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Anatomy for Tomorrow

National Conference in Anatomy
Sree Balaji Medical College & Hospital Chennai

Y oga has been the subject of research in the past few decades for therapeutic
purposes for modern epidemic diseases like mental stress, obesity, diabetes, hypertension
coronary heart disease, and chronic obstructive pulmonary disease. Many studies report
beneficial effect of yoga in these conditions, indicating that it can be used as non
pharmaceutical measure or complement to drug therapy for treatment of these
conditions. Dancing can be a way to stay fit for people of all ages, shapes and sizes. It
has a wide range of physical and mental benefits including: improved condition of heart,
lungs, Increased muscular strength, endurance and motor fitness. There are many
strength and conditioning programs, Plyometric training is a specific type of training
involving exercises in which the active muscles are stretched prior to shortening and
usually requires explosive-strength training commonly used in rehabilitation programs.

This National Conference — Anatomy for tomorrow focuses on Y oga dance &
Plyometry is conducted by the Department of Anatomy of Sree Balaji Medical
College and Hospital will highlight and enrich the audience the Importance of
understanding anatomy in yoga, the anatomical correlation of core muscle activation in
different yogic postures, the ascending reticular activation system and yoga. The
conference will pave path to individuals and medical faculty to understand the kinematic
of joints among dancers, the various range of movements of small joints in different
mudras. The conference will also provide the viewer the recent trends in plyometric
training and its health benfits.
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Founder Chancellor Message

| am extremely happy that a National Conference on Anatomy of Y oga, Dance
& Plyometrics — YODAP - is to be conducted by the Department of Anatomy of Sree
Balgji Medical College & Hospital, Chrompet along with the support of Medical Council
of India. Yoga & Dance being the ancient knowledge of India is scientifically approved
and practiced world over. The importance of plyometricsis being recognized world over.
| am happy that such a theme is thought of for a conference by the department of
Anatomy. The glorious heritage of India’s medical education continues, and today, our
medical expertise and quality of our performance in the field of science heath have
earned us an enviable global recognition.

In this present day national context of a fresh impetus, the Management of Sree
Balgi Medica College & Hospital, chooses to express its deep sense of appreciation of
your zeal and vision. | hope that deliberation at the conference will shed fresh light on
our path towards realization of our cherished goal of service-the noble cause of our
peopl€e's hedth.

| wish the Conference every success.

Dr. SJagathrakshagan, M. A., D. Litt
Founder Chancellor, Bharath University






Chairman Message

It is heartening to note that a National conference on Yoga, Dance and
Plyometrics — Y ODAP -19 is to be conducted by the Department of Anatomy of the Sree
Balgji Medica College & Hospital.

The enthusiasm shown by the Dean, Vice-Principal and the Staff of the Anatomy
department is commendable and this has motivated the management of the institution in
supporting them. | am told the conference would be attracting anatomists and medical
faculty not from all over Tamil Nadu but also from all over India. | consider it my good
fortune and privilege as the Chairperson of the Sree Balgji Medical College and Hospital
to be associated with this conference and support it in whatever way | could.

| take this opportunity to congratulate our Dean, Dr. P.Saikumar, Vice-Principal
and organizing secretary of the conference Dr.W.M.S.Johnson, for their leadership. | a'so
congratulate all the supporting staff of the Anatomy department and other department for
risng up to the occasion and organizing this important event which would be
remembered as an important milestone in the life of this young institution.

| wish the Conference every success.

(\//_/ A
Dr. J. Srinisha

Chairman
Sree Balgji Medical College and Hospital
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Advisor’s Message

YogaisReligion...
It is the personal change, adjustment, integration
It is not profession of doctrine
It is the reconditioning of one’s nature
It is not intellectual orthodoxy
It is the awakening of the life of spirit in man
- Swami Vivekananda

| wish the National Conference on Anatomy of Yoga, Dance and Plyometrics
bring the goal of spiritua realization that can be reached by any one of the different
methods and also understand the Anatomy of muscle synergies and various range of
movements of the body.

It is heartening to note this conference paves the way of understanding Anatomy
inanovel way.

ﬁ el o

Dr. R. Veerabahu, M .D.,
Advisor
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Vice Chancellor Message

| am extremely happy to know that the Dept of Anatomy is organizing a
National Conference on “Anatomy of Y oga, Dance and Plyometrics’

Non-Communicable diseases is the major cause of death world wide. Physical
inactivity is the major cause of non-communicable diseases. Physical inactivity can be
overcome by yoga, Dance and Plyometrics. The National Conference will throw light on
the benefits of yoga, dance and Plyometrics and they will contribute to reduction in non-
communicable diseases. The Conference will not only motivate our young medicos to
take active research in these fields but also practice any of these physical activities to
keep them safely, away from the non-communicabl e diseases.

As prevention is better than cure, preventive measures has to be followed by all
which would further increase the economy of the country and quality of life of the
people.

| wish the national conference a grand success.

Dr. V. Kanagasabai

Vice Chancellor
Bharath University
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Dean Message

It gives me immense pleasure to know that the Department of Anatomy, Sree
Balgji Medical College and Hospita is organising a National Conference on Anatomy
of Yoga, Dance, Plyometrics “YODAP 19" between 4" and 5" APRIL 2019 under the
able guidance of Prof. Dr. WMS JOHNSON, Vice principa (Dean additional Incharge)
and Head of Anatomy Department, SBMCH .

| take this opportunity to congratulate the organizing committee of this
conference who have put in their efforts to make the event a grand success.

| wish the invited lectures and the research paper presentation will enlighten and
update the delegates of the recent developmentsin thisfield.

My best wishesto one and all.

/ AV/
Dr. P Sai Kumar
Dean

Sree Balgji Medical College and Hospital
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Vice-Principal Message

It gives me great pleasure to pen this greeting for the National conference in
Anatomy of Yoga, Dance & Plyometry.

The organizing committee has well conceptualized the theme which is of
practical importance rather than dealing with routine Anatomy topics. Keeping fit is
anyone's desire and staying fit is what matters in maintaining positive health. Hence the
combination of deliberations on Yoga, Dance & Muscle training will throw light on this
particular aspect.

| wish the organizing committee all the very best & the participants to have
enlightment on health.

Best Wishes

Dr. WM S Johnson, MD PhD
Vice Principal & Deani/c
HOD Department of Anatomy

XiX






Medical Superintendent’s Message

At the outset, | congratulate the Department of Anatomy to host the National
Conference /International conference every year. Conferences are held to facilitate
knowledge & exchange of ideas. By attending conferences, presenting papers, graduate
students get trained in research early in their career. | would appreciate the mentors of
the students if they can guide the presentations to be made as manuscripts for journals.
Thiswill help them learn the next level in their scientific knowledge.

The theme selected for the conference is very interesting and | hope meaningful
deliberations will be made during the academic feast. Many professional and Olympic
athletes use plyometrics training to improve muscular strength and jumping abilities
which therefore increases their power. There are varying levels of intensity to
plyometrics. Another benefit of plyometrics are that you can vary your level of intensity
which means anyone looking to improve strength and jump training can be involved
regardless of fithess.

Sports Medicine is an emerging field & hence am sure young students will
choose this as specialization.

| once again congratulate the organizers for conducting the conference and
inviting good resource persons as Guest speakers

Best wishes

Dr Sridhara Narayanan MS
Medical Superintendent

XXi






Guest Speakers

Dr. C. Vasanthi Dr.VidhyaC.S Dr. Kumar Satish Ravi
Asst Professor Associate Professor of Anatomy, Sub Dean (Academics) &
Dept of Arthroscopy & Sports Medicine JSS Medical college, Additional Proctor,
Sri Ramachandra Institute of Higher Mysore Associate Professor of Anatomy,
Education & Research, Chennai AlIMS Rishikesh.

Kalaimamani Mrs. Padmini Dr. Jibu George Dr.Kafeel Hussain

Dorairajan Varghese Associate Professor,
Dept. of Anatomy, Shri Sathya

Classical Bharathnatiyam Dancer, Professor and Vice Principal g ;
Director, Saveetha College of Sai Medical College & Research
Kalanjali Centre for Performing Arts, Physiotherapy, Chennai Institute
Chennai
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Panel Discussion

Panellists
Dr.PSL. Saravanan Dr. C. Vasanthi
Professor of Physiology Asst Professor
Sivagangai Medical College Dept of Arthroscopy & Sports Medicine
Sri Ramachandra Institute of Higher
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Certified Zumba Instructor, Professor of Physiology
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Programme Schedule - Day 1

4.04.2019

Time

Registration

9:00 am —9:30 am

I nauguration

9:30 am — 10:00am

“Plyometric Anatomy”

Dr. C. Vasanthi

Asst Professor, Dept of Arthroscopy & Sports Medicine

Sri Ramachandra Ingtitute of Higher Education & Research,
Chennai,

10:00 am — 10:45am

“Common muscle synergies for balance and walking”

Dr. Kumar Satish Ravi
Sub Dean (Academics) & Additional Proctor,
Associate Professor of Anatomy, AlIIMS Rishikesh.

11:00 am - 11:45 am

“Role of Anatomy in Yoga”

Dr.VidhyaC.S
Associate professor of Anatomy
JSS Medical college, Mysore

12:00noon - 12:45pm

Lunch (Venue College Block)

1:00pm —2.00 pm

Panel Discussion (Hippocratus Hall)
“ Staying fit, what helps Best? Y oga/ Dance/ Plyometry”

Moderator: Dr. P Sathya
Professor of Physiology, Madras Medical college.

Pandlists

Dr. PSL. Saravanan
Professor, Sivagangai Medical College

Dr. C. Vasanthi,
Asst. Professor, SRIHER

Mrs. Bhagyashree .R
Certified, Zumba I nstructor.

2:00pm - 4:00pm
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Programme Schedule - Day 2

5.04.2019

Time

“Kinematic of Joints among dancers; the various range
of movements of small joints in different Mudras”

Kalaimamani Mrs. Padmini Dorairajan
Classical Bharathnatiyam Dancer
Director, Kaanjali Centre for Performing Arts, Chennai

9:30 am- 10:30am

“Plyometric training - Adding explosiveness
to movements”

Dr. Jibu George Varghese
Professor and Vice Principal
Saveetha College of Physiotherapy
Saveetha University, Chennai

10:30 am —11:15am

“Repetitive Injuries in sports personnel”

Dr. Kafeel Hussain

Associate Professor of Anatomy

Sri Sathya Sai Medical College & Research Institute,
Tiriporur.

11:15 am - 12:00 Noon

Paper & Poster Presentations

12 Noon —1:00 pm

Lunch (Venue College Block)

1:00pm — 2:00 pm

Valedictory Function & Prize Distribution

2:00 pm - 3:00 pm
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Plyometric Anatomy

Dr. C. Vasanthi mD

Assistant Professor, Department of Arthroscopy and Sports Medicine,
Sri Ramachandra Institute of Higher Education and Research, Chennai

Plyometric training is defined as a quick, powerful movement involving an
eccentric contraction, followed immediately by an explosive concentric contraction. This
is accomplished through the stretch-shortening cycle or an eccentric-concentric coupling
phase. Plyometric exercise stimulates the body’s proprioceptive and elastic properties to
generate maximum force output in a minimum amount of time.

Plyometric training is an effective mode of training as it enhances motor learning
and neuromuscular efficiency promoting the excitability, sensitivity, and reactivity of the
neuromuscular system to increase the rate of force production (power), motor-unit
recruitment, firing frequency (rate coding), and synchronization.

Plyometric training provides the opportunity to train specific movement patterns
in a biomechanically correct manner at a more functionally appropriate speed. This
provides functional strengthening of the muscle, tendon, and ligaments specific to the
demands of everyday activities and sports. The ultimate goal of plyometric training is to
improve the reaction time of the muscle action spectrum-eccentric deceleration,
isometric stabilization, and concentric acceleration.

Three Phases of Plyometric Exercise

There are three distinct phases involved in plyometric training including the
eccentric, or loading, phase; the amortization, or transition, phase; and the concentric, or
unloading, phase.

Minimum Requirementsfor Participation in Plyometric Training Program
Proper technique for each drill
More than three months of resistance training experience
Sufficient strength, speed, and balance for the level of drill used

Over 13 years of age. No current injuries to involved body segment
Plyometric Program Design

After an evaluation of the client’s needs, the mode, intensity, frequency,
duration, recovery, progression, and a warm-up period must all be included in the design
of a sound plyometric training program.
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Role of Anatomy in yoga

Dr Vidya CS

Associate Professor, Department of Anatomy JSS Medical College JSS Academy
of Higher education and Research, Mysore-15

Abstract:

Yoga is the art and science of resolving the inherent opposition in all things to
create a union of body, mind and soul. Meditation is an integral component and the
essence of yoga. Yoga is the path, which integrates the body, senses, mind and the
intelligence with the self”. Understanding of basic anatomy is essential to:

e cenhance one’s yoga practice

e improve one’s ability to increase strength, flexibility, cardiovascular fitness and
inner wellbeing

e minimise the risk of injuries as a result of yoga practice

e help to use hatha yoga to recover from a variety of musculoskeletal injuries and
medical conditions.

Yoga can be divided into two parts that can be referred to as physical yoga and
non-physical yoga. Physical yoga, which consists of physical exercises(Asana) and
breath-control (Pranayama), is often thought of as a static or slow-moving type of
stretching and relaxation. Physical yoga can manipulate internal organs and modify
blood chemistry Non-physical yoga, which consists of ethical disciplines and meditative
practices, can help to expand one’s mind, explore one’s emotions, and develop the
relationships between oneself and the rest of the world.

Yoga exercises bring an awareness or sensation to muscles through learning to
activate or stretch the muscles of different body parts. In order to safely and effectively
stretch both muscles and tissues in hatha yoga one must establish correct positioning
(asanas), understand nerves as (physical manifestation of specialized naadis), understand
muscle co-oactivation and to create proper physiological environment through a
combination of breath control and diet.However, in some cases, incorrect practice or
unsafe technique can aggravate a practitioner’s pre-existing medical problems or it can
actually create new problems.

1. 2.2.0.0.0.8.8.8.8 .



“Kinematic of Joints among dancers; the various range of
movements of small joints in different Mudras”

Kalaimamani Mrs. Padmini Dorairajan

Classical Bharathnatiyam dancer
Director, Kalanjali Centre for Performing Arts, Chennai

Bharatanatyam is the classical form of dance originating from Tamil Nadu in the
South of India. A highly stylised dance form using body, mind and soul it has won many

admirers world over.

Dancers in all dance forms engage in aesthetic and challenging movements.
Their training, choreography and performances require a great deal of strength, stamina,

flexibility, grace, passion, and emotion.

In our presentation today I would like to touch upon the use of the joints in
our body in Bharatanatyam - both major and minor to create beauty of movement in our
art. The small joints of our fingers create the gestures or "mudras", whereas the larger
joints allow the performance of the varied steps and poses.

The “mudras” all used in dance to speak using hand gestures. In visually
converge the outer event as well as inner felings. Approximately 55 roof "mudras" are
used in Bharatanatyam using one hand of both hands.

Every part of a dancer works in perfect harmony, right from the eyebrows to the
toes- the gliding of the neck from side to side and the roll of the eyes creating an
expressive, graceful experience.

2 8.8.8.0.0.0.0.8.8



“Plyometric training - Adding explosiveness to movements”

Dr. Jibu George Varghese

Professor and Vice Principal, Saveetha College of Physiotherapy
Saveetha University, Chennai

Introduction and history of Plyometrics: Plyometric system of training was first
formalized in the early 1960’s as a scientific training system by Dr. Yuri Verkhoshansky.
Verkhoshansky favored the term ‘shock method’ to distinguish between naturally
occurring plyometric actions in sport and the training system he devised to develop

speed-strength

The actual term plyometrics was first introduced in 1975 by American track
coach Fred Wilt, although there is agreement on the benefits of basic plyometric
principles, there is controversy regarding an optimal training routine. Today, the chief
proponents of plyometrics are still in the track and field community

Plyometrics — plyos for short — is a type of exercise that trains muscles to

produce power (strength + speed)

While strength training mostly creates nervous system and muscular adaptations
to get stronger, plyometric exercises will help improve explosiveness — our ability to
generate maximum force in a minimum time. The gains athletes make from plyometric
training can directly translate to better performance on the field. Plyometric training
takes advantage of a rapid cyclical muscle action known as the ‘stretch-shortening cycle
(SSC), whereby the muscle undergoes an eccentric contraction, followed by a

transitional period prior to the concentric contraction

Physiology of Plyometric exercise: The physiological research supporting the
effectiveness of plyometrics cites two important factors:

1. The serial elastic components of the muscle which includes the tendons and the
cross bridging charactyeristics of the act in and the myosin that make up the

muscle fibers

2. The sensors in the muscle spindles that play the role of presetting muscle tension
and relaying sensory input related to rapid muscle stretching for activation of the

stretch reflex.

Phases of Plyometric exercises: It is considered to be Triphasic — Loading, Coupling &
Unloading



Many neurophysiological mechanisms have been considered to underpin and explain the

impact of plyometric training on the SSC. Most of which include:

e Improved storage and utilization of elastic strain energy

e Increased active muscle working range

e Enhanced involuntary nervous reflexes

e Enhanced length-tension characteristics

e Increased muscular pre-activity

e Enhanced motor coordination

Plyometrics are highly-coordinated and skillful movements: Plyometric activities

require athletes to produce high levels of force during very fast movements. They also

demand the athletes to produce this force during very short timeframes.

As a result, plyometrics are not typically seen as just exercises or drills, but more
as complex ‘movement skills’ due to their high-complexity. Understanding this is vital
and highlights how highly-coordinated these movements are, and why they require a
large amount of attention and coaching if optimal, yet safe, performance gains are to be
made. The intensity of plyometrics is difficult to measure

Criteria for initiating Plyometric exercise: The athlete should maintain sufficient
neuromuscular control to generate and attenuate high impulse joint loads. He should also
demonstrate good dynamic posture, full range of joint motion, adequate base level

strength, endurance and neuromuscular control.

Plyometric Precautions: There are also considerations of precautions to avoid adverse
effects:

e Higher risk of injury
e Not for beginners
e It'sreally hard

e [t can lead to overtraining
2.2.2.0.0.0.8.0.0.8 ¢



Repetitive Injuries in sports personnel

Dr. Kafeel Hussain

Associate Professor, Dept. of Anatomy,
Shri Sathya Sai Medical college & Research Institute

Abstract

Injury occurs when mechanical energy is transferred to the body in amounts or at
rates that exceed the threshold for human tissue damage. Injuries could either be acute or
due to over use. Acute Injuries are often caused by a macro traumatic even where
extrinsic factors like the opponent, defective equipment or surface play a major role,
where as overuse injuries are typically are more complex and there is a greater
contribution from intrinsic factors like Age, strength, movement quality, previous injury,
fitness, training load and fatigue. Common repetitive injuries include Bursitis, tendinitis /
tendonitis, epicondylitis (tennis elbow),ganglion cyst, tenosynovitis and trigger finger.
When an athlete gets injured, apart from the physical stress, psychological and
emotional responses like sadness, isolation, irritation, lack of motivation, anger,
frustration, changes in appetite, sleep disturbance and disengagement occur. Moreover,
Sports Injuries take 2 weeks to 6 months or even more to heal. This considerabily affects
not only their morale but also their livelihood. Hence, proper counselling and support are
as much as important as physical rehabilitation.
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Common Muscle Synergies for Balance and Walking

Dr. Kumar Satish Ravi

MBBS, MD (JIPMER), MAMS
Sub Dean (Academics), AIIMS RISHIKESH

“’Synergy’” literally means “’working together’’.  Synergistic control of
movements is normal but may become abnormal when person can’t move out of the

synergistic pattern.

““Muscle synergies’” - Coordinated recruitment of a group of muscles with

specific activation balances or specific activation waveforms.

“BALANCE" - Technically defined as the ability to maintain the center-of-
gravity (COGQG) of an object within its base-of-support (BOS).

If this relationship isn’t maintained then a system will be unbalanced

Human balance is a complex process involves the integration of sensory
information from peripheral end organs to detect body position in relation to
environment. Integration of this information by CNS to produce adequate and proper

motor output in form of automatic postural responses.
SYSTEMS MODEL OF BALANCE

Goal/Task
Orientation

Sensory
Organization

Model Components of Musculoskeletal System

e ROM of joints, Strength/power, sensation, Pain, Reflexive inhibition, Abnormal

muscle tone
Central Set
e (NS may select a motor program to fine-tune a motor experience

Model Components Environmental Organization



e Nature of contact surface, Nature of the “surrounds”
Regulatory features of the environment (Gentile)
Model Components of Motor Coordination

e Movement strategies, Feedback & feed forward control & Adjustment/tuning of

strategies
Strategies to Maintain/Restore Balance - Ankle, Hip, Stepping & Suspensory
Model Components of Sensory Organization
e Balance/postural control via three systems: Somatosensory, Visual & Vestibular

Recent research demonstrates the neural control of muscles may be modular,
organized in functional groups often referred to as muscle synergies. Each muscle
synergy is proposed to specify a fixed pattern of co-activation across multiple muscles at

any given time point.

Muscle synergies have been used to describe muscle coordination during a
variety of motor behaviours including balance control, walking reaching and grasping.
Moreover, common muscle synergies have been identified across different motor
behaviours such as frog swimming, kicking, and jumping, forward and backward

locomotion, and across reactive balance conditions

Muscle synergies have been used to describe muscle coordination during a
variety of motor behaviours including balance control, walking reaching and grasping.
Moreover, common muscle synergies have been identified across different motor
behaviours such as frog swimming, kicking, and jumping, forward and backward

locomotion, and across reactive balance conditions

‘Gravity line falls: Forward of ankle, Through or forward of the knee, Through
of behind the hip (common hip axis), Behind or through thoracic spine & through
acromium.
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Panel Discussion

Staying Fit, what helps best? Yoga/ Dance/ Plyometry

Physical fitness is a state of health and well-being and, more specifically, the
ability to perform aspects of sports, occupations and daily activities. Physical fitness is
generally achieved through proper nutrition, moderate-vigorous physical exercise, and

sufficient rest.

Fitness involves many aspects like — cardiovascular fitness, muscular fitness,
flexibility, body composition and also mental stability. Only some of these are

measurable physiologically and through lab investigations.

Yogais a group ofphysical, mental, and spiritual practices or disciplines which
originated in ancient India. It is a system of physical and spiritual practices. There is a
broad variety of yoga schools, practices, and goals. For fitness the asana’s’usually
advocated are “paripurna navasana’ or the boat pose, “Chaturanga dhandasana” or the
four limbed staff pose, “salabhasana” or the locust pose, the dolphin pose etc. There is no
particular age to practice yoga. Yoga poses for health can be light hearted as well as hard
core. Yoga ranges from asanas to pranayam. While the asanas involve body movement,
the pranayams are mainly calm and for mind relaxation. Practicing yoga by young and
old alike regularly will not only improve your physicality but also relax your mental
system keeping you composed to handle situations with ease. The advantage of yoga is
that it also helps in mental fitness. Yoga is a very effective stress reduction and
relaxation tool. Performance of various postures requires the tensing and stretching and
then relaxing of muscle groups and joints, which effectively produces relaxation. It also
helps in improving quality of life. The disadvantage is if the person enrols in a wrong

practioners or wrong type of classes.

Danceis a performing art form consisting of purposefully selected sequences of human
movement. This movement has aesthetic and symbolic value, and is acknowledged as
dance by performers and observers within a particular culture. Dance can be categorized
and described by its choreography, by its repertoire of movements, or by its historical
period or place of origin. Aracheological evidence for early dance includes 9,000-year-
old paintings in India at the Rock Shelters of Bhimbetka, and Egyptian tomb paintings
depicting dancing figures, dated c. 3300 BC. It has been proposed that before the



invention of written languages, dance was an important part of the oral and performance
methods of passing stories down from one generation to the next. In India there are about

10 forms of classical dance and many types of folk dance.

Zumba is an exercise fitness program created by Colombian dancer and
choreographer Alberto "Beto" Perez during the 1990s. Zumba involves dance and
aerobic movements performed to energetic music.The choreography incorporates
hiphop, soca, samba, salsa, merengue and mambo. Sqauts and lunges are also included.
In one Zumba class, a person can burn up to 600 calories, depending on the energy put
forth. There are many forms of Zumba depending on age, sex and physical health of a
person. The advantage of Zumba is that it targets lots of different muscle groups at once
for total body toning. It helps in boosting heart health. Not only the person get aerobic
benefits, but also get anaerobic benefits which helps you maintain a good cardiovascular
respiratory system. It greatly helps in de-stress. The disadvantages are that since zumba
is an aerobic-based dance and workout routine, so it helps in losing weight, but if it is
stopped and not done regularly, it might cause a gain in weight. It is a workout that can
be fast in its pace, so there are chances of injury by falling or tripping or a muscle sprain.

Plyometrics, also known as jump training or plyos, are exercises in which muscles exert
maximum force in short intervals of time, with the goal of increasing power.
Plyometrics are ideal for athletes or people looking to improve muscular power, speed
and strength. Plyometric exercises include vertical and broad jumps, where you jump as
high and/or as far as possible. Skipping rope, jumping squats, single leg hopping and
clapping push-ups are also great examples of plyometric exercises. They also help
facilitate weight loss and help tone and define your muscles; however, these exercises

are not without risk.

Yoga, Dance in any form and plyometrics all are very useful in staying fit.
Depending on the age, sex and physical health of a person appropriate training must be
given. The ultimate thing is that fitness is very important for a person.

2.2.2.0.0.0.8.0.0.8 ¢
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The Neurobiology of Developmental Dyslexia

R. Kavithaa’, Dr. R. Archana?, Dr.WMS. Johnson®

Ph.D., Research Scholar, Department of Psychology,
Bharath Institute of Higher Education and Research, Chennai.
?Associate Prof. of Anatomy, SBMCH, *Prof. of HOD of Anatomy, SBMCH
Email: kavitharameshrocks@yahoo.com. Mobile: 9840754690.

Introduction

Dyslexia is a learning disorder that involves difficulty reading due to problems
identifying speech sounds and learning how they relate to letters and words (decoding).
Also called reading disability, dyslexia affects areas of the brain that process language.
People with dyslexia have normal intelligence and usually have normal vision. Most
children with dyslexia can succeed in school with tutoring or a specialized education
program. Emotional support also plays an important role. Though there's no cure for
dyslexia, early assessment and intervention result in the best outcome. Sometimes
dyslexia goes undiagnosed for years and isn't recognized until adulthood, but it's never
too late to seek help.

Keywords: Development, Communication Skills, Early Intervention.
What isdyslexia?

Dyslexia has been around for a long time and has been defined in different ways.

n

For example, in 1968, the World Federation of Neurologists defined dyslexia as "a
disorder in children who, despite conventional classroom experience, fail to attain the
language skills of reading, writing, and spelling commensurate with their intellectual
abilities." The International Dyslexia Association offers the following definition of

dyslexia:

"Dyslexia is a specific learning disability that is neurobiological in origin. It is
characterized by difficulties with accurate and/or fluent word recognition and by poor
spelling and decoding abilities. These difficulties typically result from a deficit in the
phonological component of language that is often unexpected in relation to other
cognitive abilities and the provision of effective classroom instruction. Secondary
consequences may include problems in reading comprehension and reduced reading

experience that can impede growth of vocabulary and background knowledge."

Dyslexia is the most common learning disability in children and persists
throughout life. The severity of dyslexia can vary from mild to severe. The sooner

13



dyslexia is treated, the more favorable the outcome. However, it is never too late for

people with dyslexia to learn to improve their language skills.

What causes dyslexia?

Children with dyslexia have difficulty in learning to read despite traditional
instruction, at least average intelligence, and adequate motivation and opportunity to
learn. It is thought to be caused by impairment in the brain's ability to process phonemes
(the smallest units of speech that make words different from each other). It does not
result from vision or hearing problems. It is not due to mental retardation, brain damage,
or a lack of intelligence.

The causes of dyslexia vary with the type. In primary dyslexia, much research
focuses on the hereditary factors. Researchers have recently identified specific genes
identified as possibly contributing to the signs and symptoms of dyslexia. This research
is very important because this may permit the identification of those children at risk for
developing dyslexia and allow for earlier educational interventions and better outcomes.

What arethe different types of dyslexia?

e Primary dyslexia: This is the most common type of dyslexia, and is a
dysfunction of, rather than damage to, the left side of the brain (cerebral cortex)
and does not change with age. There is variability in the severity of the disability
for Individuals with this type of dyslexia, and most who receive an appropriate
educational intervention will be academically successful throughout their lives.
Unfortunately there are others who continue to struggle significantly with
reading, writing and spelling throughout their adult lives. Primary dyslexia is
passed in family lines through genes (hereditary) or through new genetic
mutations and it is found more often in boys than in girls.

e Secondary or developmental dyslexia: This type of dyslexia is caused by
problems with brain development during the early stages of fetal development.
Developmental dyslexia diminishes as the child matures. It is also more common
in boys.

e Trauma dyslexia: This type of dyslexia usually occurs after some form of
brain trauma or injury to the area of the brain that controls reading and writing. It
is rarely seen in today's school-age population.

Areas of typical difficulty for all Specific L earning Difficulties

() Information Processing

e Difficulties with taking in information efficiently (this could be written or
auditory).

14



Slow speed of information processing, such as a 'penny dropping' delay between
hearing something and understanding and responding to it.

(ii) Memory

Poor short term memory for facts, events, times, dates.

Poor working memory; i.e. difficulty holding on to several pieces of information
while undertaking a task e.g. taking notes as you listen, coping with compound
questions.

Mistakes with routine information e.g. giving your age or the ages of your
children.

Inability to hold on to information without referring to notes.

(iii) Communication skills

Lack of verbal fluency and lack of precision in speech.
Word-finding problems.

Inability to work out what to say quickly enough.
Misunderstandings or misinterpretations during oral exchanges.

Over-loud speech (which may come across as aggressive) or murmuring that
cannot be clearly heard.

Sometimes mispronunciations or a speech impediment may be evident.

(iv) Literacy

Lateness or difficulty in acquiring reading and writing skills. Some dyslexic
adults have severe literacy problems and may be functionally illiterate.

Where literacy has been mastered, residual problems generally remain such as
erratic spelling, difficulty extracting the sense from written material, difficulty
with unfamiliar words, an inability to scan or skim text.

Particular difficulty with unfamiliar types of language such as technical
terminology, acronyms. Sequencing,

(v) Organization and Time Management

Difficulty presenting a sequence of events in a logical, structured way.
Incorrect sequencing of number and letter strings.
Tendency to misplace items; chronic disorganization.

Poor time management: particular difficulties in estimating the passage of time.

(vi) Direction and Navigation
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e Difficulty with finding the way to places or navigating the way round an

unfamiliar building.
(vii) Concentration

e  Weak listening skills, a limited attention span, problems maintaining focus.

e A tendency to be easily distracted, inability to remain focused.
(viii) Sensory Sensitivity
e A heightened sensitivity to noise and visual stimuli.

e Impaired ability to screen out background noise or movement.

e Sensations of mental overload/switching off.
(ix) Lack of awareness

e Failure to realize the consequences of their speech or actions.
e Failure to take account of body language.
e Missing the implications.

Neurobiology of DD

Evidence for a neurobiological basis for DD comes from postmortem
examinations and brain imaging of individuals with DD. Postmortem examinations of
four male and three female brains with DD made two primary observations; an increase
in abnormalities of the left hemisphere concentrated around the perisylvian region and
near symmetry of the planum temporal. The abnormalities included neuronal ectopias
and focal architectonic dysplasias, specifically micropolygyria, of the left planum
temporale. The ectopias, consisting of nest of neurones, and occasionally the dysplasias,
were often found in layer I of predominantly the left inferior frontal and superior
temporal gyri. An important inference from these studies was that the abnormalities, or
lesions, occurred at a time of peak neuronal migration during embryonic development.
Subsequently, visual processing experiments indicated problems with rapid visual
processing in individuals with DD. This led to the postmortem re-examination of the
same DD brains as before. This revealed dis- organisation of the magnocellular, but not
the parvocellular, layers of the lateral geniculate nuclei (LGN). This region of the brain
forms part of the primate visual system and so these observations were consistent with
the visual processing deficiencies observed in DD. The cell bodies comprising the
magnocellular layers of the LGN from the DD brains also appeared smaller than in

control brains.
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Similarly, the results from auditory processing experiments indicated problems
with rapid auditory processing in individuals with DD. This again led to the re-
examination of same DD brains. This time the medial geniculate nuclei (MGN) were
examined as these are involved in the auditory processing system. The DD brains
presented greater asymmetry between the left and right MGN than in control brains, and
generally the left MGN had more smaller and less larger neurones. Much has been learnt
about the processes of reading by functional neuroimaging of brains unaffected with DD.
These studies suggest that two posterior pathways exist, namely the dorsal and ventral
pathways, along with an anterior component and that generally there is a bias of left side
processing. The dorsal pathway is centred on the left temporoparietal regions. It includes
the angular and supramarginal gyri, and also the left posterior end of the superior
temporal gyrus, and deals with attentionally controlled mapping of graphemes of a visual
word onto phonological representation. An underactivation in this pathway is considered
as correlate of a phonological deficit. The ventral pathway is centred on the left inferior
occipitotemporal region and includes the posterior fusiform gyrus. It may be required for
the quick automatic processing of familiar visual words or frequent letter strings within
words. The under activation of this pathway in dyslexic subjects was interpreted as
correlate of the slow and erroneous word recognition. The anterior component is centred
on the left inferior frontal gyrus and mainly cor- relates with the articulation of speech
sounds. An over activation in this brain region was seen as compensatory, although
ineffective articulatory-based access to phonological word representations in DD.

Many functional neuro imaging studies have demonstrated altered activity of
exactly these regions in DD brains. For example, in one study, phonological and lexical
tasks resulted in the activation of the left inferior temporal gyrus of most control brains,
whereas almost none of the DD brains showed any activation of this region. Several
studies have also demonstrated reduced activity of left temporoparietal regions
(including the angular and supramarginal gyri) on tasks of word reading, non-word
reading and letter rhyming, and left occipitoparietal regions on tasks of letter matching.

A large study comparing 70 DD brains to 74 control brains similarly revealed
reduced left inferior frontal, left superior temporal, left occipitotemporal and left
temporo- parietal regional activity on several reading-related tasks. In addition, a positive
correlation was observed between individual reading skill and activity in left posterior
regions, for example, between pseudoword reading and the left occipitotemporal region.
A compensatory higher activation pattern in DD subjects was found repeatedly in the left

inferior frontal brain area. Imaging studies have also identified greater asymmetry and
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less grey matter content of the cerebellum in DD brains, with one study indicating as

maller right anterior lobe correlates with phonological deficits.

Finally, it is often observed that the equivalent homo- topic right hemispheres
display increased activity in DD brains, perhaps as a compensatory measure. For
example, the right temporoparietal regions (including the angular gyrus) displayed
greater activation in response to both word and non-word reading, and increased activity
in the right relative to the left inferior temporal gyrus during a phonological task.

Genetic studies on dyslexia
Familiarity of DD

Developmental dyslexia does not just occur randomly within the population. In
fact, familial clustering of DD was observed well over 100 years ago. It was later
observed that an individual’s risk of being affected increased, when other family
members were already affected. Later, it was observed that 9% of control children had a
sibling or parent with some form of reading problem, when compared with 34% of
children with DD. Recently, it has been shown that 20-33% of siblings of affected
individuals, with unaffected parents, are themselves also affected. This increased to 54—
63% if either (but not both) parent was also affected, and to 76—78% if both parents were
affected. For spelling disorder, the percentage of affected siblings has been found to be
higher (52—62%) than for word reading. The sibling recurrence risk of DD, that is the
probability of an individual being affected with DD given a sibling is already affected
(regardless of parental affection status), is estimated as 43-60%. With a population
prevalence of *10% and a sibling recurrence risk of *50%, the sibling relative risk can be

estimated as between 4 and 6, and increases with stricter affection status criteria.
Heritability of DD

With such a strong familial basis for DD, twin studies have been employed to
evaluate the contribution of the environmental and genetic components underlying its
actiology. Typically, such studies utilise large sets of monozygotic (MZ) and same sex
dizygotic twins. The concordance rate for DD is then compared between the two sets of
twins. A higher concordance rate in the MZ twins would be suggestive of a genetic
actiology for DD, and fittingly this has been shown consistently; 1.00 versus 0.52, 0.91
versus 0.45 and 0.68 versus 0.38. Twin studies also enable estimates of the heritability of
DD, that is the proportion of phenotypic variation attributable to genetic variation, with
figures ranging from 0.30 to 0.70, depending on the diagnostic criteria, age and sample

size.
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Thedydexic'sbrain
The seminal anatomical studies of the Boston school

Undoubtedly, the most significant contribution of these last few decades to the
neurology of dyslexia was the description by Galaburda and colleagues of the brains of
one (Galaburda and Kemper, 1979), then four (Galaburda et al., 1985) brains of male
dyslexic subjects. Later on, the same group reported the analysis of three additional
female brains (Humphreys et al., 1990). To summarize these studies, two main
observations were made. First, at the microscopic level, a meticulous analysis of serial
coronal slices of the post-mortem specimens, compared with a similar analysis of non-
dyslexic brains (Kaufmann and Galaburda, 1989) disclosed specific cortical
malformations including ectopias (small neuronal congregations in an abnormal
superficial layer location), mainly distributed across both frontal regions and in the left
language areas; dysplasia (loss of characteristic architectural organization of the cortical
neurons, mainly subjacent to the site of ectopias); and more rarely, vascular micro-
malformations. In some instances, these cortical malformations took the appearance of a
microgyrus (or micropolygyrus), an aspect also found in the subsequent analysis by
Cohen and colleagues of the brain of a dysphasic child (Cohen et al., 1989) (It must be
noted that, even though the child whose brain was studied by Cohen and colleagues was
unequivocally suffering important delays in oral language acquisition, in several of the
dyslexics reported by Galaburda et al. (1985), oral language was also reported as being
delayed.) No ectopias were found in the study by Cohen and colleagues, but the
microgyrus, as reported by Galaburda and Kemper (Galaburda and Kemper, 1979), was
located in the left temporal cortex. The main lesson drawn from these microscopic
observations is that all the brains studied differed from control brains in a way that
suggested abnormal cortical development. Since neuronal migration is thought to take
place during the sixth gestational month, the mechanism leading to these cortical lesions
was presumed to occur before or during this period of the foetal brain development.
Finally, in addition to these neuronal abnormalities, the female brains showed glial scars
in the border zones between the arterial territories, suggesting a vascular mechanism,
supposedly of immune origin (Humphreys et al., 1990).

Besides these microscopic anomalies, all the dyslexic brains of the Boston
studies, as well as that of the dysphasic child studied by Cohen and colleagues (Cohen et
al., 1989), displayed a macroscopic peculiarity, namely an absence of the usual left >
right asymmetry of the planum temporale. In fact, this small triangular part of the

superior surface of the temporal lobe had been reported by earlier anatomists as
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asymmetrical in the majority of brains, a fact confirmed in the first such study in the
modern area by Geschwind himself (Geschwind and Levistky, 1968; for a review, see
Galaburda and Habib, 1987). Since this asymmetry was believed to parallel the
functional linguistic preponderance of the left hemisphere, and by reference to the above-
mentioned evidence of incomplete lateralization in dyslexics, this region naturally
deserved to come under close scrutiny. The prediction was apparently totally confirmed,
since all the brains studied displayed this particular symmetrical aspect; however, it is
not specific since it is present in roughly one-third of routine brains. In other terms,
planum symmetry seemed necessary but not sufficient to define the dyslexic's brain.
Although the developmental mechanisms leading to such atypical symmetry still remain
a subject of debate (see, for instance, Steinmetz, 1996), these findings, combined with
the above-mentioned microscopic features, have been generally considered good
evidence of maturational deviance being at the origin of the learning difficulties of

dyslexics.
Conclusion

Dyslexia is not some pre-existing brain fault, distinct from normality, which
hinders learning to read. Rather, dyslexia is just what happens when a brain is not
particularly well suited to learning to read, a “shorthand descriptor [that] summarizes
the...major area of deficit” ([3], p. 39). As aptly put by Bishop and Rutter [3], “[a]
statement such as ‘My child can’t read because he’s dyslexic’ is not an explanation,
rather it is a circular redescription of the problem” (p. 39). This is because the term
“dyslexia” is merely a label for poor word reading that persists in spite of appropriate
educational experiences, rather than referring to an underlying cause for it. Treating
difficulty learning to read as some sort of neural disorder, akin to brain damage, is as
offensive to the people who struggle with reading as it is misleading for the researchers
who try to understand it and for the clinicians and educators who encounter it in their
daily practice and will mistakenly come to associate it with pervasively disabling
conditions with identifiable pathology and substantially poorer prospects.

2 82.8.8.0.0.8.0.0.8
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Effect of Mahamantra Chanting on Autonomic Functions
and Cortisol Levels: Implications for Prevention of
Stress Related Metabolic Disorders

Lavanya Sekar’, Niva.W.J?, Mahesh Kumar', Ganesan Thangavel®, Manikantan’,

Santhi Silambanan®, Padmavathi Ramaswamy7

1347 pepartment of Physiology, Sri Ramachandra Medical College and Research Institute

2’5'6Department of Biochemistry, Sri Ramachandra Medical College and Research Institute

Introduction

Stress is a known significant, modifiable risk factor for life style disorders like
diabetes, obesity, sleep disturbances and various other cardiovascular and neurological

disorders. Early interventions can reduce stress induced morbidity and mortality.

Aim: To provide an empirical evidence of the effect of Mahamantra chanting in reducing
the stress among women nursing professionals.

Objective: To assess the effect of Mahamantra chanting on Heart Rate Variability and
serum cortisol levels

M ethodol ogy

Psychological stress levels were analysed (n=149) using Perceived Stress Scale
(PSS). Subjects with moderate to severe stress levels (PSS >18) were recruited (n=30)
and divided into two groups (with and without intervention). Physiological parameters
like Heart Rate Variability and Serum cortisol levels were analyzed. Mahamantra
intervention was given (n=15) to one group while the no intervention for the control
group (n=15). After 45 days of Mahamantra chanting intervention, study parameters

were analyzed in both the groups.
Results

Current study shows increase in parasympathetic tone (LF/HF ratio p<0.01), and
decreased serum cortisol levels (p=0.01) among subjects who underwent Mahamantra

intervention.
Conclusion

This first ever simple interventional study highlighted the beneficial effects of
simple, non-invasive method like chanting reduces stress and also reduces the chance of
developing stress related metabolic disorders.

K eywor ds: Mahamantra chanting, Heart rate variability, cortisol
2.2.8.2.8.2.8.0.8.8

21



Assessment of Visual Processing skills among
Male Kathakali Dancers

Srihari Ramamoorthy
Demonstrator in Physiology, SRMC & RI

Introduction

The Indian Ministry of Culture has recognized eight forms of Classical dance.
Kathakali is one among them and traditional dance form of Kerala. It consists more of
eye, facial and fine hand movements than gross body movements. During practice
sessions more importance were given to eye movements training which are similar to eye
exercises prescribed by ophthalmologists/optometrists as preventive/curative therapy for
eye disorders.

Aim : The current study proposes to assess the visual processing skills among male
Kathakali dancers.

M ethodology

The study is cross sectional study and initiated after obtaining approval from
Institutional Ethics Committee. Participants were healthy males (23-35yrs) and divided
in to study(dancers) and control group (n-50). Kathakali dancers (study group) were
selected from Madavoor school of classical dance, Kunnathurmedu, Palakkad. Both the
groups were screened by Optometrists for refractive errors and normal subjects were
included.

Visual processing skills were assessed by means of Visual acuity, Visual
reaction time, Eye-hand coordination and eye-hand motor skills performance (unilateral
and bilateral).

Results

The Data were analyzed using SPSS software version 20.0. Visual acuity was
18% better in kathakali dancers than control group. VRT in dancers and normal subjects
were 221416 and 248+ 23 respectively. The results show that visual processing skills is
better in Kathakali dancers than normal subjects.

Conclusion

The current study suggests that along with other health benefits, Kathakali also
improves the visual processing skills among dancers and hence could be taught to
children and adults for a healthy life.

Keywords: Kathakali, Vision
2. 2.2.2.2.0.0.0.2.8 ¢
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Effect of Yoga Training on Pulmonary Function Test

Dr. Shobana R, Dr. Bagavad Geetha?, Dr. Mahesh Kumar®,
Dr. Padmavathi R®, Dr. S.T.Venkateswar®

1’2’4Department of Physiology, SRMC & RI
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Introduction

Yoga, originated in India, is the science of right living that includes postures,
breathing exercises, and cleansing practices. Yoga is synchronization of breathing with
movement and thereby harmonization of heart, brain and the lung”. Studies have proved
that significant improvement in vital capacity with training programme of breathing
exercise. Very few studies are available on long-term effects of yoga on respiratory
functions,

Aim & Objectives

To evaluate the respiratory functions among yoga trained young individuals by
thefollowing pulmonary parameters—FVC, FEV1, FEV1/FVC Ratio.

Material and M ethods

This cross sectional comparative study was conducted in Physiology department,
Sri Ramachandra Medical College, among 30 trained yoga and 30 non-trained yoga
individuals Institutional Ethical Committee approval was obtained from SRMC. After
obtaining informed consent, procedure was explained and the pulmonary function
parameters values were recorded by using Smart PFT Spirometerand best of three values
was taken for analysis. Statistical analysis done using software version 2.2.

Results

The values were significantly higher among yoga participants: FVC(L/min)-
3.3840.24 (control) 3.94+0.56 (yoga), FEV1 (L/min)-3.21+0.39 (control) 3.57+0.48
(yoga), FEV1/FVC ratio (%) -88.96+£3.64 (control) 92.75+4.80 (yoga). FVC &
FEV1/FVC ratio is significant with p value <0.05.

Conclusion

Yoga practice seed strengthening and increased endurance of the respiratory
muscles, decrease airflow resistance and increase airway caliber thereby causing
improvement in dynamic parameters of the lung function test. Yoga can be implemented
among students in early period to reduce the stress levels and to improve the lung
function in respiratory disorders.

Keywords: yoga, pulmonary function.
2.2.8.2.8.2.8.0.8.8
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Yoga and its benefits on
| Year MBBS Students — A Cross Sectional Study

Dr. Sudakshina Chakrabarti

Associate Professor, Saveetha Medical College, Chennai

Abstract

Yoga has been practiced for over 5000 years, it has only newly gained popularity
worldwide. The drill originated in India and has been applied to relieve both mental and
physical infirmities. Yoga incorporates postures, breathing techniques, and meditation.
From the yogic perspective, the body and the mind are so interconnected that they are
essentially inseparable. Whatever affects the body must impact the mind and vice-versa.
Psychological stress and yoga are believed to be reciprocally related. Previous studies on
medical education have shown that perceived stress is higher in medical students than in
other age-controlled students.

Aim and objectives

To study the existing stress and anxiety in medical students
To subject medical students to Yoga and meditation for a period of 6 weeks

To assess the stress in medical students after exposing them to above.
Material and M ethod

The present study was conducted on 50 medical 1* MBBS students of Saveetha
Medical College Chennai , to determine the benefit of Yogic practices on anxiety status
during their course. Anxiety was assessed by Hamilton anxiety scale prior and after the 6
weeks YOGA and meditation program

Results

The results showed an overall better score after the 6 weeks program of yogic
practices The feedback collected from the students after subjecting them to a * weeks
Yogic program was satisfactory and students wanted yoga to be included in co curricular

activities at least once in a week
Conclusion

The improvement in various parameters such as better sense of well being,
feeling of relaxation, improved concentration, self confidence, increased attentiveness
were some of the beneficial effect experienced by the students in this study.

2. 8.8.8.0.0.0.0 8.8
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Significance of Morphology of Bicipital Groove in the Shoulder
Subluxation Injuries during Dance

Dr. Kavitha.M?, Dr. V.S. Anandha Rani?
PG Student, Dept. of Anatomy, SRMC & RI, Chennai
Prof. Dept of Anatomy, SRMC & RI, Chennai

Introduction

The morphology of bicipital groove is associated with pathologies of biceps
tendon during dance. Pathologies of biceps tendon are frequent causes of shoulder
subluxation during dance. Bicipital Groove or Inter-tubercular groove is a deep groove
formed between the greater and lesser tubercle. This groove lodges the biceps tendon
which results in shoulder subluxation during dance.

Aim and Objectives

The main aim and objectives is to measure the depth of the bicipital groove

measurement related to shoulder subluxation injuries.

Materials and Methods

The study was carried out in 100 adult humerus bone (50 right and 50 left sides)
from the Department of Anatomy, Sri Ramachandra Institute of Higher Education and
Research, Porur, Chennai. Damaged or bones with deformities were excluded from the
study. The depth were accurately measured using digital vernier caliper. The parameters
were tabulated and statistically analysed.

Observation and Results

A shallow or deep groove was found on the measurement of depth of the
bicipital groove.
Discussion

The measurement of depth of the bicipital groove plays an important rule in
shoulder subluxation during dance. The morphological data of the bicipital groove was
correlated with subluxation injuries of dance.
Conclusion :

By measuring the depth of the bicipital groove, specimens were grouped into
shallow or deep groove. Shallow type indicates the suspicion of shoulder subluxation
during dance. The knowledge of bicipital groove is important to anatomists for new data,
surgeons in carrying out orthopaedic procedures and physicians in managing a shoulder
subluxation during dance.

2 82.8.8.0.0.0.0.0.8
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Effect of Yoga Therapy on Children with
Attention Deficit Hyperactivity Disorder (ADHD)
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YIlird Year MBBS Student, SBMCH, Chennai
’Prof of HOD of Anatomy, (SBMCH, Chennai)
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Abstract

Yoga is a physical mental and spiritual practice that originated in ancient India
5000 years ago. Attention Deficit Hyperactivity Disorder (ADHD) is one of the
commonest neurodevelopmental disorder in children. Stimulants are frequently used in
the management of Attention deficit hyperactivity disorder (ADHD). Due to adverse
effects of medication there is a growing interest in complementary treatments.
Complementary and alternative medicine therapies including yoga are commonly used in
children with Attention deficit hyperactivity disorder (ADHD), but little is known about
the efficacy of these therapies. The objective of the present study were to find the role of
Yoga in the treatment of children with Attention Deficit Hyperactivity disorder (ADHD).
The study was done on 15 Children aged between 5-13 years (10 boys, 5 girls) with
Attention deficit hyperactivity disorder (ADHD) in a special school. Attention deficit
hyperactivity disorder (ADHD) affects 6-7% of children and occurs 4 times more
commonly in boys than girls. The children were given Yoga training daily gradually
along with proper diet, medicine, and behavior therapy for 6 months, Attention deficit
hyperactivity disorder (ADHD) Rating scale is analysed before and after Yoga. The
results showed a significant improvement in ADHD symptoms relating to Attention,
anxiety and impulsivity. At present the small number of available investigations renders
impossible the drawing of any conclusions regarding the effectiveness of yoga for
ADHD in children. Large, well-controlled, randomized trials are needed in order to
establish the potential value of yoga as a single treatment or adjunct to standard ADHD
therapies.

2.2.2.8.0.0.2.8.8.8.¢
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Common Injuries in Sports

Mr. Samyuktha Thadderina. A
1% Year MBBS Student, SBMCH, Chennai

Strength doesn’t come from what you can do. It comes from overcoming the
things you once thought you couldn’t. Involving in sport and physical activities help to
develop confidence, lead more satisfying lives, and secure long-term health by reducing
the risk for developing chronic illness like diabetes, obesity, cancer and cardiovascular
diseases.

All sports have a risk of injury. In general, the more contact in a sport, the
greater the risk of a traumatic injury. However, most injuries in young athletes are due to
overuse. Most frequent sports injuries are due to accidents, poor training practices or
using the wrong gear or equipment. People can also hurt themselves because they are not
in shape or because they don't warm up or stretch enough. If injured stop playing.
Continuing to play or exercise can cause more harm. Treatment often begins with the
RICE (Rest, Ice, Compression, and Elevation) method to relieve pain, reduce swelling,
and speed healing. This paper looks at some of the common injuries in sports and factors
that help in speeding up the healing process.

2. 2.2.0.0.0.8.0.8.8 ¢
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Facial Muscles Involved in the Navarasa

Mr. Saranmani Jyotsna K.
1% Year MBBS Student, SBMCH, Chennai

Rasa is about human state of mind. Its about what the mind feels and the
expression of the feeling thereafter. In the Bharatas Natyashastra, Rasa is an emotion
experienced by the audience created by the facial expression or the Bhava of the actor. In
indian classical dance it is referred to as Rasa-abhinaya. The Navarasas or nine emotions
give dance a completeness that allows the dancer and the rasikas (audience) to
experience the full beauty and meaning of the lyrics and the movements potrayed. There
are Nine Rasas with an equal number of complementary moods. These emotions are

expressed in the eyes, the face, subtle muscle shifts and the body as a whole. They are:
1. Hasya (Happiness)
2. Krodha (Anger)
3. Bhibasta (Disgust)

4. Bhayanaka (Fear)
5. Shringara (Beauty)
6. Veera (Courage)

7. Karuna (Pity)
8. Adbhuta (Wonder)
9. Shanta (Serenity)

Facial expression and the muscles involved in each rasas is analysed with respect
to the classical dance style of south India is studied in this paper.
2.2.2.8.0.0.8.8.8.0.
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Sacral Meningocele- A Case Report

Ms. Abinaya S', Dr. S. Jayakumari?, Dr. WMS Johnson®

1% MBBS Student, SBMCH, Chennai
’Assistant Professor of Dept. of Anatomy, SBMCH, Chennai
*Professor and HOD of Anatomy, SBMCH, Chennai

Abstract

The incidence of spinal dysraphism has significantly decreased over the last few
decades, all over the world; however, still the incidence is much higher in developing
countries with poor socioeconomic status.

Materials and Methods

The present study new born baby diagnosed with sacralmeningocele- closed
neural tube defect closed spinal dyraphis Details including demographics, antenatal care
history, site and type of lesion, neurological examination, imaging finding, associated
congenital anomalies, management offered, and outcome were recorded.

Results

The baby was operated for spinal dysraphism. The baby was healthy.
Conclusion

Spinal dysraphism is still a major public health problem in developing countries.
Management of patients with spinal dysraphism is complex and needs close coordination

between paediatrician, neurologist, neurosurgeon, and rehabilitation experts. A large

number of factors influences the outcome.

Keywords: Meningocele, myelomeningocele, spinal dysraphism
2. 82.8.0.0.0.0.0.0.8
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A Variation in the Formation of Median Nerve -A Case Report

Ms. Asimitha®, Dr. S. Jayakumariz, Dr. Krishnavani S°, Dr. WMS Johnson*
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’Assistant Professor, Dept. of Anatomy, SBMCH, Chennai
*Professor and HOD of Anatomy, SBMCH, Chennai

During routine dissection of undergraduate students in the department of
anatomy, in the upper extremity of 63 years old a male cadaver observed a variation in
the formation of median nerve. Axillary artery passes between the lateral and medial
cords of the plexus. The medial root of median nerve crosses the axillary artery to unite
with the lateral root to form the median nerve which is lateral and anterior to the
axillaryartery. But in this Axillary artery passes between the lateral and medial cords of
the plexus. The medial root of median nerve crosses the axillary artery to unite with the
lateral root to form t Axillary artery passes between the lateral and medial cords of the
plexus. The medial root of median nerve crosses the axillary artery to unite with the
lateral root to form median nerve was formed behind the axillary artery. Instead of
encircling the axillary artery it encircles the profunda brachial artery. The separate
branches arising from the median nerve supplies the Biceps brachia muscle. However;
the distribution of the median nerve was normal in the arm, forearm and palm. The
arterial pattern in the arm was also normal. Variations in the anatomy of brachial plexus
are common. Knowledge of the variations contributes to the surgeons planning and

curative intent during surgical repair of the Median nerve deficiencies.

Keywords: Median nerve, brachial plexus, axillary artery.
2. 8.8.8.0.0.0.0 8.8 ¢
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Morphometric Analysis of Occipital Condyles of Skull -
A Pilot Study
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1" year MBBS Student, SBMCH, Chennai
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Aim
The two prominent oval shaped occipital condyles of the skull bone articulate

with the superior articular facet of atlas vertebra and form Atlanta - occipital joint.

They present eitherside of foreman magnum. This investigation intends to record
the different shape and measurements of occipital condyle. These parameters are critical
for orthopaedic specialists, biomechanical, anatomical, radiologist and clinical
examinations.

M ethodology:

The occipital condyle length and breadth was measured and various shapes of
occipital condyle was noted done.

Result:

There are 7 different shapes were observed. The mean length of occipital
condyle of right were22.80mms and left side were 22.36 mms breath of right side was
12.49mms and left side was 12.80 mms.

Conclusion:

Occipital condyle is likely to have variations with respect to shapes, length,
width and its orientation. Therefore, knowledge of the variations in occipital condyle

along with careful radiological analysis may help in safe from skull base surgery.

Keywords: occipital condyle, skull, variations
2.2.2.0.0.0.8.0.0.8 ¢
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Yoga Therapy in Diabetes Mellitus Type-2

Ms. Monisha
1* year MBBS Student, SBMCH, Chennai

Background

According to diabetes federation atlas, who records 69.2 million people suffering
from DM type-2 of which 85-90% are Indians. urban -9%,rural-3% .yoga has reduced
the glycemic index of DM type-2 significantly. Today DM type-2 is most trending
metabolic disorder. yoga is real therapy for DM type-2 .So I have choosen the benefits
of yoga in DM type-2

Objective

The objective of protocol is to have a comparative study of patient with DM
type-2 on medication, and person with regular exercise and yoga.

Materials and method
The study subject consists of 25 male diabetic patient attending diabetic clinic.
27 non diabetic male volunteers constituted control group. Other 30 patients on

regular exercise yoga. The patients are in age group of 36 to 55 years .The methods used
for this are.

1. HbAIC

2. BP

3. BMI

4. LIPID PROFILE

5. FBS

6. PPBS
Observation:

Yoga is effective in reducing the blood glucose level in patient with T2DM.
Duration of medication-6 months
Trial follow up -3 months

Conclusion

Yoga is the best adjuant therapy for DM type 2
2.2.2.0.0.0.8.0.0.8 ¢
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Acetabulum: A Morphometric Study

Ms. Shanmuga Priyaa.D*, Dr. Durga Devi.G >

1" year MBBS Student, SBMCH, Chennai
Associate Professor, SBMICH, Chennai

Introduction

The hip joint is one of the major weight bearing joints of the body. The
knowledge of normal anatomical features and morphometry of the acetabulum are
prerequisites for complete understanding of the mechanics of hip joint. This information
acts as a basis for the making of hip joint prosthesis.
Aim

To do morphometric study of acetabulum of 50 dry human hip bones in South

Indian population in order to evaluate the various parameters of acetabulum.

Material and methods

50 randomly collected Indian adult unpaired dry hip bones (27 right side and 23
left side) of unknown sex was taken from the Department of Anatomy of Sree Balaji
Medical college and Hospital, Chennai and analysed to evaluate the depth, diameter of
acetabulum and length of acetabular notch.

Results

The raw data obtained was statistically analysed. Range, mean, standard
deviation and standard error of mean were determined for each parameter. All values
were compared with series of other workers to draw the conclusions.

2 2.8.8.0.0.0.0.0.8
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Anatomical Variations & Surgical Relevance of Infraorbital
foramen in Human Dry Adult Skulls

Dr. Evangeline Singh
PG Student, PSG Institute of Medical Sciences & Research, Coimbatore

Introduction:

“Infra Orbital Foramen” being situated in the lower margin of the orbit in the
maxillary bone, it serves as a pathway for the transmission of infra orbital nerves and
vessels.

This nerve provides sensory innervation to the lower eyelid, upper lip and part
of thenasal vestibule after passing through infraorbital foramen of the maxilla.
Therefore it is the Nerve which is preferred to anaesthetize during periorbital, dental,
plastic and or omaxillofacial surgeries.

This study was designed to document the most easily approachable anatomical
landmarks for defining the location of infraorbital foramen and to have knowledge of
super numerary foraminae for effective nerve blockade and to decrease its risk of injury
during periorbital surgeries.

Aims & Objective of the study:
1. To estimate the incidence of accessory infra orbital foramen

2. To calculate the mean distance between infraorbital foramen and infra orbital margin
3. To calculate the distance between infraorbital foramen and piriform aperture
M ethodology:

After Obtaining THEC approval,60 Dry Adult skulls were obtained from
departments of Anatomy and Forensic Medicine.Morphometric analysis was done using
Digital Vernier caliper.

Result:

The results were analysed using Microsoft excel.

Conclusion

The Significant side related differences in relation to the position of the
infraorbital foramen indicate that precaution should be taken during surgical
manipulation and administering regional nerve block. With Increased Incidence of
accessory foraminae in the left orbit, there lies risk of damaging the nerve that could lead
to sensory deficit.

2. 2.8.8.0.0.0.0.0.8
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A Study of Persistent Metopic Suture in
Adult Human Dry Skulls in Tamilnadu

Dr.Kesavan V.A',, Dr.Jamuna M?, Dr.Amudha G*

ISecond year Postgraduate, 2Professor
3Professor & HOD, P.S.G.Institute of Medical Sciences & Research, Coimbatore.

Introduction

Metopic suture is a dentate type of suture extending from the nasion to anterior
angle of bregma. It is present at birth and is usually obliterated at the age of second year.
But it may extend upto the age of 6 to 8 years. Morphology of metopic suture varies. If it
extends from bregma to nasion it is complete and if not it is incomplete. This study is
useful for radiologists and neurosurgeons while studying skull x-rays and also to avoid

misinterpretation of metopic suture as frontal bone fracture.
Objectives
1. To observe the prevalence of persistent metopic suture in adult human dry skulls.

2. To study its morphology.
Methods

After obtaining [HEC clearance, this study was conducted in 40 adult human dry
skulls of unknown sex. All the skulls included in the study were adults as evidenced by
the eruption of third molar teeth. The damaged skulls were excluded. The prevalence of
metopic suture was observed and the frequency distributions of its morphological

variations were studied.
Results;

Persistent metopic suture was found in 7.5 % of adult human dry skulls.
Morphological variations like complete persistence metopic suture and Linear type of

incomplete metopic suture were observed.
Conclusion

The present study confirms the prevalence of this anatomical entity and its
morphological variations in the Tamilnadu population. Awareness of these kind of
variations will be helpful for the radio diagnosticians, forensic surgeons and
neurosurgeons to avoid misinterpretation of these persistent sutures as midline vertical
fracture of the skull.

2.2.8.2.8.2.8.0.8.8 ¢
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“Histological Changes in Ovaries of Human Fetuses”

Dr. Mythily.N?, Dr. Amudha. G2

’pG Student, Dept. of OBG
2Prof & HOD of 0BG, PSG Institute of Medical Science, Coimbatore

Introduction

Ovaries are the female gonads which play a major role in reproduction by
producing ova and also female sex hormones which play a significant role in the growth
and development after birth.

The ovary has two parts, an outer cortex and an inner medulla. The cortex
consists of cellular connective tissue and the medulla is composed of loose connective
tissue, which contains blood vessels and nerves.

Objective
e To observe the histological changes in human fetal ovaries.

e To compare the results with the previous studies.

M ethods

The study was conducted in thirty fetal ovaries collected from fifteen fetuses
from the Department Obsteric & Gynacology, PSG Institute of Medical Science and

Research.
The 30 ovaries were processed using routine histological techniques and H&E
staining and studied under microscope.

Results
20 weeks ovaries showed lymphoid appearance with actively proliferating oogonia and

primordial follicles in early stage differentiation with corticomedullary demarcation.

28 weeks ovaries showed plenty of both developing and degenerating primordial follicles
which were lined by flat to cuboidal cells.

30 weeks ovaries showed plenty of encapsulated primary Oocyte giving the appearance
of tiny white rings with central dots.
Conclusion

The histological assessment of ovaries will help to estimate the age of the fetus
in fetal autopsies and also useful to study the syndrome associated diseases and to
estimate the age of the fetus aborted due to unknown causes.

2.2.2.8.0.0.8.8.8.0.
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Variation in the Origin and Termination of
External Jugular Vein-A Cadaveric Study

Dr.G.Yuvarani®, Prof. Dr. K.Sujatha’
1’2Department of Anatomy, Govt. Stanley Medical College, Chennai-1

Abstract:

The knowledge of the variations in the venous pattern of head & neck, is very
important for the Physicians, General surgeons, Vascular surgeons and radiologists.
During routine dissection in the Department of Anatomy, Stanley Medical College,
Chennai out of 10 cadavers, variations were noted in the origin and termination of
external jugular vein in 65 year old female cadaver. The maxillary vein & superficial
temporal vein joins to form retro-mandibular vein, which in turn did not divide into
anterior and posterior division but continued as external jugular vein and finally
terminated into the internal jugular vein behind the sternocleidomastoid muscle. Facial
vein also drained into external jugular vein at the level of hyoid bone. Aim of the study
was to create awareness regarding the variations of external jugular vein which is
important for cannulation, monitoring central venous pressure, giving intravenous
fluids/drugs, and vascular reconstructive surgeries of face. Hence the knowledge of these
variations is important during surgical procedures like radical neck dissection and
radiological interventions.

Keywords: External jugular vein (EJV), retromandibular vein (RMV), Facial vein (FV),
Internal jugular vein (IJV).

Introduction:

The veins of head and neck have a complex developmental pattern which
predisposes them to anatomical variations. On either side of the face superficial temporal
vein unites with the maxillary vein to form retro mandibular vein within the substance of
the parotid gland. The retro mandibular vein divides into anterior and posterior divisions.
The anterior division joins with facial vein to form common facial vein inferior to the
angle of mandible which drains into internal jugular vein. The posterior division joins
with the posterior auricular vein to form the external jugular vein which drains into
subclavian vein (Grays Anatomy, T.S.Ranganathan)™?. The external jugular vein
shows anatomical variation in its origin and termination. The knowledge of these
variations is of utmost importance during interpretation of raised JVP in right heart
failure and during surgical and radiological interventions.

Aim of the Study

To create awareness regarding the variations of origin and termination of
External jugular vein which is important in surgical procedures like radical neck
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dissection, flap reconstructive surgeries of face, and in radiological interventions for
embolism & catheterization procedures.

Materials & Methods

In 10 unclaimed embalmed human cadavers meant for routine dissection in the
Department of Anatomy, Government Stanley Medical College superficial veins of head
and neck was studied on both sides. The variations were noted, carefully dissected and
photograph taken.

Case Discussion

During routine dissection in the Department of Anatomy, Stanley Medical
College, out of 10 cadavers, in one female cadaver of 65 years variations in the origin
and termination of external jugular vein was found on the left side. In this cadaver, The
left maxillary vein & left superficial temporal vein joins to form left retro-mandibular
vein, which in turn did not divide into anterior and posterior division but continued as
external jugular vein. Facial vein also drained into external jugular vein at the level of
hyoid bone, below the angle of mandible. The external jugular vein runs superficially
over sternocleidomastoid muscle upto middle 1/3rd. At the level of lower border of
thyroid cartilage, it passes deep to sternocleidomastoid muscle and terminated into left
internal jugular vein (fig 1,3). The normal origin and termination of external jugular vein
is shown in figure no 2. (Holinshed 1974, B Deslaugiers 1994)** said that external
jugular vein draining into internal jugular vein was seen in 4% of cases. (Gupta et al
2003 & D'Silva SS 2008)> ° said that facial vein draining into external jugular vein in
humans.

Retromandibular vein

Posterior _S¢ R\ ] N Facial
auricular vein ¥ { vein

Internal

Posterior external Jugular vein

jugular vein

Fig 1: Normal venous pattern of head and Neck.
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EJV- external
jugular vein.

1JV- internal
jugular vein
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Fig 2: External jugular vein draining into Internal jugular vein

Common trunk formed
by LV and STV

@O o NOTE 5 PRO
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Y

Fig 3: Common trunk formed by lingual vein and superior thyroid vein draining into
Internal Jugular vein. (RMV-Retromandibular vein, FV-Facial vein, LV-Lingual vein,
STV-Superior thyroid vein.)
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Conclusion:

The knowledge on these variation of external jugular vein is important as they
are often used for cannulation, monitoring central venous pressure, giving intravenous
fluids/drugs in comatose and burns patients when other superficial veins are not
accessible (Choudhry.R et al 1997)".Permanent catheterization for hemodialysis is done
via external jugular vein. This variations is important for interventional radiologists who
perform Transjugular procedures like port implantations and Transjugular intra hepatic
Porto systemic shunts.It is also used as patches for carotid endarterectomies and for oral
reconstruction.

2. 2.2.0.0.0.8.8.8.8 ¢
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Variations in Branching Pattern of Maxillary Artery-
A Cadaveric Study

Dr. Nasrin Taj.S%, Prof Dr. K. Sujatha’

“Department of Anatomy, Government Stanley Medical College, Chennai.

Abstract

Variation in the course and branches of the Maxillary artery is well documented. Out of
ten embalmed cadavers meant for dissection purpose for the first year MBBS students in
the Department of Anatomy, Stanley Medical college, Chennai In one male cadaver
variation in the branching pattern of Maxillary artery was found. In that cadaver Deep
temporal artery had a common origin along with the Inferior alveolar artery. Such
variations are of clinical importance for the Plastic surgeons for the reconstructions of
facial flap and also for interventional radiologists during arterial embolization in
uncontrolled epistaxis, to prevent inadvertent haemorrhage during the resection of
tumorin the infratemporal region.

Keywords: Maxillary artery, Deep temporal artery, Inferior alveolar artery,
Infratemporal fossa
Aim

The aim of the study is to know about the variations in the branching pattern of
Maxillary artery

Introduction

Variation in the arterial system has been well documented in literature. The
Maxillary artery is the largest terminal branch of External Carotid artery
(T.S.Ranganathan)®. It arises behind the neck of mandible, runs horizontally forward up
to the lower border of lateral pterygoidmuscle superficially (sometimes deep). After
emerging between the two heads of lateral pterygoid, it enters into the pterygopalatine
fossa by passing through the pterygomaxillary fissure. Here it ends by giving terminal
branches. The maxillary artery is divided in to three parts by lower head of lateral
pterygoid muscle into Mandibular part, Pterygoid part and Pterygopalatine part. The
branches of 1* part (Mandibular part) are deep auricular artery, anterior tympanic artery,
middle meningeal artery, accessory meningeal artery and inferior alveolar artery. The
branches of 2™ part (Pterygoid part) are deep temporal artery, masseteric artery, buccal
artery and pterygoid artery and the branches of 3" part (Pterygopalatine part) are
posterior superior alveolar artery, infra orbital artery, greater palatine artery , pharyngeal
artery, artery to pterygoid canal and sphenopalatine artery (Gray)®

The maxillary artery in the infratemporal fossa has been well explored by the
oncologists for performing super selective intraarterial chemotherapy for the head and
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neck cancers. Due to the close proximity to the cranial base maxillary artery is directly
used as the arterial donor in the repair of internal carotid artery dissection and aneurysms
(Buyukmumcu et al 2003)%Maxillary artery should be taken care of during dental
anaesthesia to prevent intraarterial injection.

Materials;

10 adult unclaimed embalmed cadaver [§ males and 2 females] meant for
dissection purpose for the first MBBS students in Department of Anatomy, Stanley
Medical College, Chennai.

M ethods:
Conventional dissection method

Case study:

During routine dissection out of 10 adult embalmed cadavers, in one 58 year old
male cadaver variations in the branching pattern of Maxillary artery was found. The deep
temporal artery usually arises from the 2™ part of maxillary artery but in this cadaver it
had a common origin along with inferior alveolar artery from the 1* part of maxillary
artery (fig 1). The Masseteric artery also arises from the 1% part. The other arteries
namely Deep auricular, Anterior tympanic, Middle meningeal and Accessory meningeal
had a normal course.

Artery

Masseteric

DTA

IAA

MAXILLARY A.

Fig 1: Deep temporal artery arising from 1* part of Maxillary artery with Deep temporal
artery. (ECA-External carotid artery, IAA-Inferior Alveolar artery, DTA-Deep temporal
artery, Masseteric artery)
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Discussion

Several reports of variations in the course of Maxillary artery have been
documented. Variations are not common in the origin of deep temporal arteries,however
in a study published by (Suwa et al 1990)*, Deep temporal artery and inferior alveolar
artery took origin as a common trunk in (48/278)17.26% hemicraniums. (Quadros
Lydia s et al 2013)°, has also reported the common origin of deep temporal artery along
with the inferior alveolar artery which in turn coincides with my study.

Result
Out of 10 embalmed cadaver in one adult male cadaver deep temporal artery had

a common origin along with inferior alveolar artery. Masseteric artery also had its origin
from the 1% part.
Conclusion

The above study reveals the possibility of variations in the branching pattern of
Maxillary artery. A good knowledge about the existing variations should be known to the
plastic surgeon for facial flapreconstructive surgery, radiologist for arterial embolization
and for oncologist for superselective intraarterial chemotherapy (Bergmann RA et al)®
& (CorreaMB et al)’.

2. 2.8.8.0.0.0.0.0.8
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The Upper Limb

The upper limb is related to the lateral aspect of the lower portion of the neck
and with the thoracic wall. It’s suspended from the trunk by muscles and a small
skeletal articulation between the clavicle and the sternum — the sternoclavicular
joint. Based upon the position of it’s major joints and component bones, the upper
limb is split into shoulder, arm, forearm, and hand.

The shoulder is the area of upper limb connection to the trunk. The arm is the
part of the upper limb between the shoulder and the elbow joint; the forearm is
between the elbow joint and the wrist joint; and the hand is distal to the wrist joint.

The axilla, cubital fossa, and carpal tunnel are significant regions of transition
between the different parts of the limb. Essential structures go through, or are
related to, every of these regions.

The axilla is an irregularly shaped pyramidal area created by muscles and
bones of the shoulder and the lateral surface of the thoracic wall. The apex or inlet
opens directly into the lower portion of the neck. The skin of the armpit creates the
floor. All major structures that pass between the neck and arm go through the axilla.

The cubital fossa is a triangularly shaped depression created by muscles
anterior to the elbow joint. The major artery, the brachial artery, going from the arm
to the forearm goes through this fossa, so does one of the major nerves of the upper
limb, the median nerve.

The carpal tunnel is the entrance to the palm of the hand. Its posterior, lateral,
and medial walls create an arch, that is created from small carpal bones in the
proximal region of the hand. A thick band of connective tissue, the flexor
retinaculum, covers the distance between every side of the arch and creates the
anterior wall of the tunnel. The median nerve and all the long flexor tendons going
from the forearm to the digits of the hand go through the carpal tunnel.

Positioning the Hand

Unlike the lower limb, that is utilized for support, stability, and locomotion, the
upper limb is highly mobile for positioning the hand in space.

The shoulder is suspended from the trunk predominantly by muscles and hence
moves relative to the body. Sliding (protraction and retraction) and rotating the



scapula on the thoracic wall changes the position of the glenohumeral joint (shoulder
joint) and extends the reach of the hand. The glenohumeral joint enables the arm to
move around three axes with a broad range of motion. Movements of the arm at this
joint are of the radius over the ulna. This movement called pronation, takes place

solely in the forearm. Supination returns the hand to the anatomical position.

At the wrist joint, the hand can be abducted, adducted, flexed, extended, and
circumducted. These movements, combined with those of the shoulder, arm, and

forearm, allow the hand to put in a broad range of positions relative to the body.

One of the major functions of the hand is to grip and manipulate objects.
Gripping objects usually involves flexing the fingers against the thumb. Depending
on the type of grip, muscles in the hand act to:

e Modify the actions of long tendons that emerge from the forearm and insert
into the digits of the hand.

e Produce combinations of joint movements inside every digit that can’t be
generated by the long flexor and extensor tendons alone coming from the
forearm.

The hand is utilized to discriminate between objects on the basis of touch. The
pads on the palmar aspect of the fingers. Include a high density of somatic sensory
receptors. Also, the sensory cortex of the brain devoted to interpreting info from the
hand, particularly from the thumb, is disproportionately large relative to that for
many other regions of skin.

Component Parts

Bones and Joints

e The bones of the shoulder contain the scapula, clavicle, and proximal end of

the humerus.

o The clavicle articulates medially with the manubrium of the sternum and
laterally with the acromion of the scapula, which arches over the joint
between the glenoid cavity of the scapula and the head of the humerus (the
glenohumeral joint).

e The humerus is the bone of the arm. The distal end of the humerus
articulates with the bones of the forearm in the elbow joint, that is a hinge
joint that enables flexion and extension of the forearm.



The forearm includes two bones:

e The lateral bone is the radius.
e The medial bone is the ulna.

At the elbow joint, the proximal ends of the radius and ulna articulate with
every other as well as with the humerus.

Along with flexing and extending the forearm, the elbow joint enables the
radius to spin on the humerus while sliding against the head of the ulna
during pronation and supination of the hand.

The distal portions of the radius and the ulna also articulate with each other.
This joint enables the end of the radius to flip from the lateral side to the
medial side of the ulna during pronation of the hand.

The wrist joint is composed between the radius and carpal bones of the hand
and between an articular disc, distal to the ulna, and carpal bones.

The bones of the hand contain the carpal bones, the metacarpals, and the
phalanges.

The 5 digits in the hand are the thumb and the index, middle, ring, and little
fingers.

Joints between the 8 small carpal bones enable only limited amounts of
movement; as a result, the bones work together as a unit.

The 5 metacarpals, 1 for every digit, are the primary skeletal foundation of
the palm.

The joint between the metacarpal of the thumb (metacarpal I) and one of the
carpal bones enables greater mobility than the limited sliding movement
that takes place at the carpometacarpal joints of the fingers.

Distally, the heads of metacarpals II to V (i.e., with the exception of that of
the thumb) are interconnected by strong ligaments.

Lack of the ligamentous connection between the metacarpal bones of the
thumb and index finger along with the biaxial saddle joint between the
metacarpal bone of the thumb and the carpus supply the thumb with greater
freedom of movement in relation to the other digits of the hand.

The bones of the digits are the phalanges. The thumb has 2 phalanges, while
every of the other digits has 3.

The metacarpophalangeal joints are biaxial condylar joints (ellipsoid joints)
that enable abduction, adduction, flexion, extension, and circumduction.
Abduction and adduction of the fingers is defined in reference to an axis
going through the center of the middle finger in the anatomical position. The



middle finger hence abduct both medially and laterally and adduct back to
the central axis from either side. The interphalangeal joints are primarily
hinge joints that enable only flexion and extension.

Muscles

Some muscles of the shoulder, like the trapezius, levator scapulae, and
rhomboids, attach the scapula and clavicle to the trunk. Other muscles attach the
clavicle, scapula, and body wall to the proximal end of the humerus. These contain
the pectoralis major, pectoralis minor, latissimus dorsi, teres major, and deltoid. The
most significant of these muscles are the 4 rotator cuff muscles—the subscapularis,
supraspinatus, infraspinatus, and teres minor muscles, which attach the scapula to
the humerus and give support for the glenohumeral joint.

e Muscles in the arm and forearm are divided into anterior (flexor) and
posterior (extensor) compartments by layers of fascia, bones, and ligaments.

e The anterior compartment of the arm is located anteriorly in position and is
divided from muscles of the posterior compartment by the humerus and by
medial and lateral intermuscular septa. These intermuscular septa are
continuous with the deep fascia enclosing the arm and connect to the sides of
the humerus.

e In the forearm, the anterior and posterior compartments are divided by a
lateral intermuscular septum, the radius, the ulna, and an interosseous
membrane, which joins adjacent sides of the radius and ulna.

e Muscles in the arm act primarily to move the forearm in the elbow joint,
while those in the forearm function predominantly to move the hand in the
wrist joint and the fingers and thumb.

e Muscles seen entirely in the hand, the intrinsic muscles, generate delicate
movements of the digits of the hand and modify the forces produced by
tendons entering the fingers and thumb from the forearm. Included among
the intrinsic muscles of the hand are 3 small thenar muscles, which create a

soft tissue mound, termed the thenar eminence, over the palmar aspect of
metacarpal 1. The thenar muscles enable the thumb to move freely relative
to the other fingers.

Relationship to other regions
Neck

The upper limb is directly related to the neck. Being located on every side of the
superior thoracic aperture in the base of the neck is an axillary inlet, that is created
by:



e the lateral margin of rib 1,

e the posterior surface of the clavicle,

e the superior margin of the scapula, and.

¢ the medial surface of the coracoid process of the scapula.

The major artery and vein of the upper limb pass between the thorax and the
limb by passing over rib 1 and via the axillary inlet. Nerves, predominantly
originated from the cervical portion of the spinal cord, also go through the axillary
inlet and the axilla to supply the upper limb.

Back and Thoracic Wall

Muscles that connect the bones of the shoulder to the trunk are related to the
back and the thoracic wall and contain the trapezius, levator scapulae, rhomboid
major, rhomboid minor, and latissimus dorsi.

The breast on the anterior thoracic wall has a number of significant
relationships with the axilla and upper limb. It overlies the pectoralis major muscle,
which creates majority of the anterior wall of the axilla and attaches the humerus to
the chest wall. Frequently, part of the breast called the axillary process extends
around the lateral margin of the pectoralis major into the axilla.

Lymphatic drainage from lateral and superior parts of the breast is
predominantly into lymph nodes in the axilla. Several arteries and veins that supply
or drain the gland also starts from, or drain into, major axillary vessels.

Innervation by Cervical and Upper Thoracic Nerves

Innervation of the upper limb is by the brachial plexus, that is created by the

anterior rami of cervical spinal nerves C5 to C8, and T1. This plexus is initially
created in the neck and after that continues via the axillary inlet into the axilla.
Major nerves that ultimately innervate the arm, forearm, and hand starts from the
brachial plexus in the axilla.

As a consequence of the innervation pattern, clinical testing of lower cervical
and T1 nerves is performed by examining dermatomes, myotomes, and tendon
reflexes in the upper limb. Another consequence is that the clinical signs of problems
related to lower cervical nerves-pain; pins-and-needles sensations, or paresthesia;
and muscle twitching—appear in the upper limb.



Dermatomes of the upper limb are frequently tested for sensation. Regions
where overlap of dermatomes is minimal, contains:

e upper lateral region of the arm for spinal cord level C5,

e palmar pad of the thumb for spinal cord level C6,

e pad of the index finger for spinal cord level C7,

e pad of the little finger for spinal cord level C8, and.

¢ skin on the medial aspect of the elbow for spinal cord level TI.
Selected joint movements are utilized to test myotomes:

e Abduction of the arm a t the glenohumeral joint is controlled predominantly
by C5.

e Flexion of the forearm in the elbow joint is controlled primarily by C6.
¢ Extension of the forearm in the elbow joint is controlled primarily by C7.
e Flexion of the fingers is controlled primarily by C8.

e Abduction and adduction of the index, middle, and ring fingers is controlled
predominantly by TI.

In an unconscious patient, both somatic sensory and motor functions of spinal cord
levels can be tested using tendon reflexes:
e A tap on the tendon of the biceps in the cubital fossa tests primarily for
spinal cord level C6.
¢ A tap on the tendon of the triceps posterior to the elbow tests primarily for
CT7.
The major spinal cord level related to innervation of the diaphragm, C4, is
immediately above the spinal cord levels related to the upper limb.

Evaluation of dermatomes and myotomes in the upper limb can give essential
info about potential breathing problems that may develop as complications of
damage to the spinal cord in regions just below the C4 spinal level.

Every of the major muscle compartments in the arm and forearm and every of
the intrinsic muscles of the hand is innervated predominantly by one of the major

nerves that starts from the brachial plexus in the axilla:

All muscles in the anterior compartment of the arm are innervated by the
musculocutaneous nerve.




The median nerve innervates the muscles in the anterior compartment of the
forearm, with two exceptions — one flexor of the wrist (the flexor carpi ulnaris

muscle) and part of one flexor of the fingers (the medial half of the flexor
digitorum profundus muscle) are innervated by the ulnar nerve.

Most intrinsic muscles of the hand are innervated by the ulnar nerve, with
the exception of the thenar muscles and 2 lateral lumbrical muscles, that are
innervated by the median nerve.

All muscles in the posterior compartments of the arm and forearm are
innervated by the radial nerve.

In addition to innervating major muscle groups, every of the major
peripheral nerves originating from the brachial plexus carries somatic
sensory info from patches of skin quite different from dermatomes. Sensation
in these type of regions can be utilized to test for peripheral nerve lesions.

The musculocutaneous nerve innervates skin on the anterolateral side of the

forearm.

The median nerve innervates the palmar surface of the lateral three and one
-half digits, and the ulnar nerve innervates the medial one and one-half
digits.

The radial nerve supplies skin on the posterior surface of the forearm and
the dorsolateral surface of the hand.

Nerves Linked to Bone

Three essential nerves are directly related to parts of the humerus:

The axillary nerve, which supplies the deltoid muscle, a major abductor of
the humerus in the glenohumeral joint, enters around the posterior aspect of
the upper part of the humerus (the surgical neck).

The radial nerve, which supplies all of the extensor muscles of the upper
limb, enters diagonally around the posterior surface of the middle of the
humerus in the radial groove.

The ulnar nerve, that is ultimately destined for the hand, enters posteriorly
to a bony protrusion, the medial epicondyle, on the medial side of the distal
end of the humerus.

Fractures of the humerus in any one of these three regions can endanger the related

nerve.



Superficial Veins

Large veins embedded in the superficial fascia of the upper limb are frequently

utilized to access a patient’s vascular system and to withdraw blood. The most
significant of these veins are the cephalic, basilic, and median cubital veins.

The cephalic and basilic veins starts from the dorsal venous network on the
back of the hand.

The cephalic vein comes from over the anatomical snuffbox at the base of the

thumb, enters laterally around the distal forearm to reach the anterolateral surface
of the limb, and after that continues proximally. It crosses the elbow, then enters up

the arm into a triangular depression—the clavipectoral triangle.

Clavipectoral Triangle (Deltopectoral Triangle)

Between the pectoralis major muscle, deltoid muscle, and clavicle. In this
depression, the vein enters into the axilla by penetrating deep fascia just inferior to

the clavicle.

The basilic vein comes from the medial side of the dorsal venous network of the
hand and enters proximally up the posteromedial surface of the forearm. It enters
into the anterior surface of the limb just inferior to the elbow and after that

continues proximally to enter deep fascia about midway up the arm.

At the elbow, the cephalic and basilic veins are connected by the median cubital

vein, which crosses the roof of the cubital fossa.

Joints of the Upper Limb

1. Sternoclavicular - only bony union of upper limb to axial skeleton -
multiaxial

a. Bones - manubrium, clavicle
b. Cartilages - articular cartilage, articular disc, costal cartilage
c. Ligaments - capsule

d. Weakness, etc. - none - clavicle usually breaks before dislocation
oceurs

2. Acromioclavicular - slightly movable planar
a. Bones - lateral end of clavicle - articular surface of acromion

b. Cartilages - articular, articular disc, disc often incomplete



Ligaments -
e capsular - acromioclavicular
e accessory - coracoclavicular - actually a syndesmosis

Weakness - "shoulder separation," disruption of acromioclavicular
joint and coracoclavicular ligament

Shoulder - glenohumeral - scapulohumeral -freely movable, multiaxial - ball

and socket
a. Bones - glenoid fossa of scapula, head of humerus
b. Cartilages - articular, glenoid labrum
c. Ligaments -
= capsular - glenohumeral bands (superior, middle, inferior),
coracohumeral
= accessory - coracoacromial, transverse humeral
= accessory structures - long head of biceps, subscapular bursa,
rotator cuff
d. Weakness - anterior dislocation most common - inferior often in

children, rotator cuff tear - usually the supraspinatus which often
deteriorates with age - wear and tear

Elbow - humeroulnar & humeroradial (proximal radioulnar is included in

capsule ) uniaxial - hinge

a.

Bones - trochlea and capitulum of humerus, head of radius, trochlear
notch of ulna

Cartilages - articular

Ligaments - capsular only - ulnar and radial collateral, anular (forms
proximal attachment of radial)

Weakness - ulna most commonly dislocated post., epicondylitis,

non

"pitcher's elbow", "pulled elbow"

Radioulnar - pivot joint, allows rotation (pronation and supination), about

135 degrees of rotation

a.

Proximal radioulnar
=  Dbones - head of radius, radial notch of ulna

= ligaments - anular ligament (lined by cartilage)



b. Interosseous membrane - a syndesmosis between the interosseous
margins of radius and ulna

c¢. Distal radioulnar
= bones - head of ulna, styloid of ulna and ulnar notch of radius
= ligaments - capsular only, none to name

= accessory structure - articular disc - acts as a ligament
between ulnar styloid and ulnar notch of radius

6. Wrist - complex joint, condyloid, planar, and ball and socket; multiaxial with
limited movements

a. Radiocarpal - "Wrist joint" between radius and ulnar disc proximally
and proximal row of carpals distally

= bones - radius, scaphoid, lunate, triquetrum (carpals act as a
unit)

= cartilages - ulnar disc, articular cartilages of participating
bones

= ligaments - dorsal and palmar radiocarpal, radial and ulnar
collateral, and interosseous

b. Midcarpal - between proximal and distal row of carpals

= bones - scaphoid, lunate, triquetrum (prox. unit); trapezium,
trapezoid, capitate, hamate (dist. unit)

= cartilages - articular of participating bones
= ligaments - dorsal and palmar, collateral, and interosseous

c. Carpo-metacarpal - between distal row of carpals and combined
metacarpals 2-5

= Dones - trapezium, trapezoid, capitate, hamate (prox. unit);
metacarpals 2-5 (dist. unit)

= cartilages - articular of participating bones

= ligaments - dorsal and palmar, collateral, and interosseous
d. Thumb - trapezial-metacarpal, multiaxial saddle joint

=  Dbones - trapezium, first metacarpal

= cartilages - articular of participating bones
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= ligaments - dorsal and palmar, collateral, and interosseous

e. Piso-triquetral - separate joint, but found at wrist, closely associated
with tendon of flexor carpi ulnaris muscle; the pisiform is a sesamoid
bone in its tendon; a plane joint with triquetrum

f. Weaknesses: scaphoid fractures, lunate dislocation is common

7. Intermetacarpal - between metacarpals 2-5 (act as a functional unit) deep
transverse metacarpal lig. binds together

8. Metacarpophalangeal (MP joints) - between distal ends of metacarpals and
bases of proximal phalanges

9. Interphalangeal (PIP and DIP joints) - between adjacent phalanges of same
digit

Note: Both MP and IP joints are held together by palmar ligaments, and the

extensor expansion, the I-P joints have collateral ligaments as well

Tonsils

e  Simplest lymphoid organs; form a ring of lymphatic tissue around the
pharynx

¢  Location of the tonsils

e  Palatine tonsils — either side of the posterior end of the oral cavity
e Lingual tonsil — lies at the base of the tongue

e  Pharyngeal tonsil — posterior wall of the nasopharynx

e  Tubal tonsils — surround the openings of the auditory tubes into the
pharynx

e  Lymphoid tissue of tonsils contains follicles with germinal centers
¢  Tonsil masses are not fully encapsulated

e  Epithelial tissue overlying tonsil masses invaginates, forming blind-ended
crypts

¢  Crypts trap and destroy bacteria and particulate matter
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Lungs

The thoracic wall or chest wall is the boundary of the thoracic cavity.

The bony skeletal part of the thoracic wall is the rib cage, and the rest is made
up of muscle, skin, and fasciae.

The chest wall has 10 layers, namely skin, superficial fascia, deep fascia,
serratus anterior, layer for ribs (containing intercostal muscles), and endothoracic
fascia from superficial to deep. However, the muscular layers vary according to the
region of the chest wall. For example, they may include muscles like pectoralis major
or latissimus dorsi.

The lungs are the primary organs of the respiratory system in humans and the
lungs also provide airflow that makes vocal sounds including human speech possible.

Humans have two lungs, a right lung and a left lung.
They are situated within the thoracic cavity of the chest.

The right lung is bigger than the left, which shares space in the chest with
the heart.

The lungs together weigh approximately 1.3 kilograms (2.9 lb), and the right is

heavier.

The lungs are part of the lower respiratory tract that begins at the trachea and
branches into the bronchi and bronchioles, and which receive air breathed in via
the conducting zone.

The conducting zone ends at the terminal bronchioles. These divide into
the respiratory bronchioles of the respiratory zone which divide into alveolar
ductsthat give rise to the microscopic alveoli, where gas exchange takes place.

Each lung is enclosed within a pleural sac which allows the inner and outer
walls to slide over each other whilst breathing takes place, without much friction.

This sac also divides each lung into sections called lobes.

The right lung has three lobes and the left has two. The lobes are further
divided into bronchopulmonary segments and lobules. The lungs have a unique blood
supply, receiving deoxygenated blood from the heart in the pulmonary circulation for
the purposes of receiving oxygen and releasing carbon dioxide, and a separate supply
of oxygenated blood to the tissue of the lungs, in the bronchial circulation.
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Anatomy

The lungs are located in the chest on either side of the heart in the rib cage.
They are conical in shape with a narrow rounded apex at the top, and a broad

concave base that rests on the convex surface of the diaphragm.

The apex of the lung extends into the root of the neck, reaching shortly above
the level of the sternal end of the first rib. The lungs stretch from close to
the backbone in the rib cage to the front of the chest and downwards from the lower
part of the trachea to the diaphragm. The left lung shares space with the heart, and
has an indentation in its border called the cardiac notch of the left lung to
accommodate this. The front and outer sides of the lungs face the ribs, which make
light indentations on their surfaces. The medial surfaces of the lungs face towards
the centre of the chest, and lie against the heart, great vessels, and the carina where
the trachea divides into the two main bronchi.

The cardiac impression is an indentation formed on the surfaces of the lungs
where they rest against the heart.

Both lungs have a central recession called the hilum at the root of the lung,

where the blood vessels and airways pass into the lungs.
There are also bronchopulmonary lymph nodes on the hilum.

The lungs are surrounded by the pulmonary pleurae. The pleurae are
two serous membranes; the outer parietal pleura lines the inner wall of the rib
cage and the inner visceral pleura directly lines the surface of the lungs. Between
the pleurae is a potential space called the pleural cavity containing a thin layer of
lubricating pleural fluid. Each lung is divided into lobes by the infoldings of the
pleura as fissures. The fissures are double folds of pleura that section the lungs and

help in their expansion.

The main or primary bronchi enter the lungs at the hilum and initially branch
into secondary bronchi also known as lobar bronchi that supply air to each lobe of
the lung. The lobar bronchi branch into tertiary bronchi also known as segmental
bronchi and these supply air to the further divisions of the lobes known
as bronchopulmonary segments. Each bronchopulmonary segment has its own
(segmental) bronchus and arterial supply. Segments for the left and right lung are

shown in the table. The segmental anatomy is useful clinically for localising disease
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processes in the lungs. A segment is a discrete unit that can be surgically removed
without seriously affecting surrounding tissue.

Right lung
The right lung has both more lobes and segments than the left. It is divided into

three lobes, an upper, middle, and a lower, by two fissures, one oblique and one
horizontal. The upper, horizontal fissure, separates the upper from the middle lobe.
It begins in the lower oblique fissure near the posterior border of the lung, and,
running horizontally forward, cuts the anterior border on a level with
the sternal end of the fourth costal cartilage; on the mediastinal surface it may be
traced backward to the hilum.

The lower, oblique fissure, separates the lower from the middle and upper lobes,
and is closely aligned with the oblique fissure in the left lung.

The mediastinal surface of the right lung is indented by a number of nearby
structures. The heart sits in an impression called the cardiac impression. Above the
hilum of the lung is an arched groove for the azygos vein, and above this is a wide
groove for the superior vena cava and right brachiocephalic vein; behind this, and
close to the top of the lung is a groove for the brachiocephalic artery. There is a
groove for the esophagus behind the hilum and the pulmonary ligament, and near
the lower part of the esophageal groove is a deeper groove for the inferior vena
cava before it enters the heart.

Left lung
The left lung is divided into two lobes, an upper and a lower, by the oblique

fissure, which extends from the costal to the mediastinal surface of the lung both
above and below the hilum. The left lung, unlike the right, does not have a middle
lobe, though it does have a homologous feature, a projection of the upper lobe termed
the "lingula".

Its name means "little tongue". The lingula on the left serves as an anatomic
parallel to the right middle lobe, with both areas being predisposed to similar
infections and anatomic complications.

There are two bronchopulmonary segments of the lingula: superior and inferior.
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The mediastinal surface of the left lung has a large cardiac impression where
the heart sits. This is deeper and larger than that on the right lung, at which level
the heart projects to the left.

On the same surface, immediately above the hilum, is a well-marked curved
groove for the aortic arch, and a groove below it for the descending aorta. The left
subclavian artery, a branch off the aortic arch, sits in a groove from the arch to near
the apex of the lung. A shallower groove in front of the artery and near the edge of
the lung, lodges the left brachiocephalic vein. The esophagus may sit in a wider
shallow impression at the base of the lung.

The left lung (left) and right lung (right). The lobes of the lungs can be seen, and

the central root of the lung is also present.

High-resolution CT scans of a normal thorax, taken in the axial, coronal and
sagittal planes, respectively.

Click here to scroll through the image stacks.

Microanatomy

A respiratory lobule, the functional unit of the lung

The lungs are part of the lower respiratory tract, and accommodate the
bronchial airways when they branch from the trachea. The lungs include the
bronchial airways that terminate in alveoli, the lung tissue in between, and veins,
arteries, nerves and lymphatic vessels. The trachea and bronchi have plexuses
of lymph capillaries in their mucosa and submucosa. The smaller bronchi have a
single layer and they are absent in the alveoli. All of the lower respiratory tract
including the trachea, bronchi, and bronchioles is lined with respiratory epithelium.
This is a ciliated epithelium interspersed with goblet cellswhich produce mucus,
and club cells with actions similar to macrophages. Incomplete rings of cartilage in
the trachea and smaller plates of cartilage in the bronchi, keep these airways
open. Bronchioles are too narrow to support cartilage and their walls are of smooth
muscle, and this is largely absent in the narrower respiratory bronchioles which are
mainly just of epithelium. The respiratory tract ends in lobules. Each lobule consists
of a respiratory bronchiole, which branches into alveolar ducts and alveolar sacs,
which in turn divide into alveoli.
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The epithelial cells throughout the respiratory tract secrete epithelial lining
fluid (ELF), the composition of which is tightly regulated and determines how

well mucociliary clearanceword.

Alveoli consist of two types of alveolar cell and an alveolar macrophage. The two
types of cell are known as type I and type II alveolar cells (also known as
pneumocytes). Types I and II make up the walls and alveolar septa. Type I cells
provide 95% of the surface area of each alveoli and are flat ("squamous"), and Type II
cells generally cluster in the corners of the alveoli and have a cuboidal
shape. Despite this, cells occur in a roughly equal ratio of 1:1 or 6:4.

Type I are squamous epithelial cells that make up the alveolar wall structure.
They have extremely thin walls that enable an easy gas exchange. These type I cells
also make up the alveolar septa which separate each alveolus. The septa consist of
an epithelial lining and associated basement membranes. Type I cells are not able to
divide, and consequently rely on differentiation from Type II cells.

Type II are larger and they line the alveoli and produce and secrete epithelial
lining fluid, and lung surfactant. Type II cells are able to divide and differentiate to
Type 1 cells.

The alveolar macrophages have an important immunological role. They remove
substances which deposit in the alveoli including loose red blood cells that have been
forced out from blood vesels.

The lung is surrounded by a serous membrane of visceral pleura, which has an

underlying layer of loose connective tissueattached to the substance of the lung.

Respiratory tract

The lungs as main part of respiratory tract

The lower respiratory tract is part of the respiratory system, and consists of
the trachea and the structures below this including the lungs. The trachea receives
air from the pharynx and travels down to a place where it splits (the carina) into a
right and left bronchus. These supply air to the right and left lungs, splitting
progressively into the secondary and tertiary bronchi for the lobes of the lungs, and
into smaller and smaller bronchioles until they become the respiratory bronchioles.
These in turn supply air through alveolar ducts into the alveoli, where the exchange
of gases take place. Oxygen breathed in, diffuses through the walls of the alveoli into
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the enveloping capillaries and into the circulation, and carbon dioxide diffuses from
the blood into the lungs to be breathed out.

Estimates of the total surface area of lungs vary from 50 to 75 square metres

(540 to 810 sq ft); roughly the same area as one side of a tennis court.

The bronchi in the conducting zone are reinforced with hyaline cartilage in
order to hold open the airways. The bronchioles have no cartilage and are
surrounded instead by smooth  muscle. Air is warmed to 37 °C
(99 °F), humidified and cleansed by the conducting zone; particles from the air being

removed by the cilia on the respiratory epitheliumlining the passageways.

Pulmonary stretch receptorsin the smooth muscle of the airways initiate
areflex known as the Hering—Breuer reflex that prevents the lungs from over-

inflation, during forceful inspiration.

Blood supply

3D rendering of a high resolution computed tomography of the thorax. The
anterior thoracic wall, the airways and the pulmonary vessels anterior to the root of
the lung have been digitally removed in order to visualize the different levels of
the pulmonary circulation.

The lungs have a dual blood supply provided by a bronchial and a pulmonary
circulation. The bronchial circulation supplies oxygenated blood to the airways of the
lungs, through the bronchial arteries that leave the aorta. There are usually three
arteries, two to the left lung and one to the right, and they branch alongside the
bronchi and bronchioles. The pulmonary circulation carries deoxygenated blood from
the heart to the lungs and returns the oxygenated blood to the heart to supply the
rest of the body.

The blood volume of the lungs, is about 450 millilitres on average, about 9 per

cent of the total blood volume of the entire circulatory system.

This quantity can easily fluctuate from between one-half and twice the normal

volume.
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Nerve supply

The lungs are supplied by nerves of the autonomic nervous system. Input from
the parasympathetic nervous system occurs via the vagus nerve. When stimulated
by acetylcholine, this causes constriction of the smooth muscle lining the bronchus
and bronchioles, and increases the secretions from glands. The lungs also have a
sympathetic tone from norepinephrine acting on the beta 2 receptorsin the
respiratory tract, which causes bronchodilation.

The action of breathing takes place because of nerve signals sent by

the respiratory centres in the brainstem, along the phrenic nerve to the diaphragm.

Heart

The heart is a muscular organ in most animals, which pumps blood through

the blood vessels of the circulatory system. Blood provides the body

with oxygenand nutrients, as well as assists in the removal of metabolic wastes. In

humans, the heart is located between the lungs, in the middle compartment of
the chest.

In humans, other mammals, and birds, the heart is divided into four chambers:
upper left and right atria; and lower left and right ventricles. Commonly the right
atrium and ventricle are referred together as theright heart and their left
counterparts as the left heart. Fish, in contrast, have two chambers, an atrium and a
ventricle, while reptiles have three chambers.

In a healthy heart blood flows one way through the heart due to heart valves,
which prevent backflow. The heart is enclosed in a protective sac, the pericardium,

which also contains a small amount of fluid.

The wall of the heart is made up of three layers: epicardium, myocardium,

and endocardium.

The heart pumps blood with a rhythm determined by a group of pacemaking
cells in the sinoatrial node. These generate a current that causes contraction of the
heart, traveling through the atrioventricular node and along the conduction system

of the heart. The heart receives blood low in oxygen from the systemic circulation,

which enters the right atrium from the superior and inferior venae cavae and passes

to the right ventricle.
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From here it is pumped into the pulmonary circulation, through

the lungs where it receives oxygen and gives off carbon dioxide.

Oxygenated blood then returns to the left atrium, passes through the left
ventricle and is pumped out through the aorta to the systemic circulation-where the

oxygen is used and metabolized to carbon dioxide.

The heart beats at a resting rate close to 72 beats per minute.

Exercise temporarily increases the rate, but lowers resting heart rate in the

long term, and is good for heart health.

Cardiovascular diseases (CVD) are the most common cause of death globally as
of 2008, accounting for 30% of deaths.

Of these more than three quarters are a result ofcoronary artery

disease and stroke.

Risk factors include: smoking, being overweight, little exercise, high
cholesterol, high blood pressure, and poorly controlled diabetes, among others.

Cardiovascular diseases frequently do not have symptoms or may cause chest

pain or shortness of breath.

Diagnosis of heart disease is often done by the taking of a medical

history, listening to the heart-sounds with a stethoscope, ECG, and ultrasound.

Specialists who focus on diseases of the heart are called cardiologists, although
many specialties of medicine may be involved in treatment.

human heart

The human heart is in the middle of the thorax, with its apex pointing to the

left.

The human heart is situated in the middle mediastinum, at the level of thoracic
vertebrae T5-T8.

A double-membraned sac called the pericardium surrounds the heartand
attaches to the mediastinum.
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The back surface of the heart lies near the vertebral column, and the front

surface sits behind the sternum and rib cartilages.

The upper part of the heart is the attachment point for several large blood
vessels — the venae cavae, aorta and pulmonary trunk.

The upper part of the heart is located at the level of the third costal cartilage.

The lower tip of the heart, the apex, lies to the left of the sternum (8 to 9 cm
from the midsternal line) between the junction of the fourth and fifth ribs near

their articulation with the costal cartilages.

The largest part of the heart is usually slightly offset to the left side of the chest
(though occasionally it may be offset to the right) and is felt to be on the left because

the left heart is stronger and larger, since it pumps to all body parts. Because the
heart is between the lungs, the left lung is smaller than the right lung and has a
cardiac notch in its border to accommodate the heart.

The heart is cone-shaped, with its base positioned upwards and tapering down
to the apex. An adult heart has a mass of 250-350 grams (9-12 oz).

The heart is often described as the size of a fist: 12 cm (5 in) in length, 8 cm
(3.5 in) wide, and 6 cm (2.5 in) in thickness, ma lthough this description is disputed,
as the heart is likely to be slightly larger. Well-trained athletes can have much
larger hearts due to the effects of exercise on the heart muscle, similar to the
response of skeletal muscle.

The heart has four chambers, two upper atria, the receiving chambers, and two
lower ventricles, the discharging chambers. The atria open into the ventricles via the

atrioventricular valves, present in the atrioventricular septum. This distinction is

visible also on the surface of the heart as the coronary sulcus.

There is an ear-shaped structure in the upper right atrium called the right
atrial appendage, or auricle, and another in the upper left atrium, the left atrial
appendage.

The right atrium and the right ventricle together are sometimes referred to as
the right heart. Similarly, the left atrium and the left ventricle together are
sometimes referred to as the left heart. The ventricles are separated from each other
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by the interventricular septum, visible on the surface of the heart as the anterior

longitudinal sulcus and the posterior interventricular sulcus.

The cardiac skeleton is made of dense connective tissue and this gives structure

to the heart. It forms the atrioventricular septum which separates the atria from the

ventricles, and the fibrous rings which serve as bases for the four heart valves.

The cardiac skeleton also provides an important boundary in the heart's

electrical conduction system since collagen cannot conduct electricity.

The interatrial septum separates the atria and the interventricular septum
separates the ventricles.

The interventricular septum is much thicker than the interatrial septum, since

the ventricles need to generate greater pressure when they contract.

Cubital fossa

The cubital fossa or elbow pit is the triangular area on the anterior view of
the elbow of a human or other hominid animal. It is also called the antecubital
fossa because it lies anteriorly to the elbow (Latin cubitus) when in standard
anatomical position.

Boundaries

o superior (proximal) boundary — an imaginary horizontal line connecting
the medial epicondyle of the humerus to the lateral epicondyle of the humerus

. medial (ulnar) boundary — lateral border of Pronator Teres muscle originating
from the medial epicondyle of the humerus.

e lateral (radial) boundary — medial border of  Brachioradialis
muscle originating from the lateral supraepicondylar ridge of the humerus.

e  apex- it is directed inferiorly, and is formed by the meeting point of the lateral
and medial boundaries

. superficial boundary (roof)- skin, superficial fascia containing the median
cubital vein, the lateral cutaneous nerve of the forearm and the medial
cutaneous nerve of the forearm, deep fascia reinforced by the bicipital
aponeurosis (a sheet o a sheet of tendon-like material that arises from the
tendon of the biceps brachii)

e deep boundary (floor)- brachialis and supinator muscles
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Contents
The cubital fossa contains four main vertical structures (from lateral to medial):

. The radial nerveis in the vicinity of the cubital fossa, located
between brachioradialis and brachialis muscles. It is oftenldubious - discussl byt not

always considered part of the cubital fossa.

. The biceps brachii tendon

. The brachial artery. The artery usually bifurcates near the apex (inferior part)
of the cubital fossa into the radial artery (superficial) and ulnar artery (deeper)

. The median nerve

. The ulnar nerve is also in the area, but is not in the cubital fossa; it occupies a
groove on the posterior aspect of the medial epicondyle of the humerus.

. Several veins are also in the area (for example, the median cubital

vein, cephalic vein, and basilic vein) but these are usually considered superficial
to the cubital fossa, and not part of its contents.

Clinical aspects

During blood pressure measurements, the stethoscopeis placed over the

brachial artery in the cubital fossa. The artery runs medial to the biceps tendon. The
brachial pulse may be palpated in the cubital fossa just medial to the tendon.

The area just superficial to the cubital fossa is often used for venous access

(phlebotomy). A number of superficial veins can cross this region. It may also be used
for the insertion of a peripherally inserted central catheter.

Historically, when (venous) blood-letting was practiced, the bicipital
aponeurosis (the ceiling of the cubital fossa) was known as the "grace of God" tendon
because it protected the more important contents of the fossa (i.e. the brachial artery
and the median nerve). Statiscally, the antecubital fossa is the least tender region
for peripheral intravenous access, although it provides a greater risk for venous
thrombosis.

Brachial plexus

The brachial plexus is a network of nerves formed by the ventral rami of the

plexus extends fro Structure
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The brachial plexus is divided into five roots, three trunks, six divisions (three
anterior and three posterior), three cords, and five branches. There are five
"terminal" branches and numerous other "pre-terminal" or "collateral" branches,
such as the subscapular nerve, the thoracodorsal nerve, and the long thoracic
nerve, that leave the plexus at various points along its length. A common structure
used to identify part of the brachial plexus in cadaver dissections is the M or W

shape made by the musculocutaneous nerve, lateral cord, median nerve, medial cord,

and ulnar nerve.

Roots

The five roots are the five anterior rami of the spinal nerves, after they have

given off their segmental supply to the muscles of the neck. The brachial plexus
emerges at five different levels; C5, C6, C7, C8, and T1l. C5 and C6 merge to
establish the upper trunk, C7 continuously forms the middle trunk, and C8 and T1
merge to establish the lower trunk. Prefixed or postfixed formations in some cases
involve C4 or T2, respectively. The dorsal scapular nerve comes from the superior
trunk and innervates the rhomboid muscles which retract the scapula. The
subclavian nerve originates in both C5 and C6 and innervates the subclavius, a
muscle that involves lifting the first ribs during respiration. The long thoracic nerve
arises from C5, C6, and C7. This nerve innervates the serratus anterior, which
draws the scapula laterally and is the prime mover in all forward-reaching and

pushing actions.

Trunks

These roots merge to form the trunks:

e '"superior" or "upper" (C5-C6)
e "middle" (C7)
e inferior" or "lower" (C8, T1)
Division
Each trunk then splits in two, to form six divisions:
e anterior divisions of the upper, middle, and lower trunks
e posterior divisions of the upper, middle, and lower trunks

¢ when observing the body in the anatomical position, the anterior divisions
are superficial to the posterior divisions
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Cords

These six divisions regroup to become the three cords or large fiber bundles.

The cords are named by their position with respect to the axillary artery.

e  The posterior cord is formed from the three posterior divisions of the trunks
(C5-C8, T1)

. The lateral cord is formed from the anterior divisions of the upper and middle
trunks (C5-C7)

e  The medial cord is simply a continuation of the anterior division of the lower
trunk (C8, T1)

Branches

The branches are listed below. Most branch from the cords, but a few branch
(indicated in italics) directly from earlier structures. The five on the left are
considered "terminal branches". These terminal branches are the musculocutaneous

nerve, the axillary nerve, the radial nerve, the median nerve, and the ulnar nerve.
Due to both emerging from the lateral cord the musculocutaneous nerve and

the median nerve are well connected. The musculocutaneous nerve has even been

shown to send a branch to the median nerve further connecting them. There have

been several variations reported in the branching pattern but these are very rare.

The brachial plexus is responsible for cutaneous and muscular innervation of
the entire upper limb, with two exceptions: the trapezius muscle innervated by
the spinal accessory nerve (CN XI) and an area of skin near the axilla innervated by

the intercostobrachial nerve. The brachial plexus communicates through the

sympathetic trunk via gray rami communicantes that join the plexus roots.

The terminal branches of the brachial plexus (musculocutaneous n., axillary n.,
radial n., median n., and ulnar n.) all have specific sensory, motor and proprioceptive

functions. Lesions can lead to severe functional impairment
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Brachial Plexus Injury

Brachial plexus injury affects cutaneous sensations and movements in the

upper limb. They can be caused by stretching, diseases, and wounds to the lateral
cervical region (posterior triangle) of the neck or the axilla. Depending on the
location of the injury, the signs and symptoms can range from complete paralysis to
anesthesia. Testing the patient's ability to perform movements and comparing it to
their normal side is a method to assess the degree of paralysis. A common brachial
plexus injury is from a hard landing where the shoulder widely separates from the
neck (such as in the case of motorcycle accidents or falling from a tree). These
stretches can cause ruptures to the superior portions of the brachial plexus or avulse
the roots from the spinal cord. Upper brachial plexus injuries are frequent in
newborns when excessive stretching of the neck occurs during delivery. Studies have
shown a relationship between birth weight and brachial plexus injuries; however,
the number of cesarean deliveries necessary to prevent a single injury is high at
most birth weights. For the upper brachial plexus injuries, paralysis occurs in those
muscles supplied by C5 and C6 like the deltoid, biceps, brachialis, and
brachioradialis. A loss of sensation in the lateral aspect of the upper limb is also
common with such injuries. An inferior brachial plexus injury is far less common,
but can occur when a person grasps something to break a fall or a baby's upper limb
is pulled excessively during delivery. In this case, the short muscles of the hand
would be affected and cause the inability to form a full fist position.

To differentiate between pre ganglionic and post ganglionic injury, clinical
examination requires that the physician keep the following points in mind. Pre
ganglionic injuries cause loss of sensation above the level of the clavicle, pain in an
otherwise insensate hand, ipsilateral Horner's syndrome, and loss of function of
muscles supplied by branches arising directly from roots—i.e., long thoracic nerve
palsy leading to winging of scapula and elevation of ipsilateral diaphragm due to
phrenic nerve palsy.

Acute brachial plexus neuritis is a neurological m the spinal cord, through
the cervicoaxillary canal in the neck, over the first rib, and into the armpit. It
supplies afferent and efferent nerve fibers to the chest, shoulder, arm and hand.
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Foreword

The knowledge of gross anatomy and its scope in image interpretation is
invaluable for understanding Radiological Anatomy. Recent advances in the
field of Radio diagnosis are overwhelming. The students get a glimpse of
modern imaging techniques in addition to conventional radiography, so that
they are aware of the importance of Cross-sectional Anatomy in Radio
diagnosis well before they enter into clinical side. It is a simple handbook
providing an overview of the subject for quick recall, which fulfils the needs

of the present generation of student



Preface

Medicine is more an art than science in the hands of a skilled physician.
But the fact is that the art is fast vanishing with the advent of evolving
technology, which has put more diagnostic tools into the physicians’ bags.
Bedside medicine needs revival so that the patient does not have to go
through unnecessary tests and also waste time and money. The need of the
hour is to bring back these clinical skills in our students. Gross Anatomy is
the most basic and relatively constant of all basic medical sciences. The basic
human structure remains the same, though many normal variations have
been studied. Hence, thorough knowledge of anatomy is very important to
build up our clinical skills and knowledge further. Thus this handbook will
be essesenially helpful for 1st year MBBS students. A sincere effort has been
made towards promoting the art of medicine. Suggestions from our readers

regarding any improvements are always welcome.



Acknowledgements

We sincerely acknowledge, S. Jagathrakshagan Founder Chancellor of
Sree Balaji Medical |College and Hospital Chrompet Chennai , for all our
professional achievements and thank him for giving us this platform to think
of such a textbook. We are extremely indebted to Dr J.Sri Nisha Chairman ,
SBMCH, and DEAN ,SBMCH Dr.P.Sai Kumar for their constant guidance
and support to do this work. We are extremely thankful to Dr.WMS Johnson
Professor Head of Anatomy and Vice principal of SBMCH for his constant
support and timely assistance which paved way for the successful completion
of this Handbook. We deeply extend our gratitude to our fellow colleagues for

the their support and ideas during the course of this work



Contents

Principles of radiology
Radiography

¢ Radiographic Views

¢ Contrast Radiography

¢  Fluoroscopy

e Mammography
Radiology: Upper Limb

¢ Shoulder Region

e Elbow

e Wrist and Hand

Radiology: Lower Limb

¢ Hip Region

¢ Knee Joint

e Ankle Joint

e Foot
Radiology of Thorax

e Lung Shadow

e (Cardiac Shadow

e Cardiac Size Estimation

e Contrast Radiographs of Thoracic Region
¢ Bronchography

Radiology: Abdomen and Pelvis
¢ Contrast Radiograph of Abdomen and Pelvis
e Barium Meal Follow Through
¢ Barium Enema
¢ Pyelography
Radiology of Head and Neck & Vertebral column
e Views
e Waters View
e Radiology of Neck 1

Recent advances in radiology
e Ultrasound
e MRI
e CT- Scan

vi

16

23

30



Principles of Radiology

Introduction

It is a branch of medical science that deals with the use of radiant energy in the
diagnosis and treatment of disease.

Ths radiant energy, called X-ray, was discovered by Wilhelm Conrad Roentgen
in 1895.

X-rays are a form of energy waves compared to visible light rays, but they are
shorter in length and travel in straight line.

WILHELM CONRAD ROENTGEN

These rays can penetrate through the tissues of the body and also are partially
absorbed by the tissues. Some X-rays which pass through the body without being
absorbed. All the above can be recorded on X-ray fim in varying densities.
The X-rays are produced in a glass tube which has vacuum and contains a wire
filament at one end and a target of tungsten wire at the other end. The filament
releases electrons when heated by an electric current to become luminous (white
heat). These electrons are made to accelerate toward the target by applying a very
high voltage between the filament and the target. The high velocity electrons lose
their kinetic energy after striking the target and release X-rays as a form of energy.
The X-ray tube made of glass, has to be covered by lead tube except a small hole for
the passage of X-rays.



Radiology: Upper Limb

Usually the limb radiographs are taken as plane radiographs to either assess
the age by looking at the un ossified parts, ossification centers and non fused
epiphyses or to note the fractures of the bones. The contrast radiographs of the limbs
are usually the angiograms. The age assessment is done by taking the radiographs
at the joints which involve more than one bone.

Shoulder Region (Fig. 1.)

e This is usually a plane radiograph to study the shoulder joint. In this
radiograph the head of humerus, glenoid cavity and parts of processes of
scapula are visualized.

¢ The view selected is anteroposterior or posteroanterior.

e The acromion process, coracoid process and part of the lateral border of
scapula are visible.

¢ The ends of the bones and their level of ossification help in assessing age.
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Fig. 1 Plane radiogram of the shoulder region antero posterior view. Fully ossified scapula,
upper end of humerus, lateral part of clavicle, parts of ribs, acromioclavicular joint and glen

humeral joint are visualized.
Elbow

The plain radiographs with antero posterior and lateral views are taken to
study the lower end of humerus and upper ends of radius and ulna.
Radiograph shows the lower end of humerus and upper ends of radius and ulna the

center for the medial epicondyle appears at the age of 6th year and fuses separately
with the shaft at 20th year.
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Fig. 2.1. Plane radiogram of the elbow region posteroanterior view.
The elbow joint and superiorradioulnar joint are visualized.

Fig 2.1b Plane radiogram of the elbow region lateral view

Wrist And Hand (Fig.3.)

For the plane radiographs of the wrist, anteroposterior view, lateral view and
semi-prone view are usually taken. This is used to study the lower ends of radius,

ulna, carpal bones, metacarpals and phalanges.
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Fig.3. Plane radiograph of a hand showing the shadows of lower ends of radius and ulna,

carpals, metacarpals, and phalanges.



Radiology of Lower Limb

Hip Region (Fig,4)
e Normally viewed in antero posterior view.

e The position of the lower limb should be in such a way that there is
separation of lower limb at heels and all the toes are directed antero
medially.

¢ This position of lower limb allows the femur to rotate slightly medially and
femoral
neck lies parallel to the radiographic film.

e In this position the shadows of upper end of the femur and acetabular region
are visualized better. The borders of acetabular cavity and head of femur
appear as curved lines indicating the radiodense cortical tissue (compact
part) of the bone.

¢ The shadow of the thick corticaltissue of the medial edge of the acetabulum
can be traced above which becomes continuous with pelvic brim shadow and
below it ends just above and lateral to the Obturator foramen margin.

Crest of Ili I—
rest ofdium 5th Lumber Vertebrae

Tlium Posterior Inferior Spine

Greater Sciatic Notch
Anterior Superior > J
Tliac Spine . e d e 5 Acetabulum
Anterior inferior ; 7 p ¢ Femoral Head
Iliac Spine  ——— 4 ’
Femoral Neck

Intertrochanteric
' Crest
Superior Ramus of Pubiss . . : A% Greater

Obturator Foramen = - N : J R / Trochanter

Ischial Tuberosity — o Lesser Trochanter

Femur

Symphysis Pubis Fovea

Fig.4. Plane radiogram of pelvis, lower lumbar region and hip joint, antero posterior view\
In normal antero posterior view, two curved lines can be appreciated.
1. Shenton’s line (Fig4.1.): Line at the upper margin of obturator foramen that
becomes
continuous with the shadow of inferior surface of the neck of femur and the medial
border of shaft of the femur till lesser trochanter shadow. This lineis not altered on
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change of the posture but discontinuity in the curved linesis seen in fractures of neck of
femur or in dislocations of hip joint. The neck shaft angle can be visualized when the foot
is slightly turned medially. Its measurement varies between 120° and 135°. It is less
than 120 degrees in coxa vara and more than 135 degrees in coxa valga depending upon
the age, pelvic width and stature. The shadows of trabeculae caused due to pressure
present a peculiar patterns and help in assessing the amount of calcifiation of the
bone.

Fig.4.1Plane radiograph of the pelvis and hip region, posteroanterior view,
showing the Shenton’s line.
Knee Joint

Normally antero posterior and lateral views are taken.

Antero posterior View (Fig.5.)

The borders of the bones taking part in the joint formation present a smooth,
white line (radio opaque line) which is due to the presence of thin cortical bone

tissue.

e The joint space appears as radiolucent area—about 3 to 5 mm vertically,
superimposed patellar shadow is seen on the shadow of lower end of femur
the medial lateral condylar shadows of femur are seen on either side of the
lower part of patellar shadow.

e The lateral border of the lateral condyle of the femur presents a notch which
represents the groove for the popliteus muscle.
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e The intercondylar area of tibia presents shadows of intercondylar spines
between medial and lateral semilunar areas which are covered by menisci
(semilunar firocartilages).

e Sometimes a small shadow of sesamoid bone is seen close to the origin of
lateral head of gastrocnemius (close to lateral condyle of femur) and is called
FABELLA. It usually measures about 5 mm in diameter.

e Shadow of upper end of fibula is seen close to the lower part of the lateral
condyle of tibia.

Femur

i , Medial
Lateral Epicondyle
Epicondyle
Patella

Lateral Femoral

Condyle i Medial Femoral
- — Condyle

Head of
Fibula — Intercondylar
Eminence

Fibula

Fig.5.Plane radiograph of the adult knee anteroposterior view. Shadows of lower end of femur
and upper ends of tibia and fiula. Rounded radiopaque shadow at the lower end of the femur

superimposing the lower end of the femur is that of patella.

Lateral view: Fig.5.1

e The patellar shadow can be seen anterior to the lower end of femur.
In complete flexion of knee joint the patellar shadow comes to lie distal to the
condylar shadows of femur.

e The shadows of medial and lateral condyles of femur are superimposed
and the same with the condyles of tibia.

e The shadow of upper end of fibula and condylar shadows of tibia are also
superimposed.
The shadows of the shafts of tibia and fibula show shades of grey and white.
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The white shadows are of outer border of cortical tissue.

The spongy part appears greyish and the marrow cavity appears radiolucent.
In lateral view of leg, the shadow of fibular shaft appears posterior to the
shadow of tibial shaft.

Femur

Articular Surface
Patella

/]

y y \\\“‘ Adductor Tubercle
Patella 4( - 5 Medial Condyle

- Lateral Condyle

Tibial '7'_ Intercondylar
Plateau 1 tubercle

Tibial i
Condyles = {

Tibial
Tuberosity —=———

Tihl ——— =~ Fibula

Fig.5.1: Plane radiograph of the knee in the lateral view. Shows shadows of lower end of femur

and upper ends of tibia and fiula.

Ankle Joint

In anteroposterior view, the shadows of lower ends of tibia, fiula, talus,
calcaneum, navicular, cuboid and cuneiforms are seen.

The shadow of ankle joint with lower ends of tibia, fibula (medial and lateral
malleoli) and upper end of talus are seen. Joint cavity appears radiolucent.
The lateral malleolar shadow extends slightly beyond the medial malleolar
shadow.

In lateral view, the lower ends of tibia and fibula are superimposed.

The shadow of subtler joint (talocalcaneonavicular joint) can be seen clearly.
The shadows of cuboid overlapping the shadows of cuneiform are seen.



Fibula

Tibiotalar
Joint
Talus

Navicular
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Fig.6 Plane radiograph of adult foot in lateral view showing the lateral aspect of

the ankle joint, tarsals, metatarsals and phalanges.
Foot

¢ In this the shadows of tarsal bones, metatarsals and phalanges are seen.

e The fith metatarsal bone presents a projection called styloid process.
Calcaneocuboid joint, talonavicular joint can be well appreciated.

¢ Shadows of sesamoid bones are seen near the plantar surface of distal end of
fist metatarsal bone.

Distal Phalanges

Interphalangeal
Joint
Proximal
Phalanges (1-5) — 1
Intermediate
Metatarso- —— D E’E?[gé;nges
phalangeal
Joints

Sesamoid Bones \ Head of 5th
Metatarsal
Metatarsals (I-V)
Shaft of 5th
) Metatarsal
Cuneiforms ¥
- Medial 15 i
- Intermediate - 4 4 & Base of 5th
- Lateral — g Metatarsal

Navicular : Cuboid

Talus Calcaneum

Fig 7. Plane radiograph of adult right foot viewed from above.
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Radiology of Thorax

¢ Radiographic examination of thorax is done to see the thoracic cage, the lungs,
bronchial tree, hilum and roots of lungs, heart, great vessels, and the mammary
glands.
e The radiologic study of thorax includes, plane radiograph and contrast
radiograph.
e The plane radiograph of chest (thorax) is taken with a normal distance of 2
meters
e between the X-ray tube and the film which prevents scattering of the rays and
distortion of the shadow.
0 In plane radiography of chest there are various views in which the
radiographs can be taken.
0 They are—anteroposterior (AP) view, posteroanterior (PA) view, right
lateral view, left lateral view, right oblique view, and left oblique view.
In posteroanterior view (PA view or anterior view—the person is usually standing or
can be sitting with straight back. Th fim is kept on the anterior aspect of the chest
and the X-ray tube is behind. The distance between X-ray tube and the fim is 2
meters (6 feet) to avoid distortion of the shadow. The center of the X-ray beam is
directed to the tip of the spine of the 4th thoracic vertebra. The exposure time is
calculated to be 1/10th of a second to prevent blurring of the shadow due to the
movements of heart and lungs. Th position of the person whose radiogram is to be

taken is as follows:

1. Overhead abduction at shoulder with both hands on the back of the head or
both dorsums of hands kept on the upper gluteal regions.

2. In both cases the elbows should be directed anteriorly. This prevents the
overlapping

of the shadows of scapulae on the lung fields.
3. The shoulders should be symmetrically placed.

4. At the time of exposure to the X-rays the person is instructed to take a deep
breath and hold the breath for few seconds to cause immobility of lungs

during respiration.



In such radiographs the lung fields, cardiac shadow, shadows of trachea and great

vessels, skeletal shadows and soft tissue shadows are seen which include

mediastinum, diaphragm, sub-diaphragmatic area, mammary glands, etc.

Lung Shadow

trachea

anteriot rib

aortic knob
bronchial bifurcation

laft bronchus

— hilum

wascular hilumn
ding aorta
erior ribh ——
Fig. 8: Plain radiograph of thorax, posteroanterior view

The lung fields contain shadows of pulmonary vessels, bronchial vessels,
bronchopulmonary lymph nodes which are arranged from the hila of the
lungs to the peripheral parts of the lung fields.

The costodiaphragmatic and cardiophenic angles can be seen in this view.

The costodiaphragmatic angles contain costodiaphragmatic recesses of the
pleurae.

The right cardiophrenic angle is acute and contains terminal part of inferior
venacaval shadow. On the left side it is the apex of the heart and is again
acute normally.

The lung fields are crossed obliquely by shadows of ribs.

Cardiac Shadow

Cardiac shadow is caused by pericardium, heart, and adjacent great vessels
of heart.

All ofthese are together called mediastinal shadow. In the cardiac shadow
the right, left and the inferior borders of heart can be appreciated.

The pericardial shadow cannot be appreciated due to its close proximity to
the heart and the shadow merges with that of heart. The right border is
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made up of right atrium, which becomes continuous with the right border
of superior vena cava and right brachiocephalic vein present in the
mediastinal shadow.

e The left border of the cardiac shadow consists of left ventricle, left atrium,
which becomes continuous with pulmonary artery or its left branch, left
subclavian artery and arch of aorta of the left border of mediastinal shadow.

e The shadow of arch of aorta is convex to left and is called aortic knuckle.

Loft atrium
: ' | Left
Oblique 14 RN |FVentricle
fissure

Inferior vena
cava

'l - " {0blique
i b - ‘ssure

;iaphragm

Diaphra m/’-l.\ )
P Left costo-

Liver . i : :
{ﬁ‘ . <) phrenic angle

Fig. 8.1: Plain radiograph of thorax. The cardiac area, aortic knuckle (shadow of arch of aorta)

and shadows of domes of diaphragm have been marked.

Cardio Thoracic Ratio
In the PA view the size of the heart can be calculated and is as follows:
1. Mid-sagittal line is drawn .

2. 2. A horizontal line is drawn from the most convex border on the right side to
the midline .
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3. 3. Another horizontal line is drawn from the most convex part of the left
border of cardiac shadow to the midline.

4. The distances of both the horizontal lines are added .

The total maximum width of the thorax is taken and compared with the
width of the heart. If it is more than 50% of the transthoracic diameter, then
cardiomegaly is diagnosed.

This is radiological diagnosis of Cardiomegaly (Fig. 8.3).

Normal cardiac shadow = < 50%

Heart (1/2 x)

Chest (1 x)

Chest

Normal Cardiothoracic Ratio

Enlarged Heart

Fig.8.2,8.3: Plain radiograph of thorax in PA view. Estimation of the cardiac size in he
radiogram of thethorax (Refer text).

Lateral view (Figs.12.7):
e In this view the person is in standing or sitting position.Arms are raised
above the head.
e The X-ray tube emits rays which are directed to the 6th thoracic vertebra at
the level of mid-axillary line.
e In right lateral view, the tube is on the left side and the fim is on the right
side.

e In l€ft lateral view the tube is on the right side and the fim is on the left side.
In these views the shadows to be looked for—lung filds, heart and great
vessels, trachea, skeletal shadows, and the diaphragm.

12



e The lung fields appear as radiolucent shadows which are overlapped by the
shadows of ribs, blood vessels, and hilar shadows. In well-exposed
radiograms the fisures of the lungs can be appreciated specially the oblique

fisure.

e In right lateral view the horizontal fissure is visualised

& R humerus
L humerus

Trachea
Aortic arch

> Posterior
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L main bronchus 3 [ | ) : L

R Scapula — . s B Sternum

L Atrium ¢ : §

L Ventricle S W T : RVentricle
Inferior y

vena cava

L Costophrenic
angle

R Costophrenic Gastric bubble
angle g

‘e

Fig. 12.7: Plain radiograph of the thorax, lateral view.

Contrast Radiographs of Thoracic Region
To visualize bronchial tree: Procedure called Bronchography is done.

To visualize cardiac parts: Transesophageal echo—the anterior wall of esophagus
lies in close proximity with left atrium (base of heart).

1. This relation helps to carryout transesophageal echo through oesophagus.

2. To visualize coronary arteries: Coronary angiogram.
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3. To see the larger vessels: Angiograms—consisting of arteriogram, venogram,
and lymphangiogram.

4. To visualize the esophagus: Barium swallow.

Bronchography

To visualize lower respiratory tract (which includes larynx, trachea, and
bronchi) a procedure called Bronchography is done. After the invention of CT scans,
MRI and bronchoscopy the Bronchography has become obsolete and is done only
when it is recommended.

It is a procedure where in a contrast medium is introduced into the bronchial
tree and radiography is done.

The radiograph is taken as soon as the trachea and bronchi are filed with
contrast medium. This procedure is done to see the interior of the respiratory tract,
growths inside if any and to locate foreign bodies if trapped and the obstruction by
the growth or abnormal dilatation of bronchial tree and lungs. It is also done in case
of tracheoesophageal fistula.The patient is explained about the procedure. Th
effiency of the respiration is assessed.

Before the procedure—patient is to be explained about the procedure and written
consent is to be taken by the patient.

e If any medications are taken by the patient specifially the blood thinners like
aspirin or any anticoagulants, allergies to medicines containing iodine, latex,
local anesthetics, or any other medicines.

e In case of young females menstrual history is to be taken to rule out
pregnancy.
Procedure

e A course of antibiotics are administered to the patient for few days before the
procedure.

e Sensitivity test for the contrast medium which is going to be used is carried
out.

e Nil orally from the night before the procedure.

e Sedative is administered a night before the procedure to avoid
anxiety.Intramuscular injection of Atropine is administered to prevent
secretion.

14



This prevents secretion of glands in the bronchial tree which may cause
dilution of the dye and also may induce cough.

The throat (which includes palate, fauces, posterior part of tongue, posterior
pharyngeal wall, all the pillars in the throat, epiglottis, and trachea till
carina) is sprayed with 2% local anesthetic 3 to 4 times with an interval of 5—
7 minutes.

This prevents the pharyngeal (gag) reflux and palatal reflux. The patient
also complains about inability to swallow.

A catheter or a bronchoscope is introduced into the throat and passed till the
bifurcation of trachea and the radio opaque dye is instilled into the bronchial
tree as the catheter is being advanced. There will be discomfort but there

will not be any blockage to the airways.

Thin radiographs are taken in various positions. The catheter is removed
once all the required radiographs are taken.

During the procedure, the respiratory rate, blood pressure and the pulse are
to be monitored throughout.

After the procedure the patient is advised not to eat or drink anything till
the gag reflux returns to normal.

Forceful coughing and posture will help in early drainage of the contrast dye.

3 -

1A 1B
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Radiology of Abdomen and Pelvis

In the plain radiograph of abdomen (FIG 14 ) the shadows of lower ribs, lower
thoracic vertebrae, lumbar vertebrae, sacrum and coccyx, hip bones, pubic symphysis
are seen.

The softtissue shadows of kidneys, liver, spleen are also visualized as opaque
shadows. Gas shadows in the fundus of stomach and in the large intestine appear

radiolucent.

Plain anteroposterior and lateral views are taken to study the bones, in particular, the lower

part of vertebral column from lower thoracic to coccygeal part.

The shadows of domes of diaphragm appear as partition between thorax and abdomen. The

gas in the fundus of stomach is seen just below the left dome of diaphragm (Fig. 14).
kL =
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Liver _— ¢ ——— Splenic Flexure

Left Kidney
Right Kidney

Hepatic Flexure .
12th Rib

Psoas Muscle Psoas Muscle

Ascending Colon Descending Colon

5th Lumber ¢
Vertebrae o ——e ]liac Wing

Sacrum

Left Femur

Symphysis
Pubis

Fig. 14: Plain radiograph of the abdomen in anteroposterior view.

The outlines of the viscera are marked
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Contrast Radiograph of Abdomen and Pelvis

Barium meal

This procedure is done to study the stomach and the duodenum. Procedure is as
follows:

e About 250-300 mL of 50% barium sulfate emulsion is given to the patient to
swallow after 6-8 hours of fasting to ensure that the stomach is empty at the
time of the procedure.

e As the emulsion reaches the stomach it comes in contact with the mucous
membrane and the rugae become visible as radio opaque shadow.

e The ulcers in the gastric mucosa are seen as craters in the shadow.

Fig.15: Contrast radiograph of stomach—barium meal, anteroposterior view.

17



Banliim Meal + Follow-Through
(Erect Position)
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Duodenum

Ileum

Follow-Through

Fig.16 Contrast radiograph of stomach—barium follow through I, anteroposterior view.

The shape of the stomach can be appreciated by the shadow and are classified
into “J” shaped, steer horn stomach, etc.

0 The shadow of stomach depends on shape of the stomach, number of rugae
and the size of the stomach. ® In case of normal tone of the musculature of
stomach the right and the left walls of the shadow of stomach appear parallel
to each other. If the tone of the musculature of stomach is reduced there is
sagging of the greater curvature shadow.

0 The peristaltic waves appear as soon as the emulsion reaches the stomach
and they appear as indentations which are seen within a minute or less.
Within few minutes the emulsion reaches the duodenum.

0 As the emulsion reaches the first part of duodenum it produces a cap like
shadow called duodenal cap. The size of the duodenal cap appears smaller
than the size of the first part of the duodenum because of its obliquity. If the
atmospheric temperature is reduced or person dislikes the taste of emulsion

18



or fears the procedure for the examination will delay the emptying of the

stomach.

0 After few hours if a normal meal is given to the subject, the gastrocolic reflex
is initiated and the barium meal reaches the beginning of colon. Otherwise it

takes as early as

2-3 hours for stomach emptying or as late as 5-6 hours for emptying of the

stomach.

The duodenal cap appears as a triangular shadow with its base directed to the

pyloric part of the stomach.

0 The duodenum empties the emulsion fast and the 2nd, 3rd, and 4th parts
of duodenum get filled with the contrast medium gradually. The shadows
of mucosal folds can be appreciated.

Fig. 17. Excretory urogram (descending pyelogram). Done to visualize the shadows
of kidney, ureter,and urinary bladder.
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Pyelography

It is a procedure in which the contrast material is introduced into the urinary
system to study the urinary organs—kidneys (K), ureters (U), and urinary bladder
(B). It consists of two methods:

1. Intravenous pyelography or descending pyelography or excretory urography
(Fig.17).
2. Retrograde/ascending pyelography (Fig. 17.2).

1. Intravenous pyelography: Also called descending pyelography or excretory
urography.

In this procedure the dye is injected into any superficial vein of the limbs and
the dye is excreted via the urinary tract. Thus the excreted dye appears in the
urinary system and causes the shadow.

Procedure
¢ A radio opaque dye (urograffin) is injected into the median cubital vein.

e The radio opaque substance enters the blood stream and reaches the heart,
pulmonary circulation, back to heart and then to kidney for excretion.

e Radiographs are taken at intervals to assess the level of dye with urine and its
filling into the hollow part of the urinary system.

e Immediately after the contrast medium is administered the dye appears in the
cortex of the kidneys as “renal blush”.

e The radiographs are taken at 3 min, 5-6 min, at 9 min and 15 min after the dye

has been introduced into the superficial veins of the arm.

e Between 3 and 5 min the dye appears in the calyces. ® Around 9-14 min the dye
starts entering into the ureters and into the urinary bladder.

e After the emptying of urinary bladder another radiograph is taken to visualize

the urinary bladder for residual urine.

e The contour of kidneys are appreciated, shadows of calyces—both major and
minor—are seen as cup like shadows. Routine excretory urogram (Fig. 17 ):

It is a procedure done when there is an unexplained microscopic hematuria or in
case of tumor of kidney. This should be done after the plain radiograph of abdomen
is done to visualize the renal area. Sometimes a compression is applied to the lower
abdomen which increases the distension in the upper renal part. But compression is
contra indicated in case of obstruction.
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Pyelography is done in cases of emergency like the renal colic or macroscopic
hematuria or renal calculi without any obstruction. Patients have to be admitted in
case of renal calculi or in case of obstruction for further treatment. In this
emergency procedure a plain radiograph of abdomen is taken. About 50 mL of the
contrast medium is injected intravenously. A delayed abdominal radiograph is taken
after about 15 min after the dye has been injected. Then radiographs are taken 30 min, 1 hr, 2 hrs,
4 hrs after micturition. This will help the radiologist to see the level of obstruction.

Remal colyces
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ADCorming e hes

P urehar

Ll OCicher

Fig. 17.1: Excretory urogram (descending pyelogram). Done to visualize the shadows
of kidney, ureter, and urinary bladder
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Fig. 17.2: Ascending pyelography. Note the catheter in the urinary bladder

directed toward the ureter.

The procedure: A small tube is introduced via the urethra into the urinary
bladder.

Then dye is introduced into the ureters by passing the tube into the ureteric
opening. Dynamic radiography or fluoroscopy is done to visualize the kidney, ureter,
and urinary bladder (KUB). This procedure has to be done safely under general
anesthesia of local anesthesia.

e Pyelography detects pelvi ureteric and vesicoureteric constrictions.

e It is also diagnostic in hydronephrosis where there is dilatation of the
conducting pathway of the kidney (calyces to ureters). Here the calyces
appear dumbbell shaped (Fig. 13.9).

e Polycystic kidney can also detected.

¢ Filling defects in the urinary bladder may suggest ulcers/polyps/carcinomas.
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Radiology of Head and Neck

The plain radiographs of head and neck show the radiopaque shadows of skull
bones, mandible, hyoid and ossified laryngeal cartilages if any and cervical
vertebrae. Radiolucent shadows of air filled cavities and tubes are seen, e.g.
paranasal air sinuses, mastoid air cells, oral cavity, pharynx, laryngeal cavity, and
trachea. The greyish shadows indicate soft tissues which include muscles, tendons,
ligaments, vessels, and nerves. The soft tissue shadows cannot be differentiated in
plain radiographs. The skulls is made up of many small, flat, and irregular bones
which articulate with one another at various types of fibrous joints especially at the

sutures. In young skulls the sutures can be appreciated as zigzag dark lines.

Views The radiographs of head and neck are taken in anteroposterior,
posteroanterior, lateral (right lateral or left lateral), superior (submentovertical),

anterior oblique, posterior oblique, and lateral oblique views.

Posteroanterior View (FIG. 18) In this view, the forehead of the individual to be
radiographed should face the film with orbitomeatal plane lying perpendicular to the
film. The coronal suture, sagittal suture and part of lambdoid suture can be seen in
the calvaria shadow. The inner and outer tables and the diploe are also visualized.
Depressions of 6 to 8 mm diameter can be seen in a few radiographs which are
caused by arachnoid granulations. The other features which can be seen are as
follows: a. Shadows of orbits. b. The frontal, ethmoid, sphenoid, and maxillary air
sinuses. ¢. The opaque shadows of greater and lesser wings of sphenoid. d.
Inferolaterally, the shadows of mastoid process and air cells. e. Dense triangular
radiopaque shadow of petrous part of temporal bone. f. The mandibular condyles
make a shadow close to the petrous part of temporal bone. g. The upper and lower
teeth produce dense radiopaque shadow. h. The shadows of nasal septum, conchae,
and nasal cavities. i. In a slightly tilted view, the odontoid process of axis vertebra
can be visualized. j. In children between 1% and 2 years the anterior fontanelle

makes radiolucent shadow.

23



Fig. 18: Plain radiograph of head, PA view. (I and OT: Inner and outer tables of skull vault;
FAS: Frontal air sinus; EAS: Ethmoidal air sinus; NS: Nasal septum; INC: Inferior nasal
concha; MAS: Maxillary air sinus).
Anteroposterior View

It is taken with back of the head facing the radiographic film and the
orbitomeatal plane lying perpendicular to the film.

The features which are visualized clearly are as follows:

a. The lambdoid suture, occipital bone foramen magnum, dorsum sellae,
posterior clinoid processes, mastoid air cells, petrous part of temporal bone.

b. Calcified choroid plexus, pineal gland with brain sand may be seen in
radiographs of old age group.

c. The shadows of emissary vein foramina and arachnoid granulations.
d. The condyles of mandible.

Lateral view (figs. 18.1 and 18.2)
In this view, one side of the head is toward the film and the other side to the tube.
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The orbito- meatal plane lying parallel to the film and interpupillary line horizontal
and perpendicular to the orbitomeatal plane.

For visualization of the entire skull the X-ray beam should be 1 cm above the
orbitomeatal line and 2 to 2.5 cm anterior to the external acoustic meatus.

Anterior Clinoid Process ~ Vertex L
Pituitary Fossa wiki

Parietal Bone
Posterior Clinoid Process , Coronal Suture

Dorsum Sellae

Clivus

= Frontal Bone

} —— Frontal Sinus

Orbital Plates
= Cribiform Plate

#_ Ethmoid Air Cells
- Sella Turcica

Lambdoidal Suture
Sphenoid Sinus

External Acoustic Meatus
Occipital Bone
Mastoid Region

Maxillary Sinus

Fig. 18.1 18.2: Plain radiograph of head and neck, lateral view. (AC: Anterior cranial fossa; B:
Sella turcica; MC: Middle cranial fossa; P: Petrous part of temporal bones; EAM: External

accoustic meatus; PC: Posterior cranial fossa; SC: Skull cap).

Espmacic intarvertabnl &

Apéfish ranpeena - -

Figs. 18.3: Plain radiograph of head and neck in lateral view with neck extended. (A) Labeled
diagram and also Dens has been outlined; (B) Unlabeled and without markings. (EAM:
External accoustic meatus).

The skull cap presents outer and inner tables [compact part of flat bones (Fig.
18.3)] with diploe (spongy or cancellous part of flat skull bones).

The shadows of tables appear radiopaque and the diploe appears trabeculated.
The sutures appear as serrated or zigzag radiolucent lines.
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Parts of coronal and lambdoid sutures can be seen clearly in youngskulls and
lambdoid suture can be seen in old age also. Vascular impressions can be
appreciated on the inner table which is caused by the middle meningeal vessels
which are seen extending toward the coronal and lambdoid sutures in upward
direction.

Close to the lambdoid suture, horizontally curved radiolucent shadow is seen

which is caused by transverse dural venous sinus.

e In sharp images of young skulls the radiolucent shadows of cerebral gyri can
be seen.

e The arachnoid granulations produce shadows which are seen as notches or
indentations on the inner table of skull vault, more prominent in older
skulls.

e External ear produces a dense shadow in the posterior part of skull.

e The frontal air sinus of one side is seen as triangular or conical radiolucent
shadow in the anterior part of the skull with its apex upwards. Here the
shadows of inner and outer tables are separated by the shadow of the frontal
air sinus.

e Base of the skull:

e The floor of the cranial fossae which are arranged like steps. The anterior
part is at a higher position and separates the anterior cranial fossa with that
of the orbit.

e The posterior end of the floor of the anterior cranial fossa is pointed and this
is caused by the anterior clinoid process.

e When traced posteriorly the middle cranial fossa is seen which presents a
concavity called shadow of sella turcica (Figs. 14.3A and B). The posterior
wall of sella turcica is the dorsum sellae. The upper border of dorsum sellae
presents posterior clinoid process, one on each side.

e The anterior and posterior clinoid processes are sometimes connected by
ossified interclinoid ligament that appears as a bridge on sella turcica.

e The anterior and posterior walls of dorsum sellae meet at posterior clinoid
process. Sometimes both walls fuse and form a single, thin layer. Absence of
clear line of the anterior wall of dorsum sellae near the base is the first sign
of pathological rise in the intracranial pressure caused by a tumor.
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The direct pressure from the tumor causes the erosion of dorsum sellae and
posterior clinoid processes and compression of posterior clinoid processes can
occur in case of 3rd ventricular dilatation as in hydrocephalus

Posterior to the dorsum sellae there is a triangular, dense, radiopaque
shadow of petrous part of temporal bone. In the middle of the petrous
temporal shadow

there is a small, circular, radiolucent shadow caused by air in the external
acoustic meatus.

Behind the posterior vertical border of petrous temporal shadow there is a
honey comb like shadow caused by the mastoid air cells.

= Below the mastoid air cells shadow and posterior cranial fossa there is a
superimposed radiopaque shadow of first cervical vertebra. In the old age
skulls the shadow of external occipital protuberance is seen.

SUPERIOR VIEW In this view the film is facing the top of the head, with
orbitomeatal line lying parallel to the film. Rays pass horizontally
anteroposteriorly below the level of chin. In this view, the following shadows
are seen:

Mandibular shadow with teeth, maxillary air sinuses . Mandibular shadow
with teeth, maxillary air sinuses with prominent posterior walls, nasal
septum, nasal cavities, sphenoidal air sinuses, ethmoidal air sinuses,
foramina ovale and spinosum, basisphenoid, petrous temporal bones,
condyles of mandible are seen.

In the midline, behind basisphenoid, the anterior arch of atlas, odontoid
process of axis vertebra, foramen magnum which is limited posteriorly by
posterior arch of atlas.

Behind the shadow of petrous temporal bone, lateral to odontoid process of
axis the mastoid air cells are seen. Lateral oblique view and anterior or
posterior oblique views are taken to visualize the shadows of paranasal air
sinuses, mastoid air ells, mastoid antrum, temporomandibular joint, some
dural venous sinuses, orbital margins, etc.

Waters View (FIG. 18.4 ) It is also called occipitomeatal view.

In this view the beam is transmitted at 45° angulation to the orbitomeatal

plane. The rays pass at right angles to the radiographic plate. This view is taken to

visualize the paranasal air sinuses especially the maxillary air sinus. Shadows of

other paranasal air sinuses, orbits, odontoid process of axis vertebra just below the
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symphysis menti, mandible, upper and lower teeth, nasal cavities, nasal septum,
zygomatic bones, zygomatic arches and petrous temporal bone are seen.

Frontal Sinus

Bony Nasal Septum

Anterior Inferior Orbital Rim

NasalSpine
Maxillary Sinus

Zygomatic Bone

Zygomatic Arch
Coronoid Process vd

Maxilla
Petrous Ridge

Condyle

Mandible
Mastoid

Odontoid Process

Fig. 18.4: Plain radiograph of head region in Waters view or orbitomeatal view. This is taken
for the para nasal air sinuses. (FAS: Anterior cranial fossa; EAS: Sella turcica; MAS: Middle

cranial fossa).
Radiology of Neck

Posterior view:

This view is taken to study the cervical part of vertebral column, atlanto
occipital joint, atlanto axial joint, intervertebral disk spaces, air-filled spaces like
oral cavity, pharynx, larynx, trachea, etc. Hyoid bone and ossified laryngeal
cartilages also are seen in this view. The shadows of bones appear as radiopaque and
that of air-filled spaces appear radiolucent. Lateral view (Fig. 18.3):

It is the better view to see cervical part of vertebral column, atlanto occipital
joint, atlanto axial joint, intervertebral disk spaces, air-filled spaces like oral cavity,
pharynx, larynx, trachea, hyoid bone and ossified laryngeal cartilages.

The anterior and posterior arches of atlas vertebra can be appreciated well. The
shadow of anterior arch is superimposed on the odontoid process of axis vertebra.

28



The shadow of posterior arch of atlas vertebra lies immediately below that of

occipital bone.

The posterior part of axis vertebral shadow appears prominent. The bodies of
2nd to 7th cervical vertebrae with the disk spaces between them, the spinous
processes of 2nd to 7th cervical vertebrae are visualized. The shadow of spine of the
7th cervical vertebra appears longer and distinct when the neck is flexed. In the
upper part of the neck shadow the lower jaw (body of mandible), temporomandibular

joint (in some radiographs), teeth are visualized.

Air present in the mouth, pharynx, larynx, and trachea are seen as radiolucent
shadows. Between the shadows of trachea and vertebral bodies the soft tissue
shadow of esophagus and prevertebral muscles and fascia are seen. Ossified
laryngeal cartilages and calcified tracheal rings are seen below the hyoid bone

shadow. Hyoid bone is seen just below the mandibular shadow.

Articular Pillar

yveral Joimk {(CS56)

+O1T Tissue Contolsr

Intervertebral Disk

Fig. 19: Plain radiograph of neck, lateral view. (O: Odontoid process; PA: Posterior arch of
atlas; Ax: Body of axis vertebra; S: Spinous process of axis vertebra; C3—-C5: Bodies of C3, C4,
and C5 vertebrae; T: Teeth; M: Mandible; H: Hyoid bone).
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Recent Advances in Radiology

Computed Tomography(CT)
e First demonstrated in 1973 by Godfrey Hounsfield

e X-ray computed tomography (x-ray CT) is a technology that uses computer-
processed x-rays to produce tomographic images (virtual 'slices') of specific
areas of the scanned object, allowing the user to see what is inside it without
cutting it open.

¢ Medical imaging is the most common application of x-ray CT.
e Its cross-sectional images are used for diagnostic and therapeutic purposes in
various medical disciplines.
Significance
e  Overcame difficulties of conventional radiographs

e Made dangerous invasive techniques unnecessary
Construction

Gantry:

e It employs an x ray tube on a yoke that allows a 360 degrees rotation
around the body

e Stationary X ray detector ring(crystal chips)

Patient Table
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Principle of CT

e A thin fan shaped x-ray beam penetrates the body and produces a cross
sectional view of the tissues within
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By revolving the x-ray tube around the body, CT machines view thin slices of
tissue

Hundreds of crystal chip detectors records what the scanner sees and
delivers the information to a digital computer

The computer forms a image which is displayed on the screen

Sensors

The earliest sensors were scintillation detectors, with photomultiplier tubes
excited by (typically) cesium iodide crystals.

Cesium iodide was replaced during the 1980s by ion chambers containing
high-pressure Xenon gas.

These systems were in turn replaced by scintillation systems based on
photodiodes instead of photomultipliers

modern scintillation materials (for example rare earth garnet or rare earth
oxide ceramics) with more desirable characteristics.

Two-dimensional CT images are conventionally rendered so that the view is
as though looking up at it from the patient's feet.

Hence, the left side of the image is to the patient's right and vice versa, while
anterior in the image also is the patient's anterior and vice versa.

Hounsfield Units

Water has an attenuation of 0 Hounsfield units (HU
air is —1000 HU

cancellous bone is +400 HU, cranial bone can reach 2000 HU or more (os
temporale) and can cause artifacts.

The attenuation of metallic implants depends on atomic number of the
element used:

Titanium usually has an amount of +1000 HU, iron steel can completely
extinguish the X-ray and is, therefore, responsible for well-known line-
artifacts in computed tomograms.

Developments In Recent Years

Initial machines would rotate the X-ray source and detectors around a
stationary object. Following a complete rotation, the object would be moved
along its axis, and the next rotation started.

Newer machines permitted continuous rotation with the object to be imaged
slowly and smoothly slid through the X-ray ring. These are called helical
or [[Helical cone beam computed tomography | spiral CT]] machines.
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e A subsequent development of helical CT was multi-slice (or multi-
detector) CT; instead of a single row of detectors, multiple rows of detectors
are used effectively capturing multiple cross-sections simultaneously.

e (T angiography avoids the invasive insertion of a catheter.

Virtual CT
e CT Colonography (also known as Virtual Colonoscopy or VC for short) may
be as useful as a barium enema for detection of tumors, but may use a lower
radiation dose.
Contrast -CT

e Sometimes contrast materials such as intravenous iodinated contrast are used.
This is useful to highlight structures such as blood vessels that otherwise would
be difficult to delineate from their surroundings. Using contrast material can
also help to obtain functional information about tissues.

e Often, images are taken both with and without radiocontrast. CT images are
called precontrast or native-phase images before any radiocontrast has been
administrated, and postcontrast after radiocontrast administration

Indications

Brain: Hematomas, Infective lesions of the brain, Cerebro vascular accidents (infact

or hemorrhage), Mass lesions, Ventricles.

Spinal Cord: tumors, disc prolapse, congenital anomalies etc

Lesions In Abdominal Cavity: liver, gall bladder, pancreas, peritoneum

Urinary Tract Anomalies

Advantages:
e Absence of confusing superimposition of structures

¢ high-contrast resolution of CT( diff in tissue density less than 1% can be
distinguished)

¢ Non invasive and quick

e  More accurate results

Disadvantages:
e Expensive
¢ Risk of Radiation exposure (LUKEMIA, BRAIN CA)

¢ Limited role in cardiology(movements of heart makes the image blurred)
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Magnetic Resonance Imaging

Introduced In 1973 By Paul Lauterbur.

In MRI instead of X-rays, radio waves and magnetic field is used for imaging

MRI Scanner Cutaway MRI Scanner Gradient Magnets

Principle of MRI

Hydrogen atoms line up when subjected to an oscillating magnetic field
When radiofrequency is aimed at these atoms the alignment is changed

When the radiofrequency is turned off they realign in a line emmitimg small
electric pulses

Images are generated from the returning pulses
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Human body is primarily composed of hydrogen ions
Tissues having higher water density will appear brightest on MRI
Bone and teeth having less water molecules do not appear bright on MRI

The contrast between various tissues is determined by the rate at which
excited atoms return to equilibrium

Preferred for soft tissue scanning

MRI BRAIN
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ADVANTAGES :

No radiation hazards
Contrast resolution is superior to CT

Cross sectional images can be obtained in any plane

Can be used in heart and great vessels where there is moving blood

Very effective in spinal cord lesions

DISADVANTAGES:

Expensive

Longer duration (upto 30 min)

Not suited for calcified lesions

Cannot be used in patients with metallic implants

Cant be used in claustrophobics

T1 AND T2 WEIGHTED IMAGES

Image contrast may be weighted to demonstrate different anatomical
structures or pathologies.

Each tissue returns to its equilibrium state after excitation by the
independent processes of T1 (spin-lattice) and T2 (spin-spin) relaxation.

T1-weighted image

To create a Tl-weighted image, we wait for different amounts of
magnetization to recover before measuring the MR signal by changing the
repetition time (TR).

This image weighting is useful for assessing the cerebral cortex, identifying
fatty tissue, characterizing focal liver lesions and for post-contrast imaging.

T2-weighted image

To create a T2-weighted image, we wait for different amounts of
magnetization to decay before measuring the MR signal by changing the
echo time (TE).

This image weighting is useful for detecting edema, revealing white matter
lesions and assessing zonal anatomy in the prostate and uterus.

To create a T2-weighted image, we wait for different amounts of
magnetization to decay before measuring the MR signal by changing the
echo time (TE).
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This image weighting is useful for detecting edema, revealing white matter
lesions and assessing zonal anatomy in the prostate and uterus.

Contraindications to MRI

cochlear implants

cardiac pacemakers

shrapnel

metallic foreign bodies in the orbits

some ferromagnetic surgical implants.

Contrast agents

Gadolinium is used as contrast

Anaphylaxix is less low nephrotoxicity

Diffusion MRI

Diffusion MRI measures the diffusion of water molecules in biological
tissues.

Clinically, diffusion MRI is useful for the diagnoses of conditions (e.g.,
stroke) or neurological disorders (e.g., multiple sclerosis), and helps better
understand the connectivity of white matter axons in the central nervous
system

Magnetic resonance angiography (MRA)

Magnetic resonance angiography (MRA) generates pictures of the arteries to
evaluate them for stenosis (abnormal narrowing) or aneurysms (vessel wall
dilatations, at risk of rupture).

MRA is often used to evaluate the arteries of the neck and brain, the thoracic
and abdominal aorta, the renal arteries, and the legs (called a "run-off").

Magnetic resonance spectroscopy (MRS) is used to measure the levels of
different metabolites in body tissues. The MR signal produces a spectrum of
resonances that corresponds to different molecular arrangements of the
isotope being "excited".

This signature is used to diagnose certain metabolic disorders, especially
those affecting the brain , and to provide information on tumour metabolism.

Functional MRI (fMRI)

Functional MRI (fMRI) measures signal changes in the brain that are due to
changing neural activity.
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Compared to anatomical T1W imaging, the brain is scanned at lower spatial
resolution but at a higher temporal resolution (typically once every 2-3

seconds).

Increases in neural activity cause changes in the MR signal via T2 changes;
this mechanism is referred to as the BOLD (blood-oxygen-level dependent)
effect.

Increased neural activity causes an increased demand for oxygen, and the
vascular system actually overcompensates for this, increasing the amount of

oxygenated hemoglobin relative to deoxygenated hemoglobin.

Because deoxygenated hemoglobin attenuates the MR signal, the vascular
response leads to a signal increase that is related to the neural activity.
The precise nature of the relationship between neural activity and the BOLD

signal is a subject of current research

The BOLD effect also allows for the generation of high resolution 3D maps of

the venous vasculature within neural tissue.

Real-time MRI

Real-time MRI refers to the continuous monitoring ("filming") of moving
objects in real time

Temporal resolution is more

INTERVENTIONAL MRI

The lack of harmful effects on the patient and the operator make MRI well-
suited for "interventional radiology", where the images produced by an MRI

scanner are used to guide minimally invasive procedures.

Of course, such procedures must be done without any ferromagnetic

instruments.

ULTRASOUND

It is a dynamic imaging technique
First used medically by Austrian physician Karl Dussik in 1942.

However professor Ian Donald of Glasgow was first person to use it in
clinical practice to diagnose gravid uterus and hence is known as father of

modern ultrasound.
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PRINCIPLE OF USG

A small transducer/transmitter receiver is placed on the surface of the area
to be scanned

High frequency sound waves penetrate the body and strike various tissues
within.
These waves are reflected back to the transducer

The time delays will be sketched and the structural details are processed
and displayed on the screen

Solid and cystic structures transmit ultrasound waves
Gas filled structures dissipate the sound waves

hyper echoic.

hypo echoic.

Gall bladder disease, renal diseases (gives good details of renal parenchyma)
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e Imaging during pregnancy, to detect congenital anomalies, placental and
uterine anomalies.

e Bladder and prostate disorders.
e Diseases of breast, thyroid, parathyroids, scrotum

e Heart diseases

Advantages:
e C(lear visualization of tissue movements
e No radiation hazards
¢ Non invasive , rapid and safe technique
e Accuracy is almost 90%
¢ Only diagnostic modality absolutely safe and efficient in pregnancy
e Cheaper than CT or MRI

Disadvantages
e Gives 2 dimensional image
¢ Gas containing bowels and structures below it are not visualized

¢ Does not give extent of lesion with precision

Antenatal USG
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Pet Scan

Positron emission tomography (PET) is a nuclear medicine, functional

imaging technique that produces a three-dimensional image of functional

processes in the body

Principle

The system detects pairs of gamma rays emitted indirectly by a positron-
emitting radionuclide (tracer), which is introduced into the body on a
biologically active molecule.

Three-dimensional images of tracer concentration within the body are then
constructed by computer analysis

In modern PET-CT scanners, three dimensional imaging is often
accomplished with the aid of a CT X-ray scan performed on the patient

during the same session, in the same machine.

If the biologically active molecule chosen for PET is fludeoxyglucose (FDG),
an analogue of glucose, the concentrations of tracer imaged will indicate
tissue metabolic activity by virtue of the regional glucose uptake.

Use of this tracer to explore the possibility of cancer metastasis (i.e., spreading

to other sites) is the most common type of PET scan in standard medical ca

Process of Scanning

To conduct the scan, a short-lived radioactive tracer isotope is injected

into the living subject (usually into blood circulation).

The tracer is chemically incorporated into a biologically active molecule.

There is a waiting period while the active molecule becomes concentrated in
tissues of interest; then the subject is placed in the imaging scanner.

The molecule most commonly used for this purpose is fluorodeoxyglucose

(FDG), a sugar, for which the waiting period is typically an hour.

Radionuclides used in PET scanning are typically isotopes with short half-
lives such as carbon-11 (~20 min), nitrogen-13 (~10 min), oxygen-15 (~2 min),
fluorine-18 (~110 min)., or rubidium-82(~1.27 min).

During the scan a record of tissue concentration is made as the tracer decays
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As the radioisotope undergoes positron emission decay (also known as
positive beta decay), it emits a positron, an antiparticle of the electron with
opposite charge.

The emitted positron travels in tissue for a short distance (typically less than

1 mm, but dependent on the isotope), during which time it loses kinetic energy, until

it decelerates to a point where it can interact with an electron

Spect

The encounter annihilates both electron and positron, producing a pair of

annihilation (gamma) photons moving in approximately opposite directions.

These are detected when they reach a scintillator in the scanning device,
creating a burst of light which is detected by photomultiplier tubes or silicon
avalanche photodiodes (Si APD).

The technique depends on simultaneous or coincident detection of the pair of
photons moving in approximately opposite direction (it would be exactly
opposite in their center of mass frame, but the scanner has no way to know
this, and so has a built-in slight direction-error tolerance).

Photons that do not arrive in temporal "pairs" (i.e. within a timing-window of
a few nanoseconds) are ignored

Single-photon emission computed tomography (SPECT, or less commonly,
SPET) is a nuclear medicine tomographic[1] imaging technique using gamma

rays.

It is very similar to conventional nuclear medicine planar imaging using a

gamma camera.[2] However, it is able to provide true 3D information

The basic technique requires delivery of a gamma-emitting radioisotope
(called radionuclide) into the patient, normally through injection into the
bloodstream.

On occasion, the radioisotope is a simple soluble dissolved ion, such as a
radioisotope of gallium(IIl), which happens to also have chemical

properties that allow it to be concentrated in ways of medical interest for
disease detection.

However, most of the time in SPECT, a marker radioisotope, which is of

interest only for its radioactive properties, has been attached to a specific
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lisand to create a radioligsand, which is of interest for its chemical

binding properties to certain types of tissues.

SPECT is similar to PET in its use of radioactive tracer material and

detection of gamma rays.

In contrast with PET, however, the tracer used in SPECT emits gamma
radiation that is measured directly, whereas PET tracer emits positrons that
annihilate with electrons up to a few millimeters A PET scanner detects
these emissions "coincident" in time, which provides more radiation event
localization information and, thus, higher spatial resolution images than
SPECT (which has about 1 cm resolution).

SPECT scans, however, are significantly less expensive than PET scans, in
part because they are able to use longer-lived more -easily-obtained
radioisotopes than PET.

away, causing two gamma A PET scanner detects these emissions
"coincident" in time, which provides more radiation event localization
information and, thus, higher spatial resolution images than SPECT

(which has about 1 em resolution).

SPECT scans, however, are significantly less expensive than PET scans, in
part because they are able to use longer-lived more easily-obtained
radioisotopes than PET.

photons to be emitted in opposite directions.
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I. Introduction

Bacteria are microscopic organisms. They are also
colourless for the most part. In order to visualize them to study
their structure, shape and other structural characteristics, it
becomes necessary to make them more easily visible.

This means that the structures have to be contrasted
from their environment so that they can be seen easily
visualised through the Microscope.

II. Types of Staining

e ACIDIC: Negatively charged acid radicals imparts color in
eosin, acid fuchsine, malachite green, nigrosin, Indian ink.

e BASIC: Positively charged basic radicals combines with
negatively charged particles in cytoplasm and gives color.

Ex: Haematoxillin, methylene blue, crystal violet, gention
violet.

¢ NEUTRAL: Both positively and negatively charged
imparts different colors to different components.

Ex: Geimsa’s stain, Leishman’s stain, Wright’s stain.

II1. Staining Methods

POSITIVE STAINING: - where the actual cells are
themselves coloured and appear in a clear background.

a) Simple staining: A stain which provides color contrast but
gives same color to all bacteria and cells.

Ex: Loeffler’s methylene blue, Polychrome methylene blue,
Diluted carbol fuchsin

(b) Differential Staining: A stain which imparts different
colors to different bacteria is called differential stain (which
contains more than one stain).

Ex: Gram’s stain, Acid fast staining, Special stains.
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Negative staining:

Where the cells remain clear (uncolored) and the
background is colored to Create a contrast to aid in the better
visualization of the image.

a) Indian ink

b) Nigrosin

IV. Bacterial Smear Preparation

Smear - is a distribution of bacterial cells on a slide for the
purpose of viewing them under the microscope.

Method:

e Aseptically a small sample of the culture is spread over
a slide surface.

e This is then allowed to air dry.

o The next step is heat fixation to help the cells adhere to
the slide surface.

o The smear is now ready for staining.




V. Tissue Section:
e The sections being embedded in paraffin.

e It is necessary to remove the paraffin so that the
watery stain may penetrate.

¢ The paraffin is first removed with xylene, the xylene is
then removed with Alcohol and the alcohol are replaced
with water.

e The staining is then done.
VI. Smear Fixation:

1) Heat fixation

a) Pass air-dried smears through a flame two or three
times. Do not overheat.

b) Allow slide to cool before staining.

2) Methanol fixation

a) Place air-dried smears in a coplin jar with methanol for
one minute. Alternatively, flood smear with methanol
for 1 minute.

b) Drain slides and allow drying before staining.
VII. Simple Staining

Loeffler’s methylene blue:

It is generally the most useful, it shows the characteristic
morphology of polymorphs, lymphocytes and other cells more
clearly than do stronger stains such as the Gram stain or
dilute carbol fuchsin.

Polychrome methylene blue:

This is made by allowing Loeffler’s methylene blue to
‘ripen’ slowly.



The slow oxidation of the methylene blue forms a violet
compound that gives the stain its polychrome properties.

The ripening takes 12 months or more to complete, or it
may be ripened quickly by the addition of 1.0% potassium
carbonate (K2co3) to the stain.

It is also employed in McFadyean’s reaction.

In contrast to the blue staining of most structures by the
methylene blue, the violet component stains acidic cell
structures red-purple , e.g. the acid capsular material of the
anthrax bacillus in the McFadyean reaction.

Dilute Carbol Fuchsin

Made by diluting Ziehl-Neelsen’s stain with 10-20 times
its volume of water. Stain for 10-25 seconds and wash well
with water. Over-staining must be avoided, as this is an
intense stain, and prolonged application colours the cell
protoplasm in addition to nuclei and bacteria.

Requirement

Loefflers Methylene blue
Dil. Carbol Fuchsin
Distilled Water
Compound Microscope
Cedar Wood oil

Fixed smear

IS

Procedure
e Make a thin smear on a slide.

e Heat fixes the smear by passing the slide 2-3 times
gently over the Bunsen flame with the smear side up
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Pour Loeffler’s methylene blue over the smear and
allow it to stand for 3 minutes.

Wash the stained smear with water and air dry it.

Observe the smear first under low power (10x)
objective, and then under oil immersion (100x)
objective.

Observe the presence of organisms and also the
cellular content of sample.

VIII. Gram Staining

Gram staining is most widely used differential staining
in Microbiology.

Gram staining differentiates the bacteria into 2 groups:
0 Gram positive.

0 Gram negative

Hans Christian Gram

The Gram stain was devised by the Danish physician,

Hans Christian Joachim Gram, while working in Berlin in
1883. He later published this procedure in 1884. At the



time, Dr. Gram was studying lung tissue sections from
patients who had died of pneumonia.

Original Formulation of Program consist of
e Aniline Gentian violet,
e Lugol’s Iodine,
e Absolute Alcohol,

e Bismarck Brown

Carl Weigert (1845- 1904)

German pathologist Carl Weigert (1845-1904) from
Frankfurt, added a final step of staining with safranin. In his
paper, Dr. Gram described how he was able to visualize what
we now call Staphylococcus, Streptococcus, Bacillus, and
Clostridia in various histological sections. Interestingly, Dr.
Gram did not actually use safranin as a counter stain in the
original procedure (Gram negative cells would be
colorless). He instead recommended using Bismarck brown as
a counter stain to enable tissue cell nuclei to be visualized.

Principle:

e The Gram Reaction is dependent on permeability of the
bacterial cell wall and cytoplasmic membrane, to the
dye-iodine complex.

e In Gram positive bacteria, the crystal violet dye —
iodine complex combines to form a larger molecule
which precipitates within the cell. Also the
alcohol/acetone mixture which act as decolorizing
agent, cause dehydration of the multi-layared
peptidoglycan of the cell wall. This causes decreasing of
the space between the molecules causing the cell wall
to trap the crystal violet iodine complex within the cell.



Hence the Gram positive bacteria do not get
decolorized and retain primary dye appearing violet.
Also, Gram positive bacteria have more acidic
protoplasm and hence bind to the basic dye more
firmly.

In the case of Gram negative bacteria, the alcohol,
being a lipid solvent, dissolves the outer
lipopolysaccharide membrane of the cell wall and also
damage the cytoplasmic membrane to which the
peptidoglycan is attached. As a result, the dye-iodine
complex is not retained within the cell and permeates
out of it during the process of decolourisation. Hence
when a counter stain is added, they take up the colour
of the stain and appear pink.

Methods consist of four components

Primary stain—Crystal violet, Methyl violet & Gentian
violet.

Mordant—Gram Iodine, Rarely Lugol’s Iodine.

Decolourizer—Alcohol, Acetone, Alcohol: Acetone (1:1)
mixture.

Counter stain—Dilute Carbol fuchsin, Safranin,
Neutral red, Sandi ford stain for Gonococci.

Procedure:

Primary staining: The smear is covered with gentian
violet, for 1 minute and washed with water.

Mordanting: It is then covered with Gram’s iodine,
Kept for 1 minute, and washed with water.

Decolourisation: The smear is covered with alcohol and
is washed with water immediately.



Counter staining: The smear is then covered with
safranine, kept for 30 seconds and washed with water.

Using filter paper the slide is gently blotted to dry.
Place a drop of cedar wood oil/Liquid paraffin on the
smear.

Adjust the microscope for increased light by raising the
condenser, and the slide is examined under the oil
immersion objectives using the plane mirror.

Result:

Organism which mange to maintain there original
colour will be purple in colour and are called as Gram
Positive organism.

Organism which lose the primary dye take up the
secondary dye and look pink in colour and are called as
Gram Negative organism.

Quick Gram Staining:

By this method fairly good results may be obtained
with very short staining times, which are convenient
when only one slide has to be stained.

Flood the slide with crystal or methyl violet stain and
allow to act for about 5 seconds.

Tip off the stain and flood the tilted slide with iodine
solution and allow to act for about 5 seconds.

Tip off the iodine and flood the tilted slide

With acetone and allow this to act for only 2 seconds
before washing it off with water from the tap.

Flood the slide with basic fuchsin counter stain and
allow it to act for about 5 seconds. Wash off with water,
blot and dry.



Quality Control:

Daily and when a new lot is used, prepare a smear of
Escherichia coli (ATCC 25922) and Staphylococcus epidermidis
(ATCC 12228)or Staphylococcus aureus (ATCC 25923). Fix and
stain as described.

Modifications of Gram Staining:

1. Kopeloff & Beerman’s Modification :
Primary stain is Methyl violet.

Decolourizer is Acetone/ Acetone-Alcohol mixture.

2. Jensen’s Modification :
Primary stain is Methyl violet.
Decolourizer is Absolute Alcohol.

Counter stain is Neutral Red.

3. Preston & Morrell’s Modification :
Primary stain is crystal Violet

Decolouriser is Iodine-Acetone

4. Weigert’s Modification:
Primary stain is Carbol Gentian violet.
Decolouriser is Aniline-Xylol

Used in tissues section

Common Errors in Gram staining:
e [Excessive heat during fixation
o Excessive washing between steps
¢ Insufficient iodine exposure
e Prolonged decolourization

e Excessive counterstaining
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IX. Ziel Nehlson Staining for AFB

The acid fast staining method is a modification of
Ehrlich’s (1882) method.

The Ziehl-Neelsen acid fast staining method has proved to

be most useful for staining acid fast bacilli belonging to the

genus Mycobacterium especially Mycobacterium tuberculosis

and Mycobacterium leprae, and also for Nocardia.

Principle:

Acid fastness of acid-fast bacilli is attributed to the
presence of large quantities of unsaponifiable wax
fraction called mycolic acid in their cell wall and also
the intactness of the cell wall. The degree of acid
fastness varies in different bacteria.

In this staining method, application of heat helps the
dye to penetrate the tubercle bacillus.

Once stained, the stain cannot be easily removed. The
tubercle bacilli resist the decolorizing action of acid-
alcohol which confers acid fastness to the bacteria.

The other microorganisms, which are easily decolorized
by acid-alcohol, are considered non-acid fast . The non-
acid fast bacilli readily absorb the colour of the counter
stain appearing blue, while the acid fast cells retain
the red colour of primary stain.

Methods:

Zeihl Neelsen’s- hot stain

Kinyoun’s-cold stain

Requirement:

1.

Primary And Mordant Staining with Strong Carbol
fuchsin (Red)
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2. Decolourization with Acid Alcohol : The acid alcohol
contains 3% HCI and 95% ethanol or 20% H2 SO4.

3. Counterstain with Methylene Blue.

e Acid Fast Cells - Red

0 Non Acid — Fast Blue
Procedure:

1. Make a smear, Air Dry, Heat Fix.

2. Flood smear with Carbol Fuchsin stain

3. Steam for 5 minutes. Add more Carbol Fuchsin stain
as needed

4. Cool slide for 5 minutes

5. Wash with Distilled water

6. Flood slide with acid alcohol (leave 15 seconds).

7. Tilt slide 45 degrees over the sink and add acid alcohol
drop wise (drop by drop) until the red colour stops
streaming from the smear
Rinse with Distilled water

9. Add Loeffler’s Methylene Blue stain (counter stain).

Leave Loeffler’s Blue stain on smear for 15-20 seconds.

10. Rinse slide and let it dry.

11. Use oil immersion objective to view.

Microscopic Reading:

The stained smear are contains pink coloured slender rod

shaped structures are seen with curved ends acid fast bacilli

seen among the blue coloured multilobed pus cells. The smear

is positive for acid fast bacilli.
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Modifications:

1.

5% Sulphuric acid is used as a decolourizing agent for
staining Mycobacterium leprae.

1% Sulphuric acid is used as a decolourizing agent for
staining Nocardia species, Cryptosporidium and
Isospora oocysts (Kinyoun’s modification of acid fast
stain).

0.25% Sulphuric acid is used as a decolourizing agent
for staining spores.

X. Flourescent Staining

Fluorochrome stained smears require a fluorescent
microscope

Generally read at 250X-450X magnification which
allows rapid scanning of the smear

Auramine-rhodamine is an example of such a stain
where the AFB appear yellow against a black
background

Procedure:

Place the dried, heat-fixed smear on a staining rack over the

sink. Smears of sputum should be thin.

Cover the smear with auramine phenol and leave to stain at

room temperature for 10 minutes.

Wash off stain with water from the tap.

Cover the slide with an excess of 1% acid-alcohol and leave to
decolorize for 5 minute.

Wash off decolourizer with water from the tap.

Cover the smear with the 0.1% potassium permanganate counter stain
and leave for 15 seconds.

Wash off counter stain with water from the tap.

12



Dry on heated drier or dry in air. Do not use blotting paper.

Examine the film dry by fluorescence microscopy with a 4
mm objective. Tubercle bacilli are seen as yellow luminous rods
in a dark field. When detected under low power, the
morphology of the bacilli is confirmed with an oil-immersion
objective.

Flurochrome AFB Microscopy:
More rapid and sensitive

* Specificity : same with sufficient expérience Equipment cost ,
bulbs, technical demands for busy labs

* External quality assessment should be done if this method is
performed

Advantages:

e More accurate: 10% more sensitive than light
microscopy, with specificity comparable to ZN staining

e Faster to examine = less technician time
Disadvantages:

e Higher cost and technical complexity, less feasible in
many areas.

XI. Staining of Volutin Granules:

Well developed granules of volutin (polyphosphate) may
be seen in unstained wet preparation as round refractile bodies
within the bacterial cytoplasm.

Principle:

With basic dyes they tend to stain more strongly than the
rest of the bacterium, and with toluidine blue or methylene
blue they stain metachromatically, a reddish-purple colour.

They are demonstrated most clearly by special methods,
such as Albert’s and Neisser’s
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which stain them dark purple but the remainder of the
bacterium with a contrasting counter stain.

The diphtheria bacillus gives its characteristic volutin-
staining reactions best in a young culture on a blood or serum

medium.

Procedure:

Make film, dry in air, and fix by heat.

Cover slide with Albert’s stain and allow to act for 3-5 min.
Wash in water and blot dry.

Cover slide with Albert’s iodine and allow to act for 1 minute.
Wash and blot dry.

By this method the granules stain bluish black, the protoplasm
green and other

Organisms mostly light green.

XII. Albert Staining
Corynebacterium diphtheriae Stained by Albert’s stain

Green colored bacilli showing "Chinese-letter"arrangement at
angles to each other containing bluish-black metachromatic

granules of cells.
XIII. Capsule Staining

The capsules serves as protective material by slowing
down or preventing penetration of chemicals and body juices.
Principle:

Chemically, the capsular material is a polysaccharide, a
glycoprotein or a polypeptide.

Capsule staining is more difficult than other types of

differential staining procedures because the capsular materials
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are water soluble and may be dislodged and removed with
vigorous washing.

Bacterial smears should not be heated, because the
resultant cell shrinkage may create a clear zone around the
organism, an artifact that can be mistake for capsule.

The capsule is non-ionic, so that the dyes commonly used
will not bind to it. Two dyes, one acidic and one basic, are used
to stain the background and the cell wall, respectively.

Methods:
1. Negative staining.
2. Positive staining.

3. Mc Fdyean reaction: which wuses the Loefflers
polychrome methylene blue to demonstrate the capsule
of the Bacillus anthracis.

Capsulated Bacteria:

Polysacchride capsule: Streptococcus pneumoniae,
Haemophillus influenzae, Anaerobic GNB.

Polypeptide capsule: Bacillus anthracis.
Procedure:

For positive staining of smears:

Make a smear from colony of S.pneumoniae on a clean grease
free glass slide, and allow it to air dry.

Note: The smear should not be heat fixed.

Put the smear on a slide rack and flood smear with crystal
violet. Allow it to stain for 5-7 minutes.

Wash the smear with 20% copper sulphate solution and blot it
dry.
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Observe the smear first under low power (10x) objective, and
then under oil immersion(100x) objective.

In the culture smear, the capsule is seen as a light blue in
contrast to the deep purple colour of the cell.

For negative staining of smears:
Take a clean grease free glass slide.
Put a large loopful of undiluted India ink on the slide.

Then add a small loopful of liquid bacte