
OST cases of delayed dystonia secondary to vari-
ous acquired conditions have been associated
with pathological lesions in the putamen;14,35

similar cases attributed to lesions of the GP have been ex-
tremely rare.4 Because in none of the latter cases has the
pathological condition been limited to the GPi, the case
reported here provides a unique opportunity to gain addi-
tional information regarding the role of this nucleus in the
pathogenesis of dystonia and in the subsequent develop-
ment of hemiballismus.

Hemidystonia is caused most frequently by infarc-
tion;33,38 however, hemorrhages,33 vascular malforma-
tions,13,28 and neoplasms34 have also been implicated.
Rarely it occurs following head injury6,38—a frequency of
4.1% in a large series of head-injury cases in which the
incidence correlated with the severity of the injury.21 A de-
lay in onset of hemidystonia following trauma is not un-
common7,33,38,39 and the latency period correlates inversely
with the age of the patient.41 However, step-wise progres-
sion into other comorbid modalities is very unusual. Trau-
matic damage to the lenticulothalamic circuit probably

results from a compromised circulation in small vessels
from the circle of Willis due to swelling or a shift of brain
tissue.17,24,26,31

Pathological lesions in the putamen are the most fre-
quent cause of secondary dystonia.9,14,35 Other major, al-
though much less frequent, loci are the thalamus, caudate
nucleus, and GP.33,35,38 Dystonia was found in 15 of 20 cas-
es in which there were isolated lesions of the putamen, but
in only six of 43 cases in which there was isolated caudate
nucleus involvement.4 Lesions affecting the posterolateral
thalamus have also been associated with dystonia and, in
a review of world literature, Lee and Marsden23 found dys-
tonia in 18 of 33 cases of isolated thalamic lesions. In-
volvement of the GP is most unusual and, in a review of
240 reported cases of focal involvement of the basal gan-
glia in humans, Bhatia and Marsden4 found only 17 cases
of isolated GP involvement, two of which were unilateral
and secondary to head trauma. The remaining 15 cases
were bilateral and secondary to anoxia, poisoning, or en-
cephalitis. Dystonia occurred in one of the cases of unilat-
eral involvement and in six of the cases of bilateral in-
volvement. In none of these cases was the pathological
lesion limited to either one of the pallidal segments. The
evidence suggests that both the putamen and its efferent
projections through the GP to the thalamus are potential
sites for dystonia-producing pathological lesions.33
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significant of which arose in the brain, creating an unusual clinical syndrome. After experiencing an initial coma for
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death. At autopsy, the left side of the brain was observed to have marked atrophy of the optic tract, a partial lesion of
the posterior portion of the medial segment of the globus pallidus (GP), and a reduction in the size of the internal cap-
sule at the level of the GP, suggesting impaired circulation to these areas at the time of injury. The isolated lesion of
the internal segment of the GP was the presumed cause of the dystonia, acting through an alteration in thalamic inhibi-
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Case Report

History. This 28-year-old man sustained multiple inju-
ries in an automobile accident and immediately lost con-
sciousness. He had multiple rib fractures, a flail chest,
pulmonary contusions, a large hematoma in the right mus-
culus latissimus dorsi, a ruptured spleen, and a right-sided
renal contusion. After undergoing splenectomy, the pa-

tient was intubated and his breathing was assisted by a res-
pirator. He was found to display decorticate posturing in
response to painful stimuli. One week later he exhibited
occasional spontaneous left hand movements. Ten days la-
ter he was weaned from the respirator. Three weeks after
the accident the patient’s speech was severely dysarthric,
although he could say a few words. One month after the
accident there was improvement in his speech; however,
he exhibited a spastic right hemiparesis with movement of
the wrist and individual fingers, but no voluntary move-
ment at the shoulder or elbow. He also had a right-sided
homonymous hemianopsia.

Examination. The patient was transferred to University
Hospital in Syracuse, New York, 7 weeks after the acci-
dent. Computerized tomography scans and MR images of
his brain appeared normal. Multiple rib fractures were
seen, along with a right-sided convex thoracic scoliosis
that had not been noted previously. He was dysarthric and
had a spastic right-sided hemiplegia of the proximal mus-
culature alone. Occasionally, the patient’s right arm ex-
hibited slow involuntary wandering movements. He still
could exert voluntary movements of individual fingers
of his right hand and the results of sensory examinations
remained normal. The patient’s amnesia extended from 2
months before the accident until a short time after hospi-
talization in Syracuse. He became ambulatory, but had a
severe spastic right hemiparesis.

Follow-Up Review. Two years later, the patient’s spastic-
ity had increased, but he retained excellent finger move-
ments. His tendon reflexes were increased on the right
side with ankle clonus and bilateral Babinski signs. While
lying at rest or sitting quietly, however, the patient dis-
played no increased tone in either right extremity. Volun-
tary movement, especially that initiated while standing,
was associated with a marked increase in tone on the right
side. While he was walking, his right arm became adduct-
ed, flexed at the elbow, and stiffened forward, causing him
to catch it with his left hand. The dystonic movements had
increased greatly over the 3 years since the accident to
include uncontrollable flailing movements of the right
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FIG. 1. Sections of the patient’s brain at autopsy, with outlines
around each GPi, demonstrating a diminished GPi, an absent optic
tract, and a reduced internal capsule on the left side (A), and a
markedly reduced internal capsule and a shrunken optic tract on the
left side (B). OT = location of the left optic tract.

FIG. 2. Photomicrograph of a section of midbrain stained for
myelin demonstrating pallor in the middle three fifths of the base
of the peduncle. Luxol fast blue, original magnification 
 1.5.

FIG. 3. Photomicrographs of the right (A) and left (B) GP
stained for myelin showing both the reduction in size and the pal-
lor of the medial segment on the left side. Luxol fast blue, original
magnification 
 4.



arm. The right side of his face and jaw felt stiff and there
was a lower facial weakness on the right side. Speech was
quite clear while the patient was at rest, but remained dys-
arthric when he engaged in increased activity. 

Two and one-half years following the accident, the pa-
tient experienced a burning pain in his right face, arm, and
leg, which was relieved somewhat by ingestion of alcohol.
Unsuccessful efforts at pain and spasticity control includ-
ed intravenous injections of lidocaine and morphine, an-
ticonvulsant medications, and intrathecally administered
baclofen. Inhalation of up to a 30% nitrous oxide mixture
brought no pain relief, but greatly increased the involun-
tary flailing of the patient’s right arm. Stimulating elec-
trodes placed in the paracentral gray matter and in the left
ventral posterolateral and ventral intermediate nuclei of
the thalamus did not relieve his pain. The patient under-
went several electroencephalographic studies 2 years fol-
lowing the accident and the results were normal. Four
years later a tracing showed bilateral sharp waves, but
no focus. He experienced two generalized seizures later
that year.

Imaging studies revealed no intracranial abnormalities
until 5 years after the accident, when CT scans and MR
images demonstrated slightly enlarged ventricles, mildly
widened sulci, and atrophy of the left cerebral peduncle
and pons. A positron emission tomography scan dem-
onstrated reduced flow in the left sensorimotor cortex,
left basal ganglia, and right cerebellum. A single-photon
emission CT scan obtained 8 years after the accident re-
vealed decreased activity in the left hemisphere. At no
time, however, was a focal abnormality identified by MR,
CT, or other imaging studies. Detailed neuropsychological
testing performed on two occasions, 2 and 4 years after
the injury, found the patient to be fully oriented with intact
judgment, intellect, and affect. 

During the last 6 months of his life the patient’s condi-
tion worsened. Rigidity, spasticity, involuntary dystonic
and hemiballismic movements, pain, and right-sided con-
vex scoliosis all increased. His dysarthria improved slight-
ly, but was still subject to worsening when he became
ambulatory. He died quietly at home, apparently of cumu-

lative micropulmonary emboli, approximately 8 years af-
ter the accident.

Postmortem Findings. General autopsy findings consist-
ed only of innumerable pulmonary microemboli. Signifi-
cant gross neuropathological findings were limited to the
left side of the brain. Here, the principal abnormality in-
volved the GPi at the level of the mammillary bodies (Fig.
1A), where it was reduced in size and had a fine spongy
texture. The width of the adjacent internal capsule was
less than half that of the right side at the level of the red
nucleus (Fig. 1B). The subjacent optic tract was marked-
ly atrophic at both levels. At the level of the genu of the
internal capsule the GP was normal, except for a slight
irregularity on its ventral surface (data not shown). In the
brainstem there was degeneration of corticospinal fibers
on the left side at all levels (Fig. 2).

Histological studies were performed using hematoxylin
and eosin, Bodian copper–Protargol, and Luxol fast blue
stains. On hematoxylin and eosin–stained sections, losses
of structure and substance, including marked neuronal
loss, were seen involving the GPi and extending to the
medial margin of the GPe. Reduction in the size of the
GPi, as well as a depletion of its myelin, was seen in Lux-
ol fast blue–stained material (Fig. 3). Specimens stained
with Bodian copper–Protargol were observed to have both
axonal and neuronal loss in the GPi (Fig. 4). No abnor-
mality was seen in the putamen. Myelin loss was seen in
the internal capsule (Fig. 3), in the optic tract, and in de-
scending corticospinal fibers (Fig. 2). A reduction in the
size of the left STN was observed on Luxol fast blue–
stained sections (Fig. 5). Staining for glial fibrillary acidic
protein in the STNs revealed an increase in the number of
glial fibers and an increase in the size and number of as-
trocytes (Fig. 6A and B). Staining for synaptophysin dem-
onstrated no axonal or synaptic alterations in the STN, but
did reveal a reduction in the number of neurons (Fig. 6C
and D). In the thalamus a small (3-mm) lesion in the left
dorsomedial nucleus and another in the the ventral pos-
terolateral nucleus were seen.

Discussion

The neuropathological characteristics of this case were
presumably the result of a brain shift or swelling, which
caused circulatory impairment in small blood vessels at
the base of the brain.17,26 However, we assume that the cir-
culatory defect was not severe because only selected tis-
sue elements were affected and there was no infarction.
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FIG. 4. Photomicrographs of the right (A) and left (B) medial
segments of the GP stained for axons demonstrating nerve fiber re-
duction and absence of neurons on the left side. Bodian copper–
Protargol stain, original magnification 
 40.

FIG. 5. Photomicrographs of the right (A) and left (B) subtha-
lamic regions showing a significantly smaller STN (asterisk) on
the left side. Luxol fast blue, original magnification 
 4.



The changes found in the middle three fifths of the cere-
bral peduncle and the base of the pons are consistent with
corticospinal tract degeneration secondary to its direct
involvement in the internal capsule at the level of the le-
sion. The two small thalamic lesions were located at the
sites at which the stimulating electrodes had been placed.
We found no evidence of histopathological conditions in
the cerebrum.

It is generally believed that dystonia results from the
relay of erroneous information from the thalamus to the
premotor, supplementary motor, and, probably, primary
motor cortices,16 the cause of which can be pathological
changes at several sites, including the putamen, the GP,
the thalamus itself, and, rarely, the caudate nucleus.3,8,18,25

The connectivity of these structures is through a direct
loop from the putamen, the activation of which causes in-
hibition of the GPi, and an indirect loop from the putamen
to the GPe on to the STN, causing excitation of the GPi.8

These anatomical connections clearly place the GPi in a
highly strategic position to regulate the flow of inhibitory
activity to the thalamus.

Explanations for abnormal function based on this anato-
my have been elusive because of variable and contradic-
tory results.30,32,35 It is not clear, for example, why lesions
of the putamen constitute the major cause of dystonia,9,14,35

whereas most lesions of the putamen cause no movement
disorder.23 The histological structure of the putamen, being
quite uniform, cannot offer an explanation. However, re-
gional variations in D1 and D2 dopamine receptors that
are located on major efferent neurons of the putamen43

may provide some basis for the differences in the way that
lesions affect the putamen. The identification of D2 recep-
tor impairment in a recently reported case of dystonia37

suggests that dysfunction of this cell type may be a sig-
nificant factor in the cause of dystonia. The D2-activated
neurons of the putamen project largely through the indi-
rect loop,36 and reduction in their output would thereby
cause disinhibition of the GPe. As a result, there would be
increased inhibition of the STN and decreased stimulation
of the GPi by the STN, resulting in an alteration of GPi
output to the thalamus, the basis for the production of dys-
tonia.

Experience with isolated lesions of the GP has shown
not only that they may cause dystonia but may also cause
parkinsonism, behavioral disorders, or no clinical dys-
function.4 Because both the GPi and GPe are affected in
such cases, it is difficult to isolate the cause of the prob-
lem. Regarding the GPi, pallidotomy has been successful
in treating cases of both parkinsonian dyskinesias2,12,32 and
dystonia.22,29,40 The reason for success in cases of parkin-
sonism may be the removal of excess output from the GPi,
which has been shown to exist in this condition.5,30 On the
other hand, because a slower than normal firing rate in the
GPi29 is associated with a lower than normal thalamic met-
abolic rate in dystonia,11 the success of pallidotomy in cas-
es of dystonia would imply something other than a simple
reduction in GPi output. Similarly, cases of parkinsonism44

and dystonia27 have been treated successfully by stimula-
tion of the GPi, raising still more questions about the na-
ture of the therapeutic effect. These apparent inconsisten-
cies may be resolved, however, if it can be shown that the
defects in GPi function are qualitative as well as quantita-
tive,11,20 It seems clear, nevertheless, that the GPi plays a
significant role in the pathogenesis of both of these condi-
tions.

For the GPe to play a role in the production of a similar
defect in GPi function would require that it remains intact.
Damage to the GPe would reduce its inhibitory output to
the STN and cause an increase, rather than a decrease, in
the GPi output to the thalamus. It is our belief, therefore,
that in reported cases of dystonia associated with isolated
lesions of the GP,4 the dystonias probably were the result
of GPi rather than GPe involvement. A clinical example
of dystonia with GPe disease was found only in a case of
pallidoluysian atrophy, in which the cause of the dystonia
was thought to be a reduction in the STN stimulation of
the GPi.46

Although the present case provides morphological evi-
dence that GPi disease may play a significant role in the
causation of dystonia, it appears to suggest even more,
namely, that the degree and extent of involvement may al-
so be critical factors. Both the partial topographic and the
incomplete histological involvement of the GPi are con-
sistent with the suggestion that a simple reduction in GPi
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FIG. 6. Photomicrographs of the right (A and C) and left (B and
D) STNs. A and B: Greater prominence of glial cells in size and
number can be observed on the left side. Glial fibrillary acidic pro-
tein staining, original magnification 
 40. C and D: Fewer neu-
rons are found on the left side. Synaptophysin staining, original
magnification 
 40.



activity is not the only factor, but rather other variations in
both temporal and spatial activity may also be important.11

Pathological documentations of such cases have not yet
become available; however, in those cases of dystonia as-
sociated with isolated pallidal involvement due to hypox-
ia,4,41 there may have been partial damage rather than com-
plete tissue necrosis. It is, moreover, our impression in the
present case that the preservation of some GPi structure
may have played a role in providing a basis for the subse-
quent expression of STN malfunction and the production
of hemiballismus.10,42

The gradual recovery of lost function, which reaches
a fixed end point after a severe head injury, is usually
viewed as a consequence of an orderly reconstitution of
affected neural systems by several means, including the
activation of pre- and postsynaptic mechanisms in areas
adjacent or related to the damaged tissue.19 The evolution
of functional impairment in this patient, who experienced
a delayed step-wise progression of spasticity, dystonia,
hemiballismus, and pain, is very unusual. These progres-
sive changes can be interpreted as a consequence of reac-
tive synaptogenesis operating in tissue that has been al-
tered by the pathological process.1

Further examination of the characteristics of complex
adaptive systems45 may provide additional insight into
the dynamics of events associated with this patient’s un-
usual and progressive pathological sequence. Complex
adaptive systems involve innumerable interacting ele-
ments that exert an aggregate activity that is nonlinear and
increases in complexity. The reconstitution of a disturbed
complex adaptive system, after the derangement of only
a single component, may compound the disorganization
of subsequent events. This process culminates in systems
that are selforganizing, but fail to reestablish the charac-
teristics of the initial complex system. Such sustained re-
organization of an evolving structure generates new in-
teractions, which lead to new elements and disordered
outcomes. It is likely, therefore, in cases of incomplete
lesions of complex adaptive systems, that increasingly ab-
errant perturbations will evolve as the new, altered, and
unregulated systems become operational.15

The focal anatomical lesion demonstrated in the patho-
logical studies of this patient may be viewed as the locus
of remodeling in a complex adaptive system, which gen-
erated progressive changes in the neurogenic substrate
that were responsible for determining both the delayed on-
set and progressively disadvantageous clinical sequence
of events.

Conclusions

The unique features of this case consist of morphologi-
cal evidence that not only supports GPi disease as a sig-
nificant contributor to the pathogenesis of dystonia, but
also supports the partial involvement of this nucleus as a
major factor in the pathogenesis of this movement disor-
der. It is also our impression that the partial preservation
of the GPi may have provided both a pathological basis
for the overall progression of the changes, as well as an
anatomical basis for the altered input from the atrophic
STN to give rise to the hemiballismus. The delayed onset
of new symptoms and the persistent step-wise progression

of the patient’s disabilities may be the consequence of new
complex adaptive systems.
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