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Summary

In order to investigate sensorimotor processing and force
development in Parkinson’s disease, 16 patients, four
patients with hemiparkinsonism and 12 age-matched
normal subjects were assessed during lifting and holding
of an object in a precision grip between thumb and
forefinger, or holding the object in this grip at a fixed
height above a table. In the former case, object loading
could be changed between lifts without warning. In the
latter case, unexpected step load changes to the object
were applied to the object with a torque motor. All
procedures could be applied with or without visual control
of the hand and the object. Normal subjects lifted an
unpredictable load employing the grip force parameters
used in the preceding lift. If a load change was
encountered, the parameters became adapted to the new
conditions during the lift, modulating grip forces to match
the loading. Parkinsonian patients retained this strategy
and the ability to regulate grip forces according to load.
Under all conditions, however, parkinsonian subjects
developed abnormally high grip forces in both the lift
and the hold phase, although the ratio of these forces
remained normal. Lifting height was normal in
parkinsonian subjects, but the duration of the lifting task
was significantly prolonged, due to a marked slowing in
the rate of grip force development in the lead-up to

object lift-off and to prolongation of the movement phase.
Forewarning of object loading, with or without visual
control, did not reduce timing deficits or improve the
rate of grip force development. However, it did allow
parkinsonian subjects to reduce the safety margin
significantly. Responses to step load changes imposed
during holding without visual control showed minor
abnormalities in the parkinsonian patients: onset latencies
and EMG activity in the first dorsal interosseus and thenar
muscles were normal up to 140 ms after displacement.
Subsequent EMG activity in the first dorsal interosseus
remained largely normal, but activity later in the slip
response (140-210 ms), subject to voluntary influence,
was reduced in the thenar muscle. Differences were less
marked under visual conditions, but remained significant.
We concluded that the internal parameter set for lifting
an object in a precision grip and the automatic processes
adapting precision grip to actual conditions are intact
in Parkinson’s disease. However, parkinsonian subjects
generate abnormally high grip forces and require longer
than normal subjects to complete a lift, particularly with
lighter loads. This deterioration in performance reflects
both reduced effectiveness of sensorimotor processing
and impairment in the rate of force development in
Parkinson’s disease.
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Abbreviations: FDI = first dorsal interosseus; PMA= premotor cortex; SEM= standard error of the mean; SMA

supplementary motor area

Introduction

Any study of the motor deficits arising from neurological motor disorders or, indeed, the problems facing affected
conditions in which quantitative assessment of movemenpatients on a day-to-day basis.

parameters and the extent of pathological changes are to beln the case of Parkinson’s disease, for example, it is known
measured requires standardization of the movements chosémat deficits in relatively simple motor tasks, such as scaling
for study. This has often led to the use of externallyisometric forces (Stelmach and Worringham, 1988) and slow
imposed movement, or self-generated movements of a highljnovements where accuracy and speed are not of cardinal
simplified and hence highly artificial nature. Given theimportance (Montgomery and Nuessen, 1990), are relatively
complexity of our nervous system and of the motor tasksunaffected. This is in contrast to the situation with fast,
that have to be performed under functional conditions, itaccurate movements (Berardedi al, 1986 1996) and in
should not be automatically assumed that such studies withsks involving a sequence of movements (Beneskall,
yield meaningful data about either the pathophysiology 0f1987; Agostincet al, 1992) or the simultaneous performance
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of tasks (Schwalet al., 1959; Beneckeet al, 1986). It has investigate the motor deficits of patients with Parkinson’s
also been suggested (Curea al, 1997) that parkinsonian disease, using both the self-generated lifting paradigm and
patients show greater abnormalities during internallythe automatic responses to object slippage.
generated movements than in movements made in responseLifting was performed under three conditions. (i) The first
to external, environmental cues. Marsden (1989) has proposexbndition used unpredictable changes in object load occurring
that such a dichotomy may arise from the far greatebetween lifts. This part of the study was intended to reveal
involvement of the supplementary motor area (SMA) in thebasic deficits in the performance of this internally generated
former mode. The SMA is thought to be a major projectiontask, as well as to investigate the extent to which predictive
area for the basal ganglia. Marsden has argued, thereforand adaptive changes in grip force were preserved in
that damage to the basal ganglia would disrupt the functioningarkinson’s disease. Some evidence exists that while even
of the SMA and particularly affect self-generated movementscomplex patterns of movement can be learnt by parkinsonian
When, however, a movement is made in response to anpatients, they are particularly impaired in switching between
under the guidance of external cues, the SMA is thought tdwo such learnt tasks within a trial (Robertson and Flowers,
be much less involved (Goldberg, 1985), the major role nowl990). The predictability of an object’s behaviour (Bloxham
being played by the premotor cortex (PMA), which receiveset al, 1984) and the visual control of an object (Cooke and
significantly less input from the basal ganglia. Thus deficitsBrown, 1979; Klockgether and Dichgans, 1994) have been
in such motor tasks might be thought to be much less affectesuggested to lead to an improvement in the performance of
in Parkinson’s disease. It is thus desirable to study a paradigiparkinsonian patients, possibly due to the greater involvement
which, while involving a meaningful degree of complexity of the PMA, for which the visual cortex is an important
and representing a normal part of our motor repertoireafferent source, under these conditions (Goldberg, 1985;
may nevertheless be standardized to an extent that allowdarsden, 1989). Therefore the lifting task was also studied
intersubject evaluation. (i) with object load constant and known to the subject in
One such task is the lifting of an object in the hand using aadvance and (iii) with predictable, unchanging load and,
precisiongrip. This paradigm has been investigated extensivelgdditionally, visual control of the hand and object. The
in normal subjects by Johansson and his co-workers (for revieywossible expression of this SMA/PMA dichotomy in the motor
see Johansson, 1996). They have shown that lifting in &ehaviour of parkinsonian patients was further evaluated by
precision grip is achieved by a complex but reproduciblestudying the functional, automatic, but cortically mediated
sequence of voluntary activity, which involves arm positioning,responses to an unexpected load change of an object held in
preparation of the fingers for gripping the object, and then the precision grip.
appropriate development of finger grip forces combined with
lifting and bracing activity in the wrist, elbow and shoulder
musculature. In addition it has been demonstrated that this tagﬂ?lethod
contains elements of memory, the grip force parameters bein, .
recalled as a set on a predictive basis with the assumption th ubjects . . )
object loading will have remained unchanged from the last € prese_nt study mvolyed 16 pat|er,1ts (aged 46-82 years;
encounter (Johansson and Westling, 1988; Goedlah 1993). 1_1 male, f|ve_ female) with P_arklnsons dls_ease who, aJF the
Ithas also been shown that such a parameter set can be modifi e of exammqnon, were being tre_ated_as In- or out-patients
automatically during an ongoing lift when sensoryinformationO t_he neu-rolog|ca_1l chmc of -the University of Aachgn. Four
(predominantly cutaneous afferent information from the hand?atients with hemparkmso_msm (aged 42_73 years, al n]alt,a)
and lower arm (Johansson and Westling, 1984, 1987) indicatedc'® also studied. All patients were examined in the ‘on

that a change in loading has been encountered (Johanss&r?,ndition' C”F“Cﬁ' details are given in Taple L Twe_lve age-
1991). matched subjects (aged 43-77 years; six male, six female)

In addition to these self-generated, ‘internal motorwith no neurological abnormalities acted as a control group.

programmes, a further set of automatic motor response’é”.SUbJeCts gave their informed consent to thg procedqres,

acting to stabilize grip forces on an object have also beeIWhICh had. pre\'n‘ous.ly.been approved by the Ethics Committee

well characterized following slip of an object held in a of the Universitgsklinikum, Aachen.

precision grip, whether spontaneous or externally induced

(Cole and Abbs, 1988; Johanssenal., 1992, b, ¢). Such

responses might be considered to fall into the second clasdpparatus

of ‘responsive’ motor tasks defined by Marsden (1989).  The experiments were performed in a quiet room with
However, although precision grip has been studiedsubdued lighting. The subjects were seated in a stable chair

extensively in normal subjects, its application to patientbefore a table on which the lifting apparatus (Fig. 1A) was

groups with motor disorders has been limited to a very fewplaced. A curtain could be drawn between the subject and

pilot studies (Mller and Abbs, 1990; Hermsder et al,  the apparatus when required in order to remove visual cues

1994; Fellowset al, 1997). It was therefore decided in the concerning hand position. The original Johansson paradigm,

present study to utilize the precision grip paradigm towhich involves lifting an object free to move in space, was
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Table 1Clinical details of patients

Patient Sex* Age Duration of UPDRS scbre
(years) symptoms (years)
Clinical details of the parkinsonian patients
1 M 65 9 63
2 M 72 4 75
3 M 82 11 57
4 M 76 4 29
5 M 72 4 45
6 F 76 5 25
7 F 74 9 59
8 M 73 9 19
9 M 64 8 37
10 M 58 2 23
11 M 65 12 33
12 M 59 5 111
13 F 74 5 45
14 F 66 6 49
15 M 74 <1 73
16 F 45 <1 35
Clinical details of the hemi-parkinsonian patients
1 M 42 3 24
2 M 59 8 20
3 M 67 1 19
4 M 73 <1 22

*M = male; F= female.'Unified Parkinson’s disease rating scale: activities of daily living and
motor scores (items 5-31), maximum 160.

modified both to make the task more manageable for th&Vith no extra torque from the motor, the block and transducers
patients and to obtain more accurate standardization of liftingepresented a load of 3.3 N. A laboratory computer
and externally applied load changes in order to simplify the(Macintosh Ilvx, Apple, Cupertino, Calif., USA) controlled
guantitative assessment of changes in Parkinson’s diseaghe output of the motor via the analogue outputs of an
The device consisted of an aluminium block that was free tanalogue-to-digital converter board (NB-MIO-16H, National
move in the vertical plane on a low-friction track. This change,Instruments, Austin, Tex., USA) and a servo device in order
by preventing lateral movement of the object, rendered theither to vary the static load of the device before a lifting
present paradigm less natural than the classical paradigtrial or to apply rapid step increases in the load force during
developed by Johansson, but nevertheless the task remainadnaintained lift. This computer also generated trigger events
to a large extent functional, offering great advantages oveto initiate sampling. A position signal was provided by a
the more artificial tasks usually employed in clinical studies,linear potentiometer (T60500, VAC, Germany) mounted as
while still allowing a degree of standardization of the task.part of the track. EMG signals were obtained from the first
The block was in two parts, to each of which was attachedlorsal interosseus (FDI) and thenar muscles using 8 mm
a plastic disk that was contacted by the tip of the fully diameter silver surface electrodes taped over the muscle belly
extended thumb and forefinger respectively. These disks wer@nd tendon. These signals were amplified, filtered (gain 1000,
interchangeable in order to allow the frictional properties ofbandwidth 10 Hz to 10 kHz) and passed, together with
the grip surface to be varied: in the present study two settrigger, grip force, load force and position signals, to the
were used, one set covered with sandpaper, the other witnalogue-to-digital converter board (NI-PCI-MIO-16XE,
silk. The subjects were required to keep the other finger®ational Instruments) of a second computer (Power
away from the apparatus while lifting the block (usually Macintosh 7600/132, Apple), which, using the LabView 4
achieved by flexing these fingers) and to rest the elbow oénalysis package (National Instruments), sampled each
the active arm on a padded support. A force transducechannel at 2.5 kHz, displaying the data on-line and saving it
(9301B, Kistler, Winterthur, Switzerland), mounted betweento disk for later analysis.

the two halves of the block, registered the grip force exerted

on the block by the subject. The block was also connected,

via a non-elastic band, to a servo-controlled torque motorProcedures

which varied the load the subject was required to lift. AThe total experimental time was between 45 and 55 min,
second force transducer mounted between the block and thikepending on the attention span and stamina of the subjects.
band registered the vertical load force acting on the blockThe study period was divided into three sections. The
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Fig. 1 (A) The lifting apparatusp = connecting band; fi= forefinger grip; g= grip force transducer;
| = load force transducer; leF load; t = track; th= thumb grip; p= pulley; tm = torque motor.

(B) Grip force, load force and position traces from a typical normal lift, illustrating the parameters
measured for each lift.

first, ‘unpredictable loading’, examined the responses of the In order to examine the effects of uncertainty and the
subjects to unexpected changes in the load of the objedmnportance of visual feedback about hand position on the
between two successive lifts. Under such conditions it hasifting responses of the normal subjects and the patients, a
been demonstrated that a subject initiates a lift using theecond series of lifts, ‘predictable loading’, was then
parameters (e.g. the grip force profile) appropriate to the loagerformed. This series consisted of 10 lifts. The subjects
encountered in the previous lift (Gordehal., 1993). Should were informed at the outset that the block would be unloaded
the load encountered differ from that expected, normali.e. 3.3 N) and were asked to make the series as consistent
subjects are able to adjust their lifting parameters toas possible in terms of lifting height and movement velocity.
appropriate values within the course of a lift (Westling andAfter five lifts the subjects were shown the height they had
Johansson, 1984). In order to examine the extent to which thiseached in the previous series and were asked to reproduce
predictive and adaptive behaviour is preserved in Parkinsonthis in the remaining five lifts with full view of their hand.
disease, the following protocol was employed: the subjects The final series, ‘unexpected loading’, examined the grip
were required to grasp and lift the block 4-8 cm above thdorce adjustments evoked by a situation simulating
table in one smooth action, hold the end position for 5-6 sspontaneous slip of an object held in a precision grip. For
then, on command, to open the fingers slowly and let thehis series the subjects were required to maintain the unloaded
block fall. The subject was unable to see the hand and hablock (3.3 N) at a steady height 4—6 cm above the table. The
no pre-information on the loading of the block, which wasgrip surfaces for this section were of silk. Step increases in
varied pseudorandomly between one of two levels, namelyhe load (2 N in 10 ms) were then randomly applied at
3.3 and 7.3 N. The grip surfaces were of sandpaper. A totdhtervals of 15-20 s. Subjects had been informed not to
of 21 lifts were performed, so that, discarding the first trialactively resist such loading events, in order to minimize
with no prehistory, five trials were obtained for each of thevoluntary contamination of reflex responses. Ten such trials
four conditions: light load following light load (‘light’); light were applied with and without visual control of the hand.
load following heavy load (‘unload’); heavy load following Any trial in which the block escaped the patient’s grasp was
light load (‘load’); heavy load following heavy load (‘heavy’). eliminated from later analysis and repeated, but this was a
Each lift was separated by a 15-20 s pause. rare occurrence.
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Analysis assumption that conditions would be as in the last lift. Peak

For lifting trials a series of parameters was obtained for eacBrip forces were significantly modulated according to the
lift, as shown in Fig. 1B, which represents a typical unloadedifting conditions @ < 0.0001), significantly higher peak
(3.3 N) lift from a normal subject. The starting point for the grip forces being developed when the heavier load was
analysis was the first increase in the grip force signalencountered compared with values for the lighter loading
indicating contact of the finger and thumb with the block. (P = 0.0022). In addition, however, peak grip force values for
Two timings were made from this point: that to the first lifts under ‘unload’ conditions were S|Ight|y but significantly
increase in the position signal (initial grip to lift), and that higher @ = 0.0029) than in lifts under ‘light’ conditions. This
to the peak value in the grip force signal (time to peak gripiS indicative of a force profile selected with the assumption of
force). The magnitude of the peak grip force developed up heavy load, but terminated at a lower value when sensory
to the attainment of a stable end position (peak grip forcejnformation indicated that a light load had in fact been
and the static grip force at an arbitrary point 4 s after initialencountered. Curves for the grip force for a typical normal
contact were also measured. In addition, the duration of théubject are shown in Fig. 2A. Each trace is the average of
lifting phase and the height of the final hold position werefive lifts under a given condition. The figure also displays the
measured. Finally, the grip force at which the block escapegorresponding responses of a typical patient with Parkinson’s
the subject’s grasp (slip force; Westling and Johansson, 1984)sease. It may be seen that peak grip force levels were
was estimated. From these parameters two further valug®arkedly higher under all conditions in the parkinsonian
were calculated: the difference between static grip force angubject.
slip force ‘safety margin’), and the static grip force, expressed Figure 2B shows the group averages GEM) for the
as a percentage of the peak grip force. peak grip force under each of the four lifting conditions. It
For the step load, changes during holding each sequend® apparent that the parkinsonian subjects developed
of 10 unexpected load changes were checked for artefacggnificantly higher grip forces under all conditions. It is
and contaminated sweeps were eliminated; then, aftegqually apparent, however, that they maintained the ability
rectification of the EMG signals, the changes were processe@ scale force according to load, developing significantly
to yield the average response. Averaged EMG curves werigher forces during ‘heavy’ lifts than in those under the
then normalized by dividing them by the mean EMG level ‘light’ condition (P = 0.0007). Furthermore, the parkinsonian
in the 200 ms period preceding the step load change. Theg@tients maintained the normal ‘memory’ strategy of
curves were further processed to obtain the cusums, frorassuming that load would remain unaltered from the last lift,
which were obtained the total EMG activities in the intervalsas demonstrated by the significantly higher peak forces
70-140 and 140-210 ms after onset of the load step. Ifeveloped in the ‘unload’ than in the ‘light’ conditio (=
addition, after evaluating any differences between the subjecf0097). But although peak forces in the unload condition
for initial position, load force or grip force, these initial were higher than those in the light condition, they were
values were subtracted from their respective curves t@lso significantly lower than those developed in the heavy

standardize their starting values and allow the constructiogondition @ = 0.0008). Thus the parkinsonian patients also
of grand average responses. retained the ability to modify a lift when sensory information

indicated a change in loading.
Returning to Fig. 2A, it may be seen that normal subjects
reduced grip force to a more or less stable level (the static

rip force) once the object had attained the desired position.

L’:I;z'p?rr]imset;(\:/g@“j“;al ::l;cl;ysels(sztgfudsatgé/\rllilsleperfgznf aigure 2C shows that the magnitude of the static grip force
g = P 9 ' Y, ‘Wwas also clearly dependent on loa@ & 0.0001). This

USA). Group averages for the lifting section were obtained

by combining the median value under a given condition ofrelationship was retained in the parkinsonian subjeRts:(
y 9 9 .0.0001), but they still produced inappropriately high grip

each subject. Where appropriate, data were evaluated using o< for a given loadR = 0.0004). Figure 2D displays the

the Friedmann test, the Mann-Whitneest, the Spearman static grip force represented as a percentage of the peak value
rank correlation or the Wilcoxon signed rank test. Second- gnp P P g b

) . . . _during a lift. It may be seen that the relationship between
order polynomial regression modelling was performed USIN%he two parameters was normal in the parkinsonian patients
the same package.

under all lifting conditions. Thus, although the parkinsonian
patients were able to correctly select and modulate grip forces
according to the load encountered, they invariably employed
Results an abnormally high level of grip force at all stages of their lifts.
Unpredictable loading From Fig. 2A it may also be seen that not only the
As would be expected from the findings of Johansson andnhagnitude but also the timing of the grip force change was
his co-workers (Gordoat al., 1993), normal subjects showed abnormal in the parkinsonian patients, displaying a marked
clear evidence of selection of lifting parameters on the basislowing. The graph on the left-hand side of Fig. 3A shows
of the last lift experienced: that is, they began a lift with thethe grip force curves from the initial phase of a lift under

Statistics
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Fig. 2 (A) Mean grip force curves obtained from the five lifts performed under each of the four
conditions for a representative normal subject and a parkinsonian paBgrpu@ntitative data for

peak grip forces used under each of the four lifting conditions. Each bar represents the group
mean= SEM. Filled bars are normal subjects; shaded bars are parkinsonian pat@n&.o(p means

for static grip force obtained under each of the four lifting conditionsB land C asterisks indicate
statistically significant differences between the groupgs €* 0.05; **P < 0.01; ***P < 0.001).

(D) Group means for the static grip force expressed as percentages of the peak grip force in each of
the four conditions.
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Fig. 3 (A) In the graph on the left the thin lines show grip force development from the early stages of
a lift under ‘light’ conditions for the parkinsonian patients. The shaded area represents the normal
mean (¢ SEM). The graph on the right-hand side illustrates the excellent fit of a second-order
polynomial model to these curves for a representative normal subject and a parkinsonian yatient.

ax + b2 All P < 0.0001;r2 > 0.96. 8) Group means+ SEM) for the predicted grip force after

100 ms obtained for each subject from this model, showing the significant reduction in the rate of grip
force development in the parkinsonian patients (black bar®).<(*0.05; **P < 0.01).

‘light’ conditions for each of the parkinsonian patients, alongtaken to get the block in motion) is given for each of the
with the group mean®{ SEM) for the normal subjects. It is four lifting conditions in Fig. 4A. It may be seen that this
apparent that all but three of the 16 patients lay below thdime was significantly prolonged by ~50% in the parkinsonian
normal range. The graph on the right-hand side of this figuresubjects under all conditions. A similar prolongation was
illustrates that the initial phase of the grip force increaseseen for the time taken to reach peak force value (Fig. 4B).
could be meaningfully modelled as a second-order polynomialrhese delays were matched by an increase in the duration
in both the normal subjects and Parkinsonian patients. of the movement phase (Fig. 4C), which was significantly
Figure 3B displays the results of such a modelling: if thelonger in the parkinsonian patients than in the normal subjects
formula was used to predict the grip force developed afteunder all conditions. Furthermore, the significant prolongation
100 ms, a significantly lower force than normal had beerof movement duration seen in the normal subjects with
reached in the parkinsonian patients under all liftingheavier loads was lost in the parkinsonian subjects, due to a
conditions Thus the parkinsonian subjects not only developegdroportionally greater slowing of movement in lifts involving
higher peak grip and static hold forces, but showed greatlyhe lighter load. Figure 4D shows the lifting heights achieved
retarded rates of grip force development. Together, thesby both groups under each of the four conditions. These
factors had a marked effect on the timing of lifts performedwere unchanged from normal values, indicating that the
by the parkinsonian patients. prolongation of the movement phase cannot be attributed to
The time from the initial contact between the fingers andan increase in lifting height.
the block to the first vertical displacement (that is, the time Due to the small number of patients studied, the responses
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Fig. 4 Quantitative data for timings and amplitudes of lifts under each of the four conditions. Each bar
represents the group meanSEM. Filled bars represent normal subjects; shaded bars represent
parkinsonian patients. Asterisks indicate statistically significant differences between the groups

(*P < 0.05; **P < 0.01).

of the hemiparkinsonian patients were not evaluatePredictable and visual predictable loading
statistically. Qualitatively, however, it was apparent that theThe performance of normal subjects in the lifting task was
changes on their ‘affected’ side corresponded to those segibt discernibly affected either by providing the normal
in the other parkinsonian patients. Figure 5 shows the grigubjects with forewarning of the load to be lifted or by
force and position curves from a lift under ‘light’ conditions allowing visual control of finger position (for all parameters
for both sides of one of the hemiparkinsonian subjects. A> was non-significant; Friedmann test). Similarly, no
similar profile was obtained from the other three subjects. limprovements in the timing deficits of lifts was observed in
may be seen that the ‘affected’ side showed both increasege parkinsonian patients. But, as may be seen in Fig. 6,
levels of grip force and a slowing of the rate of developmentproviding parkinsonian patients with forewarning of the load
leading to a marked prolongation of the whole lifting task. to be lifted led to a reduction in the safety margin employed.
On the ‘unaffected’ side the curves were more nearly normalyhis difference just failed to reach significande € 0.057),
with lower levels of grip force and a faster rate of rise, soput additionally allowing the parkinsonian subjects to view

that the task was completed in a much shorter time. It shoulgheir hand led to a further, highly significant reduction in the
be noted, however, that the description ‘unaffected’ is notsafety margin ® = 0.0092).

completely accurate: for instance, the grip force curves

obtained from both sides of this patient revealed a small-

amplitude action tremor. Nevertheless it is largely true thalJnexpected loading

the hemiparkinsonian patients showed a typical pattern of/nder conditions of both visual and non-visual control, the
changes predominantly on the ‘affected’ side. parkinsonian patients were able to maintain the object at a
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Fig. 5 Grip force and position curves obtained during a lift under
the light loading condition on the affected and unaffected side of

a typical hemiparkinsonian patient.
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Fig. 6 The effect of foreknowledge of load, with or without visual
control of hand position, on the safety margin employed while
lifting a light load. Values are group means SEM) for the
parkinsonian subjects. Overall significance with the Friedmann
test,P = 0.0136. Significances are given for paired comparisons
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visual conditions.

2N

Precision grip and Parkinson’s disease 1779

stable height. In contrast to the situation in the shorter hold
phases of the self-initiated lifts, where abnormally high grip
forces were developed, the parkinsonian subjects were able
to maintain position using grip forces within the range shown
by the normal subjects. The unexpected load change displaced
the block significantly further (2.5 mm) than was the case in
normal subjects (non-visual controP = 0.0030; visual
control, P = 0.0198), but in all cases the parkinsonian
subjects were able to retain their grip of the object. The
reason for this larger displacement cannot be discerned from
the data of the present study: the grip force curves in the
first 100 ms after the load step, when most of the object
displacement occurred, were identical in normal and
parkinsonian subjects. As the fingers remained in contact
with the block throughout this period, this displacement must
have been induced at the wrist joint. It is possible, therefore,
that the greater object excursion results from differences
in the compliance of the wrist and forearm musculature
(Hufschmidtet al, 1991), which were not measured in the
present study.

Figure 7 shows the grand average responses obtained
without visual control in both groups. The onset latency of
the response in parkinsonian patients was unchanged from
normal values. Quantitative analysis of EMG activity was
performed over several intervals, as follows: onset to 90 ms,
in order to evaluate activity before any possible contribution
from voluntary activity; 90-120 ms, to evaluate activity in
the interval where voluntary activity, while possible, is
unlikely to have played a role; and 120-140 ms, where a
modulation of EMG activity was apparent in most subjects.
No differences from normal values were seen in the
parkinsonian patients in any of these intervals, or over the
total interval from response onset until 140 ms, in either FDI
or thenar muscles. Activity was also compared in the interval
from 140 ms after loading until 210 ms, when the ‘catch-
up’ response can be considered complete (Johansson, 1991).
This later activity, which is likely to contain a sizeable
voluntary contribution, was largely unchanged in the FDI,
but was significantly reduced in the thenar musdke =
0.0002). This led to a flattening of the grip force curve in
the parkinsonian subjects, although the peak value was not
significantly lower than normal values. Later EMG activity
(>210 ms) and the subsequent holding force were at
normal levels.

Figure 8 shows the curves obtained from both groups
under visual conditions. EMG activity in both the FDI and
thenar muscles was normal in the parkinsonian patients in
all intervals up to 140 ms. Again, however, a significant
reduction P = 0.0098) in the late (140-210 ms), voluntary-
influenced EMG activity was apparent in the thenar but not
in the FDI muscle. The peak of the grip force curve was also
flattened, but again no significant differences from normal
values were obtained. Similarly, later EMG activityZ10
ms) and the hold force in the plateau phase did not differ
between parkinsonian subjects and normal subjects.
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Fig. 7 Grand average responses to an imposed load change (2 N,

200 N/s) for the parkinsonian patients (lines) and normal subjects ] 2 mm
(filled shaded traces) without visual control of hand or object. The

time axis applies to all traces. The dotted line arising from this

axis indicates the point at which the load change was applied. iy 8 Grand average responses to an imposed load change (2 N,

From the top, the traces are: rectified and normalized first dorsal 0 N/s) for the parkinsonian patients (lines) and normal subjects
interosseus (FDI) EMG activity; rectified and normalized thenar (filled grey traces) with visual control of hand and object. The

EMG activity; integrated FDI EMG; integrated thenar EMG; grip  {ime axis applies to all traces. The dotted line arising from this

force exerted on the object; object position. axis indicates the point at which the load change was applied.
From the top, the traces are: rectified and normalized first dorsal
Discussion interosseus (FDI) EMG activity; rectified and normalized thenar

: : ) : EMG activity; integrated FDI EMG; integrated thenar EMG; grip
MOtOI’_ memory s_ets in Parkinson’s disease . . force exerted on the object; object position.
The grip force profiles employed by the normal subjects in

the present study when lifting an object of unpredictable load

clearly demonstrated the use of a memory ‘set’ based on theormal subjects generated significantly higher peak forces in
load encountered in the previous lift, confirming the findingsthe ‘unload’ than in the ‘light’ condition, but were still able
of Johansson and his co-workers (Gordaral, 1993). The to produce significantly lower peak forces in the ‘unload’



Precision grip and Parkinson’s disease 1781

condition than those employed for the heavier loading. Thisa normal relationship between the peak grip force during the
indicates that they could successfully modify lift parameterdifting phase and the static grip force during the holding
on the basis of somatosensory information obtained at thphase, they showed significantly higher levels of grip force
onset of the erroneously programmed lift attempt so thathan the normal subjects at all stages of lifting. Such an
more or less appropriate levels of grip force were develope@levation in grip force during lifting in a precision grip has
within one trial (Johansson and Westling, 1988). Bothbeen associated with a variety of circumstances. In normal
the prediction of load on the basis of the previous trial andsubjects it is known to occur when the cutaneous afferents
the ability to correct grip forces during an ongoing lift of the fingers and lower arm are subject to local anaesthesia
were largely preserved in the parkinsonian patients. ThigJohansson and Westling, 1984;d¢a-Ross and Johansson,
finding is supported by that of Mier and Abbs (1990), 1996). A recent study of precision grip performance in
obtained from a much smaller group of patients, and has twa patient with chronic sensory demyelinating neuropathy
important implications. First, parkinsonian patients were ablgThonnardet al, 1997) has also reported elevated levels of
to maintain in memory and subsequently recall a set ofyrip force. These were observed to normalize when finger
parameters defining a complex voluntary motor tasksensation was restored by intravenous immunoglobulin
Secondly, and in contradiction to Robertson and Flowerdreatment, but returned to abnormally high levels when this
(1990), they were capable of storing more than one suckreatment ceased to be effective. In recent years evidence
set, and were able to switch between them at appropriatkas been increasing that parkinsonian patients suffer from a
points in an ongoing motor trial. But although the range of sensory deficits: it has been suggested in several
parkinsonian patients were able to modulate their grip forcestudies (Schneideet al, 1987; Klockgetheret al., 1995;
appropriately to the loads encountered, it was apparent thdbbstet al, 1997) that parkinsonian patients are significantly
both grip force development and the movement phase ofvorse than normal subjects in sensing passively imposed
their lifts were profoundly slowed under all conditions and movements. This loss of kinaesthetic sense has been attributed
that they invariably employed abnormally high levels ofto increased gating of afferent input by basal ganglion
grip force. structures (Schwaret al, 1992). Perhaps more relevant for
the present findings are the results of a recent study of tactile
perception of the fingers in Parkinson’s disease (Sathian
Bradykinesia and the precision grip et al, 1997), in which it was found that a significant increase
The pronounced increase in the time required to develop grigtwofold) in the tactile threshold at the fingertips was present
force seen in>80% of the parkinsonian patients in the in parkinsonian patients. Given the vital role of the cutaneous
present study was not so apparent in the earlier study ddfferents of the fingers in the control of precision grip
Muller and Abbs (1990), and was there attributed simply to(Johansson, 1996) and the increase in grip force associated
the extra time required to reach the abnormally high gripwith blockade of such fibres in normal subjects (Johansson
forces generated by the parkinsonian patients. The results @hd Westling, 1984; Hger-Ross and Johansson, 1996), the
the present study, however, demonstrate that, in addition tabnormally high levels of grip force seen in the parkinsonian
prolongation of the time required to reach peak grip forcepatients in the present study may well represent a sensory
due simply to increased levels of grip force, a more importantieficit affecting cutaneous afferent input. Whether this deficit
source of delay is the pronounced slowing in the rate akrises from a deficiency in peripheral receptors or from
which the grip force was generated in the parkinsoniarabnormal central processing due to disturbance in the basal
patients. Godawset al. (1992) have reported a correlation ganglia cannot be decided on the basis of the present data.
between the rate of rise of arm muscle EMG and the slowness# line with the suggestion of Marsden (1989), however, it
of reaching movements. Furthermore, a slowing of both forcés tempting to attribute this deficit to inappropriate selection
generation and, in particular, of force release, has been foursf force levels by the SMA due to misleading afferent
for isometric contractions in Parkinson’s disease (Jordainformation relayed from structures in the basal ganglia. That
et al, 1992). This delay seems likely to be central in origin enough sensory discrimination was preserved in the patients
because, at least for leg muscles, contractile properties appegf the present study to allow them to successfully modify
to be unchanged in Parkinson’s disease (Hufschmidil,  grip force parameters in response to perceived load changes
1991). Indeed, Horak, reporting a failure to generate forceloes not necessarily contradict this view: such adaptive
rapidly in a postural task in parkinsonian patients, attributecorogrammes are automatic adaptive responses to external
this failure directly to basal ganglia dysfunction (Horak cues, and under the models of Marsden (1989) and Goldberg
et al, 1996). (1985) they would be mediated over pathways avoiding the
SMA and, thus, the disruptive influence of the damaged basal
. ) ) ganglia. The largely normal levels of grip force generated
Sensorimotor disturbances and elevated grip by the parkinsonian patients during prolonged maintenance
force levels of an object in a precision grip might also be a reflection of
Although parkinsonian patients were capable of modulatinghis dichotomy: such a task may be considered to require
grip forces to match changes in object loading and showedhuch less conscious involvement than does the short hold
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phase in a self-initiated lift, during which the subject wasimposed loading studied here might be considered more
waiting for the order to release the object. representative of the functional state of reflex control of the
hand in Parkinson’s disease. No changes in this activity were
observed in the patients of the present study, which supports
Visual effects on disturbed precision grip the hypothes_ls of G_oldberg (1985) and of Marsden (1989)
rameters in parkinsonian subiects that automatic adaptive processes to external cues are largely
pa P J ... preserved in Parkinson’s disease. The clear reduction in late
AIthoug_h many repo_rts have stressed_ the loss of the _ab'l't¥140—210 ms) activity in the thenar muscle, in contrast, can
f)f pafk”.‘soﬂ'a” patllents o use .pred|ct|ve (usually wsual)be considered to arise from the known abnormalities in self-
information in tracking and pointing tasks (Flowers, 1975’generated movements in the parkinsonian patients, expressed

1976, 1978, b, C).’ others have §hown that 'this is a function here through the likely voluntary nature of this later activity.
of task complexity, and that simple tracking, for example,

can be performed predictively in Parkinson’s disease (Day
and Marsden, 1982; Bloxharmet al, 1984). In general, C
performance would seem to be inversely related to taslft
complexity. One might expect, therefore, that when

parkinsonian patients were provided with forewarning Of(Noth et al, 1985), the functional, cutaneous afferent-

object loading, thus_3|mpl|fy|ng the task, _the|r lifting mediated responses to imposed load changes are preserved,
performance would improve. Furthermore it has been

: . i Ibeit [ ft delay (Fell [, 1997). In thi
suggested that the importance of visual cues is increased albeit appearing after a delay (Fellowsa ). In this

thse the delay was attributed to reduction in the level of

arm moyemen.ts of parkmsomap papents (Cooke an_d Brownamd/or the effectiveness of cutaneous afferent input due to
1979), indicating that a similar improvement might be

. . . . isruption of processing by the damaged basal ganglia. Such
expected when the parkinsonian patients were allowed wsuq - : o
control of the object and their hand. However, with the sensory deficit may play a role in the reduction in the later

. . . stages of the thenar EMG response seen in the parkinsonian
exception of the safety margin, none of the grip force g P P

" hether of itud Ftimi fect @atients in the present study, but with regard to the earlier
parameters, whether ot magnitude or ot timing, were atiecte omponents a clear difference exists between these two basal
by either predictability of object loading or visual control.

In terms of the forces generated this is perhaps not Saanglion disorders in either the behaviour of peripheral
L ; ; . eceptors or the nature of the deficit in central processing.

surprising, as the object provided no visual cues of the load

to be encountered. It has also been reported, however, that

arm-pointing movements of parkinsonian patients performe%\cknowled(‘:]emerlts

without visual control are slower than normal and tend toWe wish to thank C. Schaffrath for hardware and software

overshoot the target (Klockgether and Dichgans, 1994).upport Dr R. Toper for his comments on the manuscript

One might expect, accordingly, that movement duration an&nd Professor K. Willmes for statistical advice. This work

amplitude might change when the parkinsonian subjects of )
the present study were provided with visual control. BothwaS supported by a grant from the Deutsche Forschungs

parameters remained unchanged, however, which ma?,ememschaft (SCHW666/1-1).

represent differences in task between lifting an object in a
precision grip and whole-arm pointing.

hanges in other basal ganglia disorders
is interesting to note that in patients with Huntington’s
disease, in whom long-latency stretch reflexes are abolished
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