have changed. There would be loss of function, possibly a pop at the time
of injury, swelling, redness and heat in the area. pain may no be so intense, as the
injury is often a total rupture, but the pain would be constant.

The conditions for quadriceps tendon overuse are slightly different than for a rupture,
there will be pain in activity such as jumping, running or any activity where you bend
the knee. Tenderness at the site is possible as is heat, redness and swelling and a
reduction in function.

Both of these injuries would be found between the quadricep muscle and proximal
surface of the patellar, where as a patellar tendon injury would be found between the
distal surface of the patellar and its attachment at the tibial tuberosity.

3.1.3.4 Popliteal Tendon Overuse Injury

This can be a tendonitis or rupture. Ruptures are rare and mainly occur in major
injuries to the knee such as dislocation. Tendonitis is more likely, but still uncommon
and mostly affecting runners due to the constant stretching of the tendon.

The symptoms for this condition would be pain on the lateral side of the knee at the
femoral condyle and usually occurs when walking or running. There could be swelling,
heat and redness at the site.
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3.1.3.5 Biceps Femoris Tendon Injury

This is a full or partial rupture of the tendon, normally at its insertion on the head of the
fibula and/or lateral condyle of the tibia or at the muscle tendon joint and is a fairly
common injury.

There are a lot of sports that have a great affect on this tendon, long and triple
jumpers are prone to this sort of injury due to overstretching the muscles and tendons
as well as runners, racket sports, due to constant stopping and changing of direction,
or any sports where you are open to a direct hit in this area.

The symptoms are instant pain, a pop may be heard, there may be swelling, redness
and heat in the area, there would be an impaired function at the knee joint.

3.1.4 Runners Knee (lliotibial Band Friction Syndrome)

This is a condition that can be cause by another area as it can start higher up the leg.
The condition at the knee is caused by the iliotibial (IT) band rubbing over the lateral
epicondyle of the femur. The IT band comes from the tensor fasciae latae muscle. If
the client has over trained this muscle it can become tight, which leads its way back
down the IT band and the knee.

This is quite a common injury for runners (hence the name) who run down hill a lot or
on cambered roads excessively, also poor lower limb posture has been associated
with this condition.

The pain for this condition is located at the lateral side of the knee and it may radiate
up or down the leg. Obers test (section 4.1.4.1) would be used to diagnose this
condition. The area may also be swollen, red and warm to the touch. There may be
impaired function of the knee especially when climbing up stairs as this will irritate the
condition.

3.1.5 Articular Cartilage Injuries

Articular cartilage injuries are (unsurprisingly!) damage to the articulating cartilage of
the knee that can appear in the form of cracks. It may result from constant or extreme
impacts to the knee or it could be a secondary injury, ligament, or meniscus injury.

Once the cartilage is cracked it will continue to degrade and eventually lead to
osteoarthritis (section 3.2.5)

Symptoms would be pain during weight bearing activity and may remain sore for some
time afterwards, dysfunction of the knee with locking, swelling and there may well be
crepitis, which is a creaking sound and grinding feeling in the knee.

Once the articular cartilage is damaged it is unable to repair itself as it has no blood
supply. This applies to all conditions where the cartilage is damaged.
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3.1.5.1 Osteochondritis Dissecans

Osteochondritis dissecans is normally suffered by 12
to 16 year olds, but can affect anyone. It is caused
by fragments of the bone or cartilage breaking loose,
perhaps as the result of a trauma, and floating
around the knee joint which in turn can cause further
damage to cartilage and bone.

This condition has long term implications, again
leading to osteoarthritis, due to the damage caused,
and its symptoms are pain in the knee joint, swelling,
locking and crepitis.

3.1.5.2 Chondromalacia Patellae

Chondromalacia patellae is a degradation of the articular cartilage of the patella
caused mainly by the quadricep muscle. Overtraining or incorrectly training the
guadricep can cause the muscle to become imbalanced. The quadricep can become
stronger on its lateral side, pulling the patella laterally and causing it to maltrack (pull
offline). This in turn causes friction between the patella and the lateral femoral
condyle, which then rubs away at the cartilage.

A less likely, though still possible, cause would be an impact on the patella causing it
to hit against the femur, causing damage to the cartilage.

Symptoms are pain whilst exercising, a burning pain or pain after periods of inactivity,
crepitis and a disruption to the function of the knee. There may also be some swelling.
Once again this can have long term implications leading to osteoarthritis.

3.1.6 Dislocation of the knee

Dislocation of the knee joint is messy and very, very nasty. Medical help should be
sought immediately, due to the damage it can cause, this is a medical emergency.

This is one of the few knee injuries that can also include damage to veins, arteries and
almost certainly nerves. On top of that a dislocation requires an enormous amount of
force such as car accidents and very occasionally sporting accidents, and hence will
also take out several ligaments depending which way the force went and injuries can
also be sustained to the meniscus. Due to the condition affecting arteries and nerves,
hospitalisation is required.

Dislocation occurs when any two of the bones of the knee joint no longer meet but are
pushed out of line, this can trap the nerve and cut off blood to the lower leg.

Symptoms are extreme pain, loss of function, swelling. If you were suffering from a
dislocation of the knee you would know about it!

3.1.7 Nerve Damage

Injuries to the nerves of the knee area are not common at all, however there can be
damage when there is a very severe injury to the knee, such as in the case of
dislocation the nerve can become impinged and squashed. If a nerve is squashed for
too long it will start to die.

Unf ortunately once a nerve is damagte it can
ability to cell divide, so in all serious training injuries it is important to bear the nerve in
mind.
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