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ABSTRACT 
It is well known that thalamic deep brain
stimulation (DBS) in the ventral inter-
medius nucleus (VIM) reduces contralat-
eral tremor. However, the ways in which
VIM DBS alters force control in patients
with Parkinson’s disease (PD) are not
currently known. The goal of this project
was to characterize the effect of VIM
DBS on force control of a tremor-domi-
nant Parkinson’s patient.

The patient was evaluated before,
and at 3, 6, and 13 months after surgery.
The study task required independent,

controlled application and release of
force by the thumb and index finger to
trace a template.

Thalamic stimulation resulted in
tremor reduction and improvement in
force control of the contralateral (pre-
ferred) hand. However, differences in
force control remained. When compared
to a control subjects’ preferred hand and
to the ipsilateral (non-preferred) hand,
the contralateral hand had a lower con-
cordance phase value. This demonstrates
a greater tendency for the changes in
force trajectories to be in different direc-
tions in contrast to the same direction as
is required to perform the task.

In this PD patient, thalamic stimula-
tion resulted in improvement in force
control, although the control remains dif-
ferent than that exhibited by a control
subject with no known neuropathology.
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INTRODUCTION
It is well documented that Parkinson’s
disease (PD) impairs the ability to con-
trol and coordinate forces between the
digits.1 Tremor that persists during
movement may be a contributing factor
to the observed impairment in manual
dexterity; even though it is resting
tremor, not action or postural tremor,
that is typically associated with PD.
Resting tremor can be a socially devas-
tating motor symptom even though this
type of tremor has minimal impact on
the ability to perform activities of daily
living.2 Tremor that persists during
movement can be functionally devastat-
ing and, if not managed, may lead to a
loss of independence.

Several researchers have found that
action tremor is present in patients with
PD.1,3 It has been shown that patients
with tremor-predominant PD have
impairments in force control and coordi-
nation that are present even after exam-
ining this component of aggregate force
output data following the separation of
tremor by a decoupling method.1,4 Those
data suggest that PD may be associated
with losses in finger dexterity and that
such losses may be exacerbated by
action tremor.

Initially individuals diagnosed with
PD are treated with antiparkinsonian
medication. However, individuals who
become refractory to medication may be
candidates for other treatment options.
High frequency deep brain stimulation
(DBS) is an accepted treatment for
patients with PD and other movement
disorders.2 Results from several studies
have consistently demonstrated that
DBS of the ventral intermediate nucleus
of the thalamus (VIM) leads to a reduc-
tion in tremor contralateral to the
implantation site.5,6 Results from one of
the few long-term studies demonstrated
that stimulation was associated with sta-
ble tremor control and an improvement

in activities of daily living. However, the
majority of these studies are short term
and there is a limited knowledge base
regarding the long-term efficacy of thal-
amic stimulation.

Less is known about the effect that
high frequency stimulation has on
changes in force control and coordina-
tion and no known study has examined
the effect of thalamic stimulation on
force control and coordination in a lon-
gitudinal design. A cross-sectional study
of DBS of the subthalamic nucleus and
the internal segment of the globus pal-
lidus on force control and coordination
revealed that stimulation led to increas-
es in maximum pinch force production
and improvements in force control
parameters in a bimanual task.7 In-
creases in maximum force production
were greater contralateral to the implan-
tation site, however increases were also
noted on the ipsilateral side. It has been
well established that implantation of
VIM DBS leads to a reduction in the
level of confounding tremor,5,6 however
the extent to which VIM DBS leads to
more efficient finger dexterity is less
clear.

The purpose of this case study was
to characterize the effects of VIM DBS
in a person diagnosed with PD who was
tremor predominant and experiencing
both resting and action tremor, on the
contralateral and ipsilateral control of
force. Specifically, we explored the fol-
lowing questions: (1) Does VIM DBS
reduce tremor and improve force con-
trol? (2) Is the reduction and improve-
ment in force control and coordination
stable across time? (3) Is tremor
reduced and is force control more accu-
rate on the contralateral and ipsilateral
side of the device implantation after
VIM DBS? 4) Do the contralateral (pre-
ferred) and ipsilateral (non preferred)
hand differ in force control prior to and
following stimulation?
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METHODS
Patient and Control Subject
A 45-year-old right-handed woman was
diagnosed with idiopathic Parkinson’s
disease. Tremor had been present in the
right hand for approximately 3 years.
The tremor had increased in magnitude
throughout that time period and had
resulted in complete functional impair-
ment of the right hand by the time our
force control and tremor studies com-
menced. The tremor was not responsive
to medication. DBS implantation was
offered to the patient as a treatment
option.Prior to implantation the patient
signed an informed consent affirming
her willingness to participate in the
study. The patient passed screening tests
for vision, manual digit strength, and
medical stability. The patient was meas-
ured 2 weeks prior to DBS implantation
and 3, 6, and 13 months following DBS
implantation. The DBS device was
implanted into the left VIM nucleus of
the thalamus. Testing for this participant
was scheduled for 1-hour post-medica-
tion and the medication regimen
remained the same post-operatively as
pre-operatively.

A 44-year-old right-handed woman
who had no known neuropathology
served as the control subject. This sub-
ject completed the same questionnaires,
screening criteria, and informed consent
as the patient.

Instrumentation
The Manual Force Quantification
System (MFQS) apparatus (The
University of Texas: Aging Motor
Behavior Laboratory, Austin, TX) and
the mathematical basis for the decou-
pling methodology used to separate
components of tremor and aggregate
force control data are described in detail
in previous papers.1,4 The MFQS was
used to collect 100 Hz time series of
aggregate isometric force impulse mag-

nitudes. Data were collected from inde-
pendent strain gauge transducers
mounted 180º with respect to each other
as the participant simultaneously
applied or released pressure with the
thumb and index finger of the same
hand on each of the two transducer sur-
faces. The console was interfaced with a
computer screen displaying a cursor
whose horizontal position was linearly
related to force applied by the thumb
and whose vertical position was linearly
related to force applied by the index fin-
ger. A tracing line template represented
points of equal force from both digits in
the range from 0.98 to 4.45 N. At each
end of the tracing line was a target circle
with a 0.098 N radius of acceptance.
Specification of sampling rate, radius of
acceptance for the target circle, and
location of the tracing line are parame-
ters that can be changed on the control
screen. All instrumentation settings and
data acquisition procedures were con-
trolled through a National Instruments
DAQ board using LabVIEW (National
Instruments, Austin, TX).

Procedure
At each testing session, the patient per-
formed the task in two blocks of five tri-
als with each hand. The blocks were
alternated between hands, starting with
the least affected side (left). The control
subject was tested using the same proto-
col on a single occasion.

The goal of the task was to trace the
template line by increasing force from
both digits at the same rate between two
target circles and then to retrace it back
to its origin by a controlled decrease of
force from both digits at the same rate.
Emphasis was on accuracy, keeping the
cursor as close to the template line as
possible, but the participant was also
instructed to try finishing the task as
quickly as possible while maintaining
accuracy and control.
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Measures
The following components were selected
to represent the voluntary control of
force and tremor by each digit:

Root mean square error (RMSE) -
the root mean square of the perpendicu-
lar displacements of the cursor from the
tracing line while performing the task;

Force magnitude difference (FMD) -
the magnitude of difference in force pro-
duced by the thumb and index finger;

Temporal performance - the time
taken, with resolution in hundredths of
seconds, to traverse the template;

Concordance phase - the fraction of
time that the trajectories of force
impulses from the two digits are chang-
ing in the opposite direction with
respect to the laboratory frame of refer-
ence, scaled by a factor of 180. If the
changes in trajectories are always in the
same direction, the concordance phase is
180 and conversely if the changes in tra-
jectories are never in the same direction,
the concordance phase is 0; and

Frequency difference - the frequency
at maximum power for the finger sub-
tracted from the frequency at maximum
power for the thumb within the 5-7 Hz
range during a particular trial.

Each of these measure was calculat-
ed for the right (preferred) and left
(non-preferred) hand for the patient and
control subject.

RESULTS
Prior to thalamic stimulation, this
patient could not perform daily activities
that required precise control of the dig-
its of her right hand. Thalamic stimula-
tion resulted in tremor reduction and
improvement in force control ability of
the contralateral hand. The changes
observed at 3 months post-DBS
remained stable across a period of 10
months, therefore in the results section
we will focus on the differences between
the initial measurement pre-DBS and
the final measurement post-DBS.

Minimal changes occurred in the
ipsilateral hand relative to the device
implantation site. Interestingly, perform-
ance of the ipsilateral hand 13 months
after the surgery continued to be more
skillful than that of the contralateral
hand. These results suggest that, while
DBS implantation clearly improves
force control, there are still differences
in the force control between the hands
that are in the opposite direction of
what would be expected between the
preferred and non-preferred hand per-
formance.

Results demonstrated that, for the
contralateral hand, VIM DBS was asso-
ciated with improvements in the majori-
ty of force control variables and a
reduction of the impact of tremor vari-
ables. High frequency stimulation result-
ed in an 88% reduction of RMSE mean
values for the contralateral hand. There
was improvement of the ipsilateral hand,
however the improvement was only
12% of the improvement of the con-
tralateral hand.

The post-DBS variable values for
the contralateral hand were similar to
the pre-DBS values for the ipsilateral
hand.

The FMD mean and standard devia-
tion values of the contralateral hand
revealed a similar trend; the mean and
standard deviation values were three
times greater pre-DBS than post-DBS.
There were substantial differences
between the contralateral and ipsilateral
hand both pre- and post-DBS. As with
the RMSE findings, the post-DBS values
of the contralateral hand were similar to
the pre-DBS values of the ipsilateral
hand.

In contrast to changes in accuracy
and inter-digit coordination, there were
no temporal changes within either the
contralateral or ipsilateral hand.
However, there was an absolute differ-
ence between hands in that the con-
tralateral hand was four times slower
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than the ipsilateral hand.
The concordance phase variable for

the contralateral hand is distributed
around a mean value of approximately
32 with a standard deviation of 12 pre-
DBS, near the 0 end of the scale that
corresponds to a rigid swaying rhythm.
The post-DBS mean, however, was sig-
nificantly higher (142 + 18) with sub-
stantial shifting toward the 180 end of

the scale that would reflect a repetitive
pinching rhythm. A histogram illustrat-
ing the distribution of concordance
phase in aggregate trials by the PD
patient using the contralateral hand pre-
and post-DBS is shown in Figure 1A.
The concordance phase values of the
contralateral hand post stimulation were
still 21% less than the values for an age-
matched control (Figure 1B). The concor-

Figure 1. (A) Histogram of concordance phase (CP) values with bin widths of 20 units for the
patient’s contralateral hand pre- and post-deep brain stimulation (DBS). (B) Histogram of the
mean CP value for the patient post- DBS (dotted line) compared to the mean CP value of a
healthy control subject (dashed line). (C) Histogram of the mean CP value for the patient’s con-
tralateral (dotted line) and ipsilateral (dashed line) hand pre- and post-DBS. 
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dance phase values for the ipsilateral
hand were substantially higher than those
of the contralateral hand before VIM
DBS and were not changed by the stimu-
lation (164 + 8). The post-DBS values for
the contralateral hand were lower than
either the pre or post-DBS values for the
ipsilateral hand (Figure 1C).

Indeed, a comparison of the pre-
and post-DBS concordance phase values
of this PD patient’s contralateral and
ipsilateral hand with those of a control
participant matched for age, gender, and
hand preference revealed that the con-
tralateral hand values are substantially
less post-DBS in comparison to values
of either hand of the control subject;
however, the values for the ipsilateral
hand of the PD patient and the hand of
similar preference status for the control
participant are similar (Figure 2).

The difference between the thumb
and finger frequencies of maximum
power within the 5-7 Hz tremor range, if
of a statistically significant non-zero
magnitude, would tend to support the

notion of oscillation mechanisms local to
each digit or ones substantially modulat-
ed through independent signal transduc-
tion pathways after branching from a
common remote site of origin. In the
case study presented here the mean val-
ues of this difference at all sessions for
both contralateral and ipsilateral hands
had detectable non-zero magnitude but
the standard deviations were too large
to conclude that any were statistically
different from zero. Interestingly, the
contralateral side pre-DBS, where
tremor is most pronounced, showed that
the thumb-finger difference was very
close to 0 and the standard deviation is
very much smaller than is observed for
all other combinations of lateral group-
ing and session chronology.

DISCUSSION
We have presented the case of a patient
with tremor predominant PD who had
become refractory to medication but
who then experienced tremor reduction
and increased force control following

Figure 2. Difference scores between the pre- and post-deep brain stimulation (DBS) concor-
dance phase values of the patient’s contralateral compared to ipsilateral hand. 
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VIM stimulation. Force control substan-
tially increased and tremor was reduced
for the contralateral hand. The changes
that occurred for the ipsilateral hand
were minimal and may be attributed to
practice and familiarity with the task. In
all cases the values of force control vari-
ables of the ipsilateral hand were similar
to those of a control subject. In addition
there was no detectable tremor present
in the ipsilateral hand. Thus, despite the
progressive nature of PD there were no
changes in tremor power or force con-
trol values during a span of 13 months
following stimulation.

Our finding that stimulation of the
VIM results in tremor reduction con-
tralateral to the implantation site is con-
sistent with previous research.5,6 In this
patient tremor was reduced to the level
of a control subject in the contralateral
hand and there was no detectable
tremor in the ipsilateral hand.

Our previous research suggested
that PD patients experience force con-
trol abnormalities that are present even
after mathematically separating tremor
from aggregate force control data.1

These findings are consistent with other
studies in which PD is reported to
impair movements that require finger
dexterity and hence finer cortical con-
trol.8,9 However the relationship
between basal ganglia degeneration and
force control abnormalities is not well
established. Neural modulation through
stimulation of the subthalamic nucleus
and the internal segment of the globus
pallidus is effective for improvement of
bimanual motor performance, maximum
grip force production and temporal
aspects of motor performance.7 These
authors suggest that stimulation may
reduce the variability in force control
such that the neural circuitry can oper-
ate in a non-pathological way.

In this case study we sought to
examine unimanual force control prior
to and following thalamic stimulation.

Our findings showed that stimulation of
the VIM results in force control
improvements of the contralateral hand.
Despite these improvements, contralat-
eral hand performance did not reach the
level of performance of the ipsilateral
hand.

No changes in the temporal compo-
nent of the task were observed for
either the contralateral or ipsilateral
hand. This finding is consistent with the
notion that VIM DBS does not affect
motor symptoms such as bradykinesia
that are associated with PD. The time
required to complete the tracing task by
the contralateral hand was greater by
more than 50% when compared to the
ipsilateral hand or to either of the con-
trol subject’s hands. These findings are
consistent with other data suggesting
that following stimulation of the sub-
thalamic nucleus PD patients were still
more than 40% slower in completing
tasks than are controls.10

In conclusion, the evidence presen-
ted suggests that the VIM DBS is an
important site for reducing action tre-
mor and improving force control in PD.
In addition stimulation is associated
with stable tremor and force control and
coordination in PD. These data support
a link between basal ganglia degenerati-
on and force control.
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