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Abstract

Purpose of Review Both traumatic and acquired brain injury can result in diffuse multifocal injury affecting both the pyrami-
dal and extrapyramidal tracts. Thus, these patients may exhibit signs of both upper motor neuron syndrome and movement
disorder simultaneously which can further complicate diagnosis and management. We will be discussing movement disorders
following acquired and traumatic brain injury.

Recent Findings Multiple functions including speech, swallowing, posture, mobility, and activities of daily living can all be
affected. Medical treatment and rehabilitation-based therapy can be especially challenging due to accompanying cognitive
deficits and severity of the disorder which can involve multiple limbs in addition to muscles of the face and axial skeleton.
Tremor and dystonia are the most reported movement disorders following traumatic brain injury. Dystonia and myoclonus
are well documented following hypoxic ischemic brain injuries. Electrophysiological studies such as dynamic surface poly-
electromyography can assist with identifying phenomenology, especially differentiating between jerk-like phenomenon and
help guide further work up and management. Management with medications remains challenging due to potential adverse
effects. Surgical interventions including stereotactic surgery, deep brain stimulation, and intrathecal baclofen pumps have been
reported, but most of the evidence supporting them has been limited to primarily case reports except for post-traumatic tremor.
Summary Brain injury can lead to motor disorders, movement disorders, visual (processing) deficits, and vestibular deficits which
often coexist with cognitive deficits making it challenging to treat and rehabilitate these patients. Unfortunately, the evidence regarding
the medical management and rehabilitation of brain injury patients with movement disorders is sparse and leaves much to be desired.

Keywords Tremor - Dystonia - Myoclonus - Ballism - Rigidity - Bradykinesia

Introduction

Disorders of movement are frequently encountered following
acquired and traumatic brain injury as well as other central
nervous system disorders including stroke, multiple sclerosis,
and cerebral palsy. Disorders of movement encompass the
upper motor neuron syndrome which includes paresis, hyper-
reflexia, and spasticity due to lesions of the corticospinal and
corticobulbar tract; movement disorders due to dysfunction
of the thalamus, basal ganglia, and/or associated circuitry;
and ataxias due to injury to the cerebellum and associated
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pathways. Both traumatic and acquired brain injury can result
in diffuse multifocal injury affecting both the pyramidal and
extrapyramidal tracts. Thus, these patients may exhibit signs
of both upper motor neuron syndrome and movement disorder
simultaneously which can further impede diagnosis and man-
agement. Clinical presentation can be further complicated by
co-existing visual, vestibular, sensory, and proprioceptive def-
icits which can be central and/or peripheral in origin. Medical
treatment and rehabilitation-based therapy can be especially
challenging due to accompanying cognitive deficits and sever-
ity of the disorder. This can involve multiple limbs in addi-
tion to the facial muscles and axial skeleton affecting multiple
functions including speech, swallowing, posture, mobility, and
activities of daily living. Unfortunately, reviews of movement
disorders following brain injury have concentrated more on
phenomenological aspects and treatment and less on neurore-
habilitation and neurosurgical options [1-3]. For the purposes
of this review, we will be primarily discussing movement dis-
orders following acquired and traumatic brain injury.
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Classification

The term “extrapyramidal disorders” used to describe move-
ment disorders has fallen out of favor as the corticospinal and
corticobulbar pathways, i.e., pyramidal tracts and basal ganglia
pathways, are more integrated than originally thought. In addi-
tion, certain movement disorders are not directly associated
with basal ganglia pathology. Therefore, the classification sys-
tem of movement disorders, both as a group of disorders and
as individual conditions, is now based on phenomenology as
opposed to anatomic localization [4—-6]. Movement disorders
can be separated into two major classifications based on the
presence of either excessive, abnormal involuntary movements
(hyperkinetic movement disorders) or involuntary slowness
and lack of movement (hypokinetic movement disorders) [4,
5]. The primary characteristics of the major hyperkinetic and
hypokinetic movement disorders are summarized in Table 1.

Hyperkinetic movement disorders, also known as dys-
kinesias, can be further divided based on the presence of
simple jerky movements (tremors and myoclonus) versus
complex movements or postures (dystonia, athetosis, cho-
rea, ballism and tics). Tremor is defined as an involuntary,
rhythmic, oscillatory movement of a body part. Tremor can
be further characterized by its presence at rest or with action
(kinetic) such as volitionally holding the limb against grav-
ity (postural tremor) or during a specific task (task-specific)
[7ee]. Myoclonus is defined as sudden involuntary, non-
rhythmic movements caused by muscle contractions (posi-
tive myoclonus) or muscle tone lapses (negative myoclonus)
which occur spontaneously at rest, during movement (action
myoclonus), or provoked by external tactile or acoustic stim-
uli (reflex myoclonus) [8, 9]. Hyperekplexia is character-
ized by a heightened startle response to sudden unexpected
stimuli which can result in falls [10, 11].

Table 1 Hyperkinetic and hypokinetic movement disorders

Dystonia is characterized by sustained or intermittent
muscle contractions causing abnormal, often repetitive
movements, postures, or both [12]. Dystonia may be pre-
sent at rest but is usually brought on by voluntary activity
(action dystonia) and sometimes accompanied by a tremor.
The term athetosis is often used to describe slow, non-
rhythmic, writhing movements with alternating postures in
the limbs of patients with generalized secondary dystonia,
usually seen in cerebral palsy [13]. Chorea and ballism rep-
resent a spectrum of disorders that overlap in phenomenol-
ogy, pathophysiology, and etiology [13, 14]. Patients with
chorea demonstrate non-rhythmic, jerky, non-suppressible
movements of the distal limbs and face. Ballism is a unilat-
eral, rapid, nonrhythmic, non-suppressible movement of the
proximal limb. Because of its proximal involvement, usually
at the shoulder and elbow, it produces wild, flinging, high-
amplitude movements that can not only be psychologically
distressing to the patient but also increase the risk of self-
injury and falls due to loss of balance.

Tics are rapid, involuntary jerk-like movements or pro-
duced vocalizations (sounds or words) occurring out of
a background of typical activity. They are differentiated
from other hyperkinetic movement disorders as they may
be preceded by premonitory feelings or sensations, vari-
ability, temporary suppressibility, and distractibility [5].
Stereotypy is an involuntary, repetitive, coordinated, ritu-
alistic movement, posture, or utterance that is continuous
and purposeless [5]. Tics and stereotypy may not be easy to
distinguish, especially when irregular; however, stereotypy
typically occurs in patients with intellectual disabilities.
Both can be either simple or complex in nature. Although
both tics and stereotypy are usually harmless, they can
become especially problematic when manifesting as self-
injurious behavior [15].

Tremors Involuntary, alternating movements involving one or more joints occurring at a regular frequency resulting in “rhythmic oscilla-
tions”

Dystonia Involuntary, slow, sustained contractions of agonist and sometimes also antagonist muscles producing twisting movements and/or
abnormal posturing

Chorea Involuntary, non-rhythmic, abrupt movements resulting from continuous flow of muscle contractions from one muscle group to
another resulting in jerky or dance like movements

Athetosis Involuntary, slow, non-rhythmic, writhing movements with alternating postures in the limbs

Ballism Involuntary, rapid, non-rhythmic, non-suppressible movements of the proximal joints producing wild, flinging, high-amplitude
movements

Myoclonus  Involuntary, sudden, brief muscle contractions (positive myoclonus) or inhibition of muscle contractions (negative myoclonus)
leading to shock like movements

Tics Simple or complex, repetitive, abnormal movements or sounds usually preceded by an uncomfortable feeling or sensory urge that
is relieved by carrying out the behavior. Tics can often be easily mimicked and suppressed by short efforts of will

Stereotypy  Simple or complex, repetitive, coordinated, ritualistic movement, posture or utterance that is continuous and purposeless

Bradykinesia Involuntary slowness or poverty of movement

Rigidity

Involuntary increase in resistance to slow passive movement which is not velocity dependent
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Bradykinesia, or the involuntary slowness or poverty of
movement, is the clinical hallmark of hypokinetic movement
disorder [5, 16]. It is sometimes used interchangeably with
akinesia and hypokinesia. However, akinesia refers specifi-
cally to the poverty of spontaneous movement or associated
movement, e.g., lack of facial expression, freezing of gait,
or reduced arm swing during ambulation [16]. Hypokine-
sia describes movement that is both slow and smaller than
desired, i.e., micrographia [16]. Rigidity is demonstrated by
an increase in resistance to slow passive movement which
is not velocity dependent [5]. Constant resistance to pas-
sive range of motion is referred to as lead pipe rigidity [5].
“Cogwheel rigidity” is due to a superimposed tremor which
causes a “ratcheting” effect during passive range of motion
[5]. Parkinsonism is characterized by bradykinesia, postural
instability, rigidity, and/or resting tremor [6, 17].

Paratonia is a type of rigidity demonstrated by the inabil-
ity to relax the muscles during passive range of motion. It
may be confused with spasticity on clinical examination.
It can be oppositional (gegenhalten) with increased invol-
untary resistance to passive movement or facilitatory (mit-
gehen) when the patient involuntarily assists with passive
movements [18, 19]. Gegenhalten is velocity-dependent like
spasticity; however, hypertonia felt with spasticity should
subsequently reduce with repeated stretching. Paratonia has
been associated with frontal lobe dysfunction, particularly
with dementia [20]. Paratonia may be underappreciated in
the brain injury population and warrants further study.

Epidemiology

Few epidemiological studies have investigated the incidence
of movement disorders following brain injury. Most have
looked at incidence following traumatic brain injury with
wide variability in their reporting from 13 to 66% [21]. The
delayed onset of movement disorders following brain injury
likely further complicates data collection. One extreme case
even reported the onset of tremors over 20 years after sus-
taining brain stem trauma [22]. This delay suggests that
restorative neuroplastic processes including aberrant sprout-
ing, ephaptic transmission, and alterations of neurotransmit-
ter sensitivity may be contributing to the development of the
movement disorder themselves [23].

Krauss and coworkers studied 398 patients admitted with
severe traumatic brain injury and found that among survi-
vors, 22.6% developed a movement disorder [24]. Tremor
was the most common movement disorder reported, fol-
lowed by dystonia [24]. These movement disorders were
transient in 10.4% and persistent in 12.2% of patients but
only 5.4% reported experiencing significant disability as a
result [24]. The most disabling posttraumatic tremors were
reportedly high-amplitude postural and kinetic tremors of

the upper extremity. In terms of mild to moderate traumatic
brain injury, Krauss and coworkers also conducted a simi-
lar study looking at 158 patients and found that 10.1% had
developed movement disorders; however, only 2.6% expe-
rienced persistent movement disorders [25]. The most com-
mon movement disorder in this group was the postural/inten-
tion tremor [25]. The higher incidence of tremors seen in
severe closed head injury, most commonly in motor vehicle
accidents or in pedestrians who were struck by vehicles, sug-
gests that diffuse axonal injury plays a role and is supported
by imaging data [26-28].

Secondary dystonia is usually due to injury of the basal
ganglia and/or thalamus (rarely globus pallidus) either from
trauma, stroke, or anoxia and can often have associated
hemiparesis or quadriparesis [29-32]. Hemidystonia affect-
ing both the upper and lower extremity was the most com-
mon presentation following traumatic brain injury [33-39].
Dystonia is more likely in younger patients and there is often
a delay in its appearance from the time of injury. Dystonia
has also been reported with brain injury during their stay
in the ICU; however, these are mainly cervical or oroman-
dibular dystonia, and fortunately, most seem to improve over
time with recovery [40].

Myoclonus has been reported following traumatic brain
injury, involving the limbs as well as palate (palatal myo-
clonus) or oculomotor muscles (opsoclonus) but may often
go undiagnosed and thus be underreported [41—45]. Ballism,
chorea, and athetosis are rare following brain injury but have
been reported in the literature. The presence of ballism does
not necessarily guarantee structural abnormalities in the sub-
thalamic nucleus [46—49]. Subdural and epidural hematomas
may present with contralateral, ipsilateral, or bilateral chorea
and/or choreoathetosis [50-55].

Adult-onset motor and vocal tics secondary to a known
cause are referred to as “tourettism” to avoid confusion
with the more common idiopathic Gilles de la Tourette’s
syndrome [56]. Tourettism occurring after traumatic brain
injury and stroke have been reported, but because tics are
relatively common in the general population, coincidental
occurrence should be also considered [56-60]. However,
tourettism has been reported to have an older age of onset in
contrast to Tourette’s syndrome [57].

Parkinsonism has been known to occur after repeated sub-
clinical head trauma in professional sports, most commonly
boxing. However [61, 62], the epidemiologic relationship
between parkinsonism and repetitive subclinical traumatic
brain injury has been difficult to elucidate as only rare cases
have been reported with other sports. Parkinsonism associ-
ated with boxing has been termed “Pugilistic” parkinsonism,
and presentation is delayed by at least several years follow-
ing the end of a boxing career [63—-65]. Imaging and neuro-
pathological studies have also demonstrated the involvement
of the substantia nigra [66, 67].
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The relationship between Parkinson’s disease and
traumatic brain injury has been even more difficult to
establish. Although several studies have shown a higher
incidence of head injury in patients with Parkinson’s dis-
ease, the causal effect is difficult to solidify as the head
trauma occurred up to 20 to 30 years prior to the initial
onset of symptoms [68—75]. Direct lesions to the substan-
tia nigra because of traumatic brain injury from weapons
and projectiles as well as strokes have been reported in
the literature, usually presenting as contralateral hemipa-
rkinsonism [76-79].

Hypoxic-ischemic brain injury (HIBI) can occur in
patients who suffer sudden cardiac arrest, drug overdose,
shock, and head trauma. Of those who survive to discharge,
many are left with permanent neurological impairments
including movement disorders. The most frequently encoun-
tered movement disorders in subacute to chronic HIBI are
myoclonus and tremors [80, 81]. However, they may likely
be confused with one another or even coexist. In 1963,
Lance and Adams described “myoclonus in patients after
severe hypoxic episodes” [82—84]. Since then, many such
cases of Lance-Adams syndrome have been described, and it
is characterized by multifocal action myoclonus that appears
after resolution of coma [85, 86]. This is also referred to as
chronic post hypoxic myoclonus and can be significantly
disabling. It is important that this be distinguished from the
epileptic myoclonus that occurs almost immediately after
cardiac arrest/resuscitation, which is termed acute post
hypoxic myoclonus or myoclonic status epilepticus [86].
Dystonia, parkinsonism, and akinetic rigidity involving
the face and limbs can also occur following HIBI [80, 87].
Choreiform disorders are rarely reported with HIBI, but have
been associated with lesions of the globus pallidus, caudate,
and putamen [88].

Diagnosis

The clinical identification of movement disorders is primar-
ily based on history and physical examination. Based on
initial evaluation, the examiner should be able to answer the
following questions:

1. Is there an excess or paucity of movement?
If excess movements, are the movements rhythmic,
irregular, or arrhythmic?

3. Are the muscle contractions or postures sustained or not
sustained?

4. Are the movements paroxysmal, continual (repeatedly),
or continuous (without stopping)?

5. Do the movements only occur when the patient is awake,
or do they persist during sleep?

@ Springer

With further examination, one should determine if the
movement is present at rest, with action, or both. It must also
be determined if the movement is patterned, nonpatterned,
or if it is a combination of a variety of movements. If there
is abnormal posturing, physical examination should reveal
if the movement is powerful, easy to overcome as well as
velocity dependent. Finally, determine if the movement is
suppressible or not suppressible [5].

If there is a paucity of movement, then a hypokinetic
movement disorder such as bradykinesia and/or rigidity
is most likely. Rigidity may be accentuated by a voluntary
movement in the contralateral limb (Froment’s maneuver) or
reduced depending on the static posture of the body [5]. The
presence of rigidity, in particular cogwheel rigidity, with
bradykinesia would suggest underlying Parkinson’s disease,
especially if there is also a resting tremor.

Excess rhythmic movements in an oscillatory fashion are
consistent with a tremor. Resting tremor occurs when the
extremity is relaxed. Action tremor occurs during attempts to
sustain posture (postural tremor) or with movement (kinetic,
intention, and task-specific tremors). A midbrain (Holmes)
tremor usually consists of a combination of a rest tremor
with worse action and a postural tremor. A dystonic tremor
can be rhythmic or irregular and usually manifests as the
patient is attempting to suppress a dystonic posture. The fre-
quency of the tremor may not be helpful in diagnosis as most
are 4-8 Hz with some exceptions [7ee]. The intention and
Holmes tremor frequencies are typically slow, usually less
than 5 Hz [7ee]. An essential tremor is generally between
4 and 11 Hz. Physiologic tremor is typically between 8 and
12 Hz [7ee]. A primary orthostatic tremor is usually greater
than 12 Hz [7ee]. Tremor in Parkinson’s disease occurs at a
frequency of 4 to 6 Hz and is classically described as a “pill
rolling” resting tremor [89, 90]. Essential tremor and tremor
in Parkinson’s disease can also affect the head, trunk, jaw,
and lips [89, 90]. Considering that essential tremor and Par-
kinson’s disease are the most common movement disorders
in the general population, it would not be unreasonable to
suspect that a patient with traumatic brain injury due to fall
might have previously had either condition as they both can
affect gait and predispose a person to falls [91-94].

Sustained muscle contractions and postures are usually
due to rigidity or dystonia though stereotypy is also a pos-
sibility. Stereotypy should be suppressible and easily over-
come with passive range of movement. Dystonic postures
may require a little more force to correct. Patients with dys-
tonia may have a sensory trick (geste antagoniste) which is
a physical gesture that temporarily suppresses the movement
disorder. However, a limb with rigidity, especially lead pipe
and oppositional paratonia (gegenhalten), can be very dif-
ficult to range even if attempted with great force and velocity
by the examiner; hence, it can also demonstrate velocity-
dependent resistance like spasticity [5, 12].
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Athetosis is like dystonia as it often produces sustained
nonrhythmic, continuous contractions with abnormal postur-
ing, but the speed of these movements is faster than dystonia,
and the direction of the movement changes randomly and in
a somewhat flowing pattern. Chorea is similarly irregular,
nonrhythmic movements that flow from one body part to
another, but they are more rapid, unsustained, and are unpre-
dictable in timing, direction, and distribution [13].

Myoclonus consists of sudden, brief shock-like involun-
tary movements or jerks that are either caused by muscle con-
tractions (positive myoclonus) or inhibition of muscle con-
traction (negative myoclonus). They are usually arrhythmic
except for segmental, ocular, and palatal myoclonus which
are rhythmic. Ocular myoclonus should not be confused
with opsoclonus which is arrhythmic. Segmental myoclonus
suggests lesion in the brain stem or spinal cord. Rhythmic
myoclonus can be differentiated from tremors as they tend to
persist during sleep. Examination should further determine
if the myoclonus is present at rest, with activity, and/or trig-
gered by sudden stimuli such as sound, light, visual threat,
or movement (reflex myoclonus). Action myoclonus along
with negative myoclonus is often encountered with HIBI
(Lance-Adams syndrome) which manifests as a “bouncing
gait” when the patient attempts to stand or walk [8, 9, 95].

The correct categorization of the movement disorder is
a critical first step toward diagnostic workup and manage-
ment. Unfortunately, there are many challenges to identify-
ing the correct movement disorder with history and clinical
examination alone. A patient presenting with “jerk-like”
movements may have tic disorder, myoclonus, dystonia,
ballism, chorea, tremor, functional movement disorder, or
even spasms and clonus. In addition, an individual may have
more than one type of movement disorder or co-existing
upper motor neuron syndrome producing these movements.

Recent imaging studies when available should also be
reviewed to correlate phenomenology to lesion and decide
if further workup for metabolic, infectious, or other causes
including side effects of medications is warranted. This is
especially true in ballism, which is a very rare post-traumatic
movement disorder that can be confused with large-ampli-
tude tremors or irregular myoclonic jerks, but it corresponds
with lesion to the subthalamic nucleus [46—48, 96]. Post-
traumatic dystonia is most frequently correlated with basal
ganglia or thalamic lesions. Rare cases of chorea and athe-
tosis have been reported with epidural and subdural hema-
tomas [51-55]. Upper extremity bradykinesia was the most
common movement disorder reported with hydrocephalus
[97]. Lead pipe rigidity can be caused by a number of cen-
tral nervous system lesions to the corpus striatum, cortical-
basal, mid-brain (decorticate rigidity), medulla (decerebrate
rigidity), or spinal cord (tetanus) [5]. However, correlating
lesion with imaging can be limited in diffuse axonal injury
and HIBI where there is more widespread injury, and some

patients may exhibit a specific movement disorder without
correlating imaging findings.

Although they may appear similar, hyperkinetic movement
disorders have distinct electrophysiological characteristics that
can be elucidated using electrophysiological testing. The use
of surface poly-electromyography (EMG) recordings, elec-
troencephalogram (EEG) studies with or without EMG, sen-
sory-evoked potentials (SEP) and cortical reflexes, and startle
studies have all been reported to help with the characterization
of myoclonic movements [98ee]. Poly-EMG recordings of a
patient with Lance-Adams syndrome while standing clearly
shows alternating positive and negative myoclonus which
causes the characteristic “bouncy” appearance as well as a
prolonged period of negative myoclonus leading to a sudden
“drop attack” and near fall (Fig. 1). The use of poly-EMG
recordings has been described to evaluate tremors and muscle
overactivity associated with upper motor neuron syndrome
[7ee, 99, 100]. Surface poly-EMG recordings can be utilized
to document the presence of tremor, measure frequency, and
evaluate EMG burst morphology and rhythmicity which is
helpful in differentiating tremor from myoclonus (Fig. 2)
[7ee]. To make matters more complicated, bradykinesia can
occur with hyperkinesias such as Huntington’s disease and
dystonia [16]. Poly-EMG recording during attempted rapid
arm movements can help elucidate if bradykinesia is due to
co-contraction of antagonistic muscles as shown in patients
with Huntington’s disease and dystonia or impaired recruit-
ment without co-contraction seen in parkinsonism [101].

Finally, other causes of the movement disorder (or its
exacerbation) including drug or toxin-related, metabolic
(endocrine), autoimmune, and infectious etiologies should
be considered and ruled out. Dopaminergic agents, anti-epi-
leptics, stimulants, serotoninergic agents, and even muscle
relaxants such as baclofen and benzodiazepines have been
reported to cause or exacerbate pre-existing movement dis-
orders. Antipsychotics are well known for causing or wors-
ening movement disorders in psychiatric patients, as well as
Parkinson’s and brain injury patients [50]. Illicit drug use
and drug withdrawal are also known to cause movement dis-
orders [102, 103]. Asterixis is negative myoclonus elicited
when the patient attempts to extend wrists against gravity
which is a clinical sign often found in patients with liver fail-
ure. Chorea and myoclonus have been reported in associa-
tion with glycemic disturbances as well as hyperthyroidism
[104-111]. With the current ongoing COVID-19 pandemic,
there has been a recent flood of literature reporting on the
neurological side effects of coronavirus infection including
movement disorders [112e, 113, 114]. Thus, it would be
logical to include COVID-19 testing in the workup though
a positive result would not necessarily confirm causality
considering how common the infection is now in the world.
However, more studies are warranted investigating COVID-
19-associated movement disorders for further guidance.
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Fig. 1 Dynamic poly-elec-
tromyographic recordings of

a patient with Lance-Adams
syndrome while standing shows
alternating positive and negative
myoclonus leading to “bounc-
ing” as well as a prolonged
period of negative myoclonus
(noted by the arrow) leading

to a “drop attack.” Right (R),

left (L), medial hamstrings LRF

(MH), rectus femoris (RF),

vastus lateralis (VL), lateral LM

gastrocnemius (LG), and tibialis LG A

anterior (TA). Data collected in
the MossRehab Sheer Gait and
Motion Analysis Laboratory

LTA

Management

Treatment of patients with movement disorders due to brain
injury must include addressing both the neurological and
psychosocial dysfunction resulting from the brain injury.
These patients can be severely disabled from associated neu-
rological deficits including the movement disorder resulting
from the brain injury. The rehabilitative multidisciplinary
team approach involving physiatrists, neurologists, occupa-
tional and physical therapists, speech language pathologists,
and psychologists would be ideal. However, the patient can
already be discharged from the acute rehabilitation hospi-
tal prior to onset of the movement disorder making it more
challenging to coordinate care in the outpatient, subacute
rehabilitation, or skilled nursing home setting.

Posttraumatic tremor, especially those with persistent “vio-
lent” shaking movements, can be very difficult to treat. Some
medications reported to help include beta blockers such as
propranolol, benzodiazepines, primidone, levodopa/carbidopa,
carbamazepine, anticholinergics, and even isoniazid [115-117].
Botulinum toxin injections may be helpful temporarily but a
high total dosage with medication administered to multiple
muscles in the proximal and distal arm and any positive effects
wearing off before treatment can be repeated limit its use [118].

Chronic post-anoxic myoclonus can also be very disa-
bling and psychologically devastating to the patient. Not
only do they have to deal with positive myoclonic jerks
which sometimes persist when they sleep but also negative
myoclonus leading to sudden loss of muscle tone and falls.
Levetiracetam, clonazepam, and valproic acid have been
shown to decrease myoclonus but are not well tolerated due
to side effects [85, 95, 119-121]. Piracetam, baclofen, and
ethanol have also shown some success [119]. Regardless,
post-anoxic myoclonus remains very challenging to manage
especially due to the presence of positive myoclonic jerks
followed by lapses in muscle activity.
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Treatment of dystonia following brain injury may include
anticholinergics and muscle relaxants such as benzodiaz-
epines, tizanidine, baclofen, and tizanidine. Occasionally,
there is mild symptom relief as these patients may also feel
discomfort, but oral/enteral medicine is usually ineffective.
However, there has been some improvement following botu-
linum toxin injections; therefore, it has become the treat-
ment of first choice in patients with brain injury—associated
focal dystonias [118, 122, 123]. Haloperidol, risperidone,
diazepam, and cyclobenzaprine have been reportedly used
with some success in post-anoxic and posttraumatic cho-
rea and athetosis [50, 88]. In chorea and athetosis following
brain injury, treatment should also involve addressing the
underlying cause including cessation of suspected medica-
tion and surgical drainage of subdural or epidural hematoma
if present [13, 51-55, 88, 104, 105]. Ballism can be treated
conservatively with tetrabenazine.

Patients with posttraumatic parkinsonism due to lesions
of the substantia nigra may improve with amantadine and
levodopa therapy; however, efficacy may be limited by
adverse effects, especially nausea and vomiting [78, 79,
124]. Identification and management of other potential
causes of rigidity and bradykinesia include hydrocephalus
and antipsychotics.

Stereotactic surgery/radio-frequency lesioning in the
ventrolateral thalamus and subthalamic region has been
relatively well documented in the treatment of post-
traumatic tremor [28, 125-127]. One study found strik-
ing improvements in the postural and kinetic tremor, but
there was an increased risk of adverse effects, primarily
exacerbation of preoperative symptoms such as dysarthria
or gait disturbance [28]. Stereotactic surgery targeting the
ventrolateral thalamus, subthalamic lesion, the pulvinar,
and the globus pallidus has been performed in patients
with severe hemidystonia, segmental dystonia, and hemib-
allism [37, 128]. However, it is still unclear if thalamic or
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Fig.2 Dynamic poly-electromyographic recordings of select muscles
in a patient’s right arm while they are bringing a spoon to their mouth
(2 cycles) demonstrate a posttraumatic kinetic tremor. This patient

pallidal targets should be preferred in secondary dystonia,
and it is generally found to be less effective in patients
with extensive structural cerebral lesions [129].

Due to the increased risk of adverse effects, there has been
increasing use of thalamic deep brain stimulation (DBS)
for treatment of posttraumatic tremor. However, it has been
found to be less effective in comparison to the treatment of

demonstrated clinical improvement with levodopa-carbidopa. Data
collected in the MossRehab Motor Control Analysis Laboratory

parkinsonian or essential tremor, and some even claim it was
ineffective [130-134]. DBS to the thalamus or globus pal-
lidus has also been used more frequently recently in attempts
to treat patients with hemidystonia following traumatic brain
injury, but response has been mixed [135-137]. Though
infrequently utilized, there has been some success reported
with the utilization of DBS to the bilateral globus pallidus
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and thalamus in the treatment of post-anoxic myoclonus and
dystonia respectively [138—140]. Combined DBS to the sub-
thalamic nucleus and nucleus ventralis intermedius was also
reportedly successful in the treatment of a patient with post-
traumatic parkinsonism with kinetic tremor [141]. Intrathecal
baclofen pumps usually used for patients with spasticity have
also been used in the management of post-traumatic general-
ized dystonia and hemiballismus with some success reported
[142-145]. There have also been several reports of their use
in patients with Lance-Adams syndrome [146, 147].

Role of rehabilitation

The potential benefits of exercise in movement disorders are
well documented not only in improving their strength and
endurance but also in improving their psychological wellbeing
[148, 149]. However, no definitive rehabilitation guidelines
are available for addressing movement disorders following
brain injury though these patients are commonly seen by

Fig.3 A Patient with history

of traumatic brain injury as a
child demonstrates dystonic
right ankle varus posturing with
weight bearing. B With imple-
mentation of a UCBL orthotic
in her right shoe, her varus pos-
turing is significantly improved.
University of California Berke-
ley Laboratory (UCBL)

@ Springer

therapists during their inpatient rehabilitation as well as once
they are discharged. Clearly, exercises to improve strength and
endurance, strategies (i.e., use of sensory tricks, relaxation
techniques, limiting degrees of freedom), and adaptive equip-
ment (i.e., orthotics, weighted utensils and garments, assistive
walking devices) are beneficial and should be explored with
every patient. Regular stretching and splinting may prevent
the worsening of contractures which could be especially det-
rimental to their mobility. The use of orthoses/orthotics, assis-
tive devices, and wheelchairs is indicated to enhance mobil-
ity and safety. The author has had some success with use of
orthoses and orthotics in helping to control and stabilize lower
limb in movement disorders (Fig. 3). Further investigations
into the potential for electrical nerve stimulation and robotics
in symptom suppression and facilitation of movement have
been reported, but there is an obvious scarcity of literature
in general with regards to this topic [150, 151]. Most of the
rehabilitation research with regard to movement disorders has
been dedicated to Parkinson’s disease.
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Conclusion

Brain injury can affect movement in a variety of ways. Motor
disorders, movement disorders, and visual and vestibular defi-
cits can often coexist with cognitive deficits which interfere
with motor learning. Accurately identifying the various phe-
nomena utilizing clinical history and examination, imaging
studies, and electrophysiological studies provides an impor-
tant framework for evaluation and treatment of the functional
deficits that result from them. Although movement disorders
are typically delayed in onset from initial brain injury, further
workup should be done to rule out any other potential causes
or exacerbators including underlying metabolic/endocrine
issues, adverse effects of medications, infections, toxins, illicit
drugs, and even undiagnosed pre-existing movement disor-
der. Brain injury patients with movement disorders should be
managed by a multidisciplinary team providing psychological
support, medical management including trials of medications
and injections when appropriate, assistive devices for mobil-
ity and safety, rehabilitation services to optimize strength,
endurance, range of motion, and functional independence and
possibly neurosurgical interventions. However, the evidence
regarding the medical management and rehabilitation of brain
injury patients with movement disorders is sparse warranting
further investigation.
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