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Electroneurographic correlates of the monosynaptic
reflex: experimental studies and normative data
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From the Department ofNeurology, University of Genoa, Genoa, Italy

SUMMARY The neurographic concomitants of the monosynaptic reflex, evoked either by electrical
stimulation of the tibial nerve at the popliteal fossa or by percussion of the Achilles tendon, have
been recorded from the sciatic nerve in the lower and middle thigh. Neurographic recordings
were characterised by two travelling waves (P1 and P2), respectively increasing and decreasing in
latency in the proximal direction, that showed the same chronological trend of the propagated
action potentials concurrently recorded in the dorsal and ventral spinal roots at the lumbar level.
At variance with P2, the speed of propagation of the P1 volley was stimulus-related, being faster
on mechanical than on electrical stimulation, probably because in the latter case the latency of the
fastest afferents is overestimated. The P2 volley is subserved by a-efferent fibres in either case as
suggested, inter alia, by the strict parallelism between the P2 volley and the monosynaptic reflex
under appropriate experimental conditions. Simultaneous recordings of spinal root and sciatic
nerve action potentials allowed the direct assessment of afferent and efferent conduction vel-
ocities, both in the proximal (that is from the middle thigh to the spinal recording site and
vice-versa) and in the distal (that is from the lower to the middle thigh recording site and vice
versa) segments of the reflex arc. As expected, the speed of propagation of impulses was

significantly higher in the proximal than in the distal segments, as well as in the afferent than in
efferent limb of the monosynaptic pathway. The P1-P2 time interval was longer on mechanical
than on electrical stimulation, probably due to the increased spinal delay of the T versus the H
reflex. The present study provides a reliable method for the direct assessment of a-efferent as
well as of Ia afferent group fibres conduction velocity, provided that in the latter case mechanical
stimuli be used.

The evaluation of the neural concomitants of the
monosynaptic reflex provides a unique opportunity
to assess directly the conduction velocity of the
motor nerve fibres as well as of group la afferent
fibres provided that, in the latter case, mechanical
stimuli be employed. Surprisingly, in the few sys-
tematic studies dedicated to the neurographic corre-
lates of electrically' or mechanically2 elicited mono-
synaptic reflexes in man, no centrifugal potentials in
the peripheral nerve could be recorded. This failure,
accounted for by the temporal dispersion of the
efferent volley32 contrasts with the results of a recent
investigation, which show that reproducible surface
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recordings of the ventral spinal root discharge can
be obtained when the stimulus intensity is adjusted
to elicit a maximal H reflex, and also with some
occasional observations demonstrating that a
reflexly induced discharge in a-efferent fibres can be
recorded from the tibial nerve on either mechani-
cal4-6 or electrical67 stimulation at appropriate
intensities.
The present study demonstrates that well defined

neurographic recordings not only of the afferent but
also of the efferent activity underlying the mono-
synaptic reflex can be obtained easily from coopera-
tive normoreflexic subjects, the behaviour of such
neurographic responses being consistent with that of
the monosynaptic reflex under appropriate experi-
mental conditions. Moreover it will be shown that
both proximal and distal conduction velocities
through the monosynaptic reflex pathway can be
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Electroneurographic correlates of the monosynaptic reflex: experimental studies and normative data 435

assessed directly by concurrent recordings of spinal
root and peripheral nerve action potentials.

Materials and methods

Experiments were carried out in a quiet room on 32 fully
informed healthy volunteers, aged 24-48 years; some were
examined on several occasions. During the experiment the
subject lay prone with the head rotated towards the stimu-
lated side and the leg under study supported on cushions.
The hip was extended, the knee slightly flexed and the foot,
positioned in about 10° plantar flexion, fixed on a metal
baseplate. The legs were gently warmed by an infrared
lamp to ensure a skin temperature of 36-380C. The tibial
nerve was stimulated using surface electrodes with the
cathode (2 cm2) in the popliteal fossa and the anode
(20 cm2) over the patella. If stimulus artefact presented a
problem, bipolar stimulation was used. Square wave pulses
were delivered by Disa 15E25 stimulator output (pulse
duration 0 5 ms) at a rate of 0 5 Hz except when the effects
of increasing frequencies (from 0-5 to 5 0 Hz) were
studied. The stimulus intensity was adjusted to elicit a max-
imal H reflex, the whole range of intensities being used
when the effects of increasing intensities were investigated.
In no case was it necessary to use intensities higher than
30 mA. The Achilles tendon was percussed manually using
a reflex hammer with a built-in microswitch capable of
triggering the sweep of the oscilloscope. The trigger delay
was 0-2 ms. Tendon taps at constant strength were deli-
vered at a frequency of about one every 5 s.

Responses evoked by either electrical or mechanical
stimulation were recorded from lumbar spine and from
peripheral nerve. Spinal recordings were performed using
fine bare subcutaneous needles with an electrode impe-
dance of 1-2 kOhm, and an interelectrode distance of
5-7 cm. The caudal electrode was placed over the spinous
process of L4 and connected to input terminal 1 of the
amplifier. Alternatively, the responses were recorded using
long insulated steel needle electrodes (Disa 13L63) placed
within the spinal theca across the interspaces L3-4 and
L4-5, and referenced to an uninsulated subcutaneous
needle at the same vertebral level. Neural activity was also
recorded from the sciatic nerve, at lower (LT) and middle
(MT) thigh, using insulated steel needle electrodes placed
close to the trunk of the nerve. In particular, two electrode
arrays were employed: (a) the active electrode was placed
near the nerve, the remote lead being at a transverse dis-
tance of 2 cm; (b) both electrodes were placed along the
nerve axis, the interelectrode distance being about 1 cm.
To guide its insertion, the active electrode was initially
used for stimulation and its position adjusted until the
threshold of the soleus muscle action potential was 0-5-1-0
mA. The electromyographic responses (that is H, M and T)
were recorded using surface electrodes (Disa 13K60)
placed 3 cm apart on the skin overlying the soleus muscle,
the active lead being proximal.
The input from the lumbakand the thigh electrodes was

fed into differential amplifiers (Disa 15C52) and simul-
taneously recorded on magnetic tape (Philips Analog 7).
The frequency responses of the recording apparatus was
10-8-000 Hz (3 dB). Analysis times of 20 or 50 ms were
used and 8-16 responses to electrical stimulation or 64-

128 responses to mechanical stimulation were summated
by means of an averager (Disa 15G07, 100 kHz sampling
rate) and displayed on X-Y plotter (Philips PM 8125).
Number, shape and polarity were analysed visually. Laten-
cies were measured at the first positive peak with on the
plot or, with a cursor, on the average oscilloscope. The
EMG responses were amplified, averaged and displayed by
a Disa System 1500.

Vibration of the calf muscle on the stimulated side was
undertaken by means of a cylindrical vibrator (Heiwa,
Model TMT 18) (vibration frequency 100 Hz, amplitude
2 mm) applied with a constant pressure over the Achilles
tendon.
The results were evaluated statistically by means of the

Student t test for paired data, the level of significance being
conservatively established at p < 0 005.

Results

Neurographic correlates (P, and P2 volleys) of the H
reflex
At stimulus intensities yielding a maximal H reflex,
well defined, reproducible responses could be
recorded in all 32 subjects from the sciatic nerve,
both in the lower (LT) and middle (MT) thigh. The
neural recordings were characterised by two
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Fig 1 Electroneurographic and electromyographic
monopolar recordings ofthe responses evoked (a) by
electrical stimulation ofthe tibial nerve and (b) by
percussion ofthe Achilles tendon. The electroneurographic
responses, recordedfrom the sciatic nerve at the lower (LT)
and the middle (MT) thigh, are characterised by two
travelling waves (P, and P), respectively increasing and
decreasing in latency in the proximal direction. Amplitude,
latency, shape and duration ofboth P, and P2 are
remarkably different according to the stimulus used. The
time interval between P, and P2 is longer on the mechanical
than on the electrical stimulation, both at MT and LT (see
also fig 4). The reflex responses ofthe soleus muscle (H and
T) are well developed, while the direct motor (M) response
is very small.
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Table 1 Temporal features (in ms) of electrically evoked P, and P2 responses at lower and middle thigh (32 subjects)

Recording site Latency at the first positive peak Latency changes Duration changest P,-P2 interwave
latency

P, P2 P, P2 P. P2

Lower thigh 21-0 + 0 38 22 05 + 1 76 19 95 + 165
A B 1-55 ± 0-29 1-75 + 0-30 0-36 + 0-19 0-13 + 0-19 1666 145Middle thigh 3-64 ± 0-47 20-30 ± 1-46 E F G H K66 14
C DK

Comparisons: A vs C: t = 29-821t; B vs D: t = 32 357t; E vs F: t = 7 598t; G vs H: t = 3 519*; I vs K: t = 33 795t (tp < 0 001;
*p < 0.005)
tln this and in the following table the duration of Pi and P2 has been determined as the time interval between the first and the last positive
peak of each response

triphasic (P.N.P.) action potentials labelled P1 and
P2 (fig 1A), the P1/P2 amplitude ratio varying from
6-6: 1 at LT to 4-4: 1 at MT. The temporal features of
P, and P2 are reported in table 1. In particular, the
latency of P, increased in the proximal direction
while P2 showed the opposite trend. Accordingly,
the time interval between P1 and P2 was longer at LT
than at MT. The increase in latency of P1 in the
proximal direction was consistently shorter than the
corresponding change of P2 in the distal direction,
suggesting that P, and P2 volleys are transmitted by
fibres with different conduction velocities. On the
contrary the increase in duration of P, in the proxi-
mal direction, apparently due to the temporal dis-
persion of the afferent volley, was longer than the
corresponding change of P2 in the distal direction.

In bipolar derivations, with both recording elec-
trodes along the nerve axis, P2 reversed its polarity
with respect to P1 (fig 2a, lower trace). In double
pulse experiments at an interstimulus interval of
8 ms there was full recovery of P, while, at the same
interval, P2 was still absent, reappearing at an inter-
val of 100 ms (fig 3).

Mechanically versus electrically evoked P, and P2
volleys
In 19 out of 32 subjects a comparative evaluation of
mechanically and electrically evoked neurographic
responses was performed. With tendon percussion,
as with electrical stimulation, there were two travel-
ling waves the latencies of which showed the oppo-
site trend (fig lb), thus behaving like P, and P2
respectively. P1 was a polyphasic, low voltage poten-
tial, with duration much longer than that of P2. The
amplitude ratio (P1/P2) was reversed with respect to
electrically evoked responses, P2 being consistently
larger than P, both at MT and at LT (fig lb).
A comparative evaluation of the respective tem-

poral features (table 2) showed that latency and
duration of P, and P2 were significantly longer with
mechanical than electrical stimulation at both LT
and MT. However, the increase in latency of P1 from
LT to MT was less with tendon percussion than with
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Fig 2 Electroneurographic monopolar (upper trace) and
bipolar (lower trace) recordings ofresponses evoked (a) by
electrical stimulation ofthe tibial nerve and (b) by
percussion of the Achilles tendon. In either case bipolar
recordings show a.clearcut polaritry reversal ofP2 with
respect to P1.
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Fig 3 Double pulse experiments show that Pi component
following the second (test) stimulus (P*) is already visible at
an interval of4 ms (third trace), and completely recovered
after 8 ms (fourth trace), while the related P2 component
(P* *) reappears only at an interstimulus interval of100 ms
(lowest trace).

electrical stimulation of the tibial nerve, suggesting
some stimulus related difference in the afferent vol-
leys. On the contrary the increase in latency of P2
from MT to LT was apparently unrelated to the test
stimulus, the same value occurring under both
experimental conditions. Finally, the time interval
between P, and P2 was longer with tendon percus-
sion than with electrical stimulation, both at MT and
LT (fig 4). This finding could be repeated even at
spinal level, the interwave latency of the lumbar
response being longer on mechanical than on elec-
trical stimulation (fig 4). When both the recording
electrodes were placed along the nerve axis, P2
reversed its polarity with respect to P, even when
mechanical stimuli were used (fig 2b, lower trace).

The monosynaptic reflex and its neurographic
efferent correlates under different experimental
conditions
The main features of P2 (occurrence at a stimulus
intensity eliciting either the H or the T reflex,
decrease in latency proceeding in the proximal
direction irrespective of the test stimulus, opposite
polarity with respect to P1 in bipolar recordings)
suggest that this potential results from activity in
peripheral motor fibres discharging in the mono-
synaptic reflex. If this hypothesis is correct it follows
that parallel changes in amplitude of the mono-
synaptic reflex and P2 should occur under appropri-
ate experimental conditions. Therefore, a battery of
relevant control experiments was performed.
(1) During the H-H conditioning experiments the
P2 wave and the H reflex showed parallel changes,
the recovery of both occurring after an interval of
100 ms (fig 5).
(2) When the intensity of the electrical stimulus
was increased further, a progressive suppression of
both P2 and the H reflex was observed consistently
until both disappeared (fig 6a). On the contrary the
amplitude of P, increased with stimulus intensity.
(3) A relatively slight increase in the stimulation
frequency (from 0 5 to 5 Hz) produced a significant
reduction in amplitude of both P2 and the H reflex
(fig 6b).
(4) During calf muscle vibration P2 and H reflex
showed a parallel decrease in amplitude (fig 7, lower
row). The Jendrassik manoeuvre produced a clear-
cut facilitation of both P2 and monosynaptic reflex
(fig 7, upper and middle rows), the more striking
changes being recorded with tendon jerk. It should
be pointed out that neither vibration of the calf mus-
cles nor the Jendrassik manoeuvre were able to alter
the features of PI, irrespective of the test stimulus
employed.
(5) A suitably delayed stimulus (S2) abolished the
P2 component following the first stimulus (SI) as well
as the related H reflex, provided that S2 was strong
enough to produce the direct activation (both
orthodromic and antidromic) of the efferent limb of
the H pathway, as shown by the occurrence of a well
developed M response (fig 8b). When the latter was
absent no visible changes of either P2 or the H reflex
could be recorded (fig 8a, c), while proportionally
intermediate variations of P2 and H reflex occurred
when the amplitude of M was lower than that of the
H response.

All these findings point to existence of a func-
tional relationship between P2 and the monosynaptic
reflex and confirm the hypothesis that P2 represents
the peripheral counterpart of the reflexly evoked
ventral root discharge. This view was confirmed by
concurrent surface and/or intrathecal recordings
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Table 2 Temporal features (in ms) of electrically(e) vs mechanically(m) evoked P1 and P2 responses recorded at lower thigh and
middle thigh (19 subjects)

Recording site Latency at the first positive peak Latency changes

Pie P,m p2e P2m P,e P,m

Lower thigh 1-95 ± 0-34 3-37 + 0-76 21-73 + 1-78 25-21 + 2-18
A C E G 1.59±0.27 1-45±-0.33

Middle thigh 3-54 ± 0-43 4-82 ± 0 83 19-91 + 1-64 23-39 ± 2-04 KKB D F H

Comparisons: A vs C: t = 8-767t; E vs G: t = 17-064t; B vs D: T = 7-801t; F vs H: t = 17-875t: N vs 0: t = 9-180t; R vs S: t = 12-166t; P vs Q: t
= 4-795t; T vs U: t = 6-185t; I vs K: t = 4-669t; L vs M: t = 0-006 ns; X vs Y: t = 7-516t; V vs Z: t = 7-988t; (tp < 0-001)

obtained at the lumbar level under the same
experimental conditions.

Speed ofpropagation ofP, and P2 volleys through
the monosynaptic circuit
The speed of propagation of P, and P2 volleys in the

i (E)

L3-L41

*0(D

l9siV

distal segment of the monosynaptic circuit was
assessed by dividing the distance between LT and
MT (ranging from 85 to 128 mm) by the difference
in latency to the first positive peak of the nerve
action potential recorded at each site. Concurrent
recordings of peripheral nerve and spinal root action

*0(
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Fig 4 Concurrent monopolar recordings ofspinal root (upper traces) and peripheral nerve (middle and lower traces)
action potentials upon (a) stimulation ofthe tibial nerve and (b) percussion ofthe Achilles tendon. The spinal root activity
has been recorded through insulated steel needles placed within the spinal theca across the interspaces L3-4.
Electroneurographic responses have been recorded from the sciatic nerve at the lower (LT) and the middle (MT) thigh. It
should be noted that the interpeak latency ofthe lumbar response as well as the P-P2 interval at MTand LTare longer (b)
on mechanical than (a) on electrical stimulation (see also fig 1). Two separate averages at higher display are superimposed in
c to show better the reproducibility ofmechanically evoked P1 component at each recording site.

MT

LT
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Latency changes Duration P1-P2 interwave latency
p e p m p e p m p e p m p..p e p _p m

1-82 + 030 1-82 ± 0-27 1-34 + 015 6-15 + 1-88 1-85 ± 030 2-68 + 0-72 19-78 - 1-62 21-84 + 2 25
L M N 0 P Q X Y

1-72 + 0.15 7-28 + 1-81 1-72 + 0-23 2-74 + 0-67 16-36 + 1-33 18-57 ± 1-98
R S T U V Z

potentials (fig 4) allowed direct assessment of con-
duction velocities in the proximal segment of the
monosynaptic reflex arc by dividing the distance
between MT and the spinal recording site (measured
using compasses) by the difference in latency to the
first positive peak of action potentials at each site. It
should be pointed out that the dorsal root action
potential (that is the continuation of P, volley at
spinal level) following mechanical stimulation, could
be picked up only by intrathecal recordings, owing
to its very low amplitude.

Table 3 shows that (a) both on mechanical and on
electrical stimulation conduction velocities were
faster in the proximal than in the distal segment of
the monosynaptic circuit; (b) both in the proximal
and in the distal segment conduction velocity was
faster in the afferent than in the efferent limb, irres-
pective of the stimulus used and the afferent conduc-
tion velocity was faster on mechanical than on elec-
trical stimulation while the efferent conduction vel-
ocity was apparently independent from the test

z.S

Interval (ms)

Fig 5 Relationship between response amplitude and
stimulus interval showing the recovery curves ofP, P2 and
H reflex during an H-H conditioning experiment. It should
be noted that Pi recovers much earlier than P2 andH reflex,
the two latter events-showing parallel changes in amplitude.
The amplitude ofeach response to the test stimulus is plotted
as a percentage ofthe size ofthe corresponding
unconditioned potential.

stimulus, the respective mean values being practi-
cally identical.
The conduction velocity in the distal segment of

the monosynaptic circuit, indirectly determined by
changes in latency of the H reflex and direct motor
(M) response upon stimulation of the sciatic nerve at
LT and MT, was 67-96 + 6a18 n/s and 56 38 + 4-60
m/s respectively. Table 4 shows that the H conduc-
tion velocity was fairly close to the speed of propa-
gation of electrically evoked P, volley, while both
values were definitely lower than that extrapolated
by changes in latency of mechanically evoked P,. In
contrast, a comparative evaluation of the M conduc-
tion velocity with the speed of P2 either electrically
or mechanically evoked, failed to show significant
differences. An indirect evaluation of the afferent
and efferent conduction velocity could not be per-
formed in the proximal segment of the monosynap-
tic circuit where only a mixed sensorimotor conduc-
tion index can be determined.8

Discussion

We have demonstrated that the neurographic corre-
lates of the monosynaptic reflex are characterised by
two travelling waves (F1 and P2) whose latency
increases and decreases respectively from the low-
thigh to the mid-thigh sites, apparently due to the
opposite direction of the underlying impulses. Both
afferent (P,) and efferent (P2) responses could be
obtained easily from normoreflexic subjects, pro-
vided that they were adequately relaxed, no matter
whether electrical or mechanical stimuli were em-
ployed. The detection of the efferent sciatic nerve
response associated with the ankle jerk and the H
reflex did not depend on factors such as favourable
experimental conditions,5 brisk tendon reflexes4 or
reinforcing manoeuvres.'
When electrical stimuli are employed, the same Ia

fibres are most likely activated throughout the pro-
cedure, at least in a given subject and for a given
position of the stimulating electrode, and this makes
the average acceptable. One may wonder whether it
is appropriate to average the afferent activity follow-
ing the tendon tap. In fact there could be some
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Fig 6 P2 andH reflex display parallel changes in amplitude when (A) the intensity or (B) the frequency ofthe stimulus are
increased.

gamma static drive, not necessarily constant during
the time period needed for the averaging. Moreover
both the position of the ankle and the strength of the
percussion could slightly change from trial to trial.
Actually the gamma static drive is not a real prob-
lem since Burke et a19 have demonstrated that there
is no significant background fusimotor activity
directed to non-contracting human muscles. As to
the second point it must be considered that both
shape and latency of the mechanically evoked P,
were highly reproducible at each recording site (see
fig 4C). Therefore we believe that the possible fac-
tors of variability of the spindle response should not

invalidate our data: in particular the temporal shift
of the first positive peak from LT to lumbosacral
level has to be relied on.

The P, volley
The increase in latency of P, from LT to MT is the
expression of an advancing wavefront of depolarisa-
tion caused by propagated action potentials in the
sciatic nerve.
The polyphasic P1 potential following the tendon

tap does apparently reflect the succession of afferent
discharge peaks observed both during muscle
stretch'° " and in response to tendon percussion.6
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Fig 7 During the Jendrassik manoeuvre (upper and middle rows) a clearcut facilitation ofP2 andH or T reflexes is seen,
the most striking changes being recorded when the T reflex is elicited; whereas during calfmuscle vibration (lower row) P2
andH reflex show a parallel reduction in amplitude.

Such peaks were related either to the repetitive dis-
charge of the same spindle endings recruited at the
onset of the stretch or to successive recruitment of
different spindle endings.'0 In contrast the afferent
volley of the H reflex is highly synchronous: a single
centripetal impulse is evoked by the electrical shock
and its neurographic correlate is a large amplitude,
brief, triphasic action potential, whose first positive
peak is mainly due to activation of Ia afferents.
The speed of propagation of the P, volley was

related to the test stimulus used, being significantly
faster with tendon percussion than with electrical
stimulation. In fact, since the mechanically evoked
Pi is more dispersed, its first positive peak is able to
reflect the small fraction of faster conducting fibres
more accurately than the electrically evoked P,. This
hypothesis seems to be supported by previous
studies on the distribution of conduction velocities
within a nerve bundle'2-'4 showing that the faster
contingent cannot be adequately detected on elec-
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Table 3 Speed ofpropagation (mls) ofP, and P2 volleys through the monosynaptic reflex pathway

Stimulus Segments

Proximal Distal

PI P2 Pi P2

Electrical 73-52 + 6-67 64-78 + 620 65-82 + 529 57 96 4-64
A B E F

Mechanical 80-72
A

9-89 64-52 + 614 73-02 9-33 57-94 4-58
C D G H

Comparisons: A vs B: t = 5-51 It: C vs D: t = 7-955t; A vs C: t = 4-283t; B vs D: t = 0-081 ns; E vs F: t = 8X679t; G vs HI: t = 7-478t: E
vs G: t = 4-199t; F vs H: t = 0-015 ns; C vs G: t = 3-413*: D vs H: t = 4 021t; A vs E: t = 3-343*; B vs E: t = 5-901t (tp < 0-001; *p <
0 005)

trical stimulation, being hidden in the early phase of
the compound action potential. Also the afferent
conduction velocity extrapolated from the differ-
ences in latency of H reflexes evoked from LT and
MT levels was significantly slower than that of
mechanically evoked P,: this finding adds support to
the notion that the speed of propagation of impulses
in the afferent limb of the monosynaptic pathway is
stimulus dependent, no matter whether the related
conduction velocity has been directly or indirectly
evaluated.
The discrepancy between the speed of propaga-

tion of mechanically evoked P1 (73-02 + 9.33 m/s
from LT to MT and 80-72 + 9-89 m/s from MT to
the lumbosacral region) and the conduction velocity
of single Ia fibres (63-18 + 6*9 m/s) as determined
by Mano et al,'5 is only apparent. In fact the latter
estimate is based on a few afferents recorded more

distally, that is from the tibial nerve at the popliteal
fossa, where the conduction velocity should be lower
than in the sciatic nerve or in the lumbosacral
plexus. To our knowledge the conduction velocities
of single human afferents over the segments that we
have investigated, have not yet been measured.
The long lasting duration of the mechanically

evoked Pp, as well as its low amplitude, is in agree-
ment with the high degree of asynchrony in the

afferent volley due to the anatomical distribution of
the spindles (see Gassel and Diamantopoulos2). In
fact the longitudinal spread of the muscle spindles in
the triceps surae makes it unlikely that a synchron-
ous afferent volley could result from any degree of
brevity of the stretch of the Achilles tendon. In addi-
tion the narrowing of the afferent fibre occurring
near its entrance to the nuclear bag'6 should be con-
sidered. Differences in degree of this narrowing can
introduce another variable affecting the synchron-
isation of impulses. According to Gassel and
Diamantopoulos2 even the time taken for the con-
duction of the wave of increased tension down the
muscle after the tap of the tendon might contribute
to the dispersion of the afferent volley. Indeed such
contribution should be negligible since in non-
contracting muscles the propagation velocity of the
percussion wave along the skin is rapid, exceeding
150 m/s.6

It could be argued that the jar produced by per-
cussion excites sensitive mechanoreceptors in
muscles throughout the limb unless widespread
denervation is performed and the femur is broken,
procedures which have been recommended in ani-
mal studies using comparable mechanical stimuli.'7
In man it has actually been demonstrated that a
small tendon tap, subthreshold for the tendon jerk,

Table 4 Direct (P, and P2 volleys) and indirect (H and M responses) assessment ofafferent and efferent conduction
velocity (mls) in the distal segment ofthe monosynaptic reflex pathway

Method Stimulus Conduction

Afferent Efferent

Direct Electrical 65-82 ± 5-29 57-96 + 4-64
A B

Direct Mechanical 73-02 + 9-33 57-94 + 4-58
C D

Indirect Electrical 67-96 + 6-18 56-38 ± 4-60
E F

Comparisons: E vs A: t = 0-072, ns; A vs C: t = 4-199t; E vs C: t = 3-902*; F vs B: t = 1-496, ns; F vs D: t = 1-277, ns
(tp < 0-001 *p <0-005)
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Electroneurographic correlates of the monosynaptic reflex: experimental studies and normative data
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Fig 8 Electroneurographic (left row) and
electromyographic (right row) responses upon (A) single
and (B and C) double stimulation ofthe tibial nerve. In
particular, it is shown that: (A) the first stimulus (Sd)
produces the usual sequence ofevents characterised by P,
and P2 volleys followed by the H reflex, the M response
being just visible; (B) a suitably delayed stimulus (S)
provokes the disappearance ofthe P2 component following
SI as well as ofthe relatedH reflex, provided that S2 is strong
enough to evoke a well developed M response; (C) in the
absence ofthe latter no visible changes ofeither P2 or theH
reflex can be observed, the only visible effect ofS2 being the

related P, component (P*).

diffuses from the biceps femoris to the triceps
surae;'8 similarly the disturbance following percus-
sion of the Achilles tendon may well spread to the
knee. However it is doubtful whether the latter
manoeuvre would be an effective stimulus to spin-
dles in thigh muscles such as biceps femoris, because
the amplitude of the related percussion wave is very
small when measured over the skin of the distal
thigh (see fig 3 in Burke et a16). In any case the
situation is quite different from that in which percus-
sion of the biceps femoris tendon can activate triceps
surae spindles"8 because the latter are then very
close to the percussion site (and indeed the gastroc-
nemii have origins on the distal femur). Summing
up, we cannot exclude that spindles in biceps
femoris were activated by our stimulus, but their
contribution to the MT neurogram (anatomically
possible since at lower thigh the nerve of the short
head of the biceps has not yet joined the sciatic
nerve, whereas it has done so at middle thigh) is
likely to be very small, and probably not detectable
with near-nerve electrodes.

The P2 volley
The decrease in latency of P2 from LT to MT, as well
as its postsynaptic properties shown by double pulse
experiments, strongly suggest that P2 is the reflexly
elicited volley in the peripheral motor fibres.
Further evidence of its efferent nature was provided
by the polarity reversal of P2 with respect to P1 when
both the recording electrodes were placed along the
nerve axis. In fact, when two volleys of impulses are
propagating along the same nerve trunk in opposite
direction, bipolar recordings will show a polarity
reversal.3

Unlike PI, the speed of propagation of P2 failed to
show stimulus-related differences: this finding sug-
gests that the same group of fibres, namely the
a-efferent fibres, are involved in the origin of P2 in
both cases. It follows that parallel changes in amp-
litude of the monosynaptic reflex and P2 should
occur under appropriate experimental conditions, as
indeed was the case.
When either the intensity or the frequency of the

stimulus was increased, there was a significant
reduction in amplitude of both P2 and the mono-
synaptic reflex. Calf muscle vibration decreased the
amplitude of P2 and the monosynaptic reflex, while
the Jendrassik manoeuvre increased both. When the
efferent limb of the H pathway was antidromically
activated by a suitably delayed stimulus of appropri-
ate strength (S2), both P2 and the H reflex following
S, were abolished, apparently due to collision bet-
ween orthodromic and antidromic impulses proxi-
mal to the recording site.

In conclusion, the constant similarity between the
behaviour of P2 component and the monosynaptic
reflex under different experimental conditions is
consistent with the hypothesis that P2 represents the
peripheral extension of the reflexly evoked ventral
root discharge. In fact, concurrent recordings of spi-
nal root and peripheral nerve action potentials
showed a satisfactory parallelism between the
reflexly evoked ventral root discharge and the P2
component.

The P1-P2 interval
The duration of P2 following tendon tap, though
significantly longer than that of electrically evoked
P2, was much shorter than the corresponding P1 vol-
ley, thus suggesting that there was no particular dis-
persion of the centrifugal discharge. Indeed, Lloyd'"
was able to demonstrate that a summated volley
could be recorded from the ventral root on sudden
mechanical stretch of the Achilles tendon in cats,
although the afferent volley recorded from the dor-
sal root was dispersed. In his explanation he post-
ulated that the motoneurons were facilitated by the
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early proprioceptive impulses and fired by a later
component of the afferent volley, the final outcome
being an increased spinal delay with respect to the
H reflex. This hypothesis seems to agree with our

observations that the time interval between P1 and
P2 at both LT and MT levels (as well as the inter-
peak latency of the lumbar response) was

significantly longer after the tendon tap than on

electrical stimulation. In this regard it may be of
relevance that the rise times of the excitatory post-
synaptic potentials in soleus motoneurones follow-
ing tendon percussion have been found to be longer
than those resulting from electrical stimulation of
the tibial nerve.6

Direct and indirect assessment ofconduction velocity
in the monosynaptic reflex pathway
The present study provides a more reliable method
for the direct assessment of group Ta fibre conduc-
tion velocity, provided that mechanical stimuli are

used. In fact, electrical stimulation of the tibial nerve
leads to a consistent underestimation of the speed of
propagation of impulses in the afferent limb of the
monosynaptic circuit. On the contrary the efferent
limb conduction velocity does not appear to be
stimulus-related, the same values being obtained on

either mechanical or electrical stimulation. As
expected, the conduction velocity was significantly
faster in the proximal than in the distal segment of
the monosynaptic circuit, both in the afferent and in
the efferent limb of the pathway.
An indirect evaluation of afferent and efferent

conduction velocity cannot be separately obtained in
the proximal segment of the monosynaptic reflex
arc, where only a mixed sensorimotor conduction
index could be determined.8 However, both afferent
and efferent conduction velocities could be indi-
rectly assessed in the distal segment of the mono-

synaptic circuit by changes in latency of H reflex and
direct motor (M) response upon stimulation of the
sciatic nerve at LT and MT. The results thus
obtained were comparable to those directly assessed
by electrical stimulation of the nerve trunk, both in
the afferent and the efferent limb of the monosynap-
tic pathway.
Summing up, neither direct nor indirect methods

based on electrical stimulation of the nerve trunk
are suitable to assess conduction velocity of the Ia

afferents, the use of mechanical stimuli being
imperative. On the contrary, both direct and indirect
methods allow to determine a-efferent conduction
velocity, no matter whether electrical or mechanical
stimuli are employed.

The authors are grateful to Dr David Burke for
advice and comments on the manuscript.
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