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Falls in Parkinson’s disease

Yvette A.M. Grimbergen®, Marten Munneke® and Bastiaan R. Bloem

Purpose of review

To summarize the latest insights into the clinical significance,
assessment, pathophysiology and treatment of falls in
Parkinson's disease.

Recent findings

Recent studies have shown that falls are common in
Parkinson’s disease, even when compared with other fall-prone
populations. The clinical impact of falls is considerable, often
leading to an incapacitating fear of renewed falls. The
associated costs for society are substantial. Clinical
assessment often includes the retropulsion test, and recent
studies have offered practical recommendations regarding the
execution and scoring of this test. Insights into the
pathophysiology underlying falls are growing and point to an
important role for the loss of inter-segmental flexibility
('stiffness’), which predisposes patients to falls in a backward
or medial-lateral direction. New evidence has clarified why
Parkinson's disease patients commonly fall during transfers and
under ‘dual tasking' circumstances. The absence of adequately
directed arm movements may explain the relatively high
proportion of hip fractures in Parkinson's disease. The
importance of freezing of gait as a cause of falls is recognized,
and we are baginning to understand the different manifestations
of gait freezing. Recent work has defined the contributions of
pharmacotherapy, stereotactic neurosurgery, physiotherapy and
multidisciplinary interventions in the treatment of postural
instability to prevent falls in Parkinson's disease.

Summary

No dramatic breakthroughs have occurred during the review
period, but new information in various areas may be useful for
practising clinicians. Interesting new guestions have been
raised that should fuel studies of pathophysiological
mechanisms, which could help in the development of improved
treatment strategies to reduce falls in Parkinson's disease.
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falls, freezing, Parkinson's disease, posture, posturography,
stereotactic neurosurgery
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Abbreviations

CFR centre of foot pressure

FOG freezing of gait

IGP internal globus pallidus

PD Parkinson's disease

STN subthalamic nucleus

UPDRS  Unified Parkinson's Disease Rating Scale
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Introduction

Recurrent falls have great clinical significance for
patients with Parkinson’s disease (PD). Proper recogni-
tion of falls and knowledge of possible treatment options
is important for various reasons. First, falls are common.
A review of prospective surveys in PD concluded that
almost 70% of patients fall at least once cach year {1].
These fall rates are even higher for patients with atypical
Parkinsonism. Second, falls have an enormous impact on
the physical and psychological health of affected
individuals, and negatively affect their quality of life
[2,3°*]. Third, the specific nature of falls and the timing
of their appearance in the disease process may help
clinicians in differentiating PD from atypical Parkinson-
ism, This distinction is clinically relevant, because
tailored treatment options are available to reduce falls
in different disorders [4].

This review summarizes progress in the field of falls in
PD (Table 1), covering approximately the period
beeween January 2003 and March 2004, For the sake
of this review, we will assume a theoretical mode!l in
which falls in PD are caused by several independent,
albeit often coexistent, mechanisms. These include
postural instability (abnormal balance reactions to
external perturbations), difficulty with wansfers, gait
disorders {in particular freezing of gaig FOG) and
orthostatic syncope. New insights about these different
causative factors will be addressed with respect to their
assessment, their role in the pathophysiology of falls, and
their treatment.

Clinical significance

The clinical significance of falls for patients with PD is
determined by various different factors, including the
common occurrence of falls, their association with
adverse psychological consequences, and the high costs
tor society. We will review developments in these areas
in the sections below.
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Table 1. Several topics of interest in the recent literature on falls in
Parkinson's disease and atypical Parkinscnism

Topic of interest

Clinical significance
Epidemiology
Fear of falls
Costs

Assessment

Pathophysiology
Posturography
Proprioceptive deficits
Freezing of gait
Transfers
Dual tasking
Syncope

Treatment
Pharmacotherapy
Stereotactic neurosurgery
Physiotherapy
Parkinson nurse
Multidisciplinary intervention

Epidemiology

Several prospective studies have clarified the rates and
circumstances of falls in PID [3*°]. The observed fall rates
were consistently high and increased with a longer
duration of follow-up. After one year, approximately 50%
of patients has sustained recurrent {two or more) falls {5].
These fall rates are significantly higher than those
observed among community-dwelling elderly individuals
[6]. Two recent studies extended these findings and
showed that PD is one of the most common neurological
disorders leading to recurrent falls [7°%,8]. One retro-
spective study documented the causes for falls among
inpatients who were newly admitted to a neurological
department [7°]. In a group of 489 patients, 34% had
sustained falls in the previous year (as verified from self-
report). Out of 44 PD patients, 62% had fallen,
suggesting that PD was the disorder that was most
commonly associated with falls. The other study found
that, among individuals with recurrent falls in the
previous vyear, extrapyramidal signs or a diagnosis of
PD were risk factors for renewed falls during follow-up
[8]. Drawbacks included the short follow-up for some
paticnts (lower limit of only 51 days), the absence of
repeated neurological assessments during follow-up (to
check for disease progression or the appearance of new
disorders), and the lack of insight into therapeutic
interventions that might have affected the rate of falls,

Fear of falls

An underestimated sequel of falls is a fear of renewed
falls. This may lead to the self-imposed restriction of
daily activities and may therefore cause immobility,
which in turn is associated with social isolation,
osteoporosis and reduced fitness [3**). Previous studies
had merely asked patients whether or not they were
afraid to fall; almost 50% answered positively [6]. This

issue was further addressed in a survey that reported that
PD patients have a significantly reduced balance
confidence compared with age-matched controls [9**].
Balance confidence, as a surrogate marker for the fear of
falling, was estimated in detail using the 16-item
Acrivities-specific Balance Confidence scale, which had
not been used previously in PD. Interestingly, low
balance confidence scores were associated with poorer
performance on clinical tests for posture and gait, and
also with greater disease severity (assessed using the
Unified Parkinson’s Disease Ratng Scale; UPDDRS).

Costs

A recent study underscored the impact of falls in PD for
society at large. Analyses of Medicare claims in the
United States showed that over a 5-year period,
individuals with Parkinsonism were 1.3 times more
likely to attend a hospital because of injuries than
individuals without Parkinsonism [10°*], The study also
showed chat fall-related injuries, hip fractures in
particular, add greatly w the use of resources (hospita-
lization and skilled nursing facility care) and medical
costs in PD.

Assessment

A proper physical examination is crucial to score the
degree of postural instability, to judge the risk of future
falls and to rate discase severity. The most widely used
test documents the postural reactions to an external
perturbation, typically a sudden jolt applied to the
shoulders (the retropulsion test). Despite its widespread
application in everyday practice and in clinical trials,
there is no formal agreement regarding the execution
and scoring of the retropulsion test. Two recent studies
made some practical recommendations. The firsc eval-
uated several variants of the retropulsion test with
differences in execution and scoring [11*]. The most
valid test for postural stability in PI) was the variant that
consises of a single and unexpected shoulder pull {that is,
no previous warning or instruction), and in which taking
two or more corrective steps backwards is abnormal. This
variant best discriminated PD) patients with and without
postural instability. Because there is no gold standard for
postural instability, patients were classified as having
postural instability if they had had two or more falls or
near falls in the previous 6 months, or used walking aids,
or used other specific measures to prevent falling. The
second study identified several sources of error in
executing the retropulsion test [12*). For this purpose,
four different raters critically evaluated the videotaped
performance of a series of retropulsion tests, delivered
by 25 movement disorders specialists. Commonly
encountered errors included tapping or pulling the
patient too lightly, not allowing sufficient space to
document balance recovery strategies fully, holding the
feet wo closely together or too widely apart before the



perturbation, pulling continuously, rather than suddenly,
and allowing patients to brace forward before pulling,
Unfortunately, judging the videotapes did not permit an
analysis of previous instructions given to patients,

Other common clinical tests to assess postural instabilicy
or gait in PD include the Functional Reach (ability to
reach forward as far as possible, keeping the feet in
place} and the Timed Up and Go test. A medication
study of eight patients showed that both tests produced
comparable scores on two different days, suggesting
good test—retest reliability in this small sample [13].

Falls in PD occur under a variety of different circum-
stances, and many different pathophysiological mechan-
isms contribute to falls. It is therefore unlikely that a
single test will be able to predict all fall events, It seems
best to use a test battery of different components of
posture, balance and gait. Such rating scales are
available, but were not specifically developed for use
in PD. For example, the Tinetti Mobility Index is used
widely in elderly populations, but is not sensitive to
changes in the gait of patients with PD [14]. A recent
study made a welcome attempt to develop a compre-
hensive clinical gait and balance scale that could be used
in PID (although it was not specifically developed for this
disorder) [15°]. The scale included historical information,
a physical examination and timed tests. Several items of
this scale had moderate interrater reliability and corre-
lated to some extent with quantative measures of gait
(using an electronic walkway that measured spatio-
temporal gait parameters) and balance (analysis of weight
shifts on a forceplate). However, the scale could be
criticized for various reasons: many items had only fair or
even poor interrater reliability; the R? for the concurrent
validity with the quancitative measures was rarely
impressive; history taking could be improved, e.g. by
using more derailed questionnaires for FOG [16] and by
asking about near falls or injuries; the physical examina-
tion could be improved, including the recropulsion test;
and the inconsistent use of two-point, three-point and
four-point scores. Therefore, much work remains neces-
sary to improve this and other rating scales further.

Pathophysiology

The area in which most progress was reported in recent
years was likely the pathophysiology of falls in PDD,
where new insights were gained with respect to the
contribution of (among others) axial stiffness, protective
arm  movements, central proprioceptive integration
deficits and freezing of gaic.

Posturography

Clinical observations may generate interesting hypoth-
eses about fall mechanisms, but complementary postur-
ography studies, with standardized postural pertur-
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bations and quantitative outcome measures [17°], are
required to unravel fully the complex pathophysiology
underlying falls in PID. This sequence of events is nicely
illustrated by recent observations on protective arm
movements in PD. For some time, clinicians have had
the impression that in PD, wrist fractures may be less
common than hip fractures. This suggestion was under-
scored by the aforementioned study of health costs in
PD, which incidentally showed that upper extremity
infuries are significantly less common than lower
extremity injuries [10*%,18]. At first sight, this finding is
unexpected because patients with PD fall predominantly
forwards [19]. Such forward falls are typically associated
with wrist fractures because individuals land on the
outstretched hand. One possible explanation is that arm
movements are delayed or abnormally directed in PD,
To test this hypothesis, a recent study examined
protective arm movements in PI) patients who stood
on a suddenly rotaring platform [20]. Although patients
had abnormally early onsets of deltoid muscle responses
{documented using surface electromyography), this gave
no functional protection because kinematic analyses
showed that patients had a decreased arm flexion in the
forward—-afrerward direction, and an increased adduction
in the medial-lateral direction. These abnormally
directed arm movements kept the patients from grasping
for support, and also prevented the arms from perform-
ing a ‘counterbalance’ function (keeping the centre of
gravity away from the impending fall direction) [21,22].
These abnormally directed arm responses could explain
why upper extremity injuries are relatively rare in PD,
and could underlie the high incidence of hip fractures
because patients fall onto the unprotected trochanter
(Fig. 1). The absence of adequate arm protection may
also explain why fall-related injuries, fractures or soft
tissue damage, seem more severe among PD patients
compared with other neurological patients {7°].

Three papers described the use of moving platforms that
could suddenly move in many different directions
{multidirectional dynamic posturography} to clarfy the
pathophysiology of falls in PD. Two of the papers came
from a single study that used horizonral translations in
cight directions [23**,24°); the other study employed
support surface rotations in six directions [20]. Despite
differences in the nature of the postural perturbations,
both studies vyielded strikingly similar results. Key
findings included: a directional preponderance for falls
in a backward and, to a lesser extent, mediolateral
direction; the presence of co-contraction between
agonist and antagonist muscles, both in the legs and
trunk; and the presence of excessive background muscle
activiry.

The multidirectional posturography studies also ob-
served a stiffening response in the pelvis, trunk and
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Figure 1. Cartoon illustrating the different fail mechanisms that
occur with aging and in Parkinson's disease

Aging

. é}.

P

Parkinson's disease

{a) Healthy elderly individuals stretch out their arms into the direction of
the impending fall [22], and this may contribute to the high incidence of
wrist fractures with aging. (b) in contrast, Parkinson's disease (PD)
patients adduct their arms against the trunk, thereby exposing the
unprotected trochanter of the hip [20].

Redrawn from Bloem et al. [18].

ankles [20,24°]. Another dynamic posturography study
found additional evidence for axial stiffness in PD
patients who were exposed to relacively slow platform
tilts in the sagittal plane [25**]. In that study, patients
had smaller righting responses of the upper body relative
10 the lower body, suggesting inter-segmental stiffness.
A further study observed trunk stiffness during gait [26],
as reflected by reduced lateral bending, reduced rotation
and smaller pitch movements of the trunk. Mechanisms
that might contribute to axial stiffness include co-
contraction, high background muscle activity, age or
immobility-related changes in the elastcity of joints,
muscles and ligaments, or the fear of falling, which may
cause active stiffening [9°%,24°,26]. Stiffening has the
advantage that fewer degrees of freedom need to be
controlled, and that static sway is minimized, thereby
reducing the risk of exceeding the limits of stability.
However, this ‘advantage’ is offset by the loss of the
necessary flexible responses that normally dampen
external perturbations [27*). 'This feature has been
rermed ‘postural inflexibilicy’ and seems to be a critical
factor in causing falls in PD,

Further evidence for ‘postural inflexibility’ in PD came
from a dynamic posturography study in which patients
were forced to stand with a narrow base of support
[23**,24*]. Compared with controls, patients were less
able to increase their balance correcting responses and
adapt their reactive postural forces. Interestingly,

patients were less unstable when standing with a
wider-than-normal base of support. This observation
may offer opportunities for fall prevention using e.g.
physiotherapy, because PI) padents typically tend two
adopt a narrow base of support.

Recent analyses of unperturbed stance (‘static posturo-
graphy’) provided additional insights into postural
mechanisms in PD. Previous studies of quiet stance
had yielded conflicting results, showing either increased
or reduced excursions of the centre of foot pressure
(CFP) compared with controls. Two studies have now
shown that postural tremor is one factor contributing to
an increased CFP path [25°%,28°]. Interestingly, anti-
Parkinson treatment further increased the CFP excur-
sions, despite reduced wemor [25*]. The presence of
dyskinesias offers the simplest explanation for this
finding, but a more thought-provoking possibility is that
treacment reduced axial stiffness and thus unveiled an
underlying problem with regulating quiet stance, per-
haps because of a somatosensory integration deficit
(discussed in the next paragraph).

Proprioceptive deficits

Postural instability is generally thought to be caused by
disturbed motor programming within the basal ganglia.
However, this view is increasingly challenged by
observations that motor deficits in PD are ac least parcly
caused by proprioceptive disturbances. Afferent informa-
tion itself is presumably normal, but proprioceptive
signals seem abnormally processed within the basal
ganglia because of defective higher level integrarion. So
far, such propricceptive disturbances in PID have mostly
been demonstrated for the upper extremites [29%,30°].
However, proprioceptive disturbances may also contri-
bute to the pathophysiology of postural deficits in P in
various ways [31]. First, the inability to process changes
in peripheral input properly could explain the fixed gain
of postural responses that underlies the aforementioned
postural inflexibilicy in PID [20,23**). Second, patients
might have an abnormally constructed internal map of
their stability limits or have lost their normal sense of
limb and trunk position. Such ‘body schema’ distortions
could explain the difficulties with turning movements
and trunk coordination, as mentioned earlier [20,32,33°].
Interestingly, the abnormal trunk responses to postural
perturbations in PI), as observed in one study [20],
resembled the pattern seen in a ‘deafferented’ patient
[34], suggesting that PID patients resort to a stiffening
strategy to compensate for defective information about
body position in space. The mechanisms underlying
central proprioceptive integration are unclear, but recent
animal work has suggested a role for dopaminergic
pathways [35**). That study observed that rats with
unilateral nigral lesions induced by 6-hydroxydopamine
kept their head deviated to the side of the lesion,



perhaps because of body orientation problems reminis-
cent of those seen in PD,

Freezing of gait

Gait impairment and, in particular, FOG episodes are a
frequent source of falls in PD [36°], The aforementioned
study of falls among neurological inpatients concluded
that, within the subgroup of PD, falls were often
associated with FOG, and also with turning difficulties
[7*]. These wuming problems are presumably also related
to FOG. A recent study confirmed earlier impressions
that FOG, at least when present during an ‘OFF’ state,
is most commonly elicited by sudden turns [37*]. In
keeping with this observation, another study showed
that PID patients have particular difficulty iniciating gair
when a step must be directed diagonally, along with
turning the trunk into the same direction {33°].

Other studies challenged the belief that FOG is a
paroxysmal gait disorder, leading to sudden motor
blocks during an otherwise largely preserved gait,
Using pressure-sensitive  insoles to  analyse  strides,
Hausdorff and colleagues [38,39*"] observed that
patients with FOG have an increased stride-to-stride
variability, even outside episodes with overt FOG.
This observation fuelled interesting speculations. Firse,
the results suggest that complete motor blocks are only
the most extreme form of FOG, and thar more subtle
disturbances of gait rhythm can be present continu-
ously. In fact, total akinesia is a much rarer manifesta-
tion of FOG than walking with small steps or with the
legs tembling in place [37*]. Furthermore, the feet
oscillate in a fairly organized pawern during FOG
episodes, with a frequency distinet from normal gait or
tremor {38]. This suggests that disruption of one or
possibly more central pattern generators is involved in
the pathophysiology of FOG. Second, the observations
may have clinical relevance, because an increased gait
variability is related to historical falls in P> [40%].
Whether gait variabilicy also relates to future falls
remains to be established.

A preliminary study showed that under everyday
circumstances, most PD patients fall predominantly
forward [19]. These forward falls might be caused by
difficulties with gait termination (sudden cessation of
stepping while the wunk still continues to move
forward). Auempts of patients to ‘catch up’ with the
trunk would then lead to festination or propulsion.
Indeed, gait festination was related to historically
ascertained falls in one study [41]. Normal gait termina-
tion calls for the cessation of locomotor activity, as well
as the activation of braking forces. A study of un-
cxpected gait stops showed that PIDJ pauents are able to
launch normally shaped stopping strategies, but with
undersized muscle responses, leading to weak braking
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impulses [42°]. FOG might also play a role, because this
commonly occurs when patients reach a destination
[37°].

Transfers

Falls in PD commonly occur when patients make
transfers, such as rising from a chair or lying down in
bed [32,43]. Better insight is needed to understand why
transfers are so problematical in PD. Two studies
showed that leg weakness, particularly at che hip,
explains at least part of the difficulties experienced by
PD padents when atempring to rise from a chair
[44°45°]. In the lighe of such findings, one might feel
tempted to prescribe strengthening exercises, as these
are effective in improving balance in PD [46*]. However,
the efficacy of strength training to improve transfers
specifically remains to be demonstrated for P patients
[47°]. Alternative strategies to improve transfers are
available, including the ‘chaining rechnique”: splicting
complex movements up into a series of simple compo-
nents that are to be executed sequentially [48].

Dual tasking

Ever since Lundin-Olsson and colieagues [49] pub-
lished their seminal paper on the relationship berween
falls and che inability to walk and talk simultaneously,
there has been considerable interest in the nature and
clinical relevance of such ‘dual tasking problems’. It was
logical te speculate that PD  patients would be
vulnerable when one or more tasks have to be
performed concurrently wich balancing, because the
basal ganglia are important for organizing sequential or
simultaneous movements. However, cognitively intact
PD patdients can usually walk and talk at the same time,
and an inability to do so did not correlate with falls in
daily life [50]. A recent study showed that talking while
walking also failed ro identfy fallers among older
individuals without overt cognitive impairment [51]. At
first sight, this would suggest that dual tasking
difficulties are perhaps a better marker for cognitive
impairment than for postural instability or falls. Lundin-
Olsson e al. [49) included mostly individuals wicth
cognitive impairment. However, the deleterious effects
of secondary rtasks on balance could be detected using
electrophysiological analysis of postural performance.
For example, one study used stacic posturography to
examine the effect of secondary cognitive or motor
tasks on reactive forces under the feec [52°]. Under dual
task conditions, CFP excursions increased disproportio-
nately in PI) patients compared with controls. Interest-
ingly, this was particularly true for patients with
previous falls, suggesting relevance for everyday func-
tioning. Another study showed that gaic variability,
which is increased in PID and represents a marker for
falls, increases further when PD patients are challenged
by a secondary cognitive task [53].
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Syncopal falls

Falls caused by a preceding loss of consciousness are
deemed rare in PD [6]. When present, such syncopal
falls are usually ascribed to the intake of dopaminergic
medication, which may cause orthostatic hypotension.
Recent work has suggested that orthostatic hypotension
can also occur in untreated patients as a result of
sympathetic neurocirculatory failure, as reflected by
abnormal blood pressure responses to a  Valsalva
manoeuvre, by reduced myocardial dopamine uptake
and by reduced plasma norepinephrine levels [54]. The
relationship with falls was not investigated, and this
should be the subject of future studies. The timely
recognition of orthostatic hypotension has clinical
relevance, because therapeutic measures are available
to reduce syncopal falls [557).

Treatment

Reducing falls by treating gait and balance impairment is
difficult for most PI) patients. Recent studies are largely
in keeping with this notion, and highlight not only the
limited effects of pharmacotherapy and stereotactic
neurosurgery, but also point to unexpected effects of
alternative treatment strategies such as multidisciplinary
teamwork and mobility aids.

Pharmacotherapy

Dopaminergic medication can sometimes reduce falls in
PD. Levodopa can improve the frequency and duration
of FOG episodes during *OFF" periods, and also reduces
gait varabilicy [37°,39°°,40°]. However, the improve-
ments were partial because stride time variability
remained increased in the subgroup of previous fallers,

Most other postural disturbances, including falls, gen-
erally respond poorly to anti-Parkinson medicaton. This
notion was cotroborated by a small clinical study chat
examined balance and mobility in moderately affected
PD patients before and several times after the intake of
the first morning dose of anti-Parkinson medication {13].
There were no fluctuations in gait and balance, which
suggests that the underlying pathophysiology involves
non-dopaminergic pathways. However, the interpreta-
tion of the study was complicated by the fact that a
manual tapping test, a measure of bradykinesia, also
remained unchanged, suggesting that the dose of anti-
Parkinson medication was perhaps insufficient to pro-
duce a full ‘ON’ state. Recent posturography studies also
underscored thar most balance deficits in PD, in
particular the postural reactions to support surface
perturbations, are largely resistant to dopaminergic
therapy [20,25°*].

The reasons for the poor effect of dopaminergic
medication on balance impairment remain largely
unknown, but several explanations are possible. First,

postural instability typically appears late in the course
of PD. By this time, the dopaminergic deficiency may
be so pronounced that pharmacological correction
becomes difficult, particularly because adequate dosing
is progressively hampered by dose-limiting adverse
effects in late-stage PID. Supporting evidence for this
explanation was offered by an interesting seudy of rats
with unilateral nigral lesions induced by é-hydroxydo-
pamine [35**]. The results showed that some postural
deficits, including rotational behaviour induced by
apomorphine, occurred in animals with moderately
severe dopamine loss, but thac additional postural
deficits only appeared in animals with more severe
dopaminergic deficits. This suggests a link between the
degree of dopamine depletion and balance abnormal-
ities, at least in rodents.

Another explanation is that falls are related to the
presence of non-dopaminergic lesions, which cypically
emerge with advancing disease [56]. One way to ‘prove’
that non-dopaminergic mechanisms play a role is by
showing improvements in postural performance after
the administration of drugs that act via non-dopaminer-
gic pathways. This was the topic of two trials, The first
was a double-blind and placebo-controlled study of
flupirtine, a functional antagonist of N-methyl-D-aspar-
tate with a confirmed influence on automatic postural
responses in healthy individuals [57}. A single dose of
50 or 100 mg flupirtine failed to improve automatic
postural responses to sudden tlts of a supporting
platform. Clinical balance scores also remained un-
changed, but it is still possible that higher doses or
prolonged administration do relieve balance impair-
ment. The second was an open-label study, which
showed that intravenous flumazenil, a gamma-aminobu-
tyric acid antagonist, tended to improve the UPDRS
scores for posture, balance and gair, and also tended to
improve a timed walking tese [58°]. A placebo effect
might have caused the small improvements, and the
short half-life makes this drug impractical for use in
clinical practice. The efficacy of non-dopaminergic
drugs therefore remains to he demonstrated convin-
cingly.

Stereotactic neurosurgery

Stereotactic neurosurgery of the basal ganglia is a
therapeutic alternarive for patients who respond well to
dopaminergic therapy, but suffer from dose-limiting
ueatment complications. The effects on axial symptoms,
including falls, are incompletely understood, except for
the fact that thalamic surgery and bilateral pailidotomy
(with lesions placed in the internal globus pallidus; iGP)
often cause or aggravate balance deficits {59°].

The effects of unilateral pallidotomy were examined in a
randomized trial of surgery versus medicatdon [60*].






