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Boxing in the 18th century: Jack Broughton (left) and James Figg.
(Hulton Deutsch) Location: Page 6
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Corona dicefrom 4 brainslabelled A, B, C, D.
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from dementia pugilistica). The boxers' brains are smaller than normal
with loss of the surface grey matter and inner white matter. The
fluidfilled central cavitiesare larger than normal, but smaller than those
in patient B who had Alzheimer’s Disease. The central septum in the
boxers brainsare widely separated and torn. Thisisin marked contrast
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cases of Parkinson’s Disease. Location: Page 22

Figures 7, 8 and 9 with kind permission of Dr C J Bruton, Medical
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Structure of the eye in horizontal section. Location: Page 25
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traction at the vitreous base. L ocation: Page 27

Figure 11b Blow causeseyecould moredirectly push back thevitreousbase, leading
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to shearing the the devel opment of retinal tears. Location: Page 28

CT scan of the brain of an elderly ex-boxer suffering from dementia.
There is severe atrophy of the cortex and white matter and marked
dilation of the ventricles (A). Location: Page 35

CT scan of boxer’ sbrain: white stripe on theleft of skull (marked A with
dotted line) represents an acute subdural haematoma. L ocation: Page 36
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Figure14 MRI of norma brain: note small ventricles (arrows A) and absent or
narrow subarachnoid space (arrows B). Location: Page 38

Figure15 MRI following head injury: note large ventricles(A) and generous
subarachnoid space (arrows B) indicating atrophy of the cortex.
L ocation: Page 39

Figure16 The use of headguards protects against superficial injury but cannot
eliminate the dangerous accel erating and decel erating forces applied to
the head. (Popperfoto) Location: Page 70

Table4.1 Studiescarried out since publication of the 1984 boxing report. Location:
Pages 42-43

viii BRITISH MEDICAL ASSOCIATION



List of acronyms

ABA
AD
ARM
BBBC
BMJ
BMA
CNS
CSF
CSsP
CT

DP
EEG
HMPAO
SPECT
JAMA
MAO
MRI
NABC
OPCS
PET
PTA

SABA
WBO

Amateur Boxing Association

Alzheimer’s disease

Annual Representatives Meeting

British Boxing Board of Control

British Medical Journal

British Medical Association

central nervous system

cerebrospinal fluid

cavum septum pellucidum

computed tomography

dementia pugilistica

electroencephal ography
hexamethylpropylene amine oxime

single photon emission computed tomography
Journal of the American Medical Association
monoamine oxidase

magnetic resonance imaging

National Association of Boys Clubs

Office of Population Censuses and Surveys
positron emission tomography

post traumatic amnesia

retrograde amnesia

Schools Amateur Boxing Association
World Boxing Organisation

BRITISH MEDICAL ASSOCIATION



Acute

Alzheimer’ s disease

Amygdaloid nucleus

Analysis of covariance

Aqueous

Arachnoid mater

Atrophy

Glossary

Any conditionwhichissudden, severeand of short duration.

A condition resulting in memory failure for recent events
and lack of spontaneous activity and initiative. Due to
degenerative changesin the brain.

An almond shaped area of the brain adjoining the
hippocampus (gv). It responds to smells and other senses
and is important for memories that link sensory and
emotional experiences such asfear.

Statistical technique used to analyse data where there are a
wide range of variables used to identify the effect of the
variables on results.

Fluid filling the front chamber of the eye. Similar to blood
but under normal circumstancesit is entirely without red or
white cells and almost entirely devoid of protein.

A delicate membrane envel oping the brain and spinal cord.

Wasting of atissue or organ.
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Autoregulation

Basal ganglia

Beta amyloid protein

Cadlcarine sulcus

Capillary permeability

Cavum septum
pellucidum

Glossary

The ability of the circulation in the brain to adjust to
influences that may threaten blood flow to the brain, eg
inflammation.

A poorly understood complex of centreswithin the cerebral
hemispheres (qv) involved in skilled motor responses.

Protein characterigtically found in the brains of individuals
suffering from Alzheimer’ s disease.

A grooveontheinner side of the cerebral hemispherewhich
marks the site in the cortex concerned with vision.

The degree to which fluid can pass through the walls of
capillary blood vessdls.

Also known asthe*fifth ventricle’ of the brain. Fluid filled
cavity surrounded by the septum pellucidum. Normally not
present in adultsascavity closesininfantsshortly after birth.
Controversy surrounds whether its presence in adults is
indicative of prior head injury.

Cerebellar hemispheres A mass of grey and white matter on either side of the centre

(cerebellum)

Cerebral hemispheres
(cerebrum)

Cerebrospinal fluid

of the brain concerned with the production of skilled
movement mainly of the upper limbs. Liable to damage in
its lower portion from blows to the head.

One on either side form the major mass of the brain. They
are covered in cortex and control almost all of the higher
functions of an individual.

A clear, colourless fluid made in the ventricles of the brain
and circulating within the skull and spine, supporting and
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Glossary

Choroid
Chronic

Computed
tomography

Contusion
Cornea

Corpus callosum

Cortex

Dementia Pugilistica

Dementia

Dura mater

Xii

protecting the brain. Takes the place of brain that has
disappeared following trauma (qv).

Lining of the white of the eye.

Of long duration; the opposite of acute (qv).

Method of structural brain imaging using x-rays.
A bruise.
Disc of clear tissue covering the front of the eye.

Structure within the brain co-ordinating the activities of the
two sides of the brain.

A layer of grey matter containing the cerebral hemispheres.
This tissue controls and organises the responses of the
individual to the environment. Liable to damage when it
comes into contact with the overlying skull.

The Punch Drunk syndrome. A progressive
neurodegenerative syndrome related to continual minor
brain damage with symptoms progressing from mild
incoordination to global cognitive decline and
parkinsonism.

A form of menta disorder in which the cognitive and
intellectual functions of the mind are prominently or
predominantly affected.

The outermost membrane of the brain that is thick, dense
and inelastic. It lines the interior of the skull.
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Electroencephal o-
graphy

Endothelium lining

Falx cerebri

Foramen magnum

Fornix

Frontal lobes

Fusiform gyrus

Glaucoma

Gliosis

Haemorrhage

Glossary

Mechanism of measuring brain function by registering the
electric current set up in the cerebral cortex by the action of
the brain. Usualy refers to brain activity recorded by
electrodes placed on the scalp.

A cdllular covering of cavitiesin the body.

Sickle-shaped fold of duramater which liesbetween thetwo
cerebral hemispheres.

The opening in the base of the skull through which the brain
stem joins the spinal cord.

A band of whitematter lying withinthe ventriclesconnected
to the limbic system and henceis concerned with emotional
activity.

The greater portion of the cerebral hemisphere (gv) lyingin
the front of the skull. Controls behaviour in al its aspects.
Particularly liable to surface damage after a blow on the
head.

A fold of cortex in the temporal lobe. Part of the limbic
system concerned with emotiona activity. Liableto damage

in its anterior portion.

Raised pressurein the eyeball which can cause progressive
loss of vision.

An increase in certain cells of the brain when damage has
occurred. Can be regarded as a scar in the brain.

A leakage of blood from its vessdls.
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Glossary

Hippocampus

Hydrocephalus

Hypothalamus

Inferior cortex of
cerebellum

Internal capsule
Intracerebral clots
Intracranial pressure
Iris

Lesion

Limbic system

Xiv

A fold of cortex on the inner surface of the temporal |obe.
Vital for some forms of learning and memory and liable to
damage after head injury. Patients with a damaged
hippocampus cannot form memories of new events.

Enlargement of the skull due to an abnormal collection of
cerebrospina fluid around the brain or in the ventricles.

A small areaof grey matter surrounding the basal ventricular
system. Important in the control of basic functions of the
body (eg sexud activity).

The surface layers of the cerebellum lying in the base of
skull above the foramen magnum (qv). Found to be
damaged in some ex-boxers' brains.

A wide band of fibres passing to and from the cortex (qv).

Clots of blood within the brain.

The pressure of the tissuesinside the skull.

Coloured part of the eye.

Aninjury, wound, or morbid structural changein an organ.

The structures within the brain, such as the hippocampus
and amygdaloid nucleus, responsible for drives, emotions
and behaviour associated with basic surviva: pain, pleasure,
fear, anger, feeding and sexual feelings.
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Magnetic Resonance
Imaging

Medial Temporal lobe

Morbidity

Mortality

Neuropathologist

Neuropsychometric
testing

Neuroscientist

Neurosurgeon

Ora Serrata

Orbit

Glossary

Method of structural brain imaging using radio waves and
magnetic fields.

Thewide surface of the temporal lobe (qv) containing much
of the limbic system (emotional brain). Particularly
susceptible to damage following a blow to the head.

Disease or ill-hedth.
Death.
A medical practitioner, usually a trained pathologist, who

speciaisesinthediagnosisof diseasesof the nervoussystem
through laboratory work and the study of bodies after death

(autopsy).

Tests used to identify the behavioral expression of brain
dysfunction.

Genera term for a specialist in the science of the nervous
system (eg a neurosurgeon).

A medical practitioner, usually skilled in general surgery,
who specialises in operating on diseases of the nervous
system and looks after patients suffering from severe head
injury.

Jagged edge of theretina.

The eye socket.
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Glossary

Parahippocampal gyrus Structure within the limbic system of the brain. Part of the

Parenchymal damage

Parkinson’s disease

Periventricular tissues
Pigment epithelium

Positron emission
computed tomography

Hexamethypropylene
amine oxime

Punch Drunk
syndrome

Purkinje Cells

XVi

medial temporal |obe (qv).

Damage to the essential active cells of an organ as
distinguished from vascular and connective tissue.

A condition of late middlelife characterised by amask-like
face, rigidity of the limbs with tremor of the hands and
general clumsiness of muscular movements due to
degenerative changesin the brain.

Tissues surrounding the ventricles (gv) of the brain.

Layer of cellswithin the choroid of the eye.

Method of detecting the decay of radionuclides introduced
into the brain to assess brain function.

Compound used in conjunction with positron emission
computed tomography. Its distribution in the brain is
determined by blood flow and it can therefore be used to
detect defectsin cerebral blood flow.

Dementia Pugilistica. A progressive neurodegenerative
syndrome related to continual minor brain damage with
symptoms progressing from mild incoordination to global
cognitive decline and parkinsonism.

Large nerve cells in the cerebellar cortex involved in the
production of fine, graceful movements.
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Retina

Sclera

Septum pellucidum

Spina Cord

Subarachnoid space

Subdura haematoma

Substantia nigra

Temporal lobes

Traction

Glossary

The innermost coat of the eyeball, responsible for
channelling visual information to the optic nerve.

White of the eye.

A thin two layered partition which separates the right from
the left lateral ventricle of the brain. Function unknown.
Frequently found to be torn when the brains of ex-boxers
have been examined.

A long cylindrical mass of grey and white matter runningin
the spinal canal. It has many functions, one of whichisto
transmit messages from the brain to the periphery of the
body.

Space between the arachnoid mater and adjacent tissue,
filled with cerebrospinal fluid. Often enlarged in chronic
braininjury.

An accumulation of blood plasma or clot beneath the dura
meater, displacing the brain.

A collection of black coloured cells on either side of the
upper brain stem. Degeneration of this area of the brain is
associated with the Parkinson-like symptoms seen in some
ex-boxers.

Two large portionsof the cerebral hemispherelying beneath
the temple and above the ear. Major functions are those of
memory and emotional activity. Liable to surface damage
in head injury.

The act of pulling.
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Glossary

Thalamus

Trauma

Upper brain stem

Ventricle

Vitreous

White matter

Xviii

A large, egg-shaped structure located above the midbrain,
consisting of two masses of grey matter covered by athin
layer of white matter, lying deeply in each cerebral
hemisphere. Directsmessagesabout sight, hearing, tasteand
touch and assists in planning and controlling movements.

A wound or injury.

A complex structure lying below the thalamus (qv)
transmitting impulses from above and below. One of the
major centres of consciousness and control of the eyes.

A small pouch or cavity eg the cavities of the brain.

Tissue filling the rear chamber of the eye, consists almost
entirely of intercellular glue with a little additional
supportive tissue.

Tissues composed largely of the tentacles (axons) of the
brain cellswhich connect one brain cell with another. May
be stretched and torn in injury. Not capable of effective
functional repair.
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Introduction

he British Medical Association (BMA) has become a leading authority on the

hazards of boxing since 1982 when a resolution passed at the Annual
Representatives Meeting (ARM) stated, that in view of the proven ocular and brain
damage resulting from professional boxing, the Association should campaign for its
abolition. In response to this resolution the Board of Science and Education of the
BMA set up aworking party to review the evidence on brain and eye damage as a
result of boxing injuries and to publish areport of their findings. In the final report
of the working party published in 1984, it was concluded that damage occurred to
the eye and brain in both amateur and professional boxers.

Following the widespread publicity given to the BMA report, there appeared to
be strong opposition to atotal ban from a number of sources. The working party’s
findings were criticised by the British Boxing Board of Control (BBBC) and others
as relating to foreign studies and research undertaken before measures to improve
safety had been introduced by the BBBC. In addition, the Amateur Boxing
Association (ABA) professed the safety of amateur boxing and the National
Association of Boys Clubs (NABC) continued to support amateur boxing within its
clubs.

The 1984 report of the Boxing working party continued to be widely discussed
both within and outsidethe profession and afurther resol ution was passed at the 1987
ARM sdtating, that in view of the continuing seriousill effects on the health of boxers,
this Meeting requests the BMA to pur sue the Gover nment with renewed vigour until

BRITISH MEDICAL ASSOCIATION 1



Introduction

there is a ban on boxing, and until such time as this is achieved, believes that
television coverage should include a statement of the damage which may result from
boxing.

The Board of Science and Education, individual members of the BMA, and the
press and parliamentary department of the BMA, have continued over the years to
promulgate the evidence for harm caused by boxing. The BMA has provided
speakers at the Cambridge Union, technical colleges, the annual meeting of the
Amateur Boxing Association doctors, and many local BMA divisions. In1991 L ord
Taylor of Gryfepresented abill inthe House of Lordsto abolish*‘boxing for profit’.
Thisbill waslost by only two votes and the arguments presented by the BMA were
well received and widely reported.

Since publication of the report on boxing in 1984 there have been devel opments
within the control of boxing and in attitudes to boxing, as well as advances in the
medical field enabling the early detection of damage to the brain due to head injury.
The Board of Science and Education therefore set up a boxing steering group to
review the evidence on boxing injuries published in the past seven years. This
initiative was supported by the 1992 ARM of the BM A wheretwo further resolutions
on boxing were passed stating, that the forthcoming publication of the revised report
on boxing be welcomed and that this meeting calls for a total ban on amateur and
professional boxing in the UK. The ARM aso passed a policy on boxing among
children stating, that this meeting believes that as the next stage of our campaign
against boxing we should seek a ban on children below the age of consent from
boxing. These policies reaffirm the BMA'’s position in opposing both amateur and
professional boxing because of the chronic and acute brain injuries that arise.

Scope of thereport

This report reviews the existing evidence on injuries related to boxing and
considers the mechanisms by which injuries occur and the availabl e techniques for
detecting such injuries.

Chapter One provides a brief history of boxing. The development of boxing into
its current form is outlined to provide a backdrop to the subsequent discussion of the
dangers associated with boxing contests. Chapter Two analyses the mechanisms by
which injury occurs to the brain and to the eye in boxing. The type of blows that

2 BRITISH MEDICAL ASSOCIATION



Introduction

occur during a boxing bout are outlined to reveal how they may result in both acute
and chronic damage.

Chapter Three summarises the available techniques for detecting brain injury in
boxers. Imaging and non imaging techniques are detailed aswell asthose techniques
enabling examination of the functioning of the brain.

Chapter Four examines the medical evidence for injuries occurring in boxing,
published sincethe 1984 report. The available evidenceisreviewed in relation to the
detection techniques employed by research workers and conclusions on the dangers
of boxing are drawn from the results.

Chapter Five reviews the debate on boxing. The views of those in favour and
against boxing are highlighted alongside information gathered by the BMA during
its campaign of the past 10 years. The legal position of boxing is questioned and
boxing in the Armed Forces and amongst young children considered.

Thisreport was prepared under the auspi cesof the Board of Scienceand Education
of the British Medical Association. The members of the Board were as follows:

Sir John Reid President, BMA

Dr W JAppleyard Chairman, Representative Body, BMA

Dr J Lee-Potter Chairman, BMA Council

Dr A Riddell Treasurer, BMA

Professor JB L Howell Chairman, Board of Science and Education
Professor J P Payne Deputy Chairman, Board of Science and Education
Dr JM Cundy

Dr A Elliott

Dr R Farrow

Dr R Gilbert

DrL PGrime

Dr K Hildyard

Dr A Mitchell

Dr G M Mitchell

Col M JG Thomas L/RAMC

Dr D Ward
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Introduction

A Steering Group with the following membership was set up in order to provide
expert guidance:

Mr JBrice Consultant Neurosurgeon, Wessex Regional Health
Authority/University of Southampton General Hospitals
Dr JCundy Member, BMA Board of Science and Education,

Consultant Anaesthetist, Lewisham University Hospital
Dr PK P Harvey Consultant Neurologist, The Royal Free Hospital

Professor JP Payne  Member, BMA Board of Science and Education,
Emeritus Professor of Anaesthesia, University of London

Dr G W Roberts Neuroscientist, Department of Anatomy and Cell
Biology, St Mary’ s Hospital Medical School, Imperial
College of Science Technology and Medicine, London

4 BRITISH MEDICAL ASSOCIATION



CHAPTER ONE

A Brief History of Boxing

The origins of boxing are lost in the mists of prehistoric time. Accounts of the
early daysof boxing are, therefore, likely to be based on speculation, rather than
evidence. It isprobablethat early human beings living together in settlementswould
have settled arguments, on occasion, by an exchange of blows. However, itisequally
likely that primitive man would face too many threatsto hiswellbeing from everyday
lifeto risk injury from such contests arranged in the name of sport or entertainment.
As man became more successful in his competition with natural forces so boxing
as a contest began to develop. Thereis hieroglyphic evidence of boxing in Ethiopia
as early as4000 BC and it spread to Egypt viathe Nile Valley. By 1500 BC boxing
was practised in Ancient Crete asit followed the spread of the Egyptian civilisation
throughout the eastern Mediterranean. Almost a thousand years later in 686 BC
boxing was introduced into the Olympic Games in Greece where contestants were
induced to perform by the promise of glory and wealth. The unsuccessful combatants
were unlikely to enjoy any benefit, however, as contests continued without any rest
period, until one boxer was unable to continue to put up aresistance, however weak
it might be.
At this time protection of the hands was introduced to enable fighters to land
heavier blows. At first fists were bound with soft leather but as the need for more

BRITISH MEDICAL ASSOCIATION 5



CHAPTER ONE

Figure 1:
Boxing in the 18th century: Jack Broughton (left) and James Figg.

spectator excitement devel oped, theleather became harder and ultimately in thelatter
days of the Roman Empirethe notorious'‘ caestus” appeared. Thisglovewasclearly
an effective weapon, as the striking surface was studded with brass or iron knobs.
Members of underprivileged ethnic minorities were encouraged to fight using these
fearsome wespons until the death of one or other contestant occurred for the
entertainment of their wealthy Roman masters. Thereafter, pugilism asentertainment
ceased to exist for several centuries. In fact, through the Dark Ages and the
Renaissance nothing is recorded of its existence in Europe. During this time,
however, Chinese, Japanese and other Eastern nationshad devel oped their ownforms
of martial art.

In 1681, aformal bout wasrecordedinthe UK and soon thereafter regular contests
were held in London. These were the days of prizefighting; the contestants fought
without glovesin the beginning of the bare knuckle era. There were no rules and no

6 BRITISH MEDICAL ASSOCIATION



CHAPTER ONE

weight divisions and the contest continued, asin Olympic times, until one man could
no longer continue. The bouts were a mixture of boxing and wrestling and it was
common to hit a man when he was down. Prizefighting was illegal however, and
there are many tales of subterfuges adopted to enable public contests to take place.
At Long Reach near Dartford in Kent it is said that contests took place near a public
house on the bank of the river Thames and if the forces of the law were spotted
approaching across the marshes the spectators and contestants jumped into boats,
placed therefor this purpose, and rowed acrosstheriver to continuein Essex, beyond
the reach of thelaw. It isinteresting to note that even in the 1990sthe lega status of
boxing in Britain remains questionable; it has been suggested that if it can be
established that in a boxing contest there is significant danger of permanent injury,
then the basi s upon which boxing has been held not to be criminal but alawful sport,
“‘intended to give strength, skill and activity’’, falls away. Thisissueisdiscussed in
more detail in the final chapter of this report.

In 1719 James Figg (see Figure 1) opened a school of armsin London’s Oxford
Road. A year later he fought Ned Sutton, won and became boxing's first modern
champion. Thereafter, boxing crossed the Channel into Europe and in 1733 thefirst
international contest took place between an Englishman and an Italian. Following
the death of his opponent after about Jack Broughton, in 1743, devised aset of rules
which remained in force for nearly 100 years (see Figure 2). For this he became
known as the ‘‘Father of Boxing'. Briefly, these rules allowed wrestling holds,
although grabbing an opponent *‘below hiswaist’” was disallowed. Thefirst modern
type of boxing glove, known as a **muffler”, was introduced and after a man was
knocked down he was given 30 seconds rest before continuing or he lost the fight.
Furthermore, hitting an opponent on the floor was not allowed.

In 1838, the rules were changed again to what were known as the London Prize
Ring Rules. For the first time aring of ropes 24 feet square was used. A mark was
placed in the centre of the ring to which a fighter had to go before being allowed to
continueto fight. Kicking, biting, eyegouging, butting and low blowswere outlawed.
However, due to the continued brawling that took place around the match, boxing
gtill heldlittle appeal for the educated and thewealthy. A completely new set of rules,
the Queensbury rules, were therefore set up under the name of the Marquess
specificaly to attract such audiences and hence more money. All contestants were
to wear gloves and to fight for three minute rounds with arest in between. Wrestling
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CHAPTER ONE

Figure 2
The set of rules drawn up by Jack Broughton in 1743.
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CHAPTER ONE

was outlawed and the concept of the knock-out wasintroduced; that isthat after being
knocked down the boxer had to get up unaided within ten seconds. Weight divisions
were also introduced. These rules formed the foundation of modern boxing rules.
Meanwhile boxing had spread to the United States where entrepreneurs realised
the enormous profit potential of so-called championship fights. In the present
century, boxing has spread to many parts of theworld. Thishasresulted in numerous
championships and, although the American National Boxing Association was
formed in 1921 to regulate world championships, the world has seen a proliferation
of ruling bodies each with their own world champions and there may be three
different world champions at any particular weight. Furthermore, the weight
divisions have increased so that there are now up to 17 weight divisions whereas

Figure 3
Boxing in the 19th century: second fight between Harry Poulson and Tom Paddock, 16 December 1851.
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early on there were only eight. The most important reason for this situation is the
rapid increase in mediainterest which began in the 1920s and took off in immense
proportions with the advent of world television. This interest results in enormous
amounts of money available to boxers, managers and promoters and their
accompanying entourage.

Examination of thelistsof world professional championstakes usback to thedays
of the Roman games. It is clear that the better boxers are once again drawn from
underprivileged ethnic minorities. The hopes of status and money, which very few
achieve, encourage boxers to contemplate risking their health and lives in a
dangerous contest.

The various bodies that have developed in this country to control and organise
boxing have done a great deal to make boxing safer for the contestant. The
introduction of padded rings with an appropriate number of ropes, the training of
refereeswith the ability to stop fightswhen one man cannot defend himself, themore
precise definition of foul blows and the knock-out, and the introduction of medical
supervision of fights have al contributed a great dea to the safety of boxing.
Unfortunately at the same time, television interest, with the concentration on the
knock-out punch, apunchin which it is certain that brain damage has occurred, has
had a reverse effect. Reminiscent of the introduction of the Roman *“caestus’, this
emphasis on the boxer's most dangerous punches removes much of the skill of
offensive and defensive boxing, which the points system of scoring — whereby
pointsare awarded for defence and style— was supposed to encourage, and increases
therisk of brain damage within the boxing ring. In addition, the variations between
different officials awarding points at the same contest |eads to the knock-out being
the only certain way to win, and impliesthat extra pointsare given for brain damage.
More recently in Britain, guidelines have been drawn up to improve the care of
injured boxers. These may be of some vaue but only come into effect once brain
damage has occurred.

Background material
Encyclopaedia Britannica, Macropaedia: Knowledge in Depth. 1991;28:173-175.
Encyclopaedia Britannica, Micropaedia: Ready Reference. 1991;2:443-444.

Marrian |. The Guinness World Championship Boxing Book. London, Guinness Publishing
Ltd, 1990.
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CHAPTER TWO

Mechanisms of | njury
Sustained During
Boxing Contests

Thi s chapter looks at the mechanisms by which blowsreceived in aboxing contest

can result ininjury to the brain and to the eye. The structure of the brain and eye
are outlined and provide the necessary background information to understand the
consequences of damage. Appendix four to this report contains a more general
overview of the processes that occur in the brain after trauma.

Injury tothebrain

Anatomy of a punch

During the course of a boxing match, the contestants receive a variable number
of blows to the upper torso, arms and head. These blows land on the target with
widely differing degrees of force. The lightest may be a mere flick of a glove and
the heaviest, may be as much as half aton, which has been likened to being hit by a
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12 |b padded wooden mallet travelling at 20 miles per hour.> A considerable amount
of energy istherefore applied to the target areawhen significant punches hit aboxer.
In the case of the torso and arms, the bony structures are covered by skin, fat and
well-developed muscles, al of which absorb energy in much the same way as the
crumple zone on thefront of acar absorbs much of theforce of impact inacollision.
Although there may be superficial bruising, usualy little damage is done to
underlying structures. In the case of the head, however, the skin is taught over the
underlying skull and its bony projections, such as the eye sockets. There is limited
energy absorption and the greater amount of the force of the blow is transmitted
directly to the skull and its contents, the brain. Occasionally, over bony projections,
especially round the eyes, the skin may split producing the familiar *‘cut’.

Training, experience and skill may enable a boxer to reduce the force received
from the blows of their opponent. The boxer learns to move away from the blow,
““riding the punch” asit is called, diverting much of the force of the blow so that it
glances off the side of the head, forearm or gloves. Strong musclesin the shoulders,
upper chest, and neck, may reduce the resulting movement of the head when struck
and, as mentioned later, this may reduce the damageto the brain. In spite of al these
defensive measures a boxer will receive significant punches in all but the most
one-sided contest. Increased and more scientifically based training will increase the
weight of the punches delivered by a particular boxer in the same way that modern
training improves al athletic performance. The effect of media interest, especialy
television, isto emphasise the importance of the heavy blow, the knock-out punch.
This is exemplified by the regular sow motion analysis of such punches that
television provides. Professional boxers may therefore be encouraged to concentrate
on heavy punching rather than skilful defence. Such trends and effects nullify the
benefits of fithess and training and increase the risk to an individual boxer.

Another factor in the production of brain damage is the unique anatomy of the
head and brain. The head is attached to the body by aflexible neck. Heavy blowsto
the head may produce accelerating and decel erating movements of the head. These
movements are momentarily extremely violent, measured on a static target as up to
520 m/s” of acceleration.® Movement of the head occurs in avariety of planes; for
instance, an‘“upper cut’’ will tend to produce rotation of the head around ahorizontal
plane passing acrossthe neck parallel to the shouldersjust below thelevel of theears.
A “‘swinging hook’’ or a*‘cross-counter’’ punch to the side of the jaw will produce
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Figure 4
Simplified vertical section of the brain in the midline of the skull.
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arotation of the head in a vertica plane passing down through the head and neck
behind the ears. This movement is particularly damaging possibly because the neck
muscles are at a mechanical disadvantage in preventing rotation in this plane. This
rotation iscommonly seen in slow motion picture analysis of aknock-out punch and
may be recognised by an accompanying spray of sweat and saliva. In this instance
the jaw behaves as along lever applied to the skull and increases the momentum of
head movement. It isfor this reason that the ““point’ of the jaw, in boxing parlance,
isjust to one side or other of the anatomical extremity of the lower jaw. All boxers
know that astrong punchlanding onthisareaislikely tolead to a‘*win by knock-out”
because of the brain damage that this movement produces. A short neck and strong
muscular devel opment of the shoulder girdleand neck muscles may reducethe speed
and forceof such rotational movement but only protectsthefighter to alimited extent
from the effects of the blows delivered. It is these movements of the head in space
and in relation to the rest of the boxer’ s body that give riseto the larger part of brain
damage sustained by a boxer.

Structure of the skull and brain

The structure within the human skull a so contributes to brain damage. The brain
rests inside the skull firmly fixed to the skull base by blood vessels and emerging
nerves, including the spinal cord (see Figures 4, 5 and 6). The bulk of thebrain (the
cerebral and cerebellar hemispheres) isnot connected to the skull or itslinings except
by thin elastic veins and fine strands of arachnoid mater. The cerebral hemispheres
and, to alesser extent, the cerebellar hemispheresarethereforerelatively freeto move
independently of the surrounding skull. Such independent movement dependsin part
on their respective inertial characteristics. The inner surface of askull of amuscular
young adult male is not smooth and has sharp inward projections. It istearing of the
thin superficial veinsand surface damageto the brain asit collideswith the skull and
its sharp inward projections that give rise to acute subdural haematoma that is
responsiblefor the serious cerebral compression and death that occasionally follows
aboxing match.2>

The brain itself is of afirm jelly-like consistency with string-like blood vessels
running within its substance. It is not of uniform consistency, the more solid basal
ganglia and thalamus being tougher and denser than the surrounding white matter
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Figure 5
Inside surface of one half of the brain. The upper part of the cerebellum has been ‘cut away’.
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Figure 6
Side-to-side section of the cerebral hemispheres through a line between the two ears.

and cortex. These denser parts of the brain have different inertial characteristicsfrom
those of the lighter white matter and to the watery consistency of the cerebral spinal
fluid in the ventricles. When the head is struck forcibly and is subject to sharp
acceleration followed by a somewhat sower decelerating movement the brain will
move at a different rate to the skull. Furthermore, due to the differing inertia
characteristics of the different parts of the brain, there will be different rates of
movement within the brain itself. This process resultsin:

(& Some surface damage to the cortex, particularly those parts furthest from the
point or plane of rotation. In this way maximum damage is likely to occur in
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CHAPTER TWO

the frontal and tempora lobes of the cerebrum and inferior cortex of the
cerebellum.

Therewill bea*'swirling”’ effect within the brain itself, giving rise to tension
between various parts of the brain. Thiswill affect neurological function and,
if severe enough, will result in multiple tears of neurona networks (Strich
Iesions)“. There will also be tension between the brain tissue and contained
blood vesseals causing further shearing lesions and, in severe cases, bleeding
closetotheblood vessals.>® Blood flow may bereducedintheaffected vessels.
These changes are more marked low down in the cerebral hemispheres where
there is different mobility of the brain structure, eg, the deep periventricular
tissues and substantia nigrain the upper brainstem.

There will be pressure waves set up within the ventricular system which may
explain the high incidence of perforations to the septum pellucidum seen in
the brains of former boxers. Such waves of pressure may affect the function
of vital centres surrounding the basal ventricular system. Therewill besimilar
pressure waves occurring within the brain tissue itself, perhapslessimportant
in boxing injuries than in other more severe blunt injuries. These pressure
waves affect the small blood vessels of the brain, causing changes in the
endothelial lining and hence, in capillary permesbility which adds to the
damage to the brain by increasing intracrania pressure and reducing blood
flow to the injured areas. These vascular changes can be seen in radioisotope
scanning techniques and magnetic resonance scanning techniques, both of
which will detect changes in capillary permeability and consequent increase
in tissue fluid at the site of injury, as well as changes in local blood flow.
(Scanning techniques are reviewed in Chapter Three)

Rarely, in severe injuries following boxing contests, large intracerebral clots
may form. Evidence of acute haemorrhage is frequently seen in the brains of
ex-boxerswho havedied of injuriessustained in thering. In addition, evidence
of minor haemorrhage is frequently seen in the brains of ex-boxers who have
died after along career.’
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Effects on the boxer

All these complex effects occur at the time of impact of the punch or within a
short timethereafter. If severe enough they will cause adeterioration in neurological
function. This may show itself to the boxer as a feeling of *‘grogginess’ and a
sensation of weakness or paraysis has been recorded by some boxers. The observer
may see aweakening of the boxer’ s legs and there may be alack of focusing of the
eyes. Should these effects not be apparent to the boxer or the referee, further blows
of asimilar nature may be sustained. Unfortunately, the brain is more susceptible to
damagefrom these subsequent injuries. Asaresult of increaseintissuefluidthebrain
may show lesstensile strength. The blood vessels may dilate locally and their walls
will be more susceptible to rupture. There will be a loss of autoregulation in the
damaged blood vessels, that is, their ability to respond to adrop in perfusion pressure
may disappear, further threatening the viability of the local tissue. Thus further
significant blows are always more dangerous than the initial one. Changes in
neurological function affect the ability of the boxer to defend himself or to “‘ride
punches’. Subsequent blowsmay therefore haveamuch greater effect than theinitial
one. More severe damage resultsin aloss of consciousness and the boxer sustains a
“‘knock-out’ . Perhaps the more fortunate boxer isthe one who receives a significant
punch early in the fight, isknocked unconscious and spared further punishment. The
boxer likely to sustain extensive brain damageisthefighter who putson agood show.
Such boxers are esteemed by promoters, television commentators, the general public
and the boxing fraternity itself. All associated closaly with boxing are familiar with
boxers who were never the same, mentally or physicaly, after a hard fight with a
superior fighter or arecognised champion. The oft-used phrase ‘“‘they never come
back’ accurately describes the effects of the brain damage such fighters have
sustained.

Long-term damage

The brain has alimited ability to repair itself. In particular, once nervefibres are
divided anatomically no recovery of function is possible. Stretched neuronal
networks may recover but probably take several months to do so. Fortunately, the
human brain possesses a considerable reserve of function in most areas of brain
activity. This reserve will differ from individual to individual and from function to
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Figure 7
Coronal slice from 4 brains labelled A, B, C, D.

A'is from a normal adult male,

B is from a demented patient with Alzheimer’s disease,

C & D are from two ‘punch drunk’ boxers (suffering from dementia pugilistica).

The boxers’ brains are smaller than normal with loss of the surface grey matter and inner white matter.

The fluid filled central cavities are larger than normal, but smaller than those in patient B who had Alzheimer’s
disease. The central septum in the boxers’ brains are widely separated and torn. This is in marked contrast
to the normal septum in A and the narrow stretched septum in B.
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function. The effects of brain injury following a boxing match in which forceful
blowsto the head are sustained may therefore pass unnoticed and some boxers never
show clinical signs of brain damage. The effects are, however, cumulative, so that
the more punches that a fighter receivesin his career the more likely he is to show
clinical evidence of brain damage. Such signs are likely to appear towards the end
of aboxer’s career or they may appear some time after he has retired. This reserve
of function that the brain possessesis affected by other factors. Age with consequent
loss of neuronal function will reduce such reserve. The effects of advancing age may
therefore become more obvious in the former pugilist. Other factors such as
cerebro-vascular disease, hypertension, alcoholism, drug abuse and systemic
neurological disorders may similarly expose deficiencies long after aboxer’ s career
has ended. Theformer boxer, because of an already depl eted reserve occurring when
young, at theheight of hiscerebral prowess, may thereforesuffer much moreseverely
than asimilar non-boxer from the natural ageing of the brain or from diseases of the
brain.

When the neuropathologist is able to examine the brain of an ex-boxer and
compare it with the brain of an individual of similar age and background, the
cumulative effects of all the processes described may be seen. Typically,
neuro-radiological imaging by computed tomography and magnetic resonance
imaging will show the same characteristic pattern of visible change due to chronic
repetitivebraininjury. Theboxer’ sbrainlookssmaller in bulk; the cortex (thesurface
grey matter) will be thinner, particularly in the frontal and temporal lobes and the
fluid containing cavities (the ventricles) in the centre of the brain are enlarged due
to disappearance of the surrounding white matter (see Figure 7). Thisis particularly
well seeninthe corpus callosum, astructure co-ordinating the activities of both sides
of the brain.

Closer examination typically demonstrates that the damage is concentrated deep
in the centre of the brain. The septum is seen to be torn and may be represented by
afew shrunken tags of its former structure (see Figure 8). The fornix, thalamus and
hypothalamus, structures that control basic functions of the body such as sexua
activity, may be seen to be scarred and shrunken. The surface of the cerebellum,
particularly the area around the foramen magnum and the posterior inferior surface
of the cerebellum is atrophic and scarred with loss of the Purkinje cells vitd in the
control of movement.” On sectioni ng the midbrain the substantia nigra is a shadow
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of itsformer self with loss of pigment and neurons similar to that seenin Parkinson's
disease (see Figure 9). Finally when the brain is examined under the microscope,
diffuse scarring of the cortex, particularly in the media tempora lobe, bears
testament to repeated injury. Gliosis, the scarring that the brain devel ops, can be seen
in the deep periventricular structures. Excessive deposits of iron on the surface of

Figure 8
High power view of the septum in boxer’s brain, Figure 7C (above). The two leaves of the septum (arrowed)
are widely separated and torn.
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Figure 9

Transverse cut through the mid brain of an elderly non-boxer (A) to compare with B, C & D.

The normal darkly pigmented area (substantia nigra) is clearly visible in A. However, B, C & D show marked
loss of pigment. The appearances in C & D are typical of those seen in severe cases of Parkinson’s disease.

Figures 7,8 and 9 with kind permission of
Dr C J Bruton, Medical Research Council, Runwell Hospital, Wickford, Essex.
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the brain and deep in the hemispheres is indicative of multiple bruises and
haemorrhage that may have occurred in the brain recently or in years previously.

Of considerable interest in the pathogenesis of dementia, is the aimost universal
finding of widespread regiona neurofibrillary tangles within the cortex. These are
alsofoundinthebrain of elderly peopleor in those suffering from preseniledementia
of the Alzheimer variety. Senile plagueswhich are seen with ordinary silver staining
techniquesin Alzheimer’ sdisease are not seenin boxers’ brains but recent work has
demonstrated the presence of other plagues of beta-amyloid protein to be
preﬁent.&g'10 Some boxers have died with Alzheimer’ s disease and thereisgrowing
evidencethat repeated head injury isarisk factor in the development of that disease.
The first neurologica report on the delayed effects of boxi ng11 concerned the case
of a German amateur middle weight champion who 10 years after retirement, at the
age of 28, developed Parkinsonism and dementia. The histological findings were
those of Alzheimer’s disease with amyloid vascular change. Also, the American
boxer Sugar Ray Robinson had Alzheimer’s disease listed on his desth certificate
although the primary cause of death was cardiovascular disease.?

The concentration of gliosis and atrophy in the medial structures of the temporal
lobe are of specia interest to the clinical psychologist. These structures, the
hippocampus, amygdaloid nucleus, parahippocampal gyrus and fusiform gyri form
a large part of the limbic system concerned with the function of memory and
behaviour. It is not surprising, therefore, that the earliest signs of brain damage
clinically areto befound in sophisticated neuropsychometric testing of memory and
assessment of small changesin behavioura patternsthat pass unnoticed by the boxer
himself.

Can boxers be protected from injury?

Attempts have been made to protect boxers from brain damage by various
measures. At best these can only be partially successful. The use of head guards
undoubtedly protects against superficial injury to the face, eyebrows and ears but
cannot eliminate the dangerous accelerating and decel erating forces applied to the
head. Glovesare designed to protect the fists of the wearer and do nothing to prevent
brain injury unless they are so large as to be unwieldy. Indeed, the bare fist prize
fighters of the past were able to sustain very long matches because the force of the
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punches was less than in modern times. Padded flooring in the ring and padding of
posts has eliminated the dangerous violent contact of the head with these structures.
Early stopping of fights when one boxer is clearly out-classed or showing signs of
neurological damage reduces, but does not eliminate, brain damage.

A proportion of the functional brain damage resulting from blows received in a
boxing bout isrecoverable. Prolonged periods of rest between fightstherefore enable
the brain to recover this proportion of the brain damage sustained before the next
boxing bout occurs. Because of frontal 1obe damage boxers tend to lose insight into
their capabilities and their physical condition and are therefore not the best judges
of the wisdom of embarking on the **‘come-back trail”’. The history of boxing is
littered with examples of the price to be paid in damage to physical health by those
who return to aboxing career.

In the case of boxers serioudly injured in the ring, the greatest danger is that of
death or very serious neurological deficit resulting from compression of the brain by
an acute subdural haematoma. Immediate recognition of this complication followed
by skilled control of the airway and rapid transfer to a neurosurgical centre where
the clot can be removed and the coincidental brain swelling treated is vital, if more
lives are to be saved. However, the mortality and morbidity remain high, despite
skilled and prompt treatment.>®

Boxing officials, in assessing aboxer’ sfitnessto fight, place great faithin simple
clinical examination and the use of monitoring techniques such as
electroencephal ography and the computed tomography of the brain. These methods
are relatively crude and, will only detect chronic brain damage when already well
advanced and in certain cases, irreversible. Careful and highly skilled
neuropsychological testingl3 seems the only way of detecting brain damage in its
early stages, although magnetic resonance imaging and radioisotope imaging may
indicate acute brain damage soon after it has occurred. Chapter Three looks at the
techniques available for detecting damage to the brain in more detail.
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Injury tothe eye

Structure of the eye

The eyeisoften likened to acamera, asit wasindeed in the previous report of the
Board of Science and Education working party on boxing (February 1984).14 Useful
although this analogy may be, it is not strictly accurate. The eye itsdf is a highly
complex organ (see Figure 10). The more or less spherical tough outer coat, sclera,
or white of the eye, is made up of interwoven collagen fibres. The cornea, a disc of
clear tissue measuring about 12 mmin diameter, fitsinto thefront of the sclerarather
likeawatch glass. The corneais made up of very regularly arranged collagen fibrils,
inmultiplelayers, set at exact anglesto each other, such that the wave-length of light
can pass through almost unimpeded. The cornea covers the anterior chamber of the
eye, theiris, and its more or less central and circular pupil. Behind these structures

Figure 10
Structure of the eye in horizontal section.
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liesthe lens of the eye. Although the function of theirisis similar to that of theiris
diaphragm in acamera, to enable differing amounts of light to enter the eye, the lens
itself focuses in an entirely different way, by actually changing in shape and
thickness, rather than being moved to and fro, asit isin a camera.

The sclera, or white of the eye, islined by the choroid, which provides nutrition
for the retina. Within the choroid lies the pigment epithelium and within the
innermost layer of al, the retina. The retina contains approximately 130 million
sensory units; 5 million cones, largely confined to the macular area or focal point of
the eye and 125 million rods. Visua information from these sensory elements is
channelledinto 1 million nervefibresin each optic nerve, high definition visionbeing
present in atiny central area of the visual field and increasingly ill-defined vision
spreading out to the periphery. The cones provide high definition and colour vision
and only work properly in good light conditions. The rods provide peripheral vision,
giving information about movement and shape and work well inlow light conditions.

The posterior chamber of the eyeisfilled with the vitreous, auniquetissue which
consists amost entirely of intercellular glue with a little additional supportive
structure. The anterior chamber of the eyeis full of agueous, a fluid manufactured
from blood by an active process within the ciliary body. Although manufactured
from blood under normal circumstances aqueous contains no red or white cells and
isamost entirely devoid of protein. The rate of production of aqueous is hormally
accurately matched with the rate at which it can drain from the eye and the balance
is generally such that pressure within the eye is maintained at between 10 and 22
mmHg, aleve sufficiently above atmospheric pressure to prevent deformation of
the eye by normal external pressure and yet not such that the blood supply to the
optic nerve and retinaiis impeded. If the fluid pressure within the eye gets too high,
satisfactory nutrition of the optic disc cannot be maintained and the patient develops
glaucoma with death of nerve fibres and increasing visual loss, involving initially
the more peripheral parts of the visua field.

The eyeiscontained largely within the orbit or eye socket. Although the walls of
the orbit are made of bone, which isvery thin indeed, the outer rim of the orbit is of
very hard and strong bone and this, aswell asthe shape of the brow, nose and cheek,
help to protect the eye from serious physical damage, particularly blowsfrom above,
under most normal circumstances. From below, however, the globe is significantly
exposed and vulnerable to blows. If the eye receives a direct blow, it isin danger of
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sustai ning damage which, depending on the direction and forceinvolved, may range
from the trivia to the extremely severe.

Mechanisms of injury

Three mechanisms are described by which a blow may lead to damage to the
structure of the eye and its surrounding tissues. Thefirst two are related to the punch
itself and to the shock waves set up by the punch within the structures of the eye, a
concept introduced by Courvil e to explain the mechanism of brain damage caused
by blunt trauma to the head. This concept is felt to be more than acceptable by
ophthalmol ogist:;le’17 since not only does the retina originate as an outgrowth from
the brain but as in the brain itself the fluid contents of the eye are only too readily
abletotransmit shock waves. Thusablow to the eye can cause damageto the cornes,
irisand lens. Shock waves passing through the agueousand vitreous can causefurther
injury to theretina, pigment epithelium and choroid, oppositeto wheretheforcewas
applied, resulting in retinal haemorrhages, choroidal ruptures and so on depending
on the force of the blow.

The third mechanism in which damage is caused to the eyeis that of equatorial
expans on® The compression of a
fluid filled elastic-walled sphere from
front to back will inevitably cause
sideways (equatorial) expansion, to
maintain the fixed volume of the globe
(see Figure 11a). The vitreous is
particularly strongly adherent to the
retinain the region of the equator of the
globe and to the ora serrata where the
retina terminates. It has been shown by
experiments with excised animal eyes
that severe pulling forcestransmitted to
thevitreousbase (theanterior part of the
vitreous) canlead to the devel opment of

Figure 11a , tearsintheretinaat theoraserrata. Such
Compression of the eye from a blow causes sideways . . .
expansion and traction at the vitreous base. tearsareaccepted asbei ng atyplcal sgn
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of blunt trauma. In some cases tears
may extend over 90 degrees of the
circumference of the eye and such so
called “‘giant tears’ are frequently
reported in boxers. It has also been
proposed that a blow to the eye can
more directly push back the vitreous
base leading to shearing and retinal
tears developing as aresult (see Figure
11b).

Some boxers and their advisers
suggest that retinal damage only occurs
if the eye is accidentally ‘“‘thumbed’’
and it has been claimed that thumbless rigyre 110
g| oves would cause less inj uries. It has been proposed that a blow to the eye can more
However, thumbl ess gl oves seem directly push back the vitreogs base leading to shearing

and the development of retainal tears.

unpopular sincethe boxer cannot obtain

sufficient grip for his needs when wearing them. In addition, it is not difficult to
believethat aboxing gloveitsalf, thumbed or thumbless, must by itsrelatively elastic
nature, be able to transmit much of the force of a blow to the eye since the area of
the glove, not impeded by the orbital rim, will continue to move forwards violently
compressing the globe within the eye socket, somewhat like a piston in a cylinder.
The globe in any case is unprotected by the orbital rim from beneath where it is
particularly vulnerable to blows.

Conclusions

The brain and the eye are delicate and vital organswith alimited ability to repair
damagereceived. Deformation of the eye dueto blowssustained in boxing frequently
leads to retinal tears and sight-threatening damage to other structures of the eye,
includingthedrainageangleand thelens. Retinal detachmentsmoreor lessinevitably
develop following retinal tears if these are not accurately diagnosed and subjected
to expert treatment. In young, non-myopic patients, however, there may be a
considerable delay between a retinal tear occurring and the onset of retinal
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detachment. Retinal damage associated with boxing injuriesis frequently so severe
that treatment taxes the skills of even the most experienced of retinal surgeons. Very
major surgical procedures may be required to save sight and a satisfactory outcome
cannot be guaranteed. Cataract may also not develop for some time after concussive
injury to the lens of the eye.

The force upon the brain due to the blows received in a boxing bout leads to
movement of the brain within the skull and it isthis movement that leads to damage
tonerves, blood vesselsandtissue. After aninitial heavy punchthat resultsin cerebral
damagethebrainisincreasingly susceptibleto further damage. Fortunately the brain
has a certain amount of reserve capacity so that damageto its delicate structures may
go unnoticed for some time. However, any process that further reduces the reserve
capacity of the brain, ageing for example, may lead to the damage received through
boxing becoming apparent. Little can be done to protect the brain from the damage
received in a boxing bout and there is only a minimal amount that can be achieved
through rapid treatment of injury. Boxing may thereforeresultin damagetothebrain.
Such damage may be cumulative and, unfortunately, once it has occurred thereisno
means by which lost capacity can be regained.
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Detection of
Neurological | njury

irect observation of theintact functioning of living human brainsis not possible

and research workers and clinicians therefore rely on indirect methods of
examination to detect damage resulting from head injury. Thebrain can be examined
interms of its structure, or in terms of its function and by imaging and non imaging
techniques.

Brain function — non imaging

Clinical neurological examination

The neurological history and clinical neurological examination provide a
somewhat unspecific mechanism, by which brain damage may bedetected. Although
elements of both are part of any general physical examination, specia training and
experience are required to detect the early, subtle changesinvolved in chronic brain
damage. The neurological examination is generally directed towards testing a
hypothesis generated from detailed history taking. Therefore a physician trained in
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neurological diagnosis who also has first hand knowledge of boxing and boxing
injuriesisthe most appropriate person to perform such tests on boxers. It isdifficult
to provide a definitive description of what constitutes clinical neurological
examination as methods may differ between clinicians. However, the examination
would normally include assessment of the boxers' mental state, cranial nerves, motor
system, reflexes and sensation. Assessment of the mental state will usually take the
form of both observation during the history taking and interview, and formal testing
of memory, speech functions, visual spatial abilities, orientation, attention, and
concentration.

Standard clinical neurological examination employed in the course of research
into boxing injuries will differ somewhat from examination of boxers to evaluate
their fitness to box which would include consideration of retinal detachments, for
example. Evidence of brain damage on clinical neurological examination is
indicative of quite an advanced degree of damage. However, aclinical neurological
examination may well be norma when CT scanning or neuropsychometric testing
shows undoubted evidence of damage. A ‘norma’ neurological examination does
not therefore exclude the possibility of brain damage.

Neuropsychometric testing

Clinical neuropsychology is an applied science concerned with the behavioural
expression of brain dysfunction. Its main role is to identify cognitive deficits which
can be attributed to cerebral dysfunction, thereby contributing to the diagnosis of
brain damaged patients. Neuropsychol ogical assessment involvestheintensive study
of brain function by means of interviews and standardised scaled tests and
guestionnaires that provide relatively precise and sensitive indices of behaviour.
Such standardisation and quantitative procedures enable the clinician to reach
unambiguous conclusions. There is now wide agreement among neurosci entists that
for certain conditions, neuropsychological investigations are more sensitive in
detecting cerebral impairment than clinical neurological examination or other
investigative procedures. Thisis particularly true for early types of dementiaand the
effects of recent mild closed head injuries— thetype of injury likely to be sustained
through boxing. Therehasbeenaplethoraof studiesonheadinjured patientsin recent
times and it is well established that even minor accidents may result in significant
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temporary cognitive impairment. Indeed, such patients may show deficitswhich are
not revealed by clinical neurological examination, which may be normal when
neuropsychometric tests are abnormal. The precision and sensitivity of
neuropsychological measurement techniques make them valuable tools for
investigating small, sometimes quite subtle behavioural alterations and this
technique is therefore of great interest to those attempting to identify early signs of
neurological damagein boxers. However, neuropsychometric testing requireshighly
skilled and experienced personnel trained to identify and interpret the results of such
tests.

Electroencephal ography

Electroencephalography (EEG) is used as a measure of brain function through
registering the electric current set up in the cerebral cortex by the action of the brain.
Usually the EEG refersto brain activity recorded by electrodes placed on the scalp,
which reflectsthe el ectrical activity of large neuronal aggregates. The central features
in analysis of the resultant electroencephalogram concerns the wave forms, their
distribution, and the context in which they occur. There is, however, considerable
interobserver variability even among experts in EEG anaysis and many patterns
previoudly regarded as indicative of abnormalities are now regarded as clinically
insignificant. There are a number of considerations to be taken into account when
interpreting reported results of EEG abnormality. First, EEG findingsare not specific
for aetiology but may, in an appropriate clinical context, suggest or confirm a
diagnosis. Second, although there is an approximate correlation between EEG and
pathological abnormalities the neurophysiological basis for the different
abnormalities in EEG remains imperfectly understood and unknown in many
instances. Third, the EEG cannot compare with imaging techniques such as
computed tomography (CT) or magnetic resonance imaging (MRI ) for detection or
localisation of lesions. Findly, it should be remembered that EEG abnormalities are
not generated by the lesion itself, which is dectrically silent, but by affected yet
viable nervetissue in the vicinity.
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Brain function — imaging

Magnetic resonance imaging

Magnetic resonance machines of very high magnetic field allow spectroscopic
analysisof tissuein addition to protonimaging. Thistechniqueisvery much research
orientated, but altered Phosphorus - 31 and Hydrogen - 1 metabolites are
demonstrable in brain infarctions and other conditions; there are, however, no data
with respect to boxers’ brain injuries.

Positron emission computed tomography

Positron emission computed tomography (PET) is a technique in which the
scanning apparatus detects and localises the destruction of positrons which are
emitted during the decay of certain radionuclides. This technique can be applied to
demonstrate and correlate cerebral blood flow (using labelled oxygen) and
metabolism (using labelled glucose). Early reports of the use of the tracer
Tc99m-labelled hexamethylpropylene amine oxime (HMPAO) in single photon
emission computed tomography (SPECT) appeared in 1987. HMPAO isalipophilic
compound whose distribution in the brain is determined by regional blood flow at
thetime of injection and remains constant and measurable for some hours. Perfusion
defects may therefore be demonstrated by this technique in the absence of MRI and
CT abnormalities. The detection of abnormalities is currently based on asymmetry
between the cerebral hemispheres; however, symmetrical perfusion deficits may
cause difficulty with interpretation. In addition a preliminary report of cerebral
perfusion in amateur boxers' noted a natural asymmetry between the two
hemispheres in young controls, such that the non-dominant hemisphere receives
dightly greater perfusion than the dominant hemisphere at rest. This finding was
supported by PET studies. Despite these difficulties the technique appears to hold
considerable promisein the assessment of functional abnormalitiesfollowing closed
head injures.
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Brain structure — imaging

Computed tomography

The mainstay of structural brain imaging over the last 20 years has been x-ray
computed tomography (CT), and since Hounsfield' s prototype scanner wasinstalled
in Atkinson Morley’s hospital, London in October 1971, successive generations of
machines have been developed and a modern scanner can produce images of the

Figure 12
CT scan of the brain of an elderly ex-boxer suffering from dementia. There is severe atrophy of the cortex and

white matter and marked dilation of the ventricles (A).
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brain within seconds. The standard examination comprises a series of sections
through the transverse axia plane of the cranium, using a dice thickness of 7 to
10 mm. The sensitivity of the system dependson thediscrimination of different x-ray
densities. The variation in x-ray density is simply areflection of the distribution of
electrons within tissue, since x-raysinteract with tissue at atomic level. Modern CT
can very clearly differentiate normal grey and white matter structures in brain
substance as well as demonstrating detailed morphology of the ventricular system
and subarachnoid spaces.

Figure 13
CT scan of boxer’s brain: white stripe on the left of skull (marked A with dotted line) represents an acute

subdural haematoma.
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In chronic brain injury, atrophic processes are reveded by CT as localised or
generalised areas of tissue loss with consequent enlargement of the adjacent
ventricular system, subarachnoid spaces or both. The presence of a cerebrospinal
fluid (CSF) collection between the lesflets of the septum pellucidum can also be
detected, and may reflect septal tear. The endstage of most types of parenchymal
brain damage, including traumatic, is represented by low density on CT scans, even
if the acute injury was predominantly haemorrhagic.

In acute brain injury blood that has leaked from damaged vessels into the
surrounding tissuesincreasesin el ectron density during the process of clot retraction
and serum extrusion and becomes bright on CT images. Thusit is clearly visualised,
whether in the extracerebral spaces as a subdural or extradural haematoma, within
brain substance, or in the ventricular system. Brain contusion results in local or
diffuse swelling; the increased water content of the brain reduces the x-ray density
of the affected tissue while areas of high density within such an abnormality indicate
haemorrhagic contusion.

Magnetic resonance imaging

Magnetic Resonance Imaging (MRI) utilises the interaction of radio waves with
mobilehydrogen nuclei (protons) intissuewater and lipids, whileunder theinfluence
of astrong external magnetic field. Unlike x-ray CT, the appearance and sensitivity
of theimages are amenabl e to great manipul ation by the operator. Such manipulation
may alter the predominant features in the image from a simple proton density map
to more complex images which reflect local nuclear interaction (T1 weighted) and
those which depend on the effect of local magnetic influences (T2 weighted). For a
number of reasons MRI isthe modality of choice for most structural brain imaging,
although not necessarily for acute brain injury where the speed, convenience,
availability and accurate demonstration of haemorrhage by x-ray CT are
advantageous. First, no ionising radiation is used in MRI imaging and the risks
inherent in multiple x-ray CT examinations therefore do not arise. Secondly,
although MRI and x-ray CT are generally equivalent in their ability to demonstrate
morphology of the cerebral hemispheres, the ability of MRI toimagein any planeis
a particular advantage with respect to brainstem and cerebellar anatomy. Thirdly,
although abnormalities of the ventricular system and subarachnoid spaces seen in
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Figure 14
MRI of normal brain: note small ventricles (arrows A) and absent or narrow subarachnoid space
(arrows B).
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Figure 15
MRI following head injury: note large ventricles (A) and generous subarachnoid space (arrows B)
indicating atrophy of the cortex.
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atrophy or hydrocephalus are demonstrated with both MRI and CT, MRI is more
sengitive to parenchymal abnormality and may, for example, demonstrate lesions
attributable to acute or old diffuse axonal injury when CT isnormal. Fourthly, when
haemorrhagic lesions resolve, haemosiderin deposits persist and are detectable by
MRI but not by CT.

Summary

Imaging techniques such as computed tomography (CT) and magnetic resonance
imaging (MRI) provide information on structural changes within the brain but are
clearly not direct indicators of deficient brain function. Other imaging techniques
such as positron emission tomography (PET) can be used to indicate functions of the
brain such as blood flow or glucose metabolism. Non imaging techniques such as
electroencephal ography (EEG), neuropsychometric testing and clinical neurological
examination also provide indicators of the functioning of the brain.
Electroencephalography records the electrical activity of the brain and
neuropsychometric testing measures the brain’s behavioural product. All these
techniques do havetheir limitations however, and do not enable anything but acrude
understanding of the way the human brain works. In addition the relative costs and
availability of theimaging techniqueswill have abearing upontheir usefor detection
of injuriesin boxing; MRI and PET are of limited availability and more expensive
than CT, for example. Research workers have therefore made it quite clear that for
future progressin neurology, radically new techniqueswill be needed?. This chapter
has outlined the various techniques available for detecting injury to the brain and
provides the necessary background information to the research on boxers outlined
in the following chapter.
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Review of the Evidence

The 1984 report of the Board of Science and Education reviewed the available

evidence for acute and chronic cerebral damage related to boxing. The report
remains highly relevant to today’ s debate over the banning of boxing although much
of the evidence presented in that report rel ated to non UK boxers, and to those boxing
before the introduction of strict medical controls. Further research into boxing has
been carried out since the publication of the 1984 report, including a number of
studies on UK boxers (see Table 4.1). A study carried out by Roberts in 19691
involving 300 boxers remains the largest study of damage to boxers and it is
regrettablethat such alarge scale study has not been repeated using modern scanning
techniques and neuropsychological testing.

The majority of studies carried out since 1984 have examined amateur boxers.,
with many authors attempting to illustrate the rel ative safety of amateur boxing. The
issue of most importance to the BMA, however, isthat of chronic damage to boxers,
which may not become outwardly apparent until after the boxer’'s retirement.
Unfortunately, none of the studies carried out has followed a cohort of boxers
throughout their career which makesit difficult to assesswhat, if any, early predictors
there may be for chronic damage.
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Abnormal
Amateur/ Neurological [Abnormal Abnormal Abnormal

Study No. Controls [Professional Examination CT EEG MRI

Brooks 29 + Amateur N/A N/A N/A N/A
19872
Jordan 9 - Amateur 0 N/A N/A 0
1988°

JHeilbronner 23 - Amateur N/A N/A N/A N/A
1991°

JHaglund 50 + Amateur 1/47 (2.1%) 0/47 16/47 (34%) 2/47 (4.3%)
1990%*¢

IMcLatchie 20 + Amateur 7 (35%) 1 (5%) 8 (40%) N/A
1987°
Sabharwal 4 - Amateur 4/4 (100%) 4/4 (100%) 3/4 (75%) N/A
1987’

JLevin 13 + 2 amateur N/A N/A N/A 0/9
1987° 11 professional
Jordan 21 - 4 amateur N/A 11 (52.4%) N/A 9 (42.9%)
1990° 17 professional
Casson 18 - 5 amateur 5 (27.8%) 8 (44.5%) 7/13 (53.9%) N/A
1984*° 13 professional

JDrew 19 + Professional N/A N/A N/A N/A
1986

jKemp 20 + Amateur N/A N/A N/A N/A
1991'2

Table 4.1: Studies carried out since publication of the 1984 boxing report.

Studies are arranged in relation to the type of boxer examined; ranging from amateurs with little experience
at the top of the table to professionals with much experience at the bottom of the table. The study by Kemp et
al is an exception as it has used a scanning technique not employed in any of the other studies reviewed and
can not therefore be directly compared to the other studies.

42 BRITISH MEDICAL ASSOCIATION



CHAPTER FOUR

Abnormal Age Career

Neuro- range |length |Bouts

psychometry (yrs) (yrs) fought Comments

Boxers significantly worse 15-27 |1-13 2-96 Active boxers.

than controls on 3/24 tests Boxers measured against controls rather than standard
norms for neuropsychometric tests.
No correlations found between boxing variables (no of
bouts, knock-outs etc) and impairment.

N/A 16-26 |19 4-32 Active boxers who had been suspended for min 90 days
due to a knock-out or excessive head blows.

Impairments in verbal and 16-30 |- 0-50+ Boxers tested pre and post match

incidental memory post fight,

enhanced executive and

motor functions post fight

Boxers had lower finger 26-43 [1-17 0-180 Former amateurs. In all tests apart from EEG no significant

motor function than controls difference found between boxers and controls. No
correlation of any test bar neuropsychometry to boxing
parameters. Finger tapping had significant correlation with
length of career and number of bouts.

9/15 (60%) 3 2 tests, 3 had 18-49 |- 4-200 Active boxers.

results suggestive of severe Abnormal clinical examination correlated significantly with

impairment increasing number of fights, abnormal EEG with decreasing
age. Boxers significantly worse than unmatched controls in
some neuropsychometric tests.

N/A 34-40 |9-13 >100 Symptomatic boxers studied.

Trend towards deficient <30 2-11 Amateur Active boxers at early stage of professional career or still

reading and verbal learning 14-184 amateurs.

in boxers Professional| Boxers measured against controls rather than standard

0-10 norms for neuropsychometric tests.

N/A 21-66 |- - Study carried out primarily to discover efficacy of CT vs MRI
(all active boxers bar 1 professional).

12>50% tests 18-60 |1-22 7-240 Mixture of former and active boxers. Abnormal

18>1 test neuropsychometry showed high correlation with abnormal
findings on CT or EEG.

15 (78.9%) in impaired 18-25 |- Amateur Active boxers.

range on Reitan Impairment 1-195 No of professional bouts/losses/draws showed high

Index Professional | correlation with tests deficits. Controls and boxers

0-37 measured against standard norms for neuropsychometric

tests.
2/10 (20%) of controls scored in impaired range of Reitan
Impairment Index.

N/A

Preliminary report with use of HMPAO SPECT, boxing
group showed significantly greater abnormalities than
controls although the researchers noted that this finding
must be interpreted with caution until additional numbers

have been studied. Further trial in progress.

Additional studies reviewed:
Jordan 1988,

Acute injuries only of professional boxers examined over a two year period in New York State.

Enzenauer 1989™, Boxing in the US army -— incidents of hospitalisation recorded only.

Adams 1989 *°,

result of boxing.
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The research summarised in Table 4.1 is examined in more detail in this chapter.
The findings of these studies are presented in relation to the methods used to enable
comparison between studies.

M ethodology

Thevarious mechanismsfor detecting braininjury in boxerswhich werereviewed
in Chapter Three indicated that the techniques available differ both in what they can
reveal and in their sensitivity. Neuropsychometric testing has frequently been
employed in studies of boxers and would appear to provide a sensitive method for
the detection of subtle injury to the brain. It is difficult to make direct comparisons
between studies as there is no common battery of tests used by the various research
workers. Studies have aso differed in that some have compared boxers and controls
with standardised normsfor such teﬂs,“‘lo whereas others have compared the results
of boxers directly with that of controls matched for age, education, ethnicity and
participation in sporting activities®>* %8, The latter approach would seem most
appropriate as it is possible that the former may be detecting differences in boxers
from the general population rather than showing any particular effect of the activity
of boxing on the brain. Certain research workers have used boxers in training who
have not yet sparred or fought, and other individuals who show a desire to become
boxers as control &, Although such controls should remove any confounding effects
of basic differences in neuropsychometry between individuals who take up boxing
and other individual sit would beimpossibleto find such controlsfor studies of older
boxers — matching for age in the detection of abnormalities in neurological
functioning is a primary requirement. Other research workers have therefore opted
for controls that are professional or amateur sportspeople, who are also subject to
rigorous training and physical exertion°* 94811,

The studies range from those examining young, amateur boxers with limited
careersto those examining retired professionals with along boxing history. Current
boxers as well as ex-boxers have been included in such studies. Most research
workers have recorded a variety of boxing variables such as number of bouts or
number of knock-outs to determine the effect, if any, on resultant brain damage.
HaglundS&d, for example, classified the ex-amateurs studied as high matched or low

44 BRITISH MEDICAL ASSOCIATION



CHAPTER FOUR

matched depending on the number of bouts fought. This variability in the boxers
studied makes direct comparison between studies somewhat difficult.

Brain function — non imaging

Clinical neurological examination

Many of the studies reviewed employed clinical neurological examination and
evidence of damage to the brain has been clearly identified. Casson et a° found
abnormalities in five of the eighteen boxers studied, three of whom had a clinical
organic mental syndrome manifested by disorientation, confusion, and memory loss.
Casson did note however, that in one of these individuals the abnormality found
could not definitely be considered abnormal due to the age of the individual — 58
years. Haglund et a> performed a routine neurological examination, alongside a
“mini-mental state’”’ examination designed to distinguish between dementia and
depressive pseudo-dementia. Slight deviations were found in four subjects, one
boxer and three matched controls. All subjects had norma **mini-mental state’ test
values. The authors concluded that these results suggested an absence of ‘‘punch
drunks’.

In the study by Sabharwal et a,” the four amateur boxers studied all showed
abnormalities on neurological examination. Neurological examination showed
memory impairment, durred speech and forgetfulnessin al subjects and the authors
interpreted such results as clinical manifestations of dementia pugilistica. Jordan et
a® studied nine boxers who had been suspended from competitive boxing for a
minimum of 90 days due to a knock-out or excessive head blows. Of the boxers
studied, three had experienced immediate neurological symptomsat thetime of their
last bout; at the time of study (1 week to 3.5 months after suspension) no
abnormalities were found on neurological testing. McLatchie et a®intheir study of
20 active amateur boxers found seven to have an abnormal clinical examination
which correlated significantly with anincreasing number of fights. The authorswere
surprised at the high number of abnormalities, and although they believed that the
indicators uncovered by an experienced neurologist were vaid, caution should be
applied to some of the minor neurologica signs as they were sought so intensely.
The great majority of boxers with motor system disorders found in this study were
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quite asymptomatic and it would only be through longitudinal study that it would be
possible to show that these signs were the forerunners of clinical disability.

Neuropsychometric testing

Neuropsychometric testing would appear to be the method of testing most widely
used by those studying boxersover the past twenty years. Thisisin contrast to studies
reviewed in the BMA’ s 1984 report where CT scanning predominated.

Brookset al carried out neuropsychological examinations on 29 amateur boxers
and 19 controls matched for age, ethnicity and education. To increase the accuracy
of matching, 11 of the controls were prospective amateur boxers (training without
sparring), at the clubs from which the subjects were chosen. Tests were selected on
the assumption that brain damage, if present, would be similar to that found in minor
closed head injury. Thereforeverbal and visuospatial memory, attention, information
processing and motor function, and intellectual abilitieswereall assessed. Out of the
24 individual measures of performance, only three showed significant differences
between boxers and controls. No significant effects were found when boxers
performancein tests was measured against a number of boxing variablesie intensity
of exposure.

The authors discussed their results at length concluding that their research could
in fact indicate that carefully controlled amateur boxing is indeed
neuropsychologically safe. They noted that in those boxers studied, any individual
receiving a severe blow to the head during sparring is immediately stopped from
boxing and from sparring for 28 days. They believed this temporary cessation of
boxing activity to be important in reducing neurological damage asin less carefully
controlled situations boxers may spar frequently and unsupervised. In discussing the
significance of their results, the authors considered that they may have used
inappropriate tests or inappropriate or inaccurately matched controls. The testswere
chosen on the assumption that any brain damage in amateur boxing would be of the
sort found in minor concussion, representing deficits largely in information
processing and memory. The authors also considered that the boxers studied only
represented 39% of the group invited to participate. It is possible therefore that those
who refused to take part had a subjective awareness of neurologica impairment. In
addition, those studied were largely successful in their careers (18/8 ratio of winsto
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losses); it is possible that boxers with a large number of losses may revea greater
damage.

In the study by Heilbronner et al* 23 amateur boxers were assessed immediately
before and after an amateur boxing event. Of the 50 boxers assessed prefight only
23 presented for postfight evaluation; the authors stated that thiswas largely due to
scheduling difficulties. However a preponderance of the boxers who did not present
for post-fight evaluation had lost their bouts and were likely to be uninterested in
remaining for testing. Compared with their prefight performance, boxers
demonstrated significant deficits in verbal memory, but enhanced executive and
motor functions. There were no observed differences between those losing or
winning their bouts. The authors concluded that for a number of reasons, the
observed abnormalitiescould not bedirectly related to boxing: the subjectsexamined
were volunteers and as such may have been unrepresentative of boxersin general,
and men who take up boxing could come from a population who already have such
abnormalities. In addition, changes in autonomic arousa may impact memory
performance and indeed motor speed and it may therefore have been the
psychophysiological state induced by the fight that led to the observed differences.
The authors noted that the four boxers with the most extensive fight histories
demonstrated slower dominant hand tapping speed after a fight compared with
prefight. It is possible that these boxers could have sustained enough head blows
with subsequent brain dysfunction that their fine psychomotor speed was affected.
These four boxers had remai ned amateur beyond the time when most fighterswould
turn professional and this may be why their deficits were more pronounced, similar
to that often found in professional boxers. The authors concluded that to study
effectively the neuropsychological impact of amateur boxing, further longitudinal
studies would be needed that included rigorous examination of critical boxing
variables, use of appropriately matched controls, and more appropriate tests.

InMurdlius' study of 50 amateur boxersand 50 matched control SSd, similar results
to that of Heilbronner et al* were found, with the only significant difference being
in finger tapping performance. None of the boxers were considered to have definite
signsof intellectual impairment. High matched boxers (boxerswho had participated
inalarge number of fights) werefound to show inferior finger tapping in comparison
with the other groups both with the dominant and the non-dominant hand. A
significant correlation between inferior finger tapping performance, the length of
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boxing career, and the number of fights was found. The correlation with length of
career was a so significant in the soccer players used as controls: those with along
career showed alower finger tapping speed. The authors postulated that this reduced
finger tapping performance could be due to peripheral nervous and/or motor
functioning, rather than central damage. However the fact that soccer playerswith a
long career aso had lower finger tapping performance would tend to point towards
acentral cause — soccer players are unlikely to have sustained finger injuries but
face the risk of brain injury due to heading the ball. There were however, no
significant correlations between inferior finger tapping and the other brain damage
sensitive neuropsychological tests, nor with the clinical neurological examination,
EEG or with the CT and MRI studies performed on the same subjects.

McLatchie et a® in their study of active amateur boxers found abnormal
neuropsychometry in nine of the fifteen subjects examined. In severa of the
neuropsychometric tests, the boxers were significantly worse than controls. Aswith
other research workers, the assumption was made that boxing may cause damage of
the kind found in minor head injury and a battery of tests were chosen to detect
deficitsin learning and memory, and various aspects of attentional performance. The
nine boxers considered to have abnormal neuropsychometry all had poor
performance on two or more of the clinical measures and in three cases results
suggested severe impairment. The authors concluded that their study had shown that
in a group of apparently healthy, active young men there was neuropsychological
evidence of abnormal brain function.

Levinet al® studied thirteen young boxersat theoutset of their professional career.
A control group of 13 athletes was matched to the boxers, athough there was an
observed differencein oral reading skills — boxers being less capabl e than controls.
Therewasaso adifferencein the daily regimen of total physical activity undertaken
by the boxers and the other athletes, with the boxers undertaking extensive training
and activity. Ten of the boxers were re-tested after six months to identify any
progressive deterioration. The test data related atrend toward deficient reading and
verba learning in the boxers. Although the boxers more closely approximated the
verbal learning scores of the control individuals at the six month follow-up
examination, their reading scores still tended to be lower. The authors concluded that
it was conceivable that a subtle impairment in processing verba material resulted
from boxing in these young men. Other plausible interpretations included an
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association between self-selection for boxing and a subtle learning disability or at
least subjectivedifficulty in reading. Even though boxersand control subjectstended
to improvetheir performance or remain stable on follow-up examination, the authors
noted that longitudinal investigation over an extended period might disclose signs
of delayed neurological disorder. In contrast to other studies, the authorswereunable
to confirm an inverse relationship between the number of bouts and the level of
performance on neuropsychological tests. However, they suggested that
confounding of educational status and parental socioeconomic level with boxing
experience, and the relatively few professional bouts fought may account for these
negative findings. Although the sample size of the study was small the authors
believed their findings raised the possibility that young boxers may escape disabling
braininjury provided that their exposurein thering islimited both in frequency and
total duration.

In contrast to these studiesisthe work of Casson et who found abnormalities
in at least one of the tests carried out on all 18 boxers studied. Twelve boxers had
abnormalitiesin more than 50% of the tests. Boxerswere evaluated against standard
norms and therefore no control group was used. Thirteen of the subjects were ex-
boxers (2 amateurs and 11 professionals), 2 were active professionals and 3 were
active amateurs. An impairment index was developed for the boxers from the
percentage of abnormal neuropsychological test scores. Boxers with abnormal CT
scans had a significantly higher mean impairment index than those with normal CT
scans; this was also the case with those boxers with abnormal EEG records. Of all
theknown boxing variables, theimpairment index correlated significantly only with
the number of professional fights and with age. The authors concluded that their
results indicated that the longer the professional career the greater the likelihood of
brain damage — a cumulative effect of multiple subconcussive blows to the head
being the likely aetiology. They believed that neuropsychological tests had proven
to be sensitive detectorsof brain damage. The subjectsstudied performed particularly
poorly on tests which measured short-term memory and the authors believed this
confirmed earlier findings that suggest impairment of recent memory as a central
feature of the organic mental syndrome of boxers.

Drew et al'! studied 19 young, activelicensed professional boxersand found that
they displayed a pattern of neuropsychological deficits consistent with the more
severepunch drunk syndromeof years past. Theboxerswere compared with acontrol

allO
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group of athleteswho were matched for race, age, and level of education. Theboxers
showed significantly more deficits than controls on all but 3 of the 12 tests carried
out. Fifteen of the 19 boxers scored in the impaired range on the Reitan impairment
index as compared to 2 out of 10 of the controls. The authors believed their study
showed that active boxers, fighting under improved safety regulations, and with no
known history of neurological deficits, were still suffering from symptoms of the
punch drunk syndrome of years past, but with less severity, including deficits in
abilities needed for effective academic, vocational, and social functioning. The
number of professional bouts and the number of professional *‘losses”’ and ‘‘draws”’,
showed high correlations with boxers' test deficits. The authors concluded that their
study indicates that brain damage in professional boxers is an ongoing process
resulting from repeated head trauma and is cumulative in nature. The authors
believed that their results confirmed the common sense notion that athough the
number of professional bouts may be a good predictor of cumulative impairment,
the extent of brain damage is primarily a function of the amount of *‘ punishment”
received. On the basis of their research it would appear that number of professional
losses plus draws is agood index of this punishment dimension.

Neuropsychometric testing, unlike CT or MRI, is able to measure functional
damageto the brain. It appears to be a sensitive indicator of damage and islikely to
reveal signs and symptoms of neurological deficit before structural changes are
detectable by CT or MRI. Most of the studies reviewed have selected tests on the
assumption that damage due to boxing would be similar to that found in minor
concussion. Tothisend, most of theinvestigators have employed tests of information
processing and memory. Verbal learning and verbal memory have been found to be
deficient in boxers as has hand tapping speed, leading researchers to postulate that
boxing may lead to deficits in short term memory and in motor function.

Electroencephalogram

Unlike scanning techniques such as CT that reveal structural damageto the brain,
the electroencephalogram(EEG) reflects neuronal brain activity. There is
considerable interobserver variability in interpretation of results (ie different people
carrying out the test may get different results) and the subject’s physiologica state
can be the primary reason for the abnormality; hyperventilation, for example, can
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cause significant changes. In all the studies reviewed that have employed EEG, high
ratesof abnormalities have been detected. Evenin the study of Haglund et & > which
failed to detect abnormalities by other methods, 34% of the subjects had abnormal
EEGs. Thiscould either indicate that EEG isasensitive means of detecting traumatic
braininjury or beillustrative of thedifficultiesininterpretation of EEG. InHaglund's
study, two experienced clinical neurophysiologists evaluated EEGs independently
of each other. The EEGs were classified as dightly, moderately and severely
abnormal. EEG abnormalities were found in 25% (24/97) of subjects and controls:
32% (7/22) of the high matched (high number of fights) boxers, 36% (9/25) of the
low matched (low number of fights) boxers, 20% (5/25) of the soccer players and
12% (3/25) of the track and field athletes. Statistically significant differences were
found between the boxers’ group and the track and field group and between the low
matched boxers and the track and field group. There were no correlations with age
or boxing variables; for example, number of knock-outs. However, when one of the
boxers was excluded due to the likelihood of past medical treatment causing
abnormalitiesin hisEEG, the statistical difference between the boxers group and the
track and field group was no longer present. The reliability of such results were
discussed in detail with the authors concluding that an EEG difference existed
between boxers and controls and that they could not exclude the possibility that it
might represent a sign of brain dysfunction in some of the amateur boxers. It was
emphasised however that no severe abnormalities were found in this study.

McLatchie et a® found evidence of abnormal EEG recordings in 40% of the
subjects studied. The EEGs were examined by one of the research workers and
independently by a specialist in el ectroencephal ography. Abnormal EEG correlated
significantly with age; the younger the boxer, the more likely he was to have an
abnormal EEG. Therewas no correl ation between an abnormal EEG and the number
of fights. Intheir discussiontheauthorsreferred to thefact that EEG isoutside normal
limitsin 10-20% of the population, with less mature brains the EEG is more likely
to be abnormal. They concluded that a single EEG is not therefore the best method
for diagnosing brain damage but that a series of EEGs showing an abnormality
emerging over time would be of significance.

Sabharwal et a’ found abnormal EEG recordi ngs in three of the four boxers
studied. In &l other tests carried out on the boxers, all four showed abnormalities,
which was not surprising as they were classified as being symptomatic of dementia
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pugilistica. It is, however, surprising that one of the boxers who showed
abnormalities in all other tests should not have EEG abnormalities. Casson et al*°
carried out an EEG in 13 of the 18 boxers studied. EEG recordings were interpreted
by independent examination. Seven individuals were found to have abnormal
records. Every boxer who had an abnormal EEG also had impairment on
neuropsychological testing.

It would appear from these studies that EEG may prove a useful tool in detecting
abnormalities in brain activity due to trauma. However, there are difficulties in
interpreting theresultsof such testsparticularly wherethe boxers are being compared
with standard norms rather than with matched controls. It would also seem that
carrying out a number of EEGs over a period of time to detect any emerging
abnormalities would provide a more useful assessment by this method.

Brain function — imaging

Hexamethyl propylene amine oxime, single photon emission
computed tomography

Hexamethyl propylene amine oxime (HM PAO) single photon emission computed
tomography (SPECT), like EEG and neuropsychometric testing provides a method
of detecting functional changesin the brain. With regard to boxing it has only been
employed in one study of amateur naval boxers. Early results of this study were
presented at the 1991 annual meeting of the British Nuclear Medicine Societylz.
Twenty amateur boxers and 41 matched controls underwent SPECT imaging. The
interpretation of the scanswas undertaken by two independent observers. The control
group demonstrated greater abnormalities than had been noted in other series and
also reved ed asignificant asymmetry in cortical uptake of HMPAQ: theleft (largely
dominant) hemisphere showed reduced perfusion compared with the right
hemisphere — a finding supported by PET scanning. The boxing group showed
significantly greater abnormalities than the controls although the authors noted that
this finding must be interpreted with caution until additional subjects have been
studied. To this end the Armed Forces are planning a large scale tria involving the
boxing associations of al three Services. This study will assess the boxers’ cerebral
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perfusion patterns on a sequential basisin order to assess for aterations with time.
The results of thisimportant study should be available in 1994.

Brain structure — imaging

Computed tomography

Computed tomography (CT) has been used by a number of authors to indicate
signs of structural damage to the brain. Haglund et a® carried out CT scans on 47
individuals who had been amateur boxers. The scans were independently evaluated
by four experienced neuroradiol ogists for width and shape of the ventricular system.
The boxers scans were compared with those of control athletes. Changes within the
temporal lobes of the brain and the most posterior region of the cerebrum werefound
in one of the boxers with the remaining subjects and controls showing no
abnormalities. There were no significant differences between boxers and controls.
A cavum septum pellucidum (CSP) was found in 4% of the boxers and in 8% of the
controls. It was suggested that the abnormalities found in one boxer could be
explained by long term use of immunosuppressive drugs and corticosteroids; it was
thereforeimpossibleto say that such changeswere dueto boxing. Although acavum
septum pellucidum has been claimed by some to represent a sign of repeated head
trauma, the authors of this study concluded that its presence in the track and field
athletes used as controls, indicated that a CSP is more likely a normal anatomical
variation and not asign of earlier head trauma. It isinteresting to note that although
many authors have excluded from their studies boxers with a history of heavy
drinking or of solvent abuse because of an association with brain atrophy, in this
study boxerswho had been identified as having long exposure to organic solvents/or
of having aheavy alcohol consumption did not show any abnormalitieson CT scans.

Similar resultswere obtained by McL atchie et a 6 who found abnormal CT scans
in only one of the 20 active amateurs studied. The authors were not surprised by this
finding as CT scansonly detect severe degrees of chronic damage; this, they believed
explained the well recognised abnormalities seen in professional boxers examined
by CT. They therefore concluded that anormal CT scan does not exclude significant
brain damage and cannot be used alone for assessing it. In the study by Sabharwal
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et a’ abnormalities in the form of generalised atrophy were found in all subjects
studied.

Althoughthestudy by Jordan et al was primarily carried out to assessthe efficacy
of CT scanning compared to MRI, 11 of the boxers studied were found to have
abnormalities on CT scans. The abnormalities of 3 of these boxers were verified as
artefacts (faults on theradiographs which are not true shadows of the structuresbeing
x-rayed) by subsequent MRI scanning.

The study by Casson et a0 reveded eight abnormal scans in the 18 boxers
studied, a CSP was noted in three of these eight. Six of the eight fighters with more
than 20 professional fightshad abnormal CT scansas opposed to two of the 10 boxers
with less than 20 professional bouts. Four of the five highly ranked or champion
professionals had abnormal scans. The authors believed that the results of their study
lent further support to the direct relationship between length of boxing career and
the presence of brain damage. However in contrast to Haglund et a® the authors
believed that aCSPin aboxer should not be dismissed asanormal variant but should
be considered a sign of encephal opathy.

It would appear from the results of studies employing CT that abnormalities are
morefrequently presentinthosewith along boxing career, particularly aprofessional
career. In less experienced boxers and in amateurs the frequency of CT detected
abnormalitiesis much lower. As CT only reveals structural damage to the brain and
is not a direct measure of functional capacity its correlation with the degree of
functional damage to the brain is limited. In fact by the time any damage is
identifiable by CT it is possible that the boxer may aready be exhibiting observable
signs and symptoms of neurological damage.

Magnetic resonance imaging

Magnetic resonance imaging (MRI) was carried out in a number of studies. The
number of abnormalities detected was low apart from in the study by Jordan et a®
where abnormalitieswere found in 42.9% of the boxers studied. However, this study
was primarily carried out to assess the efficacy of MRI compared with CT. The
authors concluded from their study that MRI would appear to be the
neuroradiodiagnostic test of choicein the eval uation of chronic traumatic anatomical
lesions of the central nervous system in boxing.
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Haglund et a® carried out MRI scansin 47 of the 50 boxers studied. The scans
were evaluated by two neuroradiologists trained in MRI interpretation and were
compared with the results of control athletes. The MRI scans were evaluated for
anatomical aterations and damageto the brain parenchyma. Two boxerswerefound
to have evidence of changes in the parenchyma. Three control athletes showed
anatomical changes. one soccer player and two track and field athletes. MRI did not
demonstrate any pathological changesthat were not seen with CT. In discussion, the
authorsbelieved that the M RI findingsin boxerscould not berelated to earlier trauma
with any degree of certainty. None of the MRI findings correlated with boxing
parameters, for example, length of career.

In an earlier study by Jordan et a® MRI scans were carried out on nine amateur
boxerswho participated intheNew Y ork City Golden Gloves competition. The MRI
scans were carried out on dl nine boxers within 3.5 months of their medical
suspension from boxing due to knock-out or after suffering excessive head blows.
The MRI scanswere normal in all cases. The authors felt that their results reflected
the limited size of the sample and the fact that detection of acute or chronic lesions
of the CNS by MRI istime dependent. For example, absence of MRI abnormalities
is typical of patients (non boxers) suffering from post traumatic concussive
syndromes. The authors therefore suggest that because of the proven ability of MRI
to detect subtle parenchymal and extra axial traumatic lesions not seen with CT
scanning, itsusein the evaluation of amateur boxers should be pursued, with studies
being done within 1 month of trauma so that these lesions may be detected.

Levin et a® undertook astudy of 13 boxers and 13 matched controls; nine of the
boxers underwent MRI. Theimages of all nine boxerswereinterpreted asnormal by
two neuroradiologists. Due to the fact that the subjects in their study were young
boxersat the outset of their professional career, and not withstanding the constraints
of thesmall numbersstudied, theauthorsconcluded that it may be possiblethat young
boxersescapedisabling braininjury provided that their exposureintheringislimited
both in frequency and total duration.

Aswith CT scanning MRI only detects structural damage to the brain and can not
directly predict the level of functional damage. The studies reviewed indicate that
MRI has the ability to detect damage that may go undetected by CT scanning. The
studies have shown that care must be taken over the timing of scans in order that
certain typesof damage are not missed. It would seemthat MRI may be ableto detect
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structural damage at an earlier stage than CT, and may be particularly useful for
identifying asymptomatic cases.

Additional studies

Acuteinjuries

Jordan et a*® studied acutei njuriesamong professional boxersin New Y ork State
over atwo year period. It was calculated that 1.2 injuries occurred per 10 rounds
fought — 0.8 craniocerebral and 0.4 others. Only acuteinjuries occurring inthering
during a competitive bout were included. Chronic injuries, such as traumatic
cataracts, retina detachments and chronic traumatic encephal opathy were excluded.
Injuries occurring during training and sparring or outside the ring ie, not boxing
related were also excluded. The information used for the study was obtained from
report forms filed by ring-side physicians and results were therefore very much
dependent on the accurate completion of such forms. The authors were careful to
emphasise that their data should not be used to draw inferences about the
development of chronic boxing injuries such as chronic traumatic encephal opathy
and should not be used to comment on chronic conditions. The authors believed the
recorded injury rate to be relatively low; however, it should be noted that all the
injuries sustained were intentional and a legitimate part of boxing, unlike similar
injuries occurring in sporting activities which are primarily accidental.

Hospitalisation rates

Enzenauer et a'* studied boxing related injuries in the US army from 1980
through to 1985. The authors reviewed hospitalisationsfor boxing related injuriesin
US Army Medical Treatment facilitiesworld wide. There werein total 410 hospital
admissionsfor boxing related injuries. The averagelength of hospitalisation was5.1
days US Army-wide, with 8.9 days average length of disability. Head injuries
accounted for 68% of all boxing related hospitalisations but for a sub-group of USA
army cadets constituted 81% of all hospitalisations. The authors concluded that the
morbidity associated with military boxing made the continued promotion of
competitive boxing in the military a controversial question.
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Histological evidence

Adams and Bruton™® examined the brains of 22 ex-boxers histologically to
determine the frequency of recent or old haemorrhage. Four of these boxers had
become comatose within thirty minutes of a boxing bout and had not regained
consciousness. seventeen of the 22 ex-boxers showed evidence of past cerebral,
cerebellar or meningeal haemorrhage which had occurred sometime during the
boxer’ slife, athough the extent of past haemorrhage waslessevident inthe amateurs
than in the ex-professional boxers. However, the authors concluded that even in the
ex- professional boxers the degree of cerebral damage, as measured by the amount
of free-lying haemosiderin, wasrelatively minor and almost certainly could not have
accounted for the extensive neuropathology that characterises the “‘punch drunk’
State.

Such studiesareindicative of therisksand treatment costs associated with boxing.
The study by Jordan et & 13 revealed the extent of acutei njuriesoccurring in one state
within the United States and the study of Enzenauer et a* reveded the not
inconsiderable cost to the US army of boxing through hospitalisation and lost
working days. Adams and Bruton™ concluded that the damage found appeared to
beadditional tothe cerebral pathology normally associated with dementiapugilistica
which suggests that processes in addition to those related to haemorrhage were
responsible.

Damageto the eye

Evidence of serious eyeinjuries associated with boxing has been well established
in the medical literature for the last forty years.16’17'18 A more recent survey by
Giovinazzo et a*® of 74 boxers examined over a two years period when applying
for new or yearly renewal licences, found at least one ocular injury in 66% of the
boxers examined, and sight threatening injurieswith significant damageto theangle,
lens, macula or peripheral retina occurring in 58% of their group. Nineteen percent
of their boxer patients had drainage angle abnormalitiesthat could lead to secondary
glaucoma, 19% had cataracts, over 70% of which were posterior subcapsular in
position and 24% were found to have retina tears. Giovinazzo and colleagues
suggested vari ous possi ble measuresto reduce ocular traumain boxing and to enable
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more satisfactory scientific studies to be carried out. Other research workers found
ocular injuriesin 5% (22/401) of soldiers hospitalised for boxing related trauma.

Maguire and Benson (1986)21 reviewed cases of rhegmatogenous retinal
detachment (retinal detachments associated with tears as opposeto holes) in patients
between the ages of 20 and 30 years from 1 July 1983 to 30 June 1985. They found
127 cases, 70 of which had ahistory of ocular trauma. Nineteen (27%) of the 70 had
ahistory of ablow totheeyeby afist. Of these 19, 6 were boxers. Thus, asthe authors
dtate, *‘in the twenty-four month period, 5% (6 out of 127) of rhegmatogenousretina
detachmentsin patientsin the third decade of life were in boxers”’.

Retinal detachmentsin boxers might be even more frequent but for the age of the
contestants. Because the vitreous is well formed in youth, retinal detachment does
not necessarily immediately follow thedevel opment of aretinal tear. Withincreasing
age, the vitreous gel degenerates and becomes more fluid, leading to the early
development of retinal detachment associated with retinal breaks. As
Giovinazzo et a*® have shown, 49 (66%) of agroup of 74 boxersthat they examined
had at |east one ocular pathological changein either the anterior or posterior segment
of the eye and 43 (58%) of their group suffered at east one vision threatening injury.
Bilateral vision threatening injuries were present in 21 (28%) of the boxers.

Conclusions

Table 4.1 reveds quite clearly the small numbers of subjects involved in the
studiescarried out since publication of the 1984 boxing report. The numbersinvolved
make it difficult to extrapolate findings to the entire boxing population and many
authors have noted this in their conclusions. It is aso unfortunate that none of the
studies have followed boxers throughout their careers and into retirement as this
would enable an analysis of any progressive deterioration in neurological
functioning. Regardless of such limitations, if an overview istaken of the available
evidence, general conclusions can be drawn regarding the risks involved in both
professional and amateur boxing.
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Professional boxers

The studiesreviewed confirm thefindings of previousresearch and of theBMA's
1984 report on boxing — that professional boxers suffer from the effects of
cumul ative damage to the brain which may result in symptoms of the punch drunk
syndrome (dementiapugilistica). The punch drunk syndromeassociated with boxing
has been acknowledged since 1928; it resultsin slurred speech, poor balance and loss
of coordination with memory loss leading to dementia and premature death. The
syndrome can develop years after the boxer has stopped boxing. The only study
which appeared to refute the development of chronicinjury wasby Levinet a 8 This
study was carried out on professional boxers at the outset of their career and it may
well be the case that if such boxers had been followed over a longer time period,
deterioration due to cumulative damage may have been revealed. The authors
suggested that neurological damage could be mitigated by reducing the number of
rounds in professional bouts; as such, they would appear to draw the same
conclusionsasother authors, namely, that thedamage suffered in professional boxing
iscumulative in nature.

Although the studies of professional boxersreviewed here were carried out in the
United States, it is reasonable to extrapolate results of such studies to boxers
registered within the UK, as professional boxing is carried out at an international
level. However, there may bedifferencesin controlssuch as suspension duetoinjury
and to the amounts of sparring undertaken in different countries which could lead to
differencesintherisk to professional boxers. TheBBBC responded tothe 1984 report
of the BMA by stating that the research presented in the report related to non UK
boxers and to boxers fighting before the introduction of strict medical and safety
controls. The research presented in this report provides neuropsychometric and CT
scan evidence of chronic brain damage in today’ s professional boxers regardless of
improved safety and medical controls. It is aso of note that the brain material used
in neuropathological studies comes amost exclusively from the UK. The
neuropathology of dementia pugilistica has therefore been derived almost
exclusively from UK and not USA boxers.
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Amateur boxers

The evidence for damage resulting from amateur boxing is far less clear as a
number of studies found no evidence of chronic neurological damage in amateur
boxers when compared with matched controls. There are of course limitations with
such studies particularly due to the relatively small sample populations and most
authors have stated that their results could not be extrapolated to all amateur boxers
with any degree of certainty. The selection of suitable controls and the possibility
that boxers may represent an individual sub-set of the population with regard to
neuropsychological functioning need consideration in the interpretation of results.
There are further difficulties in the interpretation of the studies reported here as the
rules and regulations of boxing and medical controls may differ considerably
between countries.

Methods of detecting injury

There is wide agreement among neuroscientists that for certain conditions,
neuropsychological investigations are more sensitive in detecting cerebral
impairment than clinical neurological examination or other investigative procedures.
In the studies reviewed in this chapter, neuropsychometry detected functional
deficiencies where structural damage was apparent by other test mechanismsand in
certain studies detected functional deficiencies where no structural damage was
apparent. However, the fact that those mechanisms for detecting structural damage
(CT and MRI) were usually abnormal in those showing impairments by
neuropsychometric testing is evidence that CT and MRI are good predictors of
functional impairment.

In a study carried out by Jordan et a® to assess the efficiency of MRI compared
with CT there were no instances where abnormalities demonstrated on CT scanning
were not detected by an MRI scan. However, some abnormalitieson MRI scanswere
not detected on CT scans. With MRI the brain surface is directly visualised in a
manner that isimpossiblewith CT; in addition, thereisbetter contrast between areas
of damaged brain parenchyma and normal brain parenchyma because the
pathological processesinvolved increase tissue water that ismore easily detected on
MRI scans. Haemorrhage has characteristic intensity patterns on MRI scan (at |east
after thefirst oneto two days) that persist for several monthswhile characteristic CT
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density changes are present for only the first oneto two weeks. CT istherefore more
effective in confirming acute (24 hrs) severe head trauma, as MRI may not be able
to detect damage at this early stage.

Further work is needed to establish the most appropriate neuropsychometric tests
for detecting the type of deficiencieslikely to be found in boxing, as the assumption
that these will be similar to those found in minor head injury may be unfounded.
Matching for education and for age are important factors in neuropsychometry
although care is needed to ensure that educationa abilities are assessed on factors
that precede the boxing career which may already have had effects on intellectua
abilities.

Cumulative damage

Common sense would point to the likelihood that damage from boxing is
cumulativein nature and thiswould appear to be confirmed by theresearch reviewed.
The research included in table 4.1 has been arranged in approximate order of career
progress of the boxers studied, ranging from Brooks et d® who studied young
amateur boxers with very little experience, to Drew et a'! who studied purely
professional boxers with large numbers of boxing bouts. It can be seen from this
table that, as the boxer's career and experience progresses, the likelihood is that
structural abnormalitieswill be detected by MRI and CT increases. However, these
are only broad observations as the full range of tests was not carried out in al the
studiessurveyed. None of the studiesreviewed hasfollowed boxersover asubstantial
time period and this would seem the most appropriate way of determining whether
damage is progressive. It iswell known that neurological performance deteriorates
with age but the question iswhether or not this processis amplified by participation
in boxing.

Many authors have indicated that they believe there is a ‘safe’ level of
participation in boxing. In other words boxing may be undertaken at a certain level
or for acertain period without risk of long term damage. Thisisimpossible to assess
from the currently available evidence which has not compared boxerswith alimited
exposure to boxing over substantial periods of time. Due to the large number of
variables that may affect the levels of neurological damage sustained by boxers, it
may be impossible to predict with any degree of certainty a threshold level up to
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which an individual may box, without any risk of long term damage, even with
evidence provided by longitudinal studies.

From the currently available research it would appear that damageto the brain is
determined by a complex relationship of boxing variables such as length of career,
number of bouts, number of knock-outs, ratio of wins to losses and so forth. The
wide variation in exposure to risk between boxers causes difficultiesin interpreting
results of studies where the number of subjectsis small — the largest of the studies
being carried out was on 50 amateur boxers™ . There are also difficultiesin find ng
suitable controlsand in examining volunteer boxersonly, asself selection may affect
results. Ideally studies should insist on randomisation of subjects to remove the
effects of self selection.

Futureresearch

Thereisobvioudy aneed for good quality longitudinal studies of amateur boxers
to assess if there is any progressive deterioration both during their careers and on
retirement. Martland, in 192822, estimated that almost 50% of boxerswould develop
the punch drunk state (dementiapugilistica) if they stayed at the game long enough.
Roberts!, amost 25 years ago, found that 17% of 300 ex-professional boxers had
abnormal neurology. It would therefore be of great interest to re-examine the risks
of chronic injury in professiona boxers in the 1990s and to undertake a thorough
examination of therisksof chronicinjury inamateurs. Such research could determine
more accurately the processesinvolved ininjuriesresulting from boxing and the most
appropriate ways of detecting such injury. Current research indicates that
neuropsychometric testing and HMPAO SPECT provide sensitive means of
detecting the subtle deterioration that may be occurring in such boxers. Given that
registered boxers are required to undergo frequent medical checks and screening it
would seem appropriate for the Amateur Boxing Association and the British Boxing
Board of Control to assist with such research into boxing injuries to both brain and
eye by recording the results of screening centrally. Such a register of acute and
chronic injury amongst registered boxers within the UK would provide a more
complete picture of the current risks to boxers.

As many of the signs of chronic brain injury may relate to personality or mood
changes it would be of interest to undertake a sociological examination of boxers
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and their families. Rates of suicide or acoholism in boxers may beillustrative of the
effects of chronic injury as may subtle personality changes only recognisable by the
boxer’ simmediate family. Once morethe BBBC or the ABA may be ableto provide
information that would allow analysis of these possible effects of boxing injury. The
BMA has prepared a questionnaire on boxing injuries and this is contained as
appendix fiveto thisreport. It ishoped that doctorswith boxersunder their care may
submit completed questionnaires to the BMA in order that further information on
boxing injuries may be collated.

Notwithstanding strict medical controls, and neurological monitoring, there can
be no guarantee that boxers will not suffer chronic or indeed acute neurological or
eye damage once they enter the boxing ring. The studies carried out over the past
twenty years do not provide adequate evidence for there being no risk of cumulative
damageattached to participation in amateur boxing and provide substantial evidence
for awell defined risk of chronic and debilitating damage in professional boxing. In
certain circumstances, such as with amateur boxing, action may need to be taken on
thebasisof inadequate or incompl ete data. Dueto therisk of cumulative neurological
damage boxing therefore remains unacceptable on medical grounds.
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The Boxing Debate

The British Medical Association has consistently campaigned for the abolition of

both amateur and professional boxing since the publication of the 1984 report.
In undertaking the campaign the BMA has gathered a great deal of information on
boxing. The BMA has debated with those who support boxing through the media
and through organised debates. This section of the report looks at the arguments put
forward in support of boxing and a how the BMA and others supporting a ban on
boxing have responded to such arguments.

Acuteinjuriesand deaths

In 1986 Steve Watts, a UK professional boxer who had had over 25 fights
collapsed after losing a fight, developed an acute subdural haematoma and, despite
neurosurgical intervention died. Steve Watt’ s death focused attention onthe BMA'’s
campaign, particularly when the neuropathologist found considerable evidence of
previous brain damage in a boxer who was regarded as a competent fighter.

In 1987, a UK amateur boxer, Joseph Sticklan died from a subdural haematoma
after losing only his second fight. Subsequently, kick boxer, Keith Gorton, (kick
boxing is potentially a more dangerous discipline than boxing) died in 1989.
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Since publication of the 1984 boxing report, information available to the BMA
reveals that eight boxers have died, and six have survived only after surgery for
intra-cranial haemorrhage, athough three of these individuals have evidence of long
term brain damage. Since November 1988, three boxers, Gary Mason, Horace Notice
and Frank Bruno, have suffered detached retinas and two have had to stop boxing.

The validity of the BMA campaign in favour of a ban on boxing has therefore
been reinforced by tragediesin the boxing ring. Since 1945 361 deaths have occurred
inthering worldwide, most of them caused by asingleor multipleconcussivebl ows.!
Appendix 1 tothisreport givesdetails of the amateur and professional boxersknown
to the BMA to have suffered acute brain or eye injury since publication of the 1984
report on boxing. This list is by no means exhaustive and does not include those
individuals who may be suffering from chronic damage. However, this appendix is
indicative of the types of injury still occurring in both amateur and professional
boxing.

In addition to this clear cut evidence of acute brain damage occurring due to
boxing, studies reviewed in Chapter Four indicate that functional deficits related to
brain damageare till occurring. Such studiesusing modern techniques have not been
used for a long enough period to demonstrate the emergence of fully developed
dementiapugilistica, but it is probabl e that some boxers showing early signs of brain
damage may progress to this. The lack of large scale studies of large numbers of
unselected ex-boxers makes it impossible to estimate the frequency of such brain
damage. Giventhat itisthisrisk of irreversible disease in those who survive a career
in boxing that is of most concern to the medical profession, collaboration of the
boxing authoritiesin carrying out such alarge scal e systematic study would therefore
be welcome.

I sboxing mor e danger ous than other
sporting activities?

That injuries are occurring in boxing is obvious— but does boxing pose agreater
risk than any other sporting activity? The BMA does not dispute that injuries occur

in other sporting activitiesand has held policy calling for anational register of sports
injuries and fatalities since 1983. Such aregister would provide vital information for
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the introduction of appropriate measures to minimise the possible harm from any
type of sporting activity, professional or amateur.

Those who support boxing have presented two statisticsto refutethe BMA’ s case
for aban on boxing — the low death rate per year from acuteinjury for professiona
boxers compared with other sportspeople and comparative figures for risk of injury
in other sporting activities. However, in attempting to identify the relative risks of
boxing to sporting activities anumber of factors need to be taken into account. First,
thefact that comparisonsare usually based on acuteinjuries, whereasin boxing there
istherisk of sequelae of repeated minor brain damage — afactor that isrelevant in
few other sports. Second, the number of individuals involved in the activity. The
number of boxers taking part in fights over any given year is difficult to determine
but will befar lower than, say, the number of individualstaking part in rugby. Third,
thelevel of exposureto risk. A professional boxer may only competein afew fights
ayear with each fight lasting on average less than half an hour. Compare thisto the
exposure of rugby players to injury, with each player taking part in a far greater
number of matches each lasting for an hour and twenty minutes. If the number of
deaths and injuries are viewed in relation to the numberstaking part and to the level
of exposure it can be seen that the boxer faces a far greater chance of death or
debilitating injury each time they enter the ring than does the rugby player (or any
other sportsperson for that matter) when they step onto the pitch.

Comparative figuresfor risk of injury frequently presented by those who support
boxing are based upon morbidity figures from the Sports Council’s report on
comparativeinjury ratesfor varioussporting activities. Thefiguresused by the Sports
Council have been calculated from the Office of Population Censuses and Surveys
(OPCS) General Household Survey data. The datafor participation ratesin sporting
activities and accident data have been combined by the Sports Council to provide
injury rates for sporting activities. However, as boxing has so few participants, the
dataarenot at all reliable (only 32 men were recorded as having boxed or wrestled).
It isaso untenable to say that a sporting activity has alow risk of injury just on the
basis of whether people have accidents when they are taking part. In the case of
boxing it isthe long term risk of chronic brain injury that is of primary importance.
It is aso unlikely that an individual who boxed would consider being knocked out
in the ring for example, an accident — this type of injury may therefore go
unreported.
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Regardless of such statistics, an overriding point is that damage to the brain in
sporting activities is incidental; in boxing, such injury is deliberate. Indeed, the
clearest deciding factor in boxing is the knock-out which necessarily results in
significant neurological injury. The issue of gravest concern to the medical
profession isthe risk of seriousimpairment inthose who survive a career in boxing.
Thisisthe post- traumatic encephal opathy of boxers which resultsin a progressive
and at times selectivefailure of brain function and thishealth hazard isalmost unique
to boxing.

Can boxing be made safer?

Common sense points to the likelihood that damage from boxing is cumulative
in nature and this is supported by the research available. With this thought in mind
many research workers have suggested that there may be asafelevel of participation
in boxing, whereby an individual may participate for a given time period without
risking chronic injury. However, it would appear that chronic damage to the brain
results from acomplex combination of variables such aslength of career, number of
bouts, number of knock-outs and ratio of wins to losses. The wide variation in
exposureto risk between the boxers studied therefore makesit impossible to predict
any safe level of participation. Even if further longitudina studies were carried out,
with boxing variables carefully recorded, it would still seem both unlikely, and in
practice unfeasible, for chronicinjury to be eliminated by limiting participation. The
use of systematic testing to detect as soon as possible when chronic damage has
occurred and to then recommend early retirement cannot undo the damage already
sustained athough it would reduce the risk of progression as a result of further
damage. With regard to severe acute injury, this can occur early in the career of an
amateur and it follows that no regulations can exclude the possibility of thistype of
brain damage.

Much has also been said about reducing injury in the ring by the use of head
guards, heavier gloves and other such mechanisms. However, it is the changes in
acceleration to the head as awhole that tears the blood vessals, not the impact with
the glove. More importantly, the introduction of measures intended to reduce the
force of blow to the head are of little practical valueif the minimum force needed to
sustain either chronic or acute brain damage is not known.

68 BRITISH MEDICAL ASSOCIATION



CHAPTER FIVE

In 1983 the Journal of the American Medical Association’ proposed measuresto
limit secondary brain damage that may occur due to an accumulating acute
intracranial haematoma and subsequent brain swelling. These proposals were later
detailed in an article by Corsallis’ published in the British Medical Journa. Most
recently such measures have been proposed by the British Boxing Board of Control
inthelight of the case of Michagl Watson, the UK boxer who sustained acute brain
damage during a WBO super-middleweight title in September 1991. Michael
Watson suffered an acute subdural haemorrhage — bleeding from atorn blood vessel
on the surface of the brain. The damage caused by this type of injury may take a
whileto develop explaining Michagl Watson' s ability to walk back to his corner and
appear lucid for ashort time after the bout. When he eventually became unconscious
thiswas due to pressure inside the skull from the enlarging clot. Therising pressure
reduced the blood and oxygen supply to the entire surface of the brain — hence the
widespread, progressive damage which ensued. By ventilating the unconscious
boxer, administering drugs to reduce brain swelling and by rapid transfer to a
neurosurgical unit the delay before damaging pressure has produced irreversible
secondary brain damage can be minimised. Thiskind of life support treatment isthe
province of anaesthetists, aspeciality inwhich ring-side doctors often lack specialist
training. It is possible therefore that if Michagl Watson had had a fully equipped
anaesthetist at thering-side hewould not have suffered such agreat degree of damage
to his brain. However, even the best centres for treatment of acute intracranial
haematoma still have considerable mortality and many of the survivors remain
disabled. In addition, such controls only deal with medical attention after injury has
occurred and cannot prevent thisinitial damage occurring. There is no evidence to
suggest that boxingisany safer today thanit waswhenthe BMA started itscampaign.

Measurestoimprove safety in thering have therefore been introduced but in spite
of these brain damage, both acute and chronic, is still occurring. Given that there
are risks of brain and eye damage attached to participation in boxing at al levels,
boxers, and where relevant, their parents, should be made aware of such risks.
Information on chronic and acute injury should be provided in printed form to all
participants, either when they are licenced or at each medical examination before a
fight, in order that they may assess the risks to which they are exposed.
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Boxing and children

At the 1992 Annual Representatives Meeting of the BMA, a motion was passed
stating, that as the next stage of our campaign against boxing we should seek a ban
on children below the age of consent fromboxing. The BMA istherefore particularly
interested in boxing in those under the age of 16. Whilst young boxers do not have
as powerful a punch as mature boxers, young boxers have been shown to exhibit
early evidence of brain damage in some studies (see table 4.1). This danger was
highlighted in 1987 by the death of a 15 year old amateur boxer, Joseph Sticklan,
dueto brain damage after his second fight. The BMA believesthat children may not
be capable of making rational decisions about the dangers of boxing and that
encouraging their participation is irresponsible and unethical. Nevertheless, whilst

Figure 16
The use of head guards protects against superficial injury but cannot eliminate the dangerous accelerating
and decelerating forces applied to the head.
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boxing in those under the age of 16 remains legal, parents should be required to
participate in consent and both the boxer and their parents should be informed fully
of the risks. Information should be in writing, referring to both acute and chronic
brain damage and acute eyeinjury.

Boxing by youths has been defended by some on the grounds that it disciplines
boys who are underprivileged and provides a means of self-improvement. Today,
however, there are many sports, such as athletics, swimming, judo and football that
provide such discipline and, for some, a successful professional career. The BMA is
awarethat anumber of local authoritieshave considered the position of boxing within
their area particularly in relation to funding for boxing activities. Local authorities
should be given support in providing aternative recreationa facilities and should be
encouraged to direct resources at forms of recreation that do not present risk of brain
injury in children. In particular local authorities should consider whether the use of
local authority or school facilities for boxing matches is appropriate. The
Government, through the recently formed Department of National Heritage, should
give consideration to how leisure facilities for the young may be improved,
particularly in inner city aress.

It would appear that there has been a declinge, for whatever reason, in boxing
amongst children over the past ten years. The primary bodies involved in the
organisation of boxing in young children are the Amateur Boxing Association
(ABA), the Schools Amateur Boxing Association (SABA) and the Nationa
Association of Boys Clubs (NABC). Anecdota evidence from the ABA suggests
that the number of children now boxing has fallen dramatically in the last 10 years.
Figures from the NABC reveal that of the 1920 clubs &ffiliated to them 260 are
recognised amateur boxing clubs and that entries for the last NABC annua national
boxing championshipstotalled only 166 boysunder the age of 16. Asfar astheBMA
is aware boxing does not form a regular part of physical education in the public or
comprehensive school system within the UK. Although the NABC promote boxing
within their affiliated clubs, 21990 Her Mgjesty’ s Inspectorate report on the NABC
designated boxing as an inappropriate youth au:tivity.4

The organisation and control of boxing in the under 16sis somewhat unclear and
in order to rectify this situation it has been proposed by the Sports Council® that a
youth commission be set up under the auspices of the Amateur Boxing Association
to co-ordinate the participation of children in boxing.
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Boxing and the Armed For ces

There has been along tradition of boxing in the Armed Forces both within the
UK and within the United States. In 21989 study of the American Army6 theauthors
concluded that the morbidity associated with military boxing reported in their study
made the continued promotion of competitive boxing in the military acontroversial
question. Since this time the question of boxing in the military has continued to be
debated within American military journals. Within the UK astudy of boxinginjuries
inthe Army for the period 1969-1980 was publishedin 1983’ and research continues
on service boxers at the Department of Nuclear Medicine, Royal Naval Hospital,
Haslars, where alarge scale tri-service study has commenced to assess the cerebral
perfusion patterns of amateur boxers. This study has the full support of the boxing
associations of the Armed Forceswhich should provide sufficient numbersto beable
to reach a conclusive outcome.

Although boxing isvoluntary in the Armed Forceswith no official restrictionson
participation, anecdotal evidence suggests that it is discouraged among air crew in
the Roya Air Force. There would therefore appear to be some acknowledgement
that neurological damage may result from participation in boxing.

Therole of boxing in the Armed Forcesis obvioudly questionable. It would seem
inappropriate to have boxing matches as part of military training when there is the
risk of acute or chronic brain injury. It is also difficult to envisage what boxing can
providein military training that other forms of physical activity and training cannot;
it would appear unlikely that the benefits of participation in boxing can outweigh the
risks.

Boxing and the law

In February 1992 a Court of Apped ruled that five homosexual sado-masochists
were not entitled to consent to being assaulted.® The five men were convicted on
assault and indecency charges. In commenting on this case, the genera secretary of
Liberty (the Civil rightscampaigning body in the UK) said that the natural conclusion
of such ajudgment, from prosecutions under the 1861 Offenses Against the Person
Act, was that other activities between consenting adults which led to injury would
beillegal, including professional boxing. The House of Lords upheld thedecisionin
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March 1993, several of their Lordships commented on the anomalous status of
boxing. An analysis of the law in relation to boxing leads to the conclusion that a
key consideration which the courts took into account in deciding whether boxing
was lawful wasthe likelihood of injury. The law relating to boxing is based upon an
assumption as to the lack of permanent harm. Therefore, if it can be demonstrated
that the health of participants is endangered by the blows they receive, then the
assumptions upon which the law’s approach to boxing rests are substantialy
undermined.

In previous cases it has been stated that consent cannot render innocent what is
dangerous and that there is a public interest in the health of the contestants. This
would tend to indicate that if it can be established that thereisin a boxing contest a
significant danger of permanent injury arising, then the basis upon which boxing has
been held not to be criminal but to be alawful sport, *‘intended to give strength, skill
and activity”’, falls away.

The ABA and BBBC are the two self regulating bodies which are responsible for
organising boxing competitions in the UK. The extent of their potential liability to
a registered boxer injured in one of their competitions is uncertain. However, one
may say that, as a minimum, if a boxer were caused serious foreseeable injury due
to the exacerbation of apre-existing injury or condition, then if the regulatory body
were aware or ought to have been aware of the existence of that pre-existing injury
there would be potential liability in negligence. The type of injuries that may occur
in boxing contests can lead to the need for long term and costly medical treatment.
As the bodies responsible for the organisation of boxing contests, it would seem
appropriate that the BBBC and the ABA make provision for such trestment costs,
particularly where long term rehabilitation is required. The families of boxers
suffering such injuries should also receive some form of support, financial or
otherwise.

Consequences of making boxing illegal

Those supporting boxing claim that if boxing were made illegal there would be
an increased incidence of injuries due to boxing continuing illegally, and without
strict medical controls. However, anecdotal evidence indicates that in countries
where boxing has been banned (Sweden, Iceland, Norway), this has not been the
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case. It would also seem an inappropriate assumption that laws should not be
introduced because some individuals will break them.

Thefinancial argument

Thepossibility of earning large sumsof money for winning or losing afight cannot
be said to beinconsequentia and ismost worrying wherethereisadanger of financial
considerations taking precedence over medical/safety considerations. Defenders of
boxing frequently state that it offers working class boys the chance to ‘better
themselves' but all too frequently it is the promoters, sponsors and managers who
make the money, often at the expense of the boxer’ shealth. The argument isalso put
forward that boxers are fully aware of the risks that they take on entering the ring.
Thisis not as categoric as it may seem; in particular the dangers of developing the
long term brain damage known as dementia pugilistica (the punch drunk syndrome)
arenot well known and arefrequently considered adanger of thepast, visiblein older
boxers only because the current more stringent regulations were not in place when
they began fighting.

At present, television provides the main source of revenue for boxing since most
hall attendance fees do not cover the cost of an important match. It would seem
appropriate for television coverage of boxing to carry information on the damage
that is occurring during the contest. Commentators should be more honest in their
description of the processes occurring. Phrases such as “‘out on their feet’” for
example, gloss over the fact that the individual concerned has suffered damage to
the brain that has led to loss of control of motor functions. The sensationalism
surrounding matches should cease because the mass media has a responsibility to
both the boxers and the public to provide accurate reporting of such events.

However, the effects of increased awareness of theinjuriesrelating to boxing and
the continued effortsof theBMA and others, have beento alter viewstowardsboxing
asa‘sport’. It is recognised by certain individuals and companies that boxing no
longer projects a positive image and in some countries there is now difficulty in
finding sponsors for amateur and professional boxing. At the recent world
championships in Australia, for example, several sponsors declined to support the
event. Sponsorsof boxing matches should therefore consider whether they wish their
productsto be associated with boxing. Thisisof particular relevanceto charitiesand
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other bodies that rai se funds through charity boxing matches, often involving young
people.

I nter national opposition to boxing

Even before the publication of the BMA’s 1984 report, the Journa of the
American Medical Association had published a powerful editorial calling for aban
on boxing in the light of the available medica evidence.® The editorial stated:
Boxing, asa throwback to uncivilised man, should not be sanctioned by any civilised
society. The Journal of the American Medical Association has since this time
published a variety of papers and reports on boxingZ’G'll'lz'la, including two more
editorias calling for boxing to be banned. 241

In 1987 the Secretary of the International Olympic Committee, Antonio
Saramanche, stated his belief that boxing would be removed from the Olympic
Games within the next 20 years. The BMA has offered to provide evidence to the
Medica Committee of the Olympic Association on the risks associated with boxing
on a number of occasions. The Medical Committee of the Olympic Association is
currently considering the inclusion of boxing within the Olympic gamesandin 1992
took evidencefrom anindividual UK medical expert regarding the injuries sustained
through boxing. Once more the BMA offered its assistance with thisenquiry.

At the 1991 ARM a mesting was held to agree a common approach to seeking a
ban on boxing at the Commonwealth Games. At thismeeting 12 medical associations
(afull listisgivenin Appendix 2), including the Australian Medical Association and
the Canadian Medical Association, signed the following joint statement:

“The undersigned National Medical Associations express the concerns of the
medical profession regarding the dangers of boxing and believe that ultimately it
should cease to exist. Modern medical technology demonstrates beyond doubt that
chronic brain damage is caused by the recurrent blows to the head experienced by
all boxers, amateur and professiona alike. Aslong asit islegal to hit an opponent
above the neck, there are no safety precautions which can be taken to prevent this
damage.”

The statement was endorsed by the Commonweal th Medical Associationwho, in
line with the World Medical Association, oppose both amateur and professional
boxing. Boxing has been banned in Sweden, Iceland and Norway and the BMA is
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aware of support for a ban on boxing within Europe, amongst the Irish, Danish,
Finnish, Portuguese, German and Belgium medical associations.

Doctors' involvement in boxing

Doctors are involved in both the medical evaluation of boxers and in their
treatment when injured. Before boxers may participate in aboxing match they need
to be examined by adoctor who will certify them fit to box and it is this matter that
has caused concern amongst some doctors. Guidance on carrying out such
examinations was published in the American journal **Military Medici ne’ 16

The Medical Ethics Committee of the BMA has discussed the requirement for
Armed Forces doctors, who object to boxing matches, to carry out prefight
examinations. The Medical Ethics Committee advised that doctors should make it
clear that they canin no way predict the damage that may occur during the fight and
that all that they can do isstate that at thetime of examination they found no evidence
of a pre-existing condition which would absolutely preclude boxing. The BMA has
further advised that afull explanation of the doctor’ s abjectionsto boxing as a sport
should be given to his commanding officer and that the matter should be handled
through the recognised appeals procedure. Some doctors who feel strongly on the
matter have considered resigning from the forces, rather than having anything to do
with boxing matches. Although this is an extreme measure, it may be the only
solution in cases where doctors consider that examination facilities or the way the
sport is practised do not minimise the risk of severeinjury.

Any doctor who is required to carry out pre-fight examinations of boxers should
be provided with adeguate time and facilities by which to carry these out effectively.
Members of the profession should outline the risks inherent in boxing to the boxer
and, if relevant, to their parents. However, any doctor’ s certification of aboxer asfit
to box can provide no guarantee or indicator of the likelihood of acute or chronic
injury occurring during the forthcoming fight. Conscientious objection should be
sufficient reason for refusal to carry out such examinations athough the doctor
should refer the individual boxer to another physician.
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Summary

The BMA’s policy opposing both amateur and professional boxing has provided
thebasisfor ahigh profilecampaign to highlight the dangers associated with boxing.
In pressing for an ultimate ban the BMA has gathered agreat deal of information on
all aspects of boxing. There has been much support for the BMA’s work from the
international medical community and from organisations, such asthose representing
young people, and individuals. Thisopposition isnot based on moral considerations
but upon medical evidence that reveals the risk not only of acute injury but also of
chronic damage in those who survive a career in boxing. It is difficult for the BMA
to obtain detailed information on all the injuries occurring among modern boxers.
However, by monitoring reports in the media it has been possible to identify most
recent fatal and serious injuries.(Appendix 1).

Over the ten years of the campaign there has been a notable change in media
coverage of boxing. It is now commonplace for the media to report on the ongoing
debate regarding the safety of boxing and the BMA’ s views have been reported by
sportsjournalistsand medical journalistsalike. The case of Michagl Watson brought
about increased pressinterest in the arguments surrounding the safety of boxing and
stimulated considerable concern. The BMA’s campaign has therefore been
successful in achieving this apparent change in attitude towards boxing and the
damage that it may cause.

Therearecertain areasin which the BMA hastaken aparticular interest— boxing
among young children and boxing in the Armed Forces — and these areas provide
a particular focus for the BMA’s campaign at present. A number of new areas of
interest have been raised by the steering group’s deliberations. The examination of
thelegality of boxing raises a particularly interesting question about the outcome of
any legal case taken up by a boxer suffering dementia pugilistica (punch drunk
syndrome) and there is perhaps further scope for examination of the doctor’s role
and legal responsibility in examining boxers both prior to and after boxing bouts.
The BMA has therefore kept awatching brief on boxers and boxing in general, and
maintains an interest in new research into boxing injuries.

This chapter has provided a brief overview of the BMA’swork in attempting to
achieve aban on boxing and has highlighted issues of particular interest to the BMA.
However, themain body of thisreport hasfocused upon research evidencefor boxing
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related injuries. The BMA believesthat thereisnow sufficient evidencefor therisks
of brain injury associated with boxing for the Secretary of State at the Department
of Nationa Heritage to call for an independent enquiry into these risks.

ThisBritish Medical Association study has found further evidence to support the

conclusions of the 1984 Boxing Report. Acute and chronic injury to both brain and
eye continue to occur in both amateur and professional boxers and, as such, the
activity of boxing cannot be justified on health and safety grounds as an appropriate
or legitimate ‘sport’. The Association therefore recommends that the campaign to
achieveaban on both professional and amateur boxing should continuewith renewed
vigour.
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|njuries and fatalities in boxing
1985-1993

Injuries and fatalities occurring in boxing — where known, amateurs are
highlighted. Thislist is not intended to be exhaustive and has been compiled from
press reports since publication of the 1984 Boxing report, held within the BMA.

1992 Ramon Gomez — American amateur aged 18 — died 18 hours after first
practice fight

1991 Jose Malca - Peruvian amateur bantam weight - in a coma for 3 days
before dying

1991 Minouru Katsumata — Japanese junior featherweight — died after a coma
resulting from aten round bout

1991 David Ellis — Chilean middleweight —in acomafor 10 days before dying
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1991 Kian Kwok Lee - UK amateur welterweight fight — surgery to remove
blood clot - required life support

1991 Michael Watson — UK supermiddieweight — persistent neurological damage
after brain surgery to remove blood clot and prolonged coma

1991 Frank Bruno - UK professional — detached retina
1990 Gary Mason — UK professional — detached retina

1990 Mark Goult — UK bantamweight — emergency brain surgery — persistent
neurological damage

1989 Rod Douglas — UK middleweight — surgery to remove blood clot - retired
1989 R Darko - UK amateur — operated on for brain haemorrhage

1989 Keith Gorton — UK kickboxer —died

1989 J Gilbertson —amateur — operated on for brain haemorrhage

1988 Rico Velazquez — American lightweight aged 22 - died after knock-out in
California State title bout - cerebral haemorrhage causing brain swelling

1988 Horace Notice — UK professiona heavyweight — British and Commonwealth
Champion - detached retina

1987 Joseph Sticklan — UK amateur aged 15 - brain surgery required, died

1986 Steve Watt — Scottish welterweight — brain surgery required, died three days
after fight without regaining consciousness

1985 Antonio Harris — UK professional — lost sight in one eye after being allowed
to return to ring having previously sustained retinal damage
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National Medical Associations declaring
opposition to boxing at the 1991 Annual
Representatives Meeting of the
British Medical Association

“The undersigned National Medical Associations express the concerns of the
medical profession regarding the dangers of boxing and believe that ultimately it
should cease to exist. Modern medical technology demonstrates beyond doubt that
chronic brain damage is caused by the recurrent blows to the head experienced by
all boxers, amateur and professional alike. Aslong asit islegal to hit an opponent
above the neck, there are no safety precautions which can be taken to prevent this
damage.”

Austrdia Bangladesh Great Britain
Canada Denmark Finalnd

Ghana Ireland New Zealand
Nigeria Norway South Africa

82 BRITISH MEDICAL ASSOCIATION



APPENDIX THREE

Published abstracts of original research on
boxers carried out since publication of
1984 Boxing Report

Adams CWM and Bruton CJ. The cerebral vasculaturein
dementia pugilistica. J Neurol, Neurosurg and Psych
1989;52: 600-604

The brains of 22 ex-boxers were examined histologically to determine the
frequency of recent or old haemorrhage. Four boxers had died from an acute
intracerebral bleed— usually soon after aboxing bout. Seven of the other 18 showed
evidence of previous perivascular haemorrhage, as detected by Perls' ferrocyanide
test for iron, and a similar number showed minor degrees of meningeal or subpial
siderosis, consistent with previous meningeal bleeding; cerebellar siderosis was
present in six cases. Seventeen of the 22 boxers showed evidence of recent or past
haemorrhage. Control material showed an incidence of 11% for perivascular iron
deposition and only 4% for minor degrees of meningeal siderosis.
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Breton F et al. Event-related potential assessment of attention and
the orienting reaction in boxers before and after a fight.
Biological Psychology 1990;31:57-71

Boxers' attention and orienting mechanismswereinvestigated using event-rel ated
brain potential recordings, before and after a fight. This study did not reveal any
abnormalities of attention or detection processes. However, a dight deficit in the
orientating reaction towards stimuli delivered in the right ear, related to a greater
number of blows delivered on the |eft side of the head was observed.

Brooks N et al. A neuropsychological study of active amateur
boxers. J Neurol Neurosurg Psych 1987;50:997-1000

Neuropsychologica examinations were carried out on 29 amateur boxers and 19
controls matched for age, ethnicity, and education. There was no evidence of
significantly impaired performancein the boxers. Within the boxing group, avariety
of features of boxing history were examined as possible predictors of cognitive
performance (such as number of knock-outs, duration of boxing). No festure was a
significant predictor of lower cognitive performance.

Casson IR et al. Brain damage in modern boxers. JAMA
1984;251(20): 2663-2667

Eighteen former and active boxers underwent neurological examination, EEG,
computed tomographic scan of the brain, and neuropsychological testing. Eighty-
seven percent of the professional boxers had definite evidence of brain damage. Al
the boxershad abnormal resultson at |east one of the neuropsychological tests. Brain
damageis afregquent result of acareer in professional boxing.

Drew RH et al. Neuropsychological deficitsin active licensed
professional boxers. J Clin Psych 1986;42(3):520-525

Young, active, licensed professional boxers (N=19) were found to display a
pattern of neuropsychological deficits consistent with the more severe punch drunk

syndrome of years past. These deficits resulted in significantly lower test
performance than that of control athletes (N=10) matched for race, age and level of
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education. Teststhat showed significant differences between groupsinclude subtests
of the Quick Neurological Screening Test, subtests of the Halstead-Reitan
Neuropsychological Test Battery, and the Randt Memory Test. Fifteen of the 19
boxers scored in theimpaired range of the Reitan Impairment Index, as compared to
two of the 10 controls.

Enzenauer RW et al. Boxing-related injuriesin the US army,
1980 through 1985. JAMA 1989;261(10): 1463-1466

Boxing-related injuries, serious enough to involve hospitalization in US Army
hospitals, were studied from 1980 through 1985. On average, there were 67
hospitalizations annually, with the injured spending an average of 5.1 daysin bed
and 8.9 days disabled, unfit for duty. There was one death from serious head injury
and one instance of unilateral blindness from ocular trauma requiring enucleation.
Head injuries accounted for 68% of all the injuries and were more common in the
younger and presumably less experienced boxers. The advisability of continued
promotion of boxing in the military needs to be addressed.

Haglund Y et al. Does Swedish amateur boxing lead to chronic
brain damage? 1. A retrospective medical, neurological and
personality trait study. Acta Neurol Scand 1990;82: 245-252

Sweden banned professional boxing in 1969 and has also considered banning
amateur boxing. We therefore analyzed possible chronic brain damagein 47 former
amateur boxers who started their careers after the introduction of stricter Swedish
amateur boxing rules. The boxers were compared with three control groups — 25
soccer players, 25 track and field athletes and 19 conscripts. All athletes were
interviewed about their sports career, medical history and socid variables. They then
underwent aphysical and aneurological examination, including amini-mental state
examination. Personality traits were investigated and related to their platelet
monoamine oxidase (MAO) activity in the athletes as well as in the conscripts. No
significant differences were found between the groups in any of the physical or
neurological examinations. All had a normal mini-mental state examination. Thus,
resultsfrom thesetest methods did not reveal any signsof chronic brain damagefrom
Swedish amateur boxing. Neither were any significant differencesfound with regard
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to platelet MAO activity, while significant differences were found in some of the
socia and personality traits variables.

Haglund Y and Bergstrand G. Does Swedish amateur boxing lead
to chronic brain damage? 2. A retrospective study with CT and
MRI. Acta Neurol Scand 1990;82:297-302

It is well known that professional boxers can develop chronic traumatic
encephalopathy (dementia pugilistica) due to repeated head trauma. Beside CT
findingsindicating cerebral atrophy, the presence of acavum septum pellucidum has
been reported to indicate encephal opathy. CT findings in amateur boxers are not as
well documented. The aim of this study was to find out if morphological changes
could be demonstrated among former amateur boxers using CT and MRI. Two
control groups of soccer players and track and field athletes in the same age-range
were used for comparison. No significant differencesin the width of the ventricular
system, anterior horn index, width of cortical sulci, signs of vermian atrophy, or the
occurrence of acavum septum pellucidum were found between boxers and controls.
A cavum septum pellucidum was found more often in the controlsthan in the boxers
and isprobably not asign of earlier head trauma. MRI confirm no morefindingsthan
CT in thisretrospective study.

Haglund Y and Persson HE. Does Swedish amateur boxing lead
to chronic brain damage? 3. A retrospective clinical
neurophysiological study. Acta Neurol Scand 1990;82:353-360

The aim of the present study was to investigate possible chronic brain damage
due to Swedish amateur boxing. Forty seven former amateur boxers, 22 with many
(HM = high-matched) and 25 with few matches (LM = low-matched) during their
career were examined and compared with two control groups of 25 soccer players
and 25 track and field athletes in the same age-range. No severe EEG abnormality
was found. There was a somewhat higher incidence of dight or moderate EEC
deviations among HM-(32%, 7/22) and LM-(36%, 9/25) boxers than among soccer
players (20%, 5/25) and track and field athletes (12%, 3/25). Brain electric activity
mapping (BEAM), brainstem auditory evoked potentia (BAEP) and auditory
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evoked P 300 potentia (P 300) did not differ significantly between the groups. No
neurophysiological variable was correlated to the number of bouts, number of lost
fights or length of boxing career. Thus, no sign of serious chronic brain damage was
found among the amateur boxersor the soccer playersand thetrack and field athletes.
However, it cannot be excluded that the EEG differences between the groups may
be asign of dight brain dysfunction in some of the amateur boxers.

Heilbronner RL et al. Neuropsychologic test performancein
amateur boxers. Am J Sports Med 1991;19(4): 376-380

Cognitive functions of 23 amateur boxers were assessed immediately before and
after an amateur boxing event. A range of cognitive measures were employed
including tasks of verbal, figural, and incidental memory, motor functions, attention
and concentration, and information processing speed. Compared to their prefight
performance, boxers demonstrated impairments in verbal and incidental memory,
but enhanced executive and motor functions postfight. There were no observed
differences between winners and losers on any of the measures. The results are
compared to other studiesthat have shown only minor changesin cognitivefunctions
in amateur boxers compared to controls.

Jordan BD and Campbell EA. Acuteinjuries among professional
boxersin New York State: A two-year survey. The Physician and
Sportsmedicine 1988;16(1):87-91

Over atwo-year period, wereviewed all acute boxing injuriesamong professional
boxers statewide (484 the first year, 422 the second year). During the study period,
theboxersfought 3,110 roundsandincurred 376 injuries (262 craniocerebral injuries,
114 other injuries), ie, they incurred 1.2 injuries per 10 rounds fought (0.8
craniocerebral, 0.4 others). Only 4 boxers required immediate neurological
evaluation at a hospital after afight; 1 of the 4 died as aresult of bilateral subdural
haematomas. Facial lacerations were the most common other type of injury (66
cases). The authors suggest that severe, acute neurological injuries are rare in
professional boxing when strict medical supervision is present. However, they
caution that their findings should not be used to draw inferences about the
development of chronic neurological injuries among professional boxers.
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Jordan BD and Zimmerman RD. Magnetic resonance imaging in
amateur boxers. Arch Neurol 1988;45:1207-1208

Nine amateur boxers who participated in the 1985 and 1986 New York City
Golden Gloves competition underwent detailed neurologic examinations and
magnetic resonance imaging (MRI). All nine boxers were medically suspended
secondary to a knock-out or excessive head blows. Neurologic examination results
and MRI scanswere normal in al nine boxers. Failure to detect abnormalities on the
MRI scan, by neurologic examination, or both in these amateur boxers may reflect
severa factors, including a small sample size, the duration between their last bout
and neurologic evaluation, and the lower exposure to head trauma among amateur
boxers compared with professionals.

Jordan BD and Zimmerman RD. Computed tomography and
magnetic resonance imaging comparisonsin boxing. JAMA
1990;263(12):1670-1674

The efficacy of computed tomography (CT) and magnetic resonance imaging
(MRI) in identifying traumatic injuries of the brain was compared in a referred
population of 21 amateur and professional boxers. Three boxers displayed CT scans
with equivocal findings that were verified as artefacts by MRI. Eleven boxers had
both CT and MRI scans with normal findings, and 7 boxers had both CT and MR
scanswith abnormal findings. Therewere no instanceswhere abnormalities detected
on MRI were not detected on CT scans. These included a subdural haematoma,
white-matter changes, and afoca contusion. Magnetic resonance imaging appears
to be the neuroradiodiagnostic test of choice compared with CT.

Levin HS et al. Neurobehavioural functioning and magnetic
resonance imaging findingsin young boxers. J Neurosurg
1987;67:657-667

In a prospective investigation of neurobehavioural functioning in young boxers,
13 pugilists and 13 matched control subjects underwent tests of attention,
information-processing rate, memory and visuomotor coordination and speed. The
results disclosed more proficient verbal learning in the control subjects, whereas
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delayed recall and other measurements of memory did not differ between the two
groups. Reaction time was faster in the boxers than in the control subjects, but no
other differences in scores between the boxers and the control subjects at the
follow-up examination or in the magnitude of improvement from baseline values.
M agnetic resonance imaging, which was performed in nine of the boxers, disclosed
normal findings.

McLatchie et al. Clinical neurological examination,
neuropsychology, electroencephal ography and computed
tomographic head scanning in active amateur boxers. J Neuroal,
Neurosurg Psych 1987;50:96-99

Twenty active amateur boxers were studied seeking evidence of neurological
dysfunction and, if present, the best method for detecting it. Seven of these boxers
had an abnormal clinical neurological examination, eight an abnormal EEG and nine
of 15 examined had abnormal neuropsychometry. The CT scan wasabnormal inonly
one. Anabnormal clinical examination correl ated significantly (p) withanincreasing
number of fights, and an abnorma EEG with decreasing age (p). In severd of the
neuropsychometric tests, the boxers were significantly worse than control (p).
Neuropsychometry was the best method for detecting neurological dysfunction.

Murelius O and Haglund Y. Does Swedish amateur boxing led to
chronic brain damage? 4. A retrospective neuropsychological
study. Acta Neurol Scand 1991,83:9-13.

Does Swedish amateur boxing lead to any permanent neuropsychological deficit,
caused by chronic brain damage? Fifty Swedish former amateur boxers, 25 soccer
players, and 25 track and field athletes were investigated by standardized
neuropsychological tests. In only onetest did the groups differ significantly. Boxers
who had taken part in alarge number of bouts had adightly inferior finger-tapping
performance. None of the boxers were considered to have definite signs of
intellectual impairment. In conclusion modern Swedish amateur boxing does not
seem to lead to significant signs of neuropsychological impairment or “‘punch
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drunkenness’ (dementia pugilistica), nor does it seem to differ in this respect from
soccer playing or track and field sports.

Roberts GW. Immunochemistry of Neurofibrillary Tanglesin
Dementia Pugilistica and Alzheimer’ s Disease: Evidence for
Common Genesis. Lancet 1988:1456-1457

A battery of antiserathat specifically stained the tangles of Alzheimer’s disease
also stained the tangles in al eight cases of dementia pugilistica (punch drunk
syndrome). Since the paired helical filament antigens found in Alzheimer type
neurofibrillary degeneration are present in the tangles of dementia pugilistica the
pathogenesis of tangle formation in these conditions is likely to be the same; thus
head injury may be a predisposing factor or environmental trigger for Alzheimer’s
disease.

Roberts G W, Allsop D, Bruton C. The occult aftermath of boxing.
J Neurol Neurosurg Psych 1990;53:373-378

The repeated head trauma experienced by boxers can lead to the devel opment of
dementia pugilistica (DP) — punch drunk syndrome. The neuropathology of DPin
aclassic report by Corsellis et al describes the presence of numerous neurofibrillary
tanglesin the absence of plagques, in contrast to the profusion of tangles and plagues
seen in Alzheimer’s disease (AD). The DP cases used in that report were re-
investigated with immunocytochemical methods and an antibody raised to the beta-
protein present in AD plagues. We found that all DP cases with substantial tangle
formation showed evidence of extensive beta-protein immunoreactive deposits
(plagues). These diffuse “‘plagues’ were not visible with Congo-red or standard
silver stains. The degree of beta-protein deposition was comparable to that seen in
AD. Our dataindicate that the present neuropathol ogical description of DP (tangles
but no plagues) should be atered to acknowledge the presence of substantial
beta-protein deposition (plaques). The molecular markers present in the plaques and
tangles of DP are the same as those in AD. Similarities in clinical symptoms,
distribution of pathology and neurochemical deficits also exist. Epidemiological
studies have shown that head injury isarisk factor in AD. It is probable that DP and
AD share common pathogenic mechanisms leading to tangle and plague formation.
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Sabharwal RK et al. Chronic traumatic encephalopathy in boxers.
J Assoc Phys India 1987;35(8):571-573

Four Indian boxers developed a progressive neurological disorder.
Neuropsychologica examination, EEG and computed tomography revealed them to
be suffering from chronic traumatic encephalopathy. Boxers should be kept under
medical surveillance during their careers and subsequently.

Tokuda T et al. Re-examination of ex-boxers brainsusing
immuno-histochemistry with antibodies to amyloid beta-protein
and tau protein. Acta Neuropathol 1991;82: 280-285

A histopathological study was carried out on the brains of eight ex-boxers (ages
56 to 83) using conventional histological staining methods and
immunocytochemistry with antibodies to amyloid beta-protein and the PHF-related
tau protein. All cases showed alarge number of tau-immunoreactive neurofibrillary
tangles and aso beta-protein immunoreactive senile plaques in the cortex. In the
areaswith many neurofibrillary tangles, neuropil threadswith tau-immunoreactivity
were also observed, and some of the senile plaque lesions were surrounded by
abnormal neurites with tau-immunoreactivity. Moreover, three cases reveaded
beta-protein-type cerebrovascular amyloid deposits on both leptomeningea and
cortical blood vessels. The present observationsindicate that the cerebral pathology
of dementiapugilistica(punch drunk syndrome) isvery similar tothat of Alzheimer’s
disease and suggest that these two disorders share some common aetiological and
pathogenic mechanisms.
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Psychiatric, neurological and
physiological consequences of
head trauma

(Abridged from Roberts GW, Leigh NP, Weinberger D.
Neuropsychiatric disease. London: Gower Medical Press, 1993.)

I ntroduction

Blowsddlivered to the head can cause damageto nerve cells. A single heavy blow
or the cumulative effects of a series of lesser blows can result in brain damage
sufficient to cause cognitive deficits and behavioural abnormalities as well as
neurological symptoms. Damage to blood vessels can cause acute intracranial
haematomas that result in death or lifelong disability.

Damage arises from the pure physical effects of trauma (such as swelling and
haemorrhage) and from the neurochemical consegquences of ischaemia (lack of blood
flow) which invariably accompaniesphysical brain damage. Brain damagefollowing
trauma can therefore be viewed as having two phases of pathology: an immediate
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phaseresulting fromthephysical effectsof traumaand an acute-chronic phase caused
by the physiological response to the resulting ischaemia.

Many boxerswho suffer traumarelated brain damage are teenagers or young men
in their 20's and if physically or psychiatricaly disabled, are likely to require
extensive rehabilitation and care within their families or in hospital for many years.
In addition, the occurrence of the delayed effects of trauma can lead to
neuropsychological deficits, intellectual and/or psychiatric problems, neurological
problems and degenerative disease later in life.

Acute effects of trauma

The most common clinical history of the acute effects of trauma consist of the
triad of symptoms: ateration of consciousness (momentary dazing to prolonged
coma), a period of mental confusion, and amnesic defects.

Consciousness is impaired after all but the slightest impacts in non-penetrating
head trauma. Often loss of consciousness is complete and the patient falls to the
ground and has ho response to stimuli, momentary respiratory arrest, reduced blood
pressure, pallor and aloss of corneal reflexes. Contraction of limb musclesfollowed
by flaccid paralysis and loss of tendon reflexes occurs. Consciousness returns after
avariable interval (related to the magnitude of the trauma), often accompanied by
headache, drowsiness, dizziness, and vomiting. The patient’s assessment of the
duration of unconsciousness is often overestimated as after recovering the capacity
to speak the boxer experiences a phase of disorientation and impaired cognitive
function before full consciousnessisrestored. This phaseisenormoudy variableand
dependent on the period of unconsciousness and the degree and type of cerebral
injury. After periods of unconsciousness lasting several hours, confusion and
disorientation may last for several days or weeks. Where the boxer has experienced
a deep and extended period of coma, lasting for a number of days and where
permanent brain damageislikely, disturbance of neurological function may last for
months. Loss of consciousnessis usually more severe when trauma causes the skull
to rotate on impact.

Thetime spent unconsciousisagood predictor of prognosis. In general thelonger
the period of unconsciousness, and the deeper the level of coma, the greater the
likelihood that the patient has suffered some degree of brain damage and will suffer
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neuropsychological and psychiatric sequelae. However, patients with a loss of
consciousness lasting severa hours can make uneventful recoveries.

Irrespective of the magnitude of traumawhich induced the loss of consciousness,
on recovery the eventsimmediately pre and post trauma are often not remembered.
Establishing the extent of such trauma-related periodsof amnesiaareclinically useful
as prognostic indicators. The time from the moment of injury to the time of
resumption of norma continuous memory is known as post traumatic amnesia
(PTA). Thisperiod includes all periods of unconsciousness and overt confusion and
additional periods of confusion of memory. Characteristically the return to normal
memory is abrupt, thus many patients can, retrospectively, give an accurate
determination for the time of PTA. The time when people begin to speak is often
thought to mark the end of unconsciousness however, it isin fact only astep on the
way to full consciousness. It is this lag period between speaking and return of full
ongoing memory that accounts for the PTA being much longer than the length of
UNCONSCi OUSNESS.

The time from the moment of injury and the last clear memory from before the
trauma the patient can recall is known asretrograde amnesia (RA). Thetime of RA
may prove to be very misleading if it is determined soon after injury. Typically the
period may be extensive but shrinks dramatically as the effects of post-traumatic
confusion diminish. Asarule, assessment of the RA should not befinalised until the
patients PTA has been firmly established. The period of RA istypically short lasting
from seconds to a minute in most cases and is considerably shorter than the period
of PTA. Longer periods of RA are usually confined to severe cases of brain damage
although RA is a much less reliable measure of brain damage than is PTA. Long
periods of RA which follow mild trauma are often generated by the patients
psychological state.

Thelength of PTA isthe most useful (more so than the period of unconsciousness
or confusion) indicator for judging the severity of brain damage and the likely
prognosis. The period of PTA isapermanent index and isthusavailablefor clinicians
to determine long after the acute effects of the injury have resolved. The length of
PTA correlateswell with objective measures of brain damage (presence of cognitive
impairments, motor disorders, aphasia etc) and with the time that will elapse before
the patient returns to work.
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Post-traumatic coma may be deep from the beginning or may deteriorate in the
immediate aftermath of the trauma due to oedema and/or intracranial haemorrhage.
Surgica intervention to evacuate blood from inside the skull is indicated when
comatose patients show signs of brainstem compression such as failing respiration,
falling blood pressure and fixed dilated pupils. Investigationsby CT and MRI grestly
facilitatethe assessment of primary brain damage and the presence of secondary brain
damage due to blood clot, brain swelling or hypoxic brain damage.

Neurological sequelae

Lesionsof the cranial nervesare commonly seen (eg loss of sense of smell, visua
field defects, ocular palsies) after head trauma, as are motor disorders resulting from
cortical and brain stem lesions. Complications arising from intracranial bleeding are
likely to giveriseto focal neurological damage related to the area of brain damaged.

Epilepsy is one of the commonest chronic neurological sequelae, and can be
classed as early epilepsy (during the first week after injury) or late epilepsy
(developing after adelay of months). Early epilepsy rarely occursin the absence of
prolonged PTA, depressed fracture of the skull or intracranial bleeding. The
occurrence of early epilepsy considerably enhances the risk of late epilepsy. In late
epilepsy the first fit occurs 12 months or more after the traumain 50% of patients.
Late epilepsy is the most frequent delayed complication of a non-penetrating head
injury. Theriskisgreater in patientswho had anintracranial haematoma, acompound
depressed fracture, early epilepsy, focal brain damage and, focal brain damage with
prolonged unconsciousness. The closerelationship between the degree of focal brain
damageandtherisk of post-traumatic epilepsy impliesthat direct destruction of brain
tissue is the most important cause of post-traumatic epilepsy in any type of head
injury.

Progressive Neurodegeneration — punch drunk syndrome
(Dementia Pugilistica)

Large numbers of concussive or subconcussive blowsto the head, in professional
boxers for example, result in the occurrence of minor brain damage. Areas of
hypoperfusion in the brain have been demonstrated in amateur boxers using SPECT
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imaging. CT and MRI studies have demonstrated focal abnormalities, ventricular
enlargement and cortical atrophy consistent with a more chronic process in
professiona fighters. Continual minor brain damage can lead to the accumulation of
neurological signs and induce a progressive neurodegenerative syndrome. This
condition, known as dementia pugilistica or the punch drunk syndrome, becomes
clinically obvious years after the last fight and can be described in three stages:

Stagel  affective disorder, mild incoordination

Stage2  dysphasia, apraxia, agnosia, apathy, blunting of affect and
neurological signs

Stage3  global cognitive decline and parkinsonism

The syndrome is present in about 20% of older professional boxers ( 50 years)1
and ismorelikely to develop in boxerswith long careerswho have been dazed if not
knocked out on many occasions. The brains of these patients have a characteristic
pattern of brain damage, the principal features of which are, fenestrated septum,
degeneration of the substantianigra, neuronal lossin cortex and cerebellum, cortical
neurofibrillary tangle formation and, cortical diffuse beta-amyloid plagues.

Themolecular pathology of the punch drunk syndrome appearsto bevery similar
to that seen in Alzheimer’ s disease. These observations have been used to argue that
severe or repeated head trauma can trigger Alzheimer’ s disease.

Haemorrhage

Intracranial haemorrhages are the commonest cause of clinical deterioration and
death in patientswho have experienced alucid interval after their injury. Therisk of
such haemorrhages can turn even an apparently trivial head injury into a life
threatening condition. After a head injury haemorrhages can occur into the
extradural, subdural or subarachnoid spaces, the brain itself (intracerebral) and the
ventricles of the brain.

Extradural, subdural and intracerebral haematomas cause expanding intracranial
lesions which increase intracranial pressure and compress the surface of the brain.
Prompt surgical interventionto evacuatethe blood can relievethese conditions. Post-
traumatic subarachnoid haemorrhage is often associated with contusions and
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intraventricular haemorrhage and occasionally alate effect may be normal pressure
hydrocephalus.

Contusion

Contusions are aform of bruising of the brain and are a characteristic pathology
seeninboxers. Contusionsarethought to beaproduct of theexternal (injury-causing)
force applied to the head and the inertia of the brain inside the skull. Next to the
contusion there is a zone of vessels which have been physically disrupted and show
increased capillary permeability together with a loss of norma physiological
regulation. This disruption allows water to enter the area causing local oedema.

Diffuse brain damage

L oss of consciousness or 1oss of neurological function can occur seconds after a
head injury. It is thought that this sudden loss of function and a great deal of the
chronic neurological damage is due to the diffuse brain damage which occurs at
multiple sites throughout the brain. Neuropathology has defined four main types of
diffuse brain damage which arise at the moment of injury or which develop asaslow
response to the trauma: diffuse axona injury, diffuse vascular injury, raised
intracrania pressure and brain swelling, and, ischaemia.

Diffuse axonal injury/diffuse vascular injury

Patients who sustain severe diffuse axona injury are unconscious from the
moment of impact, do not experience a lucid interval and remain unconscious,
vegetative or at least severely disabled until death. The clinical picture has been
described as primary brain stem injury. Diffuse vascular damage can be described
asthe occurrence of many small haemorrhages scattered throughout the brain and is
another common consequence of head injury.

Raised intracranial pressure and brain swelling

The volume of the skull is finite. When expanding mass lesions occur (eg
haematoma) surplus volume within the cranial vault isfilled and regions of the brain
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are compressed to accommodate the lesion. This ability for *spatial compensation’

islimited and onceit is exceeded intracranial pressure beginsto rise. When pressure
begins to exceed the upper range of normal for minutes at atime brain damage may
occur.

Brain swelling often occursin addition to vascular damage and is amajor factor
contributing to anincreasein intracranial pressure (along with haemorrhages). Brain
swelling is thought to be caused in two ways,; by cerebral vasodilatation and an
increase in cerebral blood volume (ie. congestive brain swelling) or by an increase
in the water content of neuronal tissue (ie cerebral oedema). The delayed clinical
deterioration (2-3 days after injury) in patients with a subdural haematomais more
likely to be caused by brain swelling and a subsequent increase in intracranial
pressure than enlargement of the haematoma itself. CT and MRI can give reliable
indications of raised intracrania pressure and also indicate the site of the problem.

| schaemia

The human brain has a high metabolic rate and as a result the volume of blood
flow is extensive. Different cognitive tasks result in atered patterns of blood flow.
Cerebral blood vessels dlter their diameter (autoregulation) in at least two ways in
response to physiological stimuli thus ensuring that additional metabolic demand is
met and the pattern of blood flow iscontrolled. These responsesensurean even blood
flow which remains almost constant between arterial pressures of 60-150 mmHg.
The existence of these complicated and sensitive regulatory mechanismsenablesthe
brain to orchestrate its metabolic activity in a dynamic fashion and respond to
changing demand within seconds. Such sensitivity explains the catastrophic effects
of arbitrary disruptions in the brains blood supply which might last for minutes or
hours due to trauma.

The degree of damage caused by ischagmia is related to the magnitude of the
reduction in blood flow and the period of reduced blood flow. Theinterplay between
these parameters is obviously complicated and is made more so by the fact that
different classes of neurones within the brain have differing vulnerabilities to
ischaemic damage. The onset of ischaemia induces a cascade of molecular events
and it is likely that one or more of these events may directly trigger neuronal
destruction or reduce the neurones capacity to survive. Recent studies show that
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onceinitiated, such mechanisms can lead inexorably to cell death independent of the
degree or presence of ischaemia.

Psychiatric symptoms

Therange of psychiatric symptomswhich occur as aconsegquence of head trauma
is wide and includes, phobias, anxiety states, depression, neurctic disorders and,
cognitive deficits. These problems are clinically important as difficulty in obtaining
employment and problems due to interpersonal or social interaction are more likely
to be caused by psychiatric symptoms than by physical handicap.

Post traumatic syndrome is characterised by the presence of persistent headache,
dizzinessand to agreater or lesser extent fatigue, insomnia, poor memory, irritability
and emotional lability. However, the exact nature and even the existence of the
syndrome has been the subject of debate. The symptoms often persist for months
after the traumatic event and are often observed to be aggravated by stress, tension
or depression. In many cases the symptoms lack clear precipitants and are very
resistant to treatment. The post-traumatic syndromeisrarein the presence of trauma
which causes intellectual impairment or neurological disability.
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