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ABSTRACT

Objective: This study compared heteronymous reflex responses evoked in the first dorsal interosseous
muscle by electrical and mechanical stimuli during force and position tasks performed at different target
torques.

Methods: Twenty-two healthy human participants contracted the first dorsal interosseus muscle either
to produce a constant force against a rigid restraint (force task) or to maintain a constant position of
the index finger (position task) against a constant load of 20, 40, and 60% of maximum.

Results: The amplitude of the short-latency reflex evoked by electrical stimulation of the median nerve
was significantly greater when maintaining finger position, whereas no difference was present for the
long-latency responses. In contrast, the reflex responses (short- and long-latency) did not differ between
tasks when elicited by tendon-taps.

Conclusions: Task difference in reflex responsiveness depended more on the type of stimulus applied than
the reflex pathway and was consistent across three voluntary contraction forces.

Significance: The results suggest that afferent input from homonymous and heteronymous pathways is
modulated similarly at the spinal level during such tasks, and implies the significance of presynaptic inhi-

bition during motor performance.
Published by Elsevier Ireland Ltd. on behalf of International Federation of Clinical Neurophysiology.

1. Introduction

When an individual performs a submaximal isometric contrac-
tion with the first dorsal interosseus (FDI) either to produce a con-
stant force against a rigid restraint (force task) or to maintain the
position of the index finger against a constant load (position task),
the amplitude of the stretch reflex (Doemges and Rack, 1992a;
Maluf et al.,, 2007) and the tendon-tap reflex (T-reflex) (Maluf
et al., 2007; Jordan et al., 2007) are similar during both tasks. In
contrast, when a reflex was elicited in the FDI by electrical stimu-
lation of the median nerve (heteronymous H-reflex), the amplitude
of the reflex response was larger during the position task than dur-
ing the force task (Maluf et al., 2007; Jordan et al., 2007). Similar
results have been observed with single motor units recorded in
FDI in response to the T-reflex and median nerve H-reflex (Jordan
et al., 2007).

These divergent results for electrically and mechanically in-
duced reflexes might be attributable either to the reflex pathway
involved (i.e., homonymous for the stretch and T-reflexes and het-
eronymous for the median nerve stimulation) or to the type of
stimulus applied (mechanical and electrical stimulus). Previous
work, however, suggests similar modulation of the afferent input
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onto the motor neuron pool from the homonymous and heterony-
mous pathways (Meunier and Pierrot-Deseilligny, 1989). More-
over, the electrically induced reflex response is more sensitive to
presynaptic inhibition compared with stretch and tendon-tap
reflexes (Morita et al., 1998). If the different adjustments in the
T- and H-reflexes during the force and position tasks are attribut-
able to presynaptic inhibition, the greater amplitude of the heter-
onymous H-reflex during the position task should be present
during contractions performed at different contraction intensities
as presynaptic inhibition does not change with contraction force
(Meunier and Pierrot-Deseilligny, 1989). Similarly, the absence of
a difference in the T-reflex across tasks should not change with
contraction force. If confirmed, these results suggest that changes
in the efficacy of presynaptic inhibition, as observed in elderly
adults (Butchart et al., 1993; Earles et al., 2001; Tsuruike et al.,
2003), stroke patients (Aymard et al., 2000), individuals with spas-
ticity (Morita et al., 2001), and in healthy subjects after a few
weeks of limb immobilization (Lundbye-Jensen and Nielsen,
2008) and the consumption of ethanol (von Dincklage et al.,
2007), could compromise motor performance.

The aim of the study was to compare heteronymous reflex re-
sponses evoked in the FDI by electrical and mechanical stimuli
when the force and position tasks were performed at three target
forces. These results indicate a similar modulation of homonymous
and heteronymous afferent input onto the motor neuron pool of
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the agonist muscle, but a different adjustment of presynaptic inhi-
bition during the force and position tasks. In addition, our results
underscore that the use of the H-reflex method appears as a better
tool to investigate fine differences in the afferent synaptic input
onto the motor neuron pool between tasks compared with the
mechanically evoked reflex.

2. Materials and methods

After informed consent was obtained, experiments were con-
ducted on 22 subjects (9 women) aged between 18 and 37 yr
(25.0 £ 5.7 yr; mean * SD). None of the participants reported any
signs of neurological disorder or cardiovascular disease. Subjects
were all right-handed and were asked to refrain from exercising
the arm muscles for 24 h before testing. The Human Subjects Com-
mittee at the University of Colorado in Boulder approved the
experimental procedures.

2.1. Experimental apparatus

The subject was seated in a modified dental chair with the
left arm supported to minimize activity in shoulder and arm
muscles. The upper arm was slightly abducted (~20°) and the el-
bow joint was flexed to ~95°. The left hand was placed in a ver-
tical position midway between supination and pronation and
supported by means of a custom-made apparatus. The index fin-
ger was splinted in full extension at the proximal and distal
interphalangeal joints and attached to a torque transducer
(TRT-25, Transducer Techniques, Temecula, CA). The transducer
was mounted on the shaft of an electrical torque motor
(PMA44Q, Pacific Scientific, Rockford, IL). The metacarpophalan-
geal joint of the index finger was aligned with the shaft of the
torque motor, which enabled abduction-adduction movements
about the joint. The thumb was abducted by 45° and fixed in
the same plane as the palm of the hand (Fig. 1).
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The electrical torque motor was used to simulate an inertial
load in a gravitational field for the position task by using a Labview
Real Time system (2PCs using a PCI-6029 and a PCI-6021, National
Instruments, Austin, TX). The torque transducer signal, analog sig-
nals of the simulated mass, and motor shaft position and angular
velocity were A/D sampled at 200 samples/s (Power 1401, 16-bit
resolution, Cambridge Electronic Design, Cambridge, UK) and
stored on computer for subsequent analysis.

2.2. EMG recordings

The surface EMG from the FDI and abductor pollicis brevis (APB)
muscles were recorded using bipolar surface electrodes (silver-sil-
ver chloride; 4-mm electrode diameter; 12-mm interelectrode dis-
tance; In Vivo Metric, Healsburg, CA). The electrodes were placed
parallel to the radial border of the second metacarpal over FDI, just
proximal to the junction with the distal tendon (Maluf et al., 2007),
and over the muscle belly of the APB, close to the proximal inser-
tion. The EMG activity from the antagonist muscle for FDI, second
palmar interosseous (SPI), was recorded with a bipolar intramus-
cular electrode that comprised two Formvar-insulated stainless
steel wires (50 um diameter), with 1 mm of insulation removed
from the distal tip of the two wires to increase the recording vol-
ume of the electrode. Reference electrodes were placed over bony
prominences on the left elbow. The EMG signals were amplified
(500-5000) and filtered (13-1000 Hz) prior to sampling at 2000
samples/s (Coulbourn Instruments, Allentown, PA) and storage
on a computer.

2.3. Reflex responses

Heteronymous reflexes were evoked in FDI by electrical stimu-
lation of the median nerve (H-reflex) and with tendon-taps applied
to the distal tendon of the APB (T-reflex). Electrical stimulation
(0.5-ms pulse; Grass S88K, Astra-Med, West Warwick, RI) of the

Electrical
torque motor

Fig. 1. Illustration of the experimental set-up. The index finger of the left hand is extended and contacts the lever attached to the shaft of the torque motor. The recording
electrodes for the FDI are indicated in grey because they cannot be seen directly in this image.
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median nerve was delivered at the level of the wrist. A constant-
current unit (Model CCU1, Astra-Med, West Warwick, RI) was used
to minimize the effect of time-dependent changes in the imped-
ance of the electrodes attached to the skin (Zehr, 2002). Because
it is difficult to evoke an H-reflex in FDI when the muscle is relaxed
(Schieppati, 1987), the reflex was evoked and adjusted during a
submaximal contraction (20% MVC) to obtain a response that
was 50% of the maximal H-reflex (Zehr and Stein, 1999; Butler
et al., 1993); the intensity was below the motor threshold of the
APB, except for 5 subjects where a small M-wave (<10% of the max-
imal compound muscle potential) was observed.

The T-reflex from APB was evoked by a tap applied to the distal
tendon of the APB with a mechanical vibrator (LDS V203 vibrator
and PA25E power amplifier, Ling Dynamic System Ltd., Royston,
UK). The tendon-tap was applied during a submaximal contraction
(20% MVC) at an intensity that elicited a response in FDI with
similar amplitude to that of the H-reflex at the same contraction
force. The reaction force against the skin was measured continu-
ously with a MLP-10 force transducer (Transducer Techniques,
Temecula, CA) and kept at a similar level across the different
conditions (~1 N).

The stimulation set-up was established during the force task for
both H- and T-reflexes. In addition to the reflex responses, a max-
imal direct motor response (M-wave) was recorded by stimulating
the ulnar nerve. The intensity of the stimulation was determined
by gradually increasing the intensity of stimulus until the M-wave
reached its maximal value (M ax)-

2.4. Testing procedure

The experimental session began with the performance of a
maximal voluntary contraction (MVC) of FDI as the subject exerted
an abduction force with the index finger. The MVC involved an in-
crease in force from zero to maximum over 3 s and then holding
the force for ~3 s. At least two trials were performed, with subjects
resting for 90-120 s between trials to minimize fatigue. If the MVC
forces were within 5% of each other, the higher value was taken as
the maximum, and used as a reference for the submaximal con-
tractions. Otherwise, additional trials were performed until the
5% criterion was achieved. In addition, single MVCs were per-
formed for both SPI (index finger adduction) and APB (thumb
abduction) for EMG normalization.

The stimulus characteristics required to evoke the reflexes were
determined after the MVC trials. In a counterbalanced order for the
task, reflex, and contraction intensity across and within subjects,
the participants performed the force and position tasks to target
forces of 20, 40, and 60% MVC force. Visual feedback was provided
on a monitor during both tasks at a gain equal to 3%/cm of the
maximal performance range, which was operationally defined as
MVC force for the force task and the full range of motion about
the metacarpophalangeal joint for the position task (Maluf et al.,
2007). Subjects performed 6 trials of each task (force and position)
at each contraction intensity (20, 40, and 60%), with H-reflexes re-
corded in 3 trials and T-reflexes in the other 3 trials. Within each
trial, 8 stimuli were delivered with a randomized interval varying
about 1 s for the median nerve stimulation and about 0.5 s for the
tendon-tap. There was a rest period of 30, 45, and 60 s between tri-
als for the 20, 40, and 60% MVC target forces, respectively. MVCs
were measured at the beginning and at the end of the experimental
session.

2.5. Data analysis
The average amplitude of the rectified EMG signal (aEMG) was

calculated for a 0.5-s interval centered about the peak EMG of MVC
trials for the FDI, SPI, and APB muscles. Background activation of

the intrinsic hand muscles during the reflex trials was determined
by averaging the aEMG activity within the 50-ms period that pre-
ceded the onset of each stimulus.

The short-latency reflex (SLR) and long-latency reflex (LLR) in
response to median nerve stimulation and tendon-tap on the APB
were characterized by: (1) latency - time from the stimulus artifact
to the beginning of the EMG response; (2) duration - the time
interval between the onset of aEMG activity and the point at which
it returned to the mean background aEMG level; (3) peak ampli-
tude - distance from the tonic aEMG activity in the 20 ms follow-
ing the stimulation artifact and the peak amplitude of the
response; and (4) area - the area above the tonic aEMG activity be-
tween the onset and offset of the response.

2.6. Statistics

Latency, duration, peak amplitude, and area of the short- and
long-latency reflexes for the H- and T-reflexes were analyzed with
a repeated-measures 3-way ANOVA (reflex type x task x contrac-
tion intensity). The tonic aEMG activity was examined with a re-
peated-measures 3-way ANOVA. When a significant main effect
was found, a Student-Newman-Keuls post hoc test was used to
identify the significant differences among the selected means.
Changes in MVC force and its associated EMG activity were ana-
lyzed using a paired t-test. The level of statistical significance
was set at P < 0.05. Data are reported as means = SD within the text
and displayed as means + SE in the figures.

3. Results

Nineteen of the 22 subjects who participated in the study were
included in the statistical analysis of the reflex responses induced
by the median nerve stimulation (11 men; 25.0+5.7 years;
165.7 £ 12.7 cm; 65.8 £ 10.6 kg) and 18 were included in the anal-
ysis of the tendon-tap of APB (8 women; 25.2 5.8 years;
167.9+ 13.8 cm; 65.6 + 10.9 kg). Data were excluded for the elec-
trically induced reflex from three subjects. In two subjects, the dif-
ference in EMG activity between the force and position tasks
exceeded 30% for either FDI or APB. In a third subject, there was
no H- reflex during the 40 and 60% MVC contractions for the posi-
tion and force tasks, respectively. Furthermore, 4 subjects exhib-
ited no T-reflex at one or several contraction forces and their
data were excluded from analysis.

The MVC torque recorded prior to reflex measurements was
1.36+0.5Nm and decreased (P<0.05) by 4.7% at the end of
the experiment. In contrast, there was no change in EMG ampli-
tude of the FDI during the MVC (start: 0.478 +0.149 mV, end:
0.469 +£0.192 mV). FDI background activity during the 50 ms
prior to each stimulus did not differ between reflex types and
tasks (ANOVA, P=0.82 and 0.54, respectively), but increased sig-
nificantly with contraction force (ANOVA, P <0.001; Fig. 2). The
post hoc test indicated that the aEMG activity differed between
each contraction force (Student-Newman-Keuls, P < 0.01). Simi-
lar results were obtained for the aEMG of APB (intensity main
effect, P<0.001; Student-Newman-Keuls, P<0.05), but differ-
ences were only observed between 20 and 40% MVC and 60%
MVC forces. AEMG for the SPI muscle also did not differ between
reflex and task (P=0.72 and 0.45, respectively) but increased
with contraction force (main effect, P<0.001) and the post hoc
test indicated significant differences between the 20% and 40-
60% forces (P<0.01).

Fig. 3 illustrates the responses to the electrical (left column) and
mechanical stimuli (right column) at the different contraction
forces for a single subject. The latency for the H-reflex
(29.9 + 3.0 ms) averaged across all subjects was less than that for
the T-reflex (32.1 + 3.6 ms; P < 0.001), whereas there was no signif-
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Fig. 2. Average EMG (aEMG) amplitude in the 50 ms prior to the onset of the
stimulus for the FDI (@), APB (O) and SPI (V). Data for each muscle are collapsed
across task and expressed as percentage of the value recorded during the MVC for
each muscle. "P < 0.05 compared with 20% and 40% MVC contraction, respectively.

icant difference for the mean duration of the response
(11.0£5.0 ms and 12.1 + 8.3 ms, respectively). The amplitude of
the H- and T-reflexes did not differ significantly (116 £ 84.5 uv
and 122 £52.7 pV, respectively) during a 20% MVC trial for the
force task. When the reflex amplitude was expressed relative to
the maximal direct motor response, the H- and T-reflexes were
2.7 £1.3% and 2.8 + 1.2% of the M., respectively. The long-latency
reflex evoked by median nerve stimulation occurred earlier and
was briefer in duration (53.6 +6.9 ms and 10.1 £ 4.2 ms, respec-
tively) than that elicited by tendon-tap (65.2+13.4ms and
14.4 £ 16.2 ms; P<0.001). The amplitude of the long-latency reflex
evoked by median nerve stimulation and tendon-tap were similar
(59.9+453 1V and 50.4.5 +25.8 1V, respectively) during a 20%
MVC trial of the force task. The latency and duration of the short-
and long-latency reflexes did not differ between the force and po-
sition tasks for the two types of stimuli (median nerve stimulation
and tendon-tap).

The amplitude of the H-reflex increased with contraction
force; the reflex amplitude was significantly greater at 40% and
60% compared with the 20% contraction (P<0.05). When the
amplitude of the H-reflex was compared across contraction
forces between the force and position tasks, a significant task
main effect (P<0.01) indicated that the amplitude of the H-re-
flex was greater during the position task at all forces (Fig. 4A).
Although all subjects showed a greater H-reflex for the position
task than for the force task, four subjects did not exhibit any dif-
ferences in H-reflex amplitude between the 40 and 60% contrac-
tions. In contrast to the H-reflex, the amplitude (Fig. 4B) and
area of the T-reflex did not differ between the two tasks, but in-
creased with contraction intensity (main effects for amplitude
and area, P<0.01 and 0.05, respectively) and the reflex ampli-
tude was significantly greater at 40% and 60% compared with
the 20% contraction (P < 0.01).

The amplitude of the long-latency reflex evoked in FDI in re-
sponse to median nerve stimulation increased (P < 0.05) with con-
traction force (Fig. 5A). However, there was no difference between
the two tasks for either the amplitude (Fig. 5A) or area (data not
shown). Similar results were observed for the long-latency reflex
in response to tendon-tap of the APB (Fig. 5B), with reflex ampli-
tude being significantly greater for the 40-60% contractions com-
pared with the 20% contraction (P < 0.01).

4. Discussion

The main finding of this study was the greater response for the
heteronymous H-reflex during the position task compared with the
force task performed at the three contraction forces. In contrast,
there was no difference between tasks in the size of the heterony-
mous T-reflex at any contraction force. In combination with previ-
ous work, these results indicate that the task difference in reflex
responsiveness depends more on the type of stimulus applied than
the reflex pathway used, and are consistent with a similar modula-
tion of homonymous and heteronymous afferents at the spinal
level during submaximal isometric contractions. Moreover, the
findings suggest less presynaptic inhibition when the task involved
maintaining a constant finger position than when exerting a con-
stant force against a rigid restraint.

A critical feature of these studies is the specificity of the stimu-
lus and the origin of the response. To avoid concurrent activation of
FDI and its antagonist (SPI) and to limit contamination of the
recording by F-waves (Fisher, 1992), investigators often use a het-
eronymous pathway to induce an H-reflex in the FDI (Duchateau
and Hainaut, 1993; Maluf et al., 2007). Because the F-wave repre-
sents the response of motor neurons to an antidromic volley
(Espiritu et al., 2003; Mesrati and Vecchierini, 2004), it does not oc-
cur when activating a heteronymous pathway and could not have
influenced the responses reported in the current study. The short-
latency response to electrical stimulation of the heteronymous
pathway is also unlikely to involve cross-talk because a short-la-
tency response was not always observed in the APB muscle
whereas it was always present in FDI. In addition, Duchateau and
Hainaut (1993) reported that the short-latency response elicited
in FDI by median stimulation decreased during a sustained fatigu-
ing contraction, whereas the responses evoked in APB did not
change. Furthermore, Jordan et al. (2007) found that electrical
stimulation of the median nerve evoked both an H-reflex and sin-
gle motor unit discharges in FDI.

Because FDI can receive some innervation from the median
nerve in 6 to 44% of healthy subjects (Amoiridis and Vlachonikolis,
2003), the reflex responses observed in the current study could
have been confounded by the presence of a median nerve anasto-
mosis. A significant contribution by median nerve innervation of
FDI, however, should result in the H-reflex amplitude first increas-
ing and then decreasing (H-reflex recruitment curve) as stimulus
intensity was increased. The recruitment curve did not exhibit this
profile in the current study. It seems, therefore, that electrical stim-
ulation of the median nerve activated a heteronymous pathway to
produce an H-reflex in FDI.

Similarly, the mechanical tap to the tendon of APB could have
provided a stimulus that resulted in the indirect activation of FDI
(Lance and De Gail, 1965). This seems unlikely because an indirect
response to the spread of the vibration would be delayed by 1 to
4 ms in the upper limb (Lance and De Gail, 1965), whereas the
T-reflex latency in the current study (~32.1 ms) was slightly short-
er (~34.3 ms) to that for a T-reflex evoked by an FDI tendon-tap
(Jordan et al., 2007). These observations suggest that the short-la-
tency responses evoked in FDI by electrical and mechanical stimuli
originated in Ia afferents located in a heteronymous pathway.

The present results on the similar responsiveness of the heter-
onymous T-reflex during the force and position tasks are consistent
with some previous work (Doemges and Rack, 1992a; Jordan et al.,
2007; Maluf et al., 2007), but contrast with the results of others
(Akazawa et al., 1983; De Serres and Milner, 1991; Doemges and
Rack, 1992b). The discrepancy between these studies likely
depends on the details of the task. For example, the amplitude of
the short- and long-latency reflexes was greater when subjects
attempted to maintain finger position as force was changed
compared with keeping the force constant while small movements
were imposed (Doemges and Rack, 1992a; Doemges and Rack,
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Fig. 3. Typical traces from one subject in response to median nerve stimulation (left column) and APB tendon-tap (right column) during the force (black lines) and position
tasks (grey lines) during isometric contractions performed at 20% (upper row), 40% (middle row) and 60% MVC forces (lower row). The arrows indicate stimulus onset and the
horizontal dashed lines represent aEMG amplitude for the 50 ms before the stimulus. LLR, long-latency reflex.

1992b). Similarly, the amplitude of the stretch reflex increased
when the force varied during the position task (Akazawa et al.,
1983). Conversely, reflex responsiveness was the same for both
tasks in the absence of a perturbation (Doemges and Rack,
1992a; Maluf et al., 2007).

In contrast to the similar T-reflex in the force and position
tasks, the amplitude of the H-reflex was greater during the posi-
tion task compared with the force task, as reported previously
(Jordan et al., 2007; Maluf et al.,, 2007). In these studies, the
H-reflex was elicited in the FDI by median nerve stimulation
(Duchateau and Hainaut, 1993; Maluf et al., 2007) to avoid con-
tamination by antidromic activation of the homonymous motor
axons (Fisher, 1992). Because the current results on the heteron-
ymous T- and H-reflexes are similar to those for the homony-
mous T-reflex and heteronymous H-reflex, the findings suggest
that the differences between the T-reflex and H-reflex during
the force and position tasks do not depend on the reflex path-
way that was activated (homonymous versus heteronymous),
but rather argue for similar modulation of afferent inputs com-
ing from homonymous or heteronymous muscles at the spinal
level (Meunier and Pierrot-Deseilligny, 1989).

The different responsiveness of the T- and H-reflexes when indi-
viduals maintained finger position or exerted a constant force

against a rigid restraint persisted across the three contraction
forces despite an increase in the size of the reflex response. To en-
hance the sensitivity of the reflex response to excitatory and inhib-
itory inputs that could differ between force and position tasks, the
stimulus intensity was adjusted to elicit reflexes with moderate
amplitudes (Crone et al., 1990). Under these conditions, an increase
in the descending drive onto the FDI motor neuron pool with in-
creased contraction intensity reduced the difference between the
membrane potential and voltage threshold of motor neurons not
already involved in the reflex response elicited at 20% MVC, and
thereby increased the number of motor neurons activated by the
afferent volleys (Stein et al., 2007) and the size of the reflex. More-
over, an increase in the level of background EMG activity can re-
duce the inhibitory input from Ib afferents onto alpha motor
neurons (Fournier et al., 1983; Pierrot-Deseilligny and Burke,
2005) and enhance fusimotor drive (Hagbarth and Vallbo, 1968)
by the activation of the gamma motor neurons (Burke et al.,
1979). Although reflex gain and joint stiffness change with the le-
vel of EMG activity (Mirbagheri et al., 2000), the preceding EMG
activity of FDI in the current study was similar between task and
reflex type for all the contraction intensities tested (Fig. 2). The
background level of EMG activity, therefore, did not play a major
role in the different reflex responsiveness between tasks and reflex
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types. Furthermore, the H-reflexes evoked in FDI do not appear to
have been influenced by post-synaptic depression because this ef-
fect was abolished with increasing stimulus repetition rates (up to
4 Hz) in the tibialis anterior and APB muscles during voluntary
contractions (Burke et al., 1989).

Although the electrically evoked H-reflex and mechanically elic-
ited T-reflex both recruit motor neurons in the order of increasing
size (Burke, 1981), electrical stimulation of the nerve evokes a
more synchronous afferent volley (Burke et al., 1983) from a larger
number of Ia afferents than the tendon-tap (Morita et al., 1998).
Such characteristics likely underlie the greater sensitivity of the
H-reflex to presynaptic inhibition (Morita et al., 1998) and could
explain the different responses of the H-reflex between the force
and position tasks, whereas no difference was observed for the
T-reflex. As suggested by Maluf et al. (2007), the amount of presyn-
aptic inhibition might be less during the position task compared
with the force task. This possibility is consistent with the greater
H-reflex amplitude during the position task across the three con-
traction forces as the amount of presynaptic inhibition does not
change with the level of the voluntary contraction (Meunier and
Pierrot-Deseilligny, 1989).

Electrical stimulation applied over the skin, however, might also
confound the results. For example, digital nerve stimulation of the

30
A *t
300
2501

2001

150

LLR amplitude (pV)

100+

—@— Force task
—O— Position task

50+

3501

w

300+

250+

200+

150+

LLR amplitude ( PV)

1001

20 40 60
Contraction force (% MVC)

Fig. 5. Amplitude of the long-latency reflex (LLR) evoked by median nerve
stimulation (A) and APB tendon-tap (B) during the force (®) and position tasks
(0). 'P<0.05 compared with 20% and 40% MVC contraction, respectively.

index finger evokes reflex responses in the FDI (Tarkka, 1986) that
can change the recruitment gain of the FDI motor neuron pool
(Garnett and Stephens, 1981) and reduce the amount of presynap-
tic inhibition (Aimonetti et al.,, 2000). Furthermore, cutaneous
stimulation associated with median nerve stimulation can alter
the discharge rate of single motor units. However, the responses
evoked by digital nerve stimulation of the index finger did not dif-
fer during the force and position tasks (Barry et al., 2007). There-
fore, differences in H-reflex amplitude between the force and
position tasks are likely not caused by input from cutaneous affer-
ents but indicate differences in control by corticospinal inputs
(Meunier and Pierrot-Deseilligny, 1998).

These results argue for a reduction in presynaptic inhibition to
the FDI muscle during the position task compared with the force
task. This reduction in presynaptic inhibition could heighten reflex
responsiveness during the unstable task of maintaining finger
position. However, the greater responsiveness of the H-reflex con-
trasted with the influence of task on the long-latency reflex
(Fig. 5A). Soechting and Lacquaniti (1988) reported that short-
and long-latency responses to multidirectional load perturbations
of the human arm could differ and change direction from an
increase to a decrease of the rectified EMG activity during the first
120 ms after the onset of the perturbation. Compared with the
short-latency response, which depends on the monosynaptic exci-
tation of the motor neurons from homonymous Ia afferents, the
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long-latency response involves a transcortical pathway of the
peripheral afferents (Deuschl et al., 1991). This transcortical path-
way of the peripheral afferents has been suggested to play a role in
motor control by modulating the motor output in response to sud-
den limb perturbations, as suggested by the optimal feedback con-
trol theory (Scott, 2004, 2008). Therefore, the absence of a task
difference in the long-latency response evoked by electrical nerve
stimulation likely involved modulation of the afferent volleys by
cortical areas to maintain a constant motor output during the
two tasks despite a higher sensitivity of the motor neuron pool
to Ia afferents. If confirmed, such differences in modulation of
short- and long-latency responses likely enhance motor control
for a wide range of conditions.

The results of these studies suggest that the ability to exert a
constant force against a rigid restraint and to maintain the posi-
tion of the index finger while supporting a constant load re-
quires a differential modulation of the presynaptic inhibition of
[a afferents in homonymous and heteronymous pathways.
Changes in the efficacy of presynaptic inhibition could compro-
mise performance. For example, older adults appear less capable
of modulating presynaptic inhibition (Earles et al., 2001; Tsu-
ruike et al., 2003), which could contribute to their reduced abil-
ity to perform steady contractions (Enoka et al., 2003). Similarly,
stroke patients exhibit a decrease in presynaptic inhibition of Ia
terminals (Aymard et al., 2000) that likely alters their ability to
perform fine movements (McCombe Waller and Whitall, 2004).
Furthermore, the influence of operant conditioning on H-reflex
amplitude (Thompson et al., 2006) might be mediated by
changes in presynaptic inhibition input of la afferents. In addi-
tion, our results imply the greater sensitivity of the H-reflex
method to fine differences in the afferent synaptic input onto
the motor neuron pool between tasks compared with the
mechanically evoked reflex.

In conclusion, the present study found greater responsiveness of
the H-reflex at three contraction forces during the position task
compared with the force task, whereas there was no task effect
for the T-reflex. Moreover, the long-latency reflex was not influ-
enced by task for either the electrical or mechanical stimulus.
Therefore, the difference in reflex responsiveness depends on the
type of stimulus and not on the reflex pathway (homonymous vs.
heteronymous). The findings suggest a similar modulation of the
inputs coming from homonymous and heteronymous afferents
onto the motor neuron pool of FDI, and are consistent with a reduc-
tion in presynaptic inhibition when the task involves maintaining
limb position compared with exerting a constant force against a
rigid restraint.

Acknowledgments

The work was supported by an award (NS043275) from the Na-
tional Institute of Neurological Disorders and Stroke to R.M. Enoka.

References

Aimonetti JM, Vedel JP, Schmied A, Pagni S. Mechanical cutaneous stimulation alters
la presynaptic inhibition in human wrist extensor muscles: a single motor unit
study. ] Physiol 2000;22:137-45.

Amoiridis G, Vlachonikolis IG. Verification of the median-to-ulnar and ulnar-to-
median nerve motor fiber anastomosis in the forearm: an electrophysiological
study. Clin Neurophysiol 2003;114:94-8.

Akazawa K, Milner TE, Stein RB. Modulation of reflex EMG and stiffness in response
to stretch of human finger muscle. ] Neurophysiol 1983;49:16-27.

Aymard C, Katz R, Lafitte C, Lo E, Pénicaud A, Pradat-Diehl P, et al. Presynaptic
inhibition and homosynaptic depression: a comparison between lower and
upper limbs in normal human subjects and patients with hemiplegia. Brain
2000;123:1688-702.

Barry BK, Narazaki K, Jordan K, Enoka RM. Muscles are activated differently with
compliant loads. Motor Control at the Top End: Satellite meeting of the IBRO
World Congress of Neuroscience, Darwin, Australia 2007.

Burke RE. Motor units: anatomy, physiology, and functional organization. In:
Handbook of physiology. The Nervous System. Motor Control. Washington, DC:
Am Physiol Soc 1981, sect 1, vol II, p. 345-422.

Burke D, Adams RW, Skuse NF. The effect of voluntary contraction on the H reflex of
various muscles. Brain 1989;112:417-33.

Burke D, Hagbarth KE, Skuse NF. Voluntary activation of spindle endings in human
muscles temporarily paralysed by nerve pressure. ] Physiol 1979;287:329-36.

Burke D, Gandevia SC, McKeon B. The afferent volleys responsible for spinal
proprioceptive reflexes in man. ] Physiol (Lond) 1983;339:535-52.

Butchart P, Farquhar R, Part NJ, Roberts RC. The effect of age and voluntary
contraction on presynaptic inhibition of soleus muscle Ia afferent terminals in
man. Exp Physiol 1993;78:235-42.

Butler AJ, Yue G, Darling WG. Variations in soleus H-reflexes as a function of
plantarflexion torque in man. Brain Res 1993;632:95-104.

Crone C, Hultborn H, Maziéres L, Morin C, Nielsen ], Pierrot-Deseilligny E. Sensitivity
of monosynaptic test reflexes to facilitation and inhibition as a function of the
test reflex size: a study in man and the cat. Exp Brain Res 1990;81:35-45.

De Serres SJ, Milner TE. Wrist muscle activation patterns and stiffness associated
with stable and unstable mechanical loads. Exp Brain Res 1991;86:451-8.
Deuschl G, Michels R, Berardelli A, Schenk E, Inghilleri M, Liucking CH. Effects of
electric and magnetic transcranial stimulation on long latency reflexes. Exp

Brain Res 1991;83:403-10.

Doemges F, Rack PM. Task-dependent changes in the response of human wrist
joints to mechanical disturbance. ] Physiol 1992a;447:575-85.

Doemges F, Rack PM. Changes in the stretch reflex of the human first dorsal
interosseous muscle during different tasks. ] Physiol 1992b;447:563-73.

Duchateau J, Hainaut K. Behaviour of short and long latency reflexes in fatigued
human muscles. ] Physiol (Lond) 1993;471:787-99.

Earles D, Vardaxis V, Koceja D. Regulation of motor output between young and
elderly subjects. Clin Neurophysiol 2001;112:1273-9.

Enoka RM, Christou EA, Hunter SK, Kornatz KW, Semmler ]G, Taylor AM, et al.
Mechanisms that contribute to differences in motor performance between
young and old adults. ] Electromyogr Kinesiol 2003;13:1-12.

Espiritu MG, Lin CS, Burke D. Motoneuron excitability and the F wave. Muscle Nerve
2003;27:720-7.

Fisher MA. AAEM Minimonograph #13: H reflexes and F waves: physiology and
clinical indications. Muscle Nerve 1992;15:1223-33.

Fournier E, Katz R, Pierrot-Deseilligny E. Descending control of reflex pathways in
the production of voluntary isolated movements in man. Brain Res
1983;288:375-7.

Garnett R, Stephens JA. Changes in the recruitment threshold of motor units
produced by cutaneous stimulation in man. ] Physiol 1981;311:463-73.

Hagbarth KE, Vallbo AB. Discharge characteristics of human muscle afferents during
muscle stretch and contraction. Exp Neurol 1968;22:674-94.

Jordan K, Barry BK, Taylor KE, Looney S, Enoka R. Afferent input to the motor neuron
pool of a hand muscle is altered for a compliant load. Soc Neurosci Abstr
#621.7: 2007.

Lance JW, De Gail P. Spread of phasic muscle reflexes in normal and spastic subjects.
J Neurol Neurosurg Psychiat 1965;28:328.

Lundbye-Jensen ], Nielsen ]JB. Immobilization induces changes in presynaptic
control of group la afferents in healthy humans. J Physiol 2008;586:4121-35.

Maluf KS, Barry BK, Riley ZA, Enoka RM. Reflex responsiveness of a human hand
muscle when controlling isometric force and joint position. Clin Neurophysiol
2007;18:2063-71.

McCombe Waller S, Whitall J. Fine motor control in adults with and without chronic
hemiparesis: baseline comparison to nondisabled adults and effects of bilateral
arm training. Arch Phys Med Rehabil 2004;85:1076-83.

Mesrati F, Vecchierini MF. F-waves: neurophysiology and clinical value.
Neurophysiol Clin 2004;34:217-43.

Meunier S, Pierrot-Deseilligny E. Gating of the afferent volley of the monosynaptic
stretch reflex during movement in man. ] Physiol 1989;419:753-63.

Meunier S, Pierrot-Deseilligny E. Cortical control of presynaptic inhibition of Ia
afferents in humans. Exp Brain Res 1998;119:415-26.

Mirbagheri MM, Barbeau H, Kearney RE. Intrinsic and reflex contributions to human
ankle stiffness: variation with activation level and position. Exp Brain Res
2000;135:423-36.

Morita H, Crone C, Chistenhuis D, Petersen NT, Nielsen JB. Modulation of
presynaptic inhibition and disynaptic reciprocal Ia inhibition during voluntary
movements in spasticity. Brain 2001;124:826-37.

Morita H, Petersen N, Christensen LO, Sinkjaer T, Nielsen ]. Sensitivity of H-reflexes
and stretch reflexes to presynaptic inhibition in humans. ] Neurophysiol
1998;80:610-20.

Pierrot-Deseilligny E, Burke D. The circuitry of the human spinal cord: Its role in
motor and movement disorders. Cambridge: Cambridge University Press; 2005.

Schieppati M. The Hoffmann reflex: a means of assessing spinal reflex excitability
and its descending control in man. Prog Neurobiol 1987;28:345-7.

Scott SH. Optimal feedback control and the neural basis of volitional motor control.
Nat Rev Neurosci 2004;5:532-46.

Scott SH. Inconvenient truths about neural processing in primary motor cortex. J
Physiol 2008;586:1217-24.

Stein RB, Estabrooks KL, McGie S, Roth M]J, Jones KE. Quantifying the effects of
voluntary contraction and inter-stimulus interval on the human soleus H-reflex.
Exp Brain Res 2007;182:309-19.

Soechting JF, Lacquaniti F. Quantitative evaluation of the electromyographic
responses to multidirectional load perturbations of the human arm. ]
Neurophysiol 1988;59:1296-313.



S. Baudry et al./Clinical Neurophysiology 120 (2009) 210-217 217

Tarkka IM. Short and long latency reflexes in human muscles following electrical
and mechanical stimulation. Acta Physiol Scand (Suppl) 1986;557:1-32.

Thompson AK, Stein RB, Chen XY, Wolpaw JR. Modulation in spinal circuits and
corticospinal connections following nerve stimulation and operant
conditioning. Conf Proc IEEE Eng Med Biol Soc 2006;1:2138-41.

Tsuruike M, Koceja DM, Yabe K, Shima N. Age comparison of H-reflex modulation
with the Jendrdssik maneuver and postural complexity. Clin Neurophysiol
2003;114:945-53.

von Dincklage F, Benzke M, Rehberg B, Baars JH. Ethanol reduces motoneuronal
excitability and increases presynaptic inhibition of la afferents in the humans
spinal cord. Brain Res 2007;1173:78-83.

Zehr PE. Considerations for use of the Hoffmann reflex in exercise studies. Eur ] Appl
Physiol 2002;86:455-68.

Zehr EP, Stein RB. What functions do reflexes serve during human locomotion? Prog
Neurobiol 1999;58:185-205.



	Heteronymous reflex responses in a hand muscle when maintaining constant finger force or position at different contraction intensities
	Introduction
	Material Materials and methods
	Experimental apparatus
	EMG recordings
	Reflex responses
	Testing procedure
	Data analysis
	Statistics

	Results
	Discussion
	Acknowledgments
	References


