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Physicians occasionally encounter the punch-drunk syndrome among boxers after longlasting careers
characterized by blows to the head. The list of sports leading to punch-drunk syndrome is rapidly increas-
ing, making it a notable public health problem. A lack of specific findings leads to defects in reporting the
condition, and consequently to delay in treatment. Although the rigorous enforcement of sport rules and
constant improvements of sporting equipment have decreased the occurrence of the syndrome, early
detection of punch-drunk syndrome is crucial and would have comprehensive benefits. Two groups of
signs and symptoms can be identified: dementia and Parkinsonism. A prompt diagnosis with a correct
classification of the suspected cases is crucial. Therefore, we offer an overview of the symptomatology
as well as proposing the introduction of a screening method among risk groups based on generic and
minute neurological examination and dementia testing.

� 2011 Elsevier Ltd. All rights reserved.
Introduction

Chronic traumatic encephalopathy is a pathologic condition
resulting from multiple concussions, usually seen in athletes [1].
Motor, affective and personality changes can be also aided to the
clinical picture of the syndrome [2,3]. These motor neurological
drop-outs in boxers are described by the term ‘‘punch-drunk’’,
introduced in 1929 by the American pathologist H.S. Martland [4].

Motor symptoms include intention tremor, dysarthria, and mild
incoordination, especially in the nondominant hand. Occasionally,
Parkinsonian or pyramidal tract signs occur in mild form of chronic
traumatic encephalopathy. These are to describe ataxic athletes
with broad-based gait and slurred speech. By all, these breakdowns
resemble those of an alcohol-intoxicated person.

Aside of motor symptoms (tremors, dysarthria, rigidity, brady-
kinesia, and other extrapyramidal signs) [5], yet more often are
seen personality changes. The affective changes are characterized
by emotional wobble, euphoria, and hypomania. Conversely, some
competitors become withdrawn and apathetic or manifest a reac-
tive depression. Other personality changes include psychomotor
retardation, exacerbation of premorbid personality traits, aggres-
sion, suspiciousness, childishness, loquacity, and restlessness
[2,6]. Disinhibition, irritability, inappropriateness, excessive sexual
ll rights reserved.
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demands, and explosive outbursts of anger or aggression may be
seen as well. Other symptoms include morbid jealousy and suspi-
cion of spousal infidelity, as well as pathological sensitivity to the
effects of alcohol [2].

At last, various stages of dementia can be seen within the
punch-drunk syndrome, usually as a mild retrieval deficit [7], that
is most pronounced when it comes to the processing of informa-
tion of little personal importance [1,8,9]. Asides, prominent diffi-
culty with impulse control characterizes the advanced stages of
the disease.

In the past, boxing was not as controlled as it is now [10,11],
and pathoanatomic findings of cerebellar or nigral shortages were
more frequently seen. Sometimes typical neurolopathological fea-
tures of Parkinsonism, like the loss of large pigmented neurons can
be visible also to bare eye [12]. Because of the progressive neural
degeneration, neural shortfalls attributable to box, or other contact
sport can be diagnosed only years after the retirement of a boxer
[8].
Symptoms and signs

The main symptomatology in punch drunkenness can be
regarded as Parkinson like (Parkinsonism) and Alzheimer like
symptoms [9]. This division is based mainly on the outcomes of
the suffered damage [13].

Although many people unwarrantably equalize Parkinson’s dis-
ease with Parkinsonism and Alzheimer’s disease with dementia,
clear distinction has to be made between these entities. The
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symptoms that mimic Parkinsonism are principally conditioned by
cerebellar damage, being the control of motor coordination pri-
mary assigned to cerebellum [14]. Generally, disorders involving
the midline cerebellum affect primly the axial musculature and
body equilibrium. On the contrary, those affecting the cerebellar
hemispheres are expressed by an ipsilateral deficit of the voluntary
movements of fingers and legs [15].

In the last three decades the number of roles assigned to the
cerebellum has progressively increased. Not so long ago, exclu-
sively motor functions have been assigned to the cerebellum
[16,17], predominately those of the spinocerebellum, and vestibu-
locerebellum. In the most recent past other functions have started
to be attributed to the cerebellum, reinforcing the study and
understanding of the cerebrocerebellum and its functions.

Tremor and altered muscle tone [18], either in rigidity or hypo-
tonus (cerebellar sign) present the earliest prodromas of Parkin-
sonism among boxers [12,19]. For the use of this paper, cerebellar
tremor is considered as a proximal �4 Hz action tremor in the
extremity ipsilateral to the lesion. However, confusion in classify-
ing the types of tremor still persists. Terms ‘‘kinetic’’, ‘‘intentional’’,
and ‘‘postural’’ tremors are widely accepted and universally used.
Classically, by its features, cerebellar tremor can be classified as
intentional [20,22]. It can be detected by performing finger-to-nose
testing, finger-chase testing or heel-knee-shin testing. One must
distinguish the tremor from the one resulting from the uncoordi-
nated movements of the limb also seen in ataxia. The diagnosis
of cerebellar tremor may be made exclusively when a pure or chief
action (intentionary or sustentionary) tremor (one-sided or two-
sided) of low frequency (usually below 5 Hz) is present, without
the presence of a resting tremor [20–22] (Table 1). Bradykinesia
(time disproportion of movement), problems with balance, fatigue,
digestive problems, loss of fine, normal movement features, spatial
disproportion of movement (ataxia) [25–27] are also counted
among the early signs of Parkinson’s disease [12]. ‘‘Facial mask’’,
a small and cramped handwriting, anosmia, or mid-life obesity
are somewhat less common signs [19]. Speech, being so complex
Table 1
Comparing clinical features of the commonest types of tremors in order to make their diffe
from other forms of tremor [20–22]. Dystonic tremor [23,24] is included simply of explici
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attainment, in this syndrome suffers as an upper motor neuron de-
fect as well as a defect on the rank of appreciative axis [28]. This
has been confirmed by Ackerman et al. that have reported the
involvement of cerebellum in higher-level (cognitive) aspects of
speech production trough several positron tomography studies,
concerning mainly verbal response selection [28]. Nevertheless,
the same authors describe the submitting of the examinees to
functional magnetic resonance while reciting over-learned word
threads. Functional imaging revealed an asymmetric activation
pattern in cerebellar portions connected exclusively to motor cor-
tical parts [15,29].

The Alzheimer’s group of symptoms affects, in particular, the
higher neural features, in particular cognitive and mental. There
is a prominent slowness of thought and speech [28], and impair-
ments of memory, attention, and executive behaviors. Despite an
uninhibited violent behavior and paranoia, these patients fre-
quently have a cheerful or silly affect and diminished insight [6].
Occasionally, they exhibit other, specific behaviors, such as hyper-
orality and hypersexuality, as well as elements of the Klüver–Bucy
syndrome due to injuries suffered to the tips of the temporal lobes
[30]. Executive dysfunction manifests with difficulties in planning,
set-shifting, abstraction, working memory, and verbal fluency
[2,6,31].

Beneath Alzheimer’s like symptoms lays tau protein deposition.
Tau is a protein associated with neurodegenerative diseases. Its
main function is to stabilize microtubules, so in case of its hyper-
phosporylation it becomes insoluble and aggregates in complexes
called neurofibrillary tangles (NFT) [32,33]. Matter to be discussed
is whether these tangles represent primary changes, or form part of
a broader disturbance. Alzheimer’s disease is the best-known tau-
pathy. Evidences exist suggesting that also repetitious head injury
in young adults leads to cortical NFT formation. Thus, dementia
pugilistica, the disorder linked to a certain boxing history [34] –
(lat. martial’s dementia) is, in fact an acquired taupathy, earmarked
with vast loss of Purkinje cells [32,33]. The spread of tau protein
around the vessels suggests that damage to blood-vessels or
rentiation easier and to emphasize how important is to distinguish cerebellar tremor
tness.
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elements surrounding them may be also found [35]. So macroscop-
ically there is no obvious difference between the Alzheimer and
punch-drunk brains. However, tomographic, ultrasonographic
and immunocytochemical studies in these athletes report NFT
[32,33], that are not characterized by demyelinization plaques like
happens in Alzheimer’s disease. Neurobiology studies, comparing
the brains of people with a history of Alzheimer’s disease with
the brains of retired boxers manifesting neurological impairment
have discovered that there is a molecular basis that predisposes
a person to Alzheimer’s disease [36].

Discussion

The martial nature of box and similar sports becomes evident
with the onset of neurological outbreaks on the wane of athlete’s
career [6,37].

Although martial arts competitors, boxers, and fighting indi-
viduals in general are supervised by a referee, and fighters (ama-
teur) are equipped with headgear, a number of competitions are
usually upheld without headgear [10]. Injuries caused by head
blows can be successfully prevented by using suitable protective
equipment. Helmets should be worn during cycling, skiing [38],
and joyriding [39]. Soccer players should avoid head-punting
when the ball is kicked at high pace from close-range [40]. Play-
ground equipment should be sheathed or fitted with soft mate-
rial, either sand-yielding or some other special matting. Owing
to more rigorous rules, improvements and betterments in equip-
ment, and a more conscientious selection of future fighters, the
frequency of neural harm is decreasing [10,41]. However it is
important to recognize on time the manifestation of punch-
drunk symptoms.

The article presents an overview on the symptomatology and
signs of the punch-drunk syndrome that can be regarded either
as Alzheimer like [9,42] or as Parkinsonism [12]. In the discussion
we will provide a differential diagnosis of the disease, proposing a
possible method to help physicians to timely recognize it [43,44].

Alzheimer’s disease, vascular dementias and Lewy bodies
dementia [45] represent the three leading etiologies of cognitive
Table 2
Overview of most widespread tests [50,51] that assess global cognitive functions, applied f
the great sensitivity of ‘‘Test Your Memory’’ test, created and employed in 2009 [52]. All th
disease. And we expect that they could be useful in early detection of dementia; thus, im

Mini-mental state examination (MMSE) or Folstein’s test
Orientation
Word recall
Attention and calculation
Language abilities
Visuo-spatial ability
Has been administered even over the phone

Short portable mental status questionnaire or Pffifer’s test
Ideal for distinguishing dementive from cognitively intact or organically mentally dis
Pliable to individual background
Has been administered even over the phone

Test your memory (TYM) test
Self-employable under supervision
The ability to copy a sentence
Semantic knowledge
Calculations
Verbal fluency
Recall ability

The clock drawing test
Useful measure of dementia severity where sophisticated neuropsychological testing

Short cognitive battery (B2C)
Easy to administer
Discrimination between patients with Alzheimer’s, depression, and healthy elderly su
and mental deficit [7], and account for the vast majority of demen-
tia diagnoses overall [46]. Thus, when a case of dementia is pres-
ent, the physician has to take in consideration a group of
conditions that make the exact diagnosis more difficult [8]. One
of these is also the fact that often the early symptoms of dementia
are attributed by patients themselves, family members and even
health care providers to the inevitable effects of aging. Yet, given
the tremendous morbidity of dementia patient, a thoughtful con-
sideration of all probable causes, including those less common
and an appropriate investigation is necessary.

The second differential diagnosis has to be directed towards the
correct diagnose of the tremor [20]. This includes a number of
hereditary (e.g. benign hereditary chorea) and idiopathic disorders
(such are space-occupying lesions of the brain), metabolic condi-
tions (e.g. hepatic encephalopathy), cerebral diseases (e.g. Fahr’s
disease), and peripheral neuropathies (e.g. Charcot–Marie–Tooth
disease) that often are characterized by postural, intention, or rest
tremors or their combinations [20].

Considering that the syndrome may not manifest until rela-
tively late in life, it can be mistaken for Alzheimer’s disease thus
leading to underreporting. On the other hand, famous cases exist
that are most likely false reported, or have been proven to be false
reported. Namely, the punch-drunk syndrome is only precisely
diagnosed at autopsy [34]. The results of the autopsies of athletes
other than boxers revealed findings suggesting punch-drunk syn-
drome [39,47]. Although the final diagnosis can be made only by
autopsy findings, efforts should be made to diagnose punch-drunk
syndrome in life (Table 2).

The criteria for the diagnosis of punch drunk syndrome include
both the presence of cognitive damage and dementia that are char-
acteristic for Alzheimer’s disease. These should be compulsory con-
firmed by a neuropsychological assessment [6,31,48,49] for a
clinical diagnosis of potential Alzheimer’s disease. Statistics
regarding punch-drunk syndrome confirm the efficacy of the listed
diagnostic criteria, if combined with histopathological verification
[52]. This emphasizes once more the merit and importance of
implementing simple clinical tests in inability to perform a micro-
scopic examination of brain in living individual.
or detection of cognitive impairment, respectively dementia. We aimed to emphasize
ese tests are employed in diagnostic process concerning management of Alzheimer’s

prove drastically the level of health care attainable to fighters.

Arrays of global cognitive function assessed by MMSE

turbed

Tests these five aspects of global cognitive functioning
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Alzheimer’s disease usually threatens cognition at eight different
levels – remembrance, language, perceptual abilities, awareness,
constructive skills, orientation, problem solving, and self-perfor-
mance. Similar to Alzheimer’s disease, punch-drunk cognitive
symptoms include the decline in mental ability and memory loss
[53]. Behavioral features of the punch-drunk syndrome include var-
ious states such as: cheerful or silly affect, dwindled insight despite
uninhibited violent behavior, and paranoia. Occasionally, they dis-
play other, specific behaviors, such as hyperorality and hypersexual-
ity typical for Klüver–Bucy syndrome as the result of injury to the
temporal lobes. A growing body of data also gives credence to the
proposed contribution of the cerebellum to the modulation of
various non-motor cognitive and behavioral processes in humans.
Disturbances such as damaged executive functioning, personality
changes associated with blunted effect or dis-inhibited and inappro-
priate behavior, visuo-spatial disorganization, damaged visual-
spatial memory, mild anomia, agrammatism, and dysprosodia, have
been reported and strongly linked to cerebellar dysfunctioning [27].
Inconsistencies in planning of the movement and performance, due
to the lack of the cerebellar modulation between premotor cortex
and proprioceptive afference during some automated actions in
progress, have been linked to higher cerebellar functions.

In pathology, fibrous clumps of abnormal tau protein can be
added to the assortment of problems that characterize Alzheimer’s
disease [32,33]. Alzheimer’s disease and dementia pugilistica are
both part of a subset of brain diseases known as tauopathies, and
are both marked by similar physical and memory disorders. That
does not mean, however, that the diseases are the same. Although
they share the same pathology, the fibrous lesions in Alzheimer’s
disease and dementia pugilistica appear differently in regard to
amyloidal plaques, what can be used when establishing diagnosis
[54].

Both, the loss of Purkinje neurons and large pigmental cells of
substantia nigra are almost universal changes seen in punch-drunk
syndrome. These pathoanatomic findings constitute the morpho-
logic substrate of Parkinsonism [55,56]. Thence, motor cerebellar
dysfunctions involve disturbances in motor control, muscle tone
control, and coordination of skilled movements. Hypotonia, ataxia,
dystaxia, tremor and ocular motor dysfunction belong to motor
cerebellar dysfunction [18]. Specifically, the symptoms of Parkin-
son’s disease typically affect only one side of the body in early
stages, and later come out on both sides.

Tremor is generally caused by neurological problems in the con-
trol of muscles throughout the body [20,22]. Neurological disor-
ders or conditions that can produce tremor include those
damaging or destroying parts of the brainstem or the cerebellum
[21,22].

What we propose, besides an increasing prevention among
fighters, is a rigorous classification and identification of threatened
individuals. A correct, opportune and a timely diagnosis and classi-
fication of symptoms can have positive effects on both groups. This
classification should be based on questionnaires used for demen-
tias [44] and compulsory neurological check-ups. Check-ups
should reveal neurological shortages ascribable to the motor
symptoms of punch-drunk. These assess motor and sensory skills,
the functioning of cranial nerves, coordination and balance, mental
status, and changes in mood or behavior.

Speaking of advancement of boxing regulations [10,41], the
intention of this article was not to consider improving of precau-
tion factors. Our aim is, to point out the need of introducing meth-
ods that could standardize screening among endangered groups.
Early identification of those fighters promotes availability of opti-
mal health care, attainable to organized sport events. Discharge
of patients to the care of confidents with instructions to return if
their condition worsens or seems like emergency, is always a pos-
sibility. Unconsciousness, change in mental status; convulsions;
severe, persistent headache; weakness in extremities; vomiting;
rebleeding or loss of hearing should alert the patient [57]. Athletes
should be followed narrowly by supervisors during this period
[58,59].

Though, the point should be made on avoiding the term demen-
tia pugilistica, if symptoms mimicking Alzheimer’s disease are not
present [1,9].

Even for these conditions, a correct, opportune and a timely
diagnosis of the problem can have positive effects. An accurate rec-
ognition of the disease can prevent any pricey and unsuitable
treatment that could result from misdiagnosis. Also, it gives the
opportunity to prepare the patient and his family for the challeng-
ing decisions concerning his financial, legal, and medical status
[60]. In addition, many of the incurable dementive syndromes in-
clude symptoms that can be treated and controlled efficiently
(for example, incontinence, wandering, and depression).

Economic and noneconomic tolls linked to dementive disorders
are incalculable. Dementive syndromes are featured with slow and
long-lasting progressive relentless decline in daily living, thus
leading to more than just a deep emotional alienation, but yet
practical problems related to tending and providence that can dev-
astate families.
Conclusion

Not only team sport participants, as are football, baseball, rug-
by, or hockey players suffer traumatic brain injury, but also com-
petitors in individual sports as wrestling and boxing do suffer
[39,47]. They turn to be victims of their athletic past [11,61]. Clin-
ically, boxers exhibiting chronic traumatic brain injury will present
various degrees of motor, cognitive (most obvious and called
dementia pugilistica), and/or behavioral impairments [53,62]. The
diagnosis of chronic traumatic brain injury is dependent upon a
proper documentation of a progressive neurological condition that
is consistent with the clinical symptomatology of chronic trau-
matic brain injury attributable to brain trauma and unexplainable
by an alternative pathophysiological process. Thus, aside a well ta-
ken interview, other particular elements of the history and clinical
examination must to be considered. The most valuable of these
tools are the tests for assessment of cognitive functions [43,48].
We propose the implementation of screening tests used for assess-
ment of Alzheimer’s disease [7,44,63].

This same endeavor was recognized by US Preventive Services
Task Force that in 2003 concluded that no direct evidence was
found in screening for dementia compared with outcomes in a
population receiving usual care.

These tests will detect any cognitive impairment, while the mo-
tor deficit is going to be revealed by detailed neurologic inspection.
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