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medical illustrator, Bernard Sembrano, to produce these drawings 
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success of the book. 
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This book is meant to satisfy a variety of needs for all people involved directly 
or indirectly with the medical practice of orthopaedics. 

For those who are studying to pass examinations in the subject of orthopaedics 
or who are trying to become a registered or certified orthopaedic technologist 
or technician, this book can be looked upon as a learning adjunct resource.  
You will have the curriculum guidelines for your course, recommended text 
books, and will have attended many practical sessions as well as have other 
written material from manufacturers, journals and seminar notes. 

Modern Orthpaedics, however, can be looked upon as a great “leveler”, 
containing as it does the basic facts and illustrations, presented in an accessible, 
inexpensive, forthright and friendly manner.  

Medical text books can be expensive, voluminous and sometimes a little 
overwhelming; Modern Orthopaedics is just the opposite.  A practical, easy to 
use reference guide, this book provides guidance principles, definitions and, 
most importantly, a fresh, illuminating visual depiction of the healthy and also 
demised anatomy.  All the illustrations are hand drawn in a way that depicts 
the essence of the anatomical structure. They show you the critical aspects of 
the vulnerable skeletal structures and can provide the first stepping stone for 
diagnosis, understanding and treatment action. 

Think of the drawings and content as a draft blueprint on which you can 
proceed with the confidence of understanding and insight.  At the very least, 
Modern Orthopaedics can be a catalyst for seeking further information, 
talking to a colleague, taking further patient diagnostic tests, or provide help in 
clarifying a situation. 

Every country has its own particular health model for the practice of 
orthopaedics; we like to think this book is an educational common denominator, 
crossing  cultural and job description boundaries.  After all, a broken bone has 
to be treated, irrespective of whether the medical person is a nurse, orthopaedic 
assistant, orthopaedic technologist, general practitioner, orthopaedic 
technician, physicians assistant, orthopaedic surgeon or rural physician. 

The principles of treatment are the same, even though techniques or products 
used can differ. 

In fact, there are a great many types of health care professionals who can 
practice orthopaedics.  In the US, anybody appointed by an orthopaedic 
surgeon can apply a cast.  In isolated rural areas, out of necessity, any qualified 
health care professional can practice basic orthopaedics.  Various health care 
models dictate that for convenience for the patient and various economic 
factors, orthopaedics can be carried out in a general practitioner’s office. The 

Introduction 
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introduction of “surgi centers” for efficient and convenient access for patient 
treatment widens the spectrum of people practicing orthopaedics. 

A further dimension is the constructive role health care product manufacturers 
play in educating and training health care professionals. The use of key products, 
from instruments and equipment for complex orthopaedic operations, to actual 
casting supplies for basic fractures, are all areas for manufacturers’ involvement 
as part of the medical team.  

For the beginner studying orthopaedics, this book can be a useful introductory 
aid, providing all the key terms, with explanations and visual depictions of 
anatomy and injuries.

For the established orthopaedic practitioner, this book can not only be a useful 
mind jogger but one to recommend to your colleagues in order to familiarize 
them with the basics of your specialty.  In the end, Modern Orthopaedics can 
save you time and improve the medical team’s treatment activities. 

We have found it useful to divide the content into simple, short chapter 
categories enabling quick and easy reference and eliminating the need for an 
index.

 
As a final note, this book has been written keeping in mind at all times a vital 

corollary to the successful practice of modern orthopaedics: the importance of 
patient education as a tool for enhancing patient compliance to treatment. In 
the field of post-operative orthopaedic treatment, the patient’s understanding 
of warning signs and self care practices can be an integral part of an optimum 
health outcome. 

It is all too easy – especially in the practice of orthpaedics, which generally 
focuses on a specific injured skeletal body part – to look upon the patient as an 
object. The bone is broken, it has to be fixed.  However, effective communication 
to the patient coupled with a patient education brochure or booklet to reinforce 
your message can be an invaluable aid to doing justice to your skilled treatment 
activities. 

This book is essentially a collaborative effort from orthopaedic technologists 
and technicians, orthopaedic surgeons, nurses, instructors and physicians. It 
has been reviewed by a wide variety of medical practitioners and subsequently 
fine tuned in order to produce an affordable, practical publication that, we 
hope, fills a critical, unique need in the field of modern orthopaedics.
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CHAPTER 1
ANATOMICAL 

TERMINOLOGY
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When internal anatomy is described, the body or an organ is often 
cut or sectioned in a specific way so as to make particular structures 
easily visible. A plane is an imaginary flat surface that separates two 
portions of the body or an organ.

Frontal (coronal) section: A plane from side to side separates the 
body into front and back portions.

Sagittal section: A plane from front to back separates the body into 
right and left portions.  A midsagittal section creates equal right and 
left halves.

Transverse section: A horizontal plane separates the body into 
upper and lower portions.

Cross section: A plane perpendicular to the long axis of an organ.  
A cross section of the small intestine (which is a tube) would look 
like a circle with the cavity of the intestine in the center.

Longitudinal section: A plane along the long axis of an organ.  A 
frontal section of the femur (thigh bone) would also be a longitudinal 
section.

Axis: The central line around which a structure, pattern or figure is 
built or formed (a main stem or central cylinder).

Perpendicular: Forming an angle of 90° with another line, plane or 
surface.

Horizontal: Right angle to a radius of the earth.

Anatomical Planes and Sections
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  1 : Head (cephalic)
  2 : Sku ll (cranial)
  3 : Face (facial)
  4 : Neck (cervical)
  5 : Forehead (frontal)
  6 : Eye (orbital)
  7 : Cheek (bu ccal)
  8 : Nose (nasal)
  9 : Mou th (oral)
1 0 : Chest (thoracic)
1 1 : Armpit (axillary)
1 2 : Arm (brachial)
1 3 : Front of elbow
      (antecu bital)
1 4 : Navel (u mbilical)
1 5 : Forearm (antebrahial)
1 6 : Pelvis: (pelvic)
1 7 : Groin (ingu inal)
1 8 : Wrist (carpal)
1 9 : Finger (digital
      or phalangeal)
2 0 : Thigh (femoral)
2 1 : Knee (genu )
2 2 : Leg: (cru ral)
2 3 : Foot (pedal)
2 4 : Breast: (mammary)
2 5 : Tru nk: (torso, body
      withou t limbs)
2 6 : Abdomen (abdominal)
2 7 : Anterior su rface of hand
      (palmar or volar)
2 8 : Toes (digital)
      

5
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7
8
9

1

4

1 0

1 1
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1 3
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The abdomen is a large area of the lower trunk of the body.  If 
a patient reported “abdominal pain”, the physician or nurse would 
want to know more precisely where the pain was. In order to do this, 
the abdomen may be divided into smaller regions or areas:

Quadrants:  A transverse plane and a midsagittal plane that cross at 
the umbilicus will divide the abdomen into four quadrants. Clinically, 
this is probably the division used more frequently. The pain of 
gallstones might then be described as the “right upper quadrant”.

Nine areas: Two transverse planes and two sagittal planes divide 
the abdomen into nine areas.

Upper areas: Above the level of the rib cartilages are the left 
hypochondriac, epigastric, and right hypochondriac.

Middle areas: The left lumbar, umbilical and right lumbar.

Lower areas: Below the level of the top of the pelvic bone are the 
left iliac, hypogastric and right iliac. This division is often used in 
anatomical studies to describe the location of the organs. The liver, 
for example, is located in the epigastric and right hypochondriac 
areas.

The terms anterior and posterior are used to indicate the 
front and back of the body, respectively, so that when describing 
the relationship of two structures, they are said to be anterior or 
posterior.

In describing the hand, the terms palmar and dorsal surfaces are 
used in place of anterior and posterior; in describing the foot, the 
terms plantar and dorsal surfaces are used instead of lower and 
upper surfaces.

Areas of the Abdomen
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The terms proximal and distal describe the relative distances from 
the roots of the limb; for example, the arm is proximal to the forearm 
and the hand is distal to the forearm.

The site where two or more bones come together is known as a 
joint. Some joints have no movement (sutures of skull), some have 
only slight movement and some are freely movable.

Flexion: Movement that takes place in a sagittal plane. For example, 
flexion of the elbow joint approximates the anterior surface of the 
forearm. It is usually an anterior movement, but it is occasionally 
posterior, as in the case of the knee joint.

Extension: Straightening of the joint; usually takes place in a 
posterior direction.

Lateral flexion: Movement of the trunk in the coronal plane.

Abduction: Movement of a limb away from the midline of the body 
in the coronal plane.

Adduction: Movement of a limb toward the body in the coronal 
plane. In the fingers and toes, abduction is applied to the spreading 
of these structures, and adduction is applied to the drawing together 
of these structures.

Rotation: Movement of a part of the body around its long axis.  
Medial rotation (internal rotation) is the movement that results in the 
anterior surface of the part facing medially; lateral rotation (external 
rotation) is the movement that results in the anterior surface of the 
part facing laterally.

Terms Related to Movement
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Pronation of the forearm: Medial rotation of the forearm in such a 
manner that the palm of the hand faces posteriorly.

Supination of the forearm: Lateral rotation of the forearm from 
the pronated position, so that the palm of the hand comes to face 
anteriorly.

Circumduction: Combination in sequence of the movements of 
flexion, extension, abduction and adduction.

Protraction: To move forward.

Retraction: To move backward (used to described the forward and 
backward movement of the jaw at the temporomandibular joints).

Inversion: Movement of the foot so that the sole faces in a medial 
direction (supinated). 

Eversion: Movement of the foot so that the sole faces in a lateral 
direction (pronated).
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The Movements Of The Body
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CHAPTER 2
THE SKELETAL 

SYSTEM
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Bones, the primary organs of the skeletal system, lie buried within 
the muscles and other soft tissues, providing a rigid framework and 
support structure of the whole body. Our skeleton (from the Greek 
word meaning “dried-up body”) is a tower of bones arranged so 
that we can stand upright and balance ourselves. The skeleton is 
subdivided into two divisions:  the axial skeleton, the bones that form 
the longitudinal axis of the body, and the appendicular skeleton, the 
bones of the limbs and girdles. In addition to the bones, ligaments 
and tendons bind the bones together at the joints. The joints give 
the body flexibility and allow movement to occur.

FUNCTIONS OF THE BONES

 SUPPORT:  For the soft tissues of the body.
 MOVEMENT:  Bones serve as levers and joints as fulcra. 
 PROTECTION:  To vital organs.
 STORAGE OF MINERALS:  Calcium and phosphorus.
 BLOOD CELL FORMATION OR HAEMATOPOIESIS.
 
CLASSIFICATIONS OF BONES

The adult skeleton is composed of 206 bones (350 bones for infants). 
There are two basic types of osseous, or bone tissue: compact bone 
(cortical) is dense and looks smooth and homogeneous; spongy 
bone (cancellous) consists of a branching network of trabeculae.  
The trabeculae are arranged in such a manner as to resist the 
stresses and strains to which the bone is exposed.  Bones come in 
many shapes and may be classified regionally or according to their 
general shape: long, short, flat, irregular and sesamoid.

• Long bones. These are found in the limbs (e.g. the humerus, 
the femur, the metacarpals, the metatarsals, and the phalanges); 
their length is greater than their width. They have a tubular shaft, the 

Bones
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diaphysis, and usually an epiphysis at each end. The part of the 
diaphysis that lies adjacent to the epiphyseal cartilage is called the 
metaphysis, which is the growth center that disappears at maturity, 
becoming vague epiphyseal lines. The shaft has a central marrow 
cavity (yellow marrow for adult and red marrow for infants; in adult 
bones, red marrow is confined to the cavities of spongy bone or flat 
bones and the epiphysis or some long bones).

The outer part of the shaft is composed of compact bone that is 
covered by a connective tissue sheath, the periosteum. The ends 
of the long bones are composed of spongy bone surrounded by a 
thin layer of compact bone. The articular surfaces of the ends of the 
bones are covered by hyaline cartilage.

• Short bones. These are found in the hand and foot (e.g. the 
scaphoid, lunate, talus and calcaneus) and are roughly cuboidal in 
shape. They are composed of cancellous bone (spongy) surrounded 
by a thin layer of compact bone.  They are covered with periosteum 
and the articular surfaces are covered by hyaline cartilage.

• Flat bones. These are found in the vault of the skull (e.g. the 
frontal and parietal bones).  They are composed of thin inner and 
outer layers of compact bone.

• Irregular bones. These include the vertebrae and the pelvic 
bones.  They are composed of a thin shell of compact bone and an 
interior made up of cancellous bone.

• Sesamoid bones. These are small nodules of bone that are 
found in certain tendons where they rub over bony surfaces. The 
greater part of a sesamoid bone is buried in the tendon and the free 
surface is covered with cartilage. The largest sesamoid bone is the 
patella, which is located in the tendon of the quadriceps femoris.  
Other examples are found in the tendons of flexor pollicis brevis 
and flexor hallucis brevis. The function of a sesamoid bone is to 
reduce friction on the tendon; it may also alter the direction of a pull 
tendon.
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AXIAL SKELETON                                                              # BONES      
                        
 Skull: Cranium .......................8
  Face .........................14
  Auditory Ossicles ................6
 Trunk: Hyoid .........................1
  Verebrae ......................26
  Sternum .......................1
  Ribs..........................24

APPENDICULAR SKELETON
 Shoulder Girdles: Clavical ........................2
  Scapula ........................2

 Upper Extremities: Humerus .......................2
  Radius .........................2
  Ulna ..........................2
  Carpals .......................16
  Metacarpals ...................10
  Phalanges .....................28

 Pelvic Girdle: Innominate (hip) bone .............2

 Lower Extremities: Femur .........................2
  Patella .........................2
  Fibula .........................2
  Tibia ..........................2
  Tarsals ........................14
  Metatarsals ....................10
  Phalanges .....................28
  TOTAL: ......................206

Regional Classification of Bones
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MICROSCOPIC ANATOMY OF COMPACT BONE 
To the naked eye, spongy bone has a spiky, open appearance, 

whereas compact bone appears to be very dense. The needle-like 
threads of spongy bone that surround a network of spaces are called 
trabeculae. Compact or cortical bone does not contain a network 
of open spaces. Instead, the matrix is organized into numerous 
structural units called the osteon (haversian system). Each circular 
and tube-like osteon is composed of calcified matrix arranged in 
multiple layers resembling the rings of an onion. Each ring is called 
a concentric lamella. The circular rings or lamellae surround the 
haversian canal, which contains a blood vessel. 

Bones are not lifeless structures.  Within their hard, seemingly lifeless 
matrix are many living bone cells called osteocytes. Osteocytes 
lie between the hard layers of the lamellae in little spaces called 
lacunae. Note that tiny passageway or canals, called canaliculi, 
connect the lacunae with one another and with the central canal in 
each haversian system. Because of this elaborate network of canals, 
bone cells are well nourished in spite of the hardness of the matrix, 
and bone injuries heal quickly and well. The communication (and the 
haversian canals) is completed by Volkmann’s canals, which run 
into the compact bone at right angles to the shaft.

DEVELOPMENT OF BONE
Bone is developed by two methods: membranous and 

endocondral. In the first method, the bone is developed directly 
from a connective tissue membrane; in the second, a cartilaginous 
model is first laid down and is later replaced by bone. The bones 
of the vault of the skull are developed rapidly by the membranous 
method in the embryo, and this serves to protect the underlying 
developing brain. At birth, small areas of membrane persist between 
the bones. This is important clinically since it allows the bones a 
certain amount of mobility, so that the skull can undergo molding 
during its descent through the female genital passages. At birth, 
ossification at the skull joints is not complete. Many of these bones 
are loosely joined by fibrous connective tissue or cartilage.

  
Six such joints, called fontanelle, occur at the angles of the parietal 
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bone. The largest is the anterior fontanelle at the junction of the 
sagittal, coronal, and frontal sutures. The fontanelles, popularly 
referred to as “soft spots”, permit the baby’s head to be compressed 
slightly as it passes through the bony pelvis during birth. Apart from 
flat bones, which form on fibrous membranes, most bones develop 
using hyaline cartilage structures as their models. Most simply 
this process of bone formation, or ossification involves two major 
steps.

Osteoblasts are bone-building cells. They secrete the protein 
collagen, which forms the strong, elastic fibers of bone.  A complex 
calcium phosphate called apatite is present in the tissue fluid. This 
compound automatically crystallizes around the collagen fibers, 
forming the hard matrix of bone. As the matrix forms around them, 
the osteoblasts become isolated within the small spaces called 
lacunae. The trapped osteoblasts are referred to as osteocytes.

  
Osteoclasts are the cells that break down bone, a process 

referred to as bone resorption. These bonebreaker cells move about 
secreting enzymes that digest bone. Osteoclasts and osteoblasts 
work side by side to shape bones and to form the precise grain 
needed in the finished bone.
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The Internal Structure 
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If you were to examine a male skeleton and a female skeleton 
placed side by side, you would probably notice first the difference 
in their sizes. Most male skeletons are larger than most female 
skeletons, a structural fact that seems to have no great functional 
importance.

The female pelvis is made so that the body of a baby can be cradled 
in it before birth and can pass through it during birth. Although the 
individual male hipbones (os coxae) are generally larger than the 
individual female hipbones, together the male hipbones form a 
narrower structure than do the female hipbones.

  
A man’s pelvis is shaped something like a funnel, but a woman’s 

pelvis has a broader, shallower shape, more like a basin. (Incidentally, 
the word pelvis means “basin”). Another difference is that the pelvic 
inlet or brim is normally much wider in the female than in the male.  
The angle at the front of the female pelvis where the two pubic bones 
join is wider than it is in the male.

Differences Between a Man’s and 
a Woman’s Skeleton
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Cartilage is a form of connective tissue in which the cells and fibers 
are embedded in a gellike matrix, the latter being responsible for its 
firmness and resilience. Except on the exposed surfaces in joints, it 
is covered by a fibrous membrane called the perichondrium. There 
are three types of cartilage: hyaline, fibrous, and elastic.

  Hyaline cartilage has a high proportion of amorphous matrix 
that has the same refractive index as the fibers embedded in it.  
Throughout childhood and adolescence it plays an important part in 
the growth in length of long bones. Epiphyseal plates are composed 
of hyaline cartilage. It has a great resistance to wear and covers the 
articular surfaces of nearly all synovial joints. It is incapable of repair 
when fractured; the defect is filled with fibrous tissue.

   Fibrocartilage has a large number of collagen fibers embedded 
in a small amount of matrix. It is found in the discs within joints (e.g. 
the temporomandibular joint, sternoclavicular joints, knee joint) and 
on the articular surfaces of the clavicle and mandible. If damaged, it 
repairs itself slowly in a manner similar to fibrous tissue elsewhere.  
Joint discs have a poor blood supply and therefore do not repair 
themselves if damaged.

  Elastic cartilage possesses a large number of elastic fibers 
embedded in matrix. As would be expected, it is very flexible and 
is found in the auricle of the ear, the external auditory meatus, the 
auditory tube, and the epiglottis. If damaged, it repairs itself with 
fibrous tissue. Hyaline cartilage and fibrocartilage tend to calcify or 
even ossify later in life.

Cartilage
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Every bone in the body, except one, connects to at least one other 
bone. In other words, every bone but one forms a joint with some 
other bone. The exception is the hyoid bone in the neck, to which 
the tongue anchors.

Joints may be classified into three types according to the degree of 
movement they allow: synarthroses (no  movement), amphiarthroses 
(slight movement) and diarthroses (free movement). Differences in 
joint structure account for differences in the degree of movement 
that is possible.

    A synarthroses is a joint in which fibrous connective tissue grows 
between the articulating (joint) bones holding them close together.  
The joints between cranial bones are synarthroses, commonly called 
sutures.

  
   Amphiarthroses join bones to cartilage. The pubic symphysis 

of the pelvis and the intervertebral joints of the vertebral column are 
examples of amphiarthroses.

    Most of our joints by far are diarthroses, or synovial joints. Such 
joints allow considerable movement, sometimes in many directions 
and sometimes in only one or two directions. The ends of the bone 
forming a diarthrodial joint are covered with hyaline cartilage that lacks 
any sort of covering membrane. This articular cartilage also lacks 
nerves and blood vessels. The joint is surrounded by a connective 
tissue capsule called the joint capsule, made of tough fibrous 
connective tissue. This tissue is continuous with the periosteum 
of the bones but does not cover the articular cartilage. The joint 
capsule is lined with a smooth synovial membrane that secretes a 
lubricating synovial fluid. The joint capsule is generally reinforced 
with ligament, bands of fibrous connective tissue that connect the 
bones and also limit movement at the joint. Fluid filled sacs called 

Joints (Articulations)
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bursae are located between bone and tendons and between bone 
and some other tissues.  Bursae cushion the movement of bone over 
other tissue. Inflammation of a bursa is a painful condition known as 
bursitis. There are six types of synovial joints: gliding, condyloid, 
saddle, pivot, hinge, and ball and socket.
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