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Paradoxical effect of digital anaesthesia on force
and corticospinal excitability
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The role played by sensory information in maintaining motor cor-
tical representations is still incompletely understood. We investi-
gated the effect of digital anaesthesia of the index finger and
thumb on the amplitude of motor evoked potentials to transcranial
magnetic stimulation (TMS) recorded from the first dorsal interos-
seus, F-wave response probability and maximal key pinch force.
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Whereas digital anaesthesia led to a 29% decrease in maximal
force, both motor evoked potential amplitudes and F-wave prob-
ability remained unchanged. This dramatic decrease in maximal vol-
untary contraction following digital anaesthesia may result from a
lack of proper sensory feedback during the task. NeuroReport
16:259-262 © 2005 Lippincott Williams & Wilkins.

INTRODUCTION

In the past decade, there have been considerable advances in
understanding the neuronal bases of sensory and motor
representations in the cortex [1]. It is now widely accepted
that in the primary motor cortex, muscle representations are
not invariant but are susceptible to rapid adaptation
following a central [2] or a peripheral lesion [3] or after an
amputation [4]. In particular, within minutes following
anaesthesia, it has been shown that the cortical representation
of muscles immediately proximal to the paralysed body part
increases [5]. However, in most studies, both afferent and
efferent signals were interrupted indistinguishably by lesion
or anaesthesia and therefore their specific contribution to the
reorganization of the motor cortex remains unclear.

In monkeys, the hand area in the primary motor cortex
receives abundant projections from the corresponding
region of the somatosensory cortex [1] and these projections
may play a critical role in controlling motor excitability [6].
In humans, several studies have tried to investigate the
specific impact of sensory information on muscle represen-
tations in the motor cortex. To do so, they examined the
effects of a radial and median nerve block at the wrist level
on both the excitability and extent of muscle representations
in the primary motor cortex [7,8]. The main finding was a
decrease in size of the cortical representation of muscles
spared by anaesthesia, but enveloped in the deafferented
region, whereas the representation of muscles outside this
region remained unaltered [7]1. However, because in these
studies the anaesthesia involved a large cutaneous territory
and affected motor nerves, these results could have been
biased by the thenar muscle paralysis or the pain resulting
from the anaesthesia.

The purpose of the present study was to investigate the
specific influence of sensory information from a restricted
area encompassing the index finger and thumb on intrinsic
hand muscle representations. We studied the effect of local
‘ring’ anaesthesia of the thumb and index finger on both the
maximal key pinch force and the amplitude of motor
evoked potentials (MEPs) recorded from the first dorsal
interosseus in response to transcranial magnetic stimulation
(TMS) of the primary motor cortex. We hypothesized that
removing sensory inputs from the first two digits would
yield a decrease in the corticospinal excitability of the first
dorsal interosseus, a muscle controlling the index finger
abduction and flexion. We expected this decrease to be
correlated with a reduction in the maximal voluntary pinch
force.

METHODS

The present study was performed in 12 right-handed
healthy adults (age: 27+1.1 years). The experimental
procedure was approved by the Ethics Committee of the
Université Catholique de Louvain and all participants gave
their written informed consent.

Anaesthesia procedure: The conduction of the digital
nerves of the index finger and thumb of the right hand
was blocked at the level of the proximal phalanx of each
digit by injection of ~1ml bupivacain (0.5%) in order to
achieve ring-block anaesthesia. By using this protocol, we
ensured that only sensory inputs, including cutaneous and
some joint information, were interrupted. This anaesthesia
protocol, in contrast to previous studies, spared all intrinsic
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hand muscles, maintaining intact muscle spindle afferents.
The depth and extent of the anaesthesia was assessed by
means of the Semmes-Weinstein monofilaments (Lafayette
Instrument Company, Loughborough, UK) following a
procedure described by Bell-Krotoski and Tomancik [9].
Anaesthesia was considered as adequate when the 20th
Semmes-Weinstein monofilament could not be detected
anymore. None of the participants reported pain during
digital anaesthesia.

Maximal wvoluntary contraction and electromyographic
recording: The maximal contraction was measured before
and during anaesthesia with a pinch gauge that participants
had to squeeze between the tip of the thumb and the side of
the index finger (key pinch force) [10]. During anaesthesia, it
was placed correctly in the participant’s hand to ensure a
proper finger positioning on the gauge. The mean maximal
force was computed over three trials. Study participants
were always provided with a visual feedback of the force
they produced.

Electromyographic (EMG) recordings were made from
surface electrodes (Neuroline, Medicotest, Oelstykke, Den-
mark) placed over the right and left first dorsal interosseus
muscles. EMG signals were amplified (gain: 500-2k), high-
pass filtered at 30Hz (Neurolog, Digitimer, UK) and
digitized on-line at 5kHz using a personal computer with
a 1401 interface (Cambridge Electronic Design, Cambridge,
UK). We chose to investigate possible changes in cortico-
spinal excitability of the first dorsal interosseus because it
has been suggested that a given muscle representation
receives sensory inputs specifically from the body parts it
moves [11].

Transcranial magnetic stimulation: Focal TMS was ap-
plied sequentially over the hand area of the left and right
primary motor cortex in all 12 participants. Stimulations
were delivered using a Magstim 200 magnetic stimulator
(Magstim Company, Dyfed, UK) through a 70-mm-diameter
figure-of-eight coil (maximal output: 2.2T). The magnetic
coil was placed tangentially to the scalp, with the handle
pointing backward and laterally at a 45° angle away from
the midline, approximately perpendicular to the central
sulcus. The coil position was adjusted to optimize the peak-
to-peak MEP amplitude recorded from the first dorsal
interosseus (hot spot) and was carefully marked on the
scalp. Then, the resting motor threshold was determined by
progressively decreasing the TMS intensity until it pro-
duced MEPs =50V peak-to-peak in at least five out of 10
trials. The intensity of the stimulation was set at 20% above
the resting motor threshold and MEPs were acquired at rest
or with a moderate voluntary contraction equal to 20% of
the maximal voluntary contraction. The amplitude of 20
consecutive MEPs (0.2 Hz) elicited in each condition, before
and during anaesthesia, was averaged and expressed in
percent, relative to the maximal M response measured
before and during anaesthesia (see below). This was
performed in order to ensure that possible changes in
MEP amplitude after anaesthesia could not be explained by
changes in electrode or skin impedance after finger
anaesthesia. The MEP latency was also measured. Data
gathered from the left, unanaesthetized, first dorsal inter-
osseus were used as control values.

Motoneuron excitability: In order to assess possible
changes in motoneuronal excitability consequent to digital
anaesthesia, F waves were recorded from the first dorsal
interosseus, before and during anaesthesia. At least 20
supramaximal stimulations of the ulnar nerve were applied
at the wrist to elicit maximal M responses and F waves
before and during anaesthesia. The maximum M response
was used to express MEP amplitude and also to rule out a
direct diffusion of the anaesthetic into the muscle. F-wave
persistence, that is, the response probability, was used as an
index of motoneuron excitability. Although this measure-
ment concerns only a small portion of the motoneurons, this
technique is the only one available to assess routinely
motoneuronal excitability [12,13].

Data analysis: Data are expressed as mean + SE. The effect
of anaesthesia was tested on the maximal voluntary
contraction, the resting motor threshold, MEP amplitudes
and latencies, F-wave persistence and the maximal M
response using repeated-measures ANOVAs with factors
HAND (left-right) and ANAESTHESIA (pre-post). Post-hoc
pairwise comparisons were implemented using Tukey tests
adjusted for multiple comparisons.

RESULTS

Effect of anaesthesia on maximal voluntary contraction:
ANOVA showed a significant effect of ANAESTHESIA
(F=13.35, p=0.004) and a significant HAND x ANAESTHESIA
interaction (F=19.90, p<0.001) on the maximal voluntary
contraction. Digital anaesthesia of the thumb and index
finger led to a significant decrease (29+4.9%) in the maximal
key pinch force of the right hand only (p<0.001, Table 1 and
Fig. 1a); it became different from the maximum force in the
left hand (p<0.001) that remained unaffected by anaesthesia
(p=0.89).

Effect of anaesthesia on motor evoked potential amplitude
and latency and on motoneuron excitability: Before
anaesthesia, the resting motor threshold was, on average,
41+1.7% and 414+1.9% of the maximal stimulator output
for the right and left first dorsal interosseus, respectively
(Table 1). It was not affected by the anaesthesia. In addition,
in contrast to our predictions, anaesthesia did not affect the
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Fig.l. (a) Histograms represent the mean and SE of the maximal volun-

tary contraction (MVC) for both hands. N=Newton; *=p < 0.00l. (b) His-
tograms represent the mean and SE of the motor-evoked potentials
acquired while the participants were maintaining a moderate voluntary
contraction (MEP,.) and expressed in percent of the maximum M re-
sponse (M,,) for the left and right first dorsal interosseus.
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Table l. Effect of anaesthesia on the maximal voluntary contraction (MVC), TMS and electrical parameters.
Left hand Right hand

Parameters Preanaesthesia Mean (SE) Postanaesthesia Mean (SE) Preanaesthesia Mean (SE) Postanaesthesia Mean (SE)
MVC (N) 91.0 (7.5 90.2(7.2) 100.1 (8.1) 699* (6.9)
rMT (%) 4] A4 (. ) 41.2(1.8) 40.8(L7) 4.7 (2.2)
MEP, (mV) .5 (0. ) 19 (0.5) 2.1 (0.4) 2.3 (04)
MEP,. (mV}) 96 (1.9 1.0(2.7) 8.7 (L2 90 (L)
MEP /M amplitude (%) 51 3) 8.3(14) 9.2 (1.8) 10.8 (2.1)
MEP,./M amplitude (%) 350 (39) 384 (5.1) 38.3 (2.6) 410 (2.8)
Latency MEP, (ms) 22.0(04) 22.2(04) 224 (0.3) 220 (0.3)
Latency MEP,, (ms) 20.7 (0.4) 209 (0.4) 20.3(0.3) 20.5 (0.3)
F-wave persistence (%) 797 (3.9) 703 (5.1) 70.8 (4.0) 65.3 (5.1)
M max (MVY) 281 (3.) 300 (34) 22.8(1.7) 219 (14)

TMS, transcranial magnetic stimulation; rMT, resting motor threshold; MEP/M, motor-evoked potential acquired at rest and expressed in % of the maximal
M response (M..,); MEP, /M, motor evoked potentials acquired with a moderate background contraction and expressed in % of My, SE, standard error;
*p < 0,05 after Tukey tests comparing postanaesthesia values with the preanaesthesia ones. The two values in bold are significantly different.

amplitude and latency of MEPs acquired at rest or with a
small background contraction; similar results were found
for the left MEPs. The results were identical when MEP
amplitudes were expressed relative to the maximum M
response not altered by anaesthesia (Table 1 and Fig. 1b).
Finally, F-wave persistence was unaffected by anaesthesia
(see Table 1).

DISCUSSION

The purpose of this experiment was to investigate possible
changes in the corticospinal excitability of the first dorsal
interosseus following a reversible suppression of sensory
afferents originating from the index finger and thumb. In
addition, we wanted to seek a correlation between corti-
cospinal excitability and the maximal key pinch force. In
contrast to our predictions, the dramatic decrease in the
maximal key pinch force was not accompanied by a lower
corticospinal excitability of the first dorsal interosseus.

Motor cortex excitability: Our results may seem, at first
sight, to be in contradiction with previous studies. Indeed,
following anaesthetic blocks of the median and radial
nerves at the wrist, Rossi et al. [7] found a decrease in both
the excitability and extent of the cortical representation of
intrinsic hand muscles encompassed in the anaesthetized
region. However, these studies differed in a major aspect
from ours because, in the present study, the anaesthetic
injected in the proximal phalanxes of the index finger and
thumb (digital radial and median nerves) blocked only
cutaneous and joint sensory information and spared
proprioceptive information mediated by muscle afferents
[14]. Therefore, it is likely that changes in corticospinal
excitability or in map extent in the primary motor cortex
reported in previous studies resulted from multiple con-
founding factors, making indistinguishable the respective
contribution of muscle, joint and cutaneous sensory in-
formation and that of motor activity disruption.

One possible explanation for the absence of detectable
change in corticospinal excitability in the present study is
that the anaesthesia we used was too restricted to influence
the corticospinal excitability as estimated with MEP
amplitude. This is consistent with a recent study that failed
to show a modulation in the amplitude of MEPs recorded
from the abductor digiti minimi after a 2h cutaneous

stimulation of fingers 4 and 5 [15]. It is important to stress
that these results, together with those reported in the
present study, cannot be compared with numerous,
although conflicting, reports that investigated the effect of
a single, short-lasting, digital nerve stimulation on the
amplitude of MEPs recorded from intrinsic hand muscles
[16,17].

Alternatively, it could be hypothesized that, in the present
study, proprioceptive information left intact by the anaes-
thesia compensated, in terms of corticospinal excitability, for
the loss of cutaneous and joint information. Indeed, a
selective reduction of cutaneous and joint inputs from a
restricted skin area following a radial nerve block at the
wrist level has been shown to result in larger ‘propriocep-
tive’ evoked potentials recorded from the somatosensory
cortex and elicited by stimulating muscle afferents from the
first dorsal interosseus, which was enveloped in the
anaesthetized area [18]. Note that this short-term plasticity
across sensory modalities vanishes when the anaesthesia
leads to the paralysis of several muscles [19], supporting the
apparent inconsistency of our results with respect to
previous studies where both efferent and afferent signals
were interrupted by anaesthesia [7,8]. Finally, the lack of
change in F-wave persistence after anaesthesia suggests that
our results were not biased by a modulation of the
motoneuron excitability at a segmental level that could
mask a change in corticospinal excitability [12].

Maximal voluntary contraction: The absence of changes
in corticospinal excitability is made even more puzzling by
the finding that the maximal key pinch force decreased by
about 30% during digital anaesthesia; this decrease in
maximal contraction was observed even though participants
received a constant visual feedback of their performance.
Cutaneous afferents have been repeatedly shown to play a
critical role in motor control and, in particular, in the control
of the grip force, that is, the force required to grasp and
manipulate objects between the index finger and thumb
[20,21]. An adequate sensory feedback therefore appears
essential for providing continuous information regarding
the actual state of the system and to update the anticipatory
commands [20,22]. The present results show that sensory
afferents are essential not only while controlling very
precise forces such as grip force but also when generating
a maximal contraction.
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Digital anaesthesia is known to induce distortions of the
perceived body part size [23] and of the heaviness of
weights supported by the deafferented body part [24]. In
our study, all participants reported the subjective sensation
of having a larger thumb and index finger than before
anaesthesia, and of squeezing the pinch gauge extremely
strongly, although they were provided with visual feedback
of their force. Perceptual illusions of weight are thought to
occur because the digital anaesthesia distorts the normal
balance between agonist-antagonist muscle action during
movement [25], possibly as a result of the loss of reflexes
that facilitate or inhibit motoneuron pools [24]. Our findings
suggest that perceptual distortions during digital anaesthe-
sia occur without any long-lasting corticospinal excitability
changes and emphasize the close functional relationship
between cutaneous and joint afferent information and motor
control [25].

CONCLUSION

Digital anaesthesia of the index finger and thumb led to a
dramatic decrease in the maximal key pinch force that was
found to be unrelated to changes in corticospinal excitability
of the first dorsal interosseus. This force decrease most
likely resulted from a lack of proper sensory feedback
during the task.
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